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Session Outline

ÅBy the end of this sessions, participants will be able to
ÅDescribe the clinical manifestations of myocarditis following mRNA COVID-

19 vaccination

ÅDiscuss the demographic variables which are associated with myocarditis 
following mRNA COVID-19 vaccination 

ÅDescribe the current rates of severe COVID-19 disease among children and 
adolescents in the United States

ÅCompare and contrast the known risks of myocarditis following mRNA 
COVID-19 vaccination versus the benefits COVID-19 vaccination in children 
and adolescents
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Objectives

1. Review literature to date of myocarditis cases after receipt of 
mRNA COVID-19 vaccination

2. Review demographics, clinical presentation, and management

3. Brief discussion of potential mechanisms/pathogenesis
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Clinical Case

Å16-year-old adolescent male presents to Emergency Department 
with fever and chest pain.

ÅPain worse when laying flat, difficult to take a deep breath.

ÅAlso has poor appetite, fatigue, pain in both arms (seems like muscle 
pain).

ÅNo recent illness, no known ill contacts (including COVID-19).

ÅAttending virtual school, no travel, lives in Portland

ÅExam: 
ÅFebrile 38.3o rest of vital signs are normal for age
ÅMildly-ill appearing, otherwise normal exam (including cardiac exam)



Initial labs and work-up

ÅCBC with differential normal

ÅComplete metabolic panel normal

ÅESR18 mm/hr

ÅCRP9.9 mg/L (normal <10)

ÅTroponin I 2.59 ng/ml (normal < 0.03 ng/mL)

ÅECG ST elevation

ÅRespiratory pathogen PCR panel negative (including SARS-CoV-2)

ÅCardiac MRI Late gadolinium enhancement consistent with myocarditis



Released online, ahead of print June 4, 2021 
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Introduction

ÅThe FDA EUA for Pfizer-BioNTech COVID-19 mRNA vaccine was 
revised to include children 12 years of age and older on 5/10/2021

ÅAround that same time, media and case reports suggested a possible 
correlation of COVID-19 mRNA vaccination and myocarditis:
ÅUnited States military 
ÅIsraeli cohort, identified a male predominance
Å56-year-old man with previous COVID-19 
Å39-year-old man with no history of COVID-19

ÅOur case series includes 7 healthy male adolescents with acute 
symptomatic myocarditis, all within four days after the second dose 
of Pfizer-BioNTech COVID-19 vaccine in April or May, 2021







Diagnostics, continued



Diagnostics, continued



Cardiographicdiagnostics



Summary of therapeutics



Discussion

ÅNoted a temporal relationship of clinical myocarditis following second Pfizer-
BioNTech COVID-19 vaccine in adolescent males aged 14-19 years of age 

ÅNo patient had acute COVID-19 infection

Å4 patients had detectable SARS-CoV-2 spike antibodies (component of 
vaccine)

Å6/6 patients had negative SARS-CoV-2 nucleocapsid antibody (suggesting no 
prior SARS-CoV-2 infection)

ÅNone of our patients were critically ill, and all responded quickly to 
treatment; however, all patients required hospitalization for cardiac 
monitoring

ÅFindings consistent with a known male preponderance of myocarditis 



Limitations

ÅCompiled cases through personal communications between 
colleagues, rather than a systematic surveillance system

ÅAlternative etiologies including idiopathic and other infectious 
etiologies were not thoroughly excluded

ÅThere was not a systematic diagnostic evaluation for possible 
etiologies

ÅCardiac biopsy was not performed on any patients



ÅhǳǊ ǇŀǘƛŜƴǘǎΩ ǇǊŜǎŜƴǘŀǘƛƻƴǎ ǿŜǊŜ ŀƭƭ ǎƻ ǎƛƳƛƭŀǊΣ ǿŜ ǿŜǊŜ ŎƻƴŎŜǊƴŜŘ ǘƘƛǎ 
might be a very early safety signal ςthis was a way to amplify our concerns

ÅEarly recognition of chest pain, elevated troponin, and ECG abnormalities 
following COVID-19 vaccination may prevent invasive procedures             (i.e., 
cardiac catheterization) 

ÅTo recommend that these patients undergo a comprehensive workup to 
exclude other causes

ÅAll authors concluded that the benefits of vaccination significantly exceed 
possible risks, and we encourage following the guidance of the CDC ACIP

ÅTo highlight importance of promptly reporting all cases to VAERS

The importance of rapid publication



ID diagnostic considerations
for otherwise healthy children

Specimen Tests

COVID-19 specific SARS-CoV-2 nucleocapsid antibody
SARS-CoV-2 spike protein antibody 

Nasopharyngeal swab Respiratory pathogen PCR panel* (includes SARS-CoV-2)

Serum/Plasma PCR for enterovirus, adenovirus, HHV-6, Parvovirus, qEBV, 
qCMV

CMV IgM/IgG, Parvovirus IgM/IgG, EBV Serology

Stool Enterovirus PCR

If risk factors and compatible illness present Lyme serology, HIV Ab/Ag screening, interferon gamma release 
assay (IGRA), Bartonella serology, Hepatitis C serology

* Respiratory Panel includes PCR for Adenovirus, Coronavirus 229E, Coronavirus HKU1, Coronavirus NL63, Coronavirus OC43, Metapneumovirus (human), 
Rhinovirus/Enterovirus, Influenza A, Influenza B, Parainfluenza 1, Parainfluenza 2, Parainfluenza 3, Parainfluenza 4, Respiratory Syncytial Virus, Bordetella 
parapertussis, Bordetella pertussis, Chlamydophila pneumoniae, Myocoplasmapneumoniae.



Additional reports

Summary published July 20, 2021 ahead of print
(open access)



Bozkurt et al., Circulation, July 20, 2021 



Bozkurt et al., Circulation, July 20, 2021 
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https://www.fda.gov/media/150054/download, pg33-34

https://www.fda.gov/media/150054/download


26 https://www.fda.gov/media/150054/download, pg33-34

https://www.fda.gov/media/150054/download


Potential 
Mechanism
s for Post-
Vaccine 
Myocarditis

Direct carrier-based injury

Direct antigen-based injury

Innate immune-mediated (e.g., cytokines, 
macrophages, NK cells)

Adaptive immune-mediated (humoral)

Adaptive immune-mediated (cellular)

Slide courtesy of Buddy Creech (Vanderbilt, CISA)



Pathogenesis: Direct Effect of Vaccine

ÅCould the lipid carrier be involved?
ÅDispersal of the LNP based on Pfizer EMA documents would suggest very 

little dispersal to the heart; ~1% appears to enter the liver and is cleared 
rapidly

ÅCould spike protein be directly involved?
ÅBased on preclinical data, spike protein is produced in abundance for ~72 

hours, then rapidly declines; primary expression is in the deltoid muscle and 
draining lymph nodes, but systemic circulation occurs
ÅACE2 is expressed abundantly on the surface of cardiac myocytes
ÅSpike (RBD) binding to ACE2 leads to increased carboxypeptidase activity of 

ACE2, disrupting vascular homeostasis

https:// www.ema.europa.eu/en/documents/assessment-report/comirnaty-epar-public-assessment-report_en.pdf
Lu et al, J Biol Chem, 2020

Slide courtesy of Buddy Creech (Vanderbilt, 
CISA)



Pathogenesis: Immune-mediated

ÅThe timing seems very rapid after vaccination to be antibody mediated

ÅIs this the result of an overly robust innate immune response (e.g., 
cytokines) following vaccination?
ÅWould explain why it occurs soon after vaccination and after either dose

ÅReactogenicity is thought to be mediated by these factors, including IFN- aɹnd IL-
6; therefore, plausible.

ÅIs this the result of an overly robust cellular immune response?
ÅThe three-week interval for the BNT162b2 vaccine provides a repeat antigenic 

stimulus while cellular responses are high.

ÅPreclinical murine studies show that both mRNA-1273 and BNT162b2 elicited a 
TH1-biased cytokine profile (IFN-ʴΣ TNF, IL-2), a paucity of IL-4 and IL-5 producing 
TH2 cells, and CD8+ T cells (particularly for BTN162b2)

Corbett et al, Nature 2020

Biochem Biophys Res Commun. 2021 Jan 29; 538: 211ï217.

Slide courtesy of Buddy Creech (Vanderbilt, CISA)



What we need moving forward

1. Continue safety surveillance (VAERS, VSD) 

2. Continuous updated, transparent clinician education
ÅGuidance on how to evaluate and manage patients
ÅHow to perform a full evaluation for underlying etiology
ÅInfectious, rheumatologic causes, other

3.     We need updated statistics on cases / vaccine doses administered
Åά/ƭŜŀƴŜŘέ ±!9w{ Řŀǘŀ

4. Continued collaboration between clinicians and local/ state/ federal 
public health partners

5. Systematic long-term follow up of cases
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The Truth about COVID-19 in Pediatrics

Å Pediatric burden of disease in the US is significant

Å Disproportionate burden among children in minority 
communities

Å Indirect effects to the child and society (school, development, 
etc)

Å/ƻƴǘƛƴǳŜŘ ōǳǊŘŜƴ ƛŦ ǿŜ ǿŀƛǘ ŦƻǊ ƴŀǘǳǊŀƭ άƘŜǊŘέ ŜŦŦŜŎǘǎ

Å Vaccination likely reduces or prevents asymptomatic carriage, 
thus reversing pandemic more rapidly

Å Safety data are best collected in clinical trials
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ÅSummary of Findings as of 7/15/21 :

ÅChild COVID-19 Cases

Å4,087,916 total child COVID-19 cases reported, and children represented 14.2% (4,087,916/28,793,845) of 
all cases

ÅOverall rate: 5,431 cases per 100,000 children in the population

ÅChange in Child COVID-19 Cases

Å23,551 child COVID-19 cases were reported the past week from 7/8/21-7/15/21 representing 15.9%  of the 
weekly reported cases

ÅTesting 

ÅChildren made up between 11.0%-19.9% of total state tests, and between 4.9%-17.4% of children tested 
were tested positive

ÅHospitalizations ςOver 16,000 reported from 23 states so far

ÅChildren were 1.3%-3.6% of total reported hospitalizations, and between 0.1%-1.9% of all child COVID-19 
cases resulted in hospitalization

ÅMortality (43 states, NYC, PR and GU reported) ςOver 380 children have died from COVID-19 to date

ÅChildren were 0.00%-0.26% of all COVID-19 deaths, and 8 states reported zero child deaths

Å Lƴ ǎǘŀǘŜǎ ǊŜǇƻǊǘƛƴƎΣ лΦлл҈-0.03% of all child COVID-19 cases resulted in death
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Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf

Adolescents and young adults have the 
highest COVID-19 incidence rates

https://covid.cdc.gov/covid-data-tracker/#demographics

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf
https://covid.cdc.gov/covid-data-tracker/#demographics
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Adolescents and young adults are an increasing 
proportion of COVID-19 cases reported

https://covid.cdc.gov/covid-data-tracker/#demographicsovertime

Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf

https://covid.cdc.gov/covid-data-tracker/#demographicsovertime
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf
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COVID-19-associated hospitalization rates have 
remained stable in adolescents and young adults

Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf


38

COVID-19-associated deaths continue to 
occur in adolescents and young adults

https://covid.cdc.gov/covid-data-tracker/#demographics

Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf

https://covid.cdc.gov/covid-data-tracker/#demographics
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf
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Multisystem Inflammatory Syndrome 
in Children (MIS-C)

Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf
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Daily MIS-C cases and COVID-19 cases 
reported to CDC (7-day moving average)

Slide source: Dr. Megan Wallace & Dr. Sara Oliver. (2021, June 23). COVID-19 
mRNA vaccines in adolescents and young adults: Benefit-risk discussion. ACIP 
Meeting, CDC. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-
2021-06/05-COVID-Wallace-508.pdf


