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Myocarditis – ESC 2013 Task Force diagnostic criteria

Caforio A et al., Eur Heart J 
2013;34:2636-2648

Clinically suspected Myocarditis in the presence

of:

 1 or more of the clinical presentations

and 

1 or more of the diagnostic criteria from
different categories *

 in asymptomatic patients at least 2 

diagnostic criteria should be met

*after exclusion of coronary heart disease, cardiac

defect, congenital cardiac anomaly etc. 

- Accuracy of CMR 
is low in biopsy-
proven myocarditis
with CHF/DCM or
arrhythmia
presentation

- CMR does not 
provide etiological
diagnosis in 
myocarditis
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What is myocarditis?
• Definition

Myocarditis is an inflammatory disease of the myocardium and is

diagnosed by established histological, immunological and 

immunohistochemical criteria.
(Circulation, 1995 WHO/ISFC classification; Eur Heart J, 1999; AHA statements 2006, 

2016; ESC 2008, Eur Heart J 2013)

• Histological features (Dallas criteria on EMB)

• Myocarditis forms

- idiopathic, 

- infectious (mainly viral) and/or autoimmune
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Etiological forms of biopsy-proven myocarditis

Caforio et al. Eur Heart J 
2013; 34:2636-48  
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NON-COVID 19 myocarditis: facts

• Myocarditis may be suspected by noninvasive
cardiac imaging, including CMR, but diagnosis of 
certainty is based upon EMB.

• Etiologic diagnosis of infectious/viral vs 
immune-mediated/autoimmune myocarditis is
based on EMB. 

Caforio A et al., Eur Heart J 2013;34:2636-2648
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Case definition by the recommended classifications based on Brighton Collaboration 
Myocarditis Case Definition (Pandemic Emergency Response Process)

Definitive case (Level 1):
1. Histopathologic examination showing myocardial inflammation 

(no mention to viral PCR).
OR

2. Elevated troponin AND EITHER
a. cMRI with myocarditis specific changes

OR
b. Abnormal echocardiography. Evidence of focal or diffuse depressed left 
ventricle (LV) function identified by an imaging study, i.e. echocardiogr
aphy, or that is documented to be of new onset or increased degree of 
severity. In the absence of a previous study, findings of depressed LV 
function are considered of new onset if, on follow-up studies, these 
findings resolve, improve, or worsen.

Barda N, et al. N Engl J Med 2021; 385: 1078-90.
Mevorach, et al. N Engl J Med. 2021;385:2140–9.
Witberg G, et al. N Engl J Med. 2021;385:2132–9.
Ammirati et al, Circulation 2022, 45:1123–1139

Myocarditis temporally associated with Sars-Cov2 
infection or anti-Covid vaccine: diagnostic criteria
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Case definition by the recommended classifications based on Brighton 
Collaboration Myocarditis Case Definition (Pandemic Emergency Response 
Process)

Probable case (Level 2):
1. Clinical symptoms as for the 
possible case
AND
2. Any 1 of the following 3 findings
a. Elevated troponin I or T, or CPK MB
OR
b. Echocardiogram abnormalities
OR
c. EKG changes
Barda N, et al. N Engl J Med 2021; 385: 1078-90.
Mevorach, et al. N Engl J Med. 2021;385:2140–9.
Witberg G, et al. N Engl J Med. 2021;385:2132–9.
Ammirati E, et al Circulation 2022

Possible case (Level 3):
1. One of the following symptoms: dyspnea, or 
palpitations, or chest pain or pressure,
or diaphoresis, or sudden death in a patient
OR
2. Two of the following symptoms: fatigue, 
gastrointestinal, dizziness or syncope,
edema, or cough.
AND
3. Supportive laboratory biomarkers: elevated 
CRP, or elevated D-dimer, or elevated
ESR
AND
4. Nonspecific EKG abnormalities: St-T or T 
waves changes, or premature complexes.
AND
5. The absence of evidence of any other likely 
cause of symptoms or findings

Myocarditis temporally associated with Sars-Cov2 
infection or anti-Covid vaccine: diagnostic criteria
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Barda N, et al. Safety of the BNT162b2 mRNA Covid-19 vaccine in a nationwide setting. 
N Engl J Med 2021; 385: 1078-90.
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Limitations of current studies
• No reliable estimates on clinically-suspected myocarditis frequency 

in the population prior to COVID19 pandemia.

• No reliable baseline estimate to compare to the frequency of 
clinically suspected myocarditis temporally associated with anti-
COVID19 mRNA vaccines, but epidemiological data suggest lower
frequency compared to other non-COVID vaccines.

• Definition (CDC-Brighton) of myocarditis temporally associated
with mRNA vaccines DOES NOT INCLUDE EMB as mandatory, thus
it is NOT POSSIBLE to have a diagnosis of certainty and of its
etiology (other viruses, immune-mediated?).

Myocarditis temporally associated with anti-
Sars-Cov2 mRNA vaccines
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Hypothetical immunopathogenic mechanisms of myocarditis 
triggered by mRNA vaccination

• INNATE IMMUNITY: (IL-1 mediated, neutrophil, monocyte-
macrophages infiltration).

• ADAPTIVE IMMUNITY:

- Molecular mimicry between the spike proteins of 
Sars-Cov-2 and self antigens (Type II reaction*, autoimmunity)

- Immune complexes (Type III reaction*, serum sickness)

- Delayed hypersensitivity mechanisms (Type IV reaction*, 
DRESS Sdr/eosinophilic myocarditis)

*Immunologic mechanisms as defined by the Gell and Coombs classification system 



Classified as internal/staff & contractors by the European Medicines Agency 



Classified as internal/staff & contractors by the European Medicines Agency 

• PCR for cardiotropic 
viruses: 7 patients(17%)
(EBV, HHV6, PVB19 positive 
on EMB)

• Anti-IL-1 RA autoantibodies, 
mainly in young males
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Hypothetical immunopathogenic mechanisms of myocarditis
triggered by mRNA vaccination

• INNATE IMMUNITY: (IL-1 mediated, neutrophil, monocyte- macrophages
infiltration):

- No predominance of neutrophil/macrophagic infiltration on EMB .
- AutoAb-mediated disinhibition of innate immunity  (anti IL1-RA Ab)?

• ADAPTIVE IMMUNITY:
- Molecular mimicry between the spike proteins of 

Sars-Cov-2 and self antigens (Type II reaction*, autoimmunity): 
- ruled out

- Immune complexes (Type III reaction*, serum sickness): 
- absence of systemic involvement

- Delayed hypersensitivity mechanisms (Type IV reaction*, 
DRESS sdr/eosinophilic myocarditis): 

- myocarditis is anecdotic, 
- absence of  systemic involvement

*Immunologic mechanisms as defined by the Gell and Coombs classification
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• Myocarditis about 1000 patients on active FU
• Pericarditis on avarage, 250 patients on active FU

Prospective myocarditis and pericarditis
Registry, CARDIOIMMUNOLOGY,  PADOVA

Biopsy-proven Myocarditis temporally associated to:

SARS-CoV-2 infection: proven 0
suspected 0

mRNA anti-COVID vaccines proven 0
suspected 0

(submitted)
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Summary

• Myocarditis temporally related with mRNA anti-COVID19 
vaccines: 

- very rare, self-limited, mainly in young males

- temporal association does not imply causation

- viral or new-onset immune-mediated or latent pre
existing autoimmune forms, triggered or fostered by 
anti-COVID19 mRNA vaccines?

Caforio A. NEJM 2021; 385:2189-90
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Conclusions
Endomyocardial biopsy (histology/immunohistology/molecular
infection pathology) is key for:

1) definite diagnosis, 

2) differential diagnosis, 

3) etiological diagnosis of myocarditis, 

4) identification of possible pathogenic mechanisms also
in patients with Sars-CoV-2 infection and in patients
following SARS-CoV-2 mRNA vaccination.

Caforio A. NEJM 2021; 385:2189-90
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The Padua Cardioimmunology 
Team 

• Cardiology
• Prof. S Iliceto, Prof G Tarantini, Dr Cacciavillani, Prof Perazzolo-

Marra, 
Dr L Leoni 

• CardioImmunology
• Prof. Alida Caforio, Dr Renzo Marcolongo, Dr A Baritussio, Dr A 

Giordani, 
Dr E Pontara, Dr E Bison, Dr MG Cattini , Dr C Vicenzetto

• Pediatric Cardiology
• Prof Giovanni Di Salvo 

• Cardiac Pathology and Cardiovascular Genetics
• Prof. C Basso, Prof S Rizzo, Prof. K Pillichou, Dr M Bueno-Marinas

• Laboratory Medicine
• Prof. D Basso, Dr. N Gallo

Non cardiac specialties: Rheumatology, Pneumology, Dermatology, 
Hematology, Internal Medicine

Patients, relatives and care-givers: AMICAV (Associazione Malattie
Infiammatorie Cardio-vascolari )

“There are three phases to 
treatment: diagnosis, 
diagnosis and diagnosis.”

William Osler. Principles and Practice of 
Medicine, 1892
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