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Abstract
Rationale  Transient myopericarditis has been recognised as an uncommon and usually mild adverse event predominantly 
linked to mRNA-based COVID-19 vaccines. These have mostly occurred in young males after the second dose of mRNA 
COVID-19 vaccines.
Objectives  Fulminant necrotising eosinophilic myocarditis triggered by a variety of drugs or vaccines is an extremely rare 
hypersensitivity reaction carrying a substantial mortality risk. Early recognition of this medical emergency may facilitate 
urgent hospital admission for investigation and treatment. Timely intervention can lead to complete cardiac recovery, but 
the non-specific clinical features and rarity make early diagnosis challenging.
Findings  The clinical and pathological observations from a case of fatal fulminant necrotising myocarditis in a 57-year-old 
woman, following the first dose of the Pfizer-BioNTech vaccine, are described. Other causes have been discounted with 
reasonable certainty.
Conclusion  These extremely rare vaccine-related adverse events are much less common than the risk of myocarditis and 
other lethal complications from COVID-19 infection. The benefits of vaccination far exceed the risks of COVID-19 infection.
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Introduction

SARS-CoV-2, the agent responsible for COVID-19, has 
had a calamitous effect on the world. Recently, several 
COVID-19 vaccines have received emergency use authori-
sation. The Pfizer-BioNTech vaccine has now received full 
FDA approval for individuals over 12 years of age.

COVID-19 vaccines have been well tolerated apart from 
the expected local reactions at the injection site and mild 
transient constitutional symptoms, typical of vaccine sys-
temic immune responses. Post-marketing surveillance has 
identified rare serious adverse events including vaccine-
induced thrombosis and thrombocytopenia (VITT) with 
some adenovirus vaccines including the Astra-Zeneca 
(ChAdOx1-S) vaccine [1]. In addition to a small risk of 
VITT, the Janssen/Johnson and Johnson (Ad26.COV2.S) 
vaccine has also been associated with Guillain–Barre 
syndrome.

A small risk of anaphylaxis and mild transient myo-
pericarditis, mostly in young males, has been observed 
predominantly with mRNA vaccines [2, 3]. Life-threat-
ening fulminant necrotising eosinophilic myocarditis, an 
extremely rare idiosyncratic reaction, has been described 
with drugs and other vaccines. [4] The clinical features and 
immunopathology of a case of fatal fulminant necrotiz-
ing eosinophilic myocarditis, following the first dose of 
the Pfizer-BioNTech COVID-19 vaccine, are described in 
this report. This rarer, much more severe hypersensitiv-
ity reaction is fundamentally different from the mild self-
limited myopericarditis seen usually after the second dose 
of mRNA COVID-19 vaccines [2, 5]. These exception-
ally rare events must be seen in the context of COVID-19 
infection, which carries a far higher risk of myocarditis 
and other potentially lethal complications. [6]

Case Description

A previously well 57-year-old woman received the first 
Pfizer-BioNTech vaccine in July 2021. The following day 
she experienced increasing lethargy and had to leave work 
early because of worsening fatigue. She had one episode 
of breathlessness and complained of a stiff neck as well 
as upper limb pain. She had a sore throat but pointed to 
her sternum. During the remainder of the day, she became 
increasingly unwell. The following day she consulted 
her primary care physician with a sore throat, back pain, 
fatigue and an episode of haematuria, which had occurred 
the previous night. She had difficulty getting out of the car 
and experienced a fall at the family physician’s surgery. 
She did not complain of palpitations.

On day 2, a complete blood count (CBC) was normal 
but she was noted to have an increased C-reactive pro-
tein (CRP) (Table 1). She had a raised ferritin and ala-
nine transaminase (ALT) but the aspartate aminotrans-
ferase (AST) was not undertaken, although the other liver 
enzymes were normal. There was no eosinophilia. On the 
third day, she was diagnosed with an Escherichia coli uri-
nary tract infection, which was treated with trimethoprim. 
During that night, she was found deceased in bed. Apart 
from long-term omeprazole and the recently commenced 
trimethoprim, she was on no other treatment. There was 
no history of autoimmunity or allergic disease.

Autopsy Findings

The body was that of a small-built adult female of Chinese 
descent, consistent with the stated age of 57 years (height 
155 cm; weight 40 kg). External examination was unre-
markable. On internal examination, the most striking find-
ing was a tan, solid lobulated mass originating from the 
mediastinum and situated in the left pleural cavity (Fig. 1, 
top left and top right). This mass was 130 × 120 × 90 mm 
and weighed 710 g. Mild splenomegaly (240 g) was noted. 
There was no pericardial effusion and there was no intra-
cardiac thrombosis. The remainder of the autopsy exami-
nation was unremarkable. There were no abnormalities of 
other organs.

Table 1   Day 2 ante-mortem blood results. ALT alanine transaminase, 
CRP C-reactive protein, GGT​ gamma glutamyl transferase

Result Reference interval

Haemoglobin (g/L) 126 115–155
Neutrophils 10(9)/L 6.7 1.9–7.5
Platelets 10(9)/L 239 150–400
Lymphocytes 10(9)/L 1.2 1–4
Monocytes 10(9)/L 0.6 0.2–1
Eosinophils 10(9)/L 0.1  < 0.6
Basophils 10(9)/L 0  < 0.2
CRP mg/L 42  < 5
Total bilirubin (µmol/L) 14  < 25
Alkaline phosphatase (U/L) 89 40–120
GGT (U/L) 49  < 50
ALT (U/L) 397  < 45
Albumin (g/L) 30 32–48
Globulin (g/L) 23 25–41
Total protein (g/L) 53 66–84
Ferritin (µg/L) 846 20–380
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Histology and Ancillary Tests

Histological examination of the heart sections showed ful-
minant necrotizing eosinophilic myocarditis (Fig. 1, bottom 
left and bottom right). There were multifocal aggregates of 
lymphoid cells, histiocytes and abundant eosinophils with 
focal myocyte necrosis in the free walls of both ventricles, 
inter-ventricular septum and around the conduction system 
(sino-atrial and atrio-ventricular nodes). No parasitic organ-
isms or giant cells were identified. The eosinophilic infiltrate 
would make autoimmune myocarditis less likely. There was 
no evidence of eosinophils in other organs or eosinophilic 
vasculitis. Histological examination of the left pleural space 
mass showed a thymoma, WHO subtype AB.

There was a limited amount of post mortem serum for 
diagnostic studies. Antibodies to SARS-CoV-2 were nega-
tive on histological paraffin blocks and she had a mild reduc-
tion in IgG 4.54 (7–14 g/L), IgA 0.72 (0.8–4.0 g/L) and 
IgM 0.26 (0.4–2.5 g/L) levels, post mortem. T cell receptor 
excision circle numbers from peripheral blood DNA were 
normal, as was a tryptase level. She had a borderline par-
vovirus PCR test from the myocardium, below quantifiable 
levels. Other viral PCR tests including enterovirus, metap-
neumovirus, parainfluenza (1–4), rhinovirus, adenovirus, 
respiratory syncytial virus, SARS-CoV-2, parechovirus and 
influenza A and B were negative. A toxicology screen was 
negative. Complement studies and cytokine studies were not 
undertaken as there was no ante-mortem blood available.

Discussion

Fulminant necrotizing eosinophilic myocarditis is an 
extremely rare hypersensitivity syndrome caused by a vari-
ety of drugs and vaccines [4]. This life-threatening idiosyn-
cratic reaction specifically targets the myocardium. The 
cardiac injury is likely to be mediated by the highly toxic 
contents of granules including eosinophilic cationic protein, 
eosinophil major basic protein, eosinophil peroxidase and 
eosinophil-derived neurotoxin. In mice, eosinophil-derived 
IL4 plays a critical role in cardiac damage. [7]

The immunopathology of this extremely rare disorder 
remains to be defined but is likely to be mediated by cyto-
toxic T cells producing IL5. In the future, staining for IL5-
producing T cells may be helpful in confirming this hypoth-
esis. It is also possible these T cells have specific homing 
receptors for the heart. Single-cell RNA profiling may also 
help identify such cells but was not possible in this case 
because of post mortem RNA degradation. Cardiac myo-
cytes express ACE2 receptors, which could bind the spike 
glycoprotein, translated from the mRNA vaccine. A specific 
ACE2-induced hypersensitivity reaction would not explain 
the pathogenesis of this disorder, given it can be triggered by 
other drugs and vaccines. In contrast to most other immune-
mediated hypersensitivity disorders, a priming exposure may 
not be required since fulminant necrotising eosinophilic 
myocarditis can occur after the first exposure to a drug or 
vaccine. [4]

Fig. 1   Top left: Left pleural 
mass originating from the 
mediastinum. Top right: Cut 
section of thymoma. Bottom 
left: × 20 magnification showing 
multifocal inflammatory cell 
infiltration in the myocardium; 
asterisk (*) showing areas of 
eosinophil-rich inflammatory 
aggregates with myococyte 
necrosis. Bottom right: × 40 
magnification showing an abun-
dant eosinophilic infiltrate with 
myocyte necrosis. Arrow shows 
an eosinophil, asterisk (*) show-
ing myocyte necrosis
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There was no family history of premature cardiac disease. 
Other first-degree family members have tolerated the Pfizer-
BioNTech vaccine without any significant adverse events. 
This would make a genetic drug hypersensitivity disorder 
to the Pfizer-BioNTech vaccine less likely.

It is very unlikely the trimethoprim, begun a few hours 
before death, was responsible for the disorder as the patient 
was already acutely unwell for over 48 h prior to commenc-
ing treatment. Trimethoprim has not been associated with 
fulminant eosinophilic myocarditis. Given the benign CBC 
and modestly elevated CRP, it is unlikely sepsis that caused 
cardiovascular collapse. The urine infection contributed to 
the diagnostic confusion but is also unlikely to have been a 
factor in the fulminant necrotizing eosinophilic myocarditis. 
The elevated ALT, ferritin and splenomegaly and reduced 
protein parameters were likely part of the acute inflamma-
tory reaction. The brief haematuria is likely to have been a 
result of the UTI. The borderline parvovirus PCR is unlikely 
to be of significance as no giant cells or inclusion bodies 
were noted at autopsy. Only a high copy number (> 500) 
in myocardial tissues are considered causal. [8] COVID-
19 serology and RT-qPCR tests from the myocardium were 
negative. NZ had been completely free from COVID-19 for 
many months at the time of her death.

The patient was noted to have an incidental thymoma at 
autopsy. Myocarditis has been described in patients suffer-
ing from WHO type B thymomas [9]. Ryanodine receptor 
antibodies may have a pathogenic role in such patients. [10] 
These patients however have lymphocytic or giant cell myo-
carditis, not seen in this case. It was also unlikely this patient 
had Good’s syndrome (thymoma associated with immuno-
deficiency). In contrast to this patient, the great majority of 
patients with Good’s syndrome are symptomatic, with recur-
rent infections or autoimmunity [11]. Most patients with 
Good’s syndrome have markedly reduced immunoglobulin 
levels [12]. The mild reduction in the post mortem IgG, IgA 
and IgM is likely to be an artefact [13]. In contrast to this 
patient, the majority of patients with Good’s syndrome have 
haematological abnormalities (Table 1). [14] Furthermore, 
the presence of a severe T cell defect in Good’s syndrome 
would have made an eosinophilic hypersensitivity response 
less likely, as IL5 plays a critical role in eosinophil biology.

Globally, there are rare case reports of possible fulminant 
myocarditis, including fatalities, following mRNA vaccines, 
attesting to the extreme rarity of these reactions [15, 16]. 
Histological features showed an inflammatory infiltrate com-
posed of T cells and macrophages, eosinophils, B cells and 
plasma cells. These cases were however not identified as 
fulminant necrotising eosinophilic myocarditis. The clinical 
and immunological differences between milder cases and 
fulminant cases were not explored in detail (Table 2).

Milder cases have occurred mostly in adolescent males 
usually after the second dose of an mRNA vaccine and have 

resolved spontaneously [22, 23]. Transient myopericarditis 
has less commonly occurred after the first dose, often in 
patients who have previously suffered COVID-19 infection, 
indicating the need for immunological priming [19, 21]. 
Although rarely biopsied, it appears these patients have lym-
phocyte predominant myocarditis [21]. Deaths are excep-
tionally rare and the histology is distinct from fulminant 
necrotising eosinophilic myocarditis [24]. Although less 
frequently described with the Janssen/Johnson and Johnson 
vaccine, these milder cases appear to be a specific hypersen-
sitivity reaction to mRNA COVID-19 vaccines (Table 2). 
[25].

Fulminant necrotizing eosinophilic myocarditis pro-
gresses in three clinical stages. Many cases are fatal in the 
acute stage. A review of fulminant necrotizing eosinophilic 
myocarditis showed cardiac arrest in almost one-half of 
patients and high in-hospital mortality with rates of 36.1%. 
[4] In addition to systemic steroids, many patients have 
required mechanical cardiac assistance in the acute phase. 
Early diagnosis and treatment with systemic steroids has 
however resulted in complete cardiac recovery in the major-
ity of individuals. [4]

Untreated survivors may progress to a second clinical 
stage where there is increased risk of cardiac thromboem-
bolic events. A third clinical stage comprises endomyocar-
dial fibrosis leading to a chronic restrictive cardiomyopathy.

In up to 25% of fulminant necrotizing eosinophilic myo-
carditis cases, there is no eosinophilia in the blood or in 
other organs. [4] This distinguishes the condition from 
other causes of eosinophilic myocarditis such as Loeffler’s 
syndrome or eosinophilic granulomatosis and polyangiitis 
(EGPA). There was no evidence of eosinophilic vasculitis 
at autopsy.

Diagnosing fulminant necrotising eosinophilic myocar-
ditis is challenging given its rarity and non-specific pres-
entation. Most patients experiencing mild constitutional 
symptoms following COVID-19 vaccines improve by 48 h. 
If patients become progressively unwell beyond this time, 
following the Pfizer-BioNTech vaccine, they should be care-
fully reviewed for vaccine complications as well as other 
co-incidental disorders. Severe chest pain may be less com-
mon in cases of fulminant necrotising eosinophilic myocar-
ditis compared to the transient myopericarditis occurring 
in young males (Table 2) [4, 19]. The characteristic chest 
pain in younger males may reflect high rates of concomitant 
pericarditis. [20].

In cases of fulminant necrotising eosinophilic myocar-
ditis, there may be electrocardiographic changes and an 
increase in troponin levels and echocardiography studies 
may show systolic and diastolic myocardial dysfunction 
[4]. Cardiac magnetic resonance imaging may show late 
gadolinium enhancement but this is not specific for fulmi-
nant necrotizing eosinophilic myocarditis. A diagnosis of 
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fulminant necrotizing eosinophilic myocarditis requires an 
endomyocardial biopsy, acknowledging the disease process 
may be uneven. [4]

Early admission to an intensive care or coronary care unit 
may facilitate diagnosis and treatment. If there are delays in 
obtaining an endomyocardial biopsy, or if negative despite 
high clinical suspicion, consideration should be given to 
pulse intravenous methylprednisolone treatment as well as 
mechanical cardiac assistance, if required. Apart from high-
dose systemic corticosteroids, IL5 inhibitors such mepoli-
zumab may have an important therapeutic role in treating 
fulminant necrotising eosinophilic myocarditis. [26].

It seems probable the Pfizer-BioNTech vaccine was 
responsible for the fatal fulminant necrotizing myocarditis in 
this case. The temporal association is compatible with such 
a hypersensitivity reaction, other causes have been excluded, 
and the histomorphology is consistent with the diagnosis. 
These are extremely rare adverse events and the benefits of 
COVID-19 vaccination far exceed the risks of COVID-19 
infection [18]. COVID-19 infection carries a much higher 
rate of acute and chronic cardiovascular sequelae including 

myocarditis, arrhythmias and myocardial infarction and 
thromboembolic events (Table 2), which can be mitigated 
by COVID-19 vaccination. [3, 6, 17].
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