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Abstract: A 48-year-old female patient underwent a heart transplantation for acute fulminant my-
ocarditis, following heterologous vaccination with the ChAdOx1 nCoV-19 and Pfizer-BioNTech
COVID-19. She had no history of severe acute respiratory syndrome coronavirus-2 infection. She
did not exhibit clinical signs or have laboratory findings of concomitant infection before or after
vaccination. Heart transplantation was performed because her heart failed to recover with venoarte-
rial extracorporeal oxygenation support. Organ autopsy revealed giant cell myocarditis, possibly
related to the vaccines. Clinicians may have to consider the possibility of the development of giant
cell myocarditis, especially in patients with rapidly deteriorating cardiac function and myocarditis
symptoms after COVID-19 vaccination.

Keywords: COVID-19; vaccination; giant cell myocarditis

1. Introduction

The global spread of the coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2) has resulted in countless deaths. To
prevent this, several COVID-19 vaccines have been used worldwide. The ChAdOx1 nCoV-
19 (or AZD1222) vaccine is an adenoviral vector-based vaccine, and its design was based
on the vaccine for the previous Middle East Respiratory Syndrome Coronavirus [1]. Pfizer-
BioNTech COVID-19, using mRNA, encodes a pre-fusion membrane-bound stabilized
full-length S-2P encapsulated with lipid nanoparticles [2].

Vaccination is crucial in controlling the spread of COVID-19 and decreasing the
COVID-19 morbidity and mortality rates. The development of myocarditis and inflamma-
tory myocardial cellular infiltrates have been reported after vaccination, especially after the
smallpox vaccine [3].
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Witberg et al. reported association between the development of myocarditis and
the receipt of messenger RNA (mRNA) vaccines against COVID-19. The estimated in-
cidence of myocarditis was 2.13 cases per 100,000 persons. Most cases of myocarditis
were mild or moderate in severity [4]. Two previous studies on myocarditis, following
COVID-19 mRNA vaccination, reported cardiac biopsy results, which showed no evidence
of myocarditis [5,6]. Almost all patients had resolution of symptoms and signs, and im-
provement in clinical markers and imaging with or without treatment. In our case, the
patient presents a rapid deterioration of cardiac function, following heterologous ChAdOx1
nCoV-19 and Pfizer-BioNTech COVID-19 vaccination and cardiac transplantation. We
present a case of fulminant giant cell myocarditis (GCM) following heterologous vaccina-
tion with the ChAdOx1 nCoV-19 and Pfizer-BioNTech COVID-19 vaccines and discuss its
clinicopathologic findings.

2. Case Report

A 48-year-old woman visited the emergency department due to dull chest pain and
dyspnea. She had received the initial dose of ChAdOx1 nCoV-19 vaccine 77 days before
she was vaccinated with a second dose of BNT162b2 mRNA COVID-19 vaccine. Four days
after the second dose, she felt the symptoms. She had a medical history of hypothyroidism,
and she had a negative family history of rheumatologic or genetic diseases.

On physical examination, she had no fever and normal blood pressure (104/60 mmHg),
but she had tachycardia (122 bpm). Laboratory testing during the first 24 h revealed an N-
terminal pro b-type natriuretic peptide level of 6631 pg/mL (0.0–125), peak highly sensitive
troponin-T of 6820 ng/L (0–14), creatine kinase (CK)-MB of 66.5 ng/mL (0.0–3.6), CK of
415 U/L (0–145), lactic acid of 3.4 mmol/L (0.5–2.2), and C-reactive protein of 9.6 mg/L
(0–5). Table 1 illustrates the extensive infectious workup performed in this case. The patient
had no evidence of prior bacterial or viral infection.

Table 1. Viral and bacterial studies of the patient.

Viral Study

Respiratory Syncytial virus Negative

Parainfluenza 1,2,3,4 All negatives

Influenza A Negative

Influenza B, A-H3, A-H1-pan, A-H1-2009 All negatives

Human Rhinovirus Negative

Human Enterovirus Negative

Human Metapneumovirus Negative

Adenovirus Negative

Coronavirus OC43, NL63, HKU1, 229E All negatives

HAV, HBV, HCV All negatives

HIV Negative

RPR Negative

SARS-CoV-2 Negative

Bacterial study

Blood culture Negative

Mycoplasma pneumonia Negative

Chlamydophila pneumonia Negative

Bordetella pertussis Negative
HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; RPR,
rapid plasma reagin test; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2.
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The initial chest radiography had unremarkable findings (Figure 1A). Initial electro-
cardiogram showed marked ST segment elevation in V2–V5 precordial lead and sinus
tachycardia (Figure 1C). Transthoracic echocardiography revealed global akinesia with
severe left ventricular (LV) dysfunction (ejection fraction 15%) and right ventricular dys-
function. Coronary angiography (CAG) showed severe stenosis (~90%) at the proximal
to left anterior descending artery (LAD) (Figure 1D). The right coronary artery had no
disease. Despite the good coronary flow (thrombolysis in myocardial infarction, flow
grade 3), we implanted a drug-eluting stent at the proximal to mid LAD because the
ST-segment elevation myocardial infarction was not completely excluded. During percuta-
neous coronary intervention, sudden ventricular tachycardia occurred, and extracorporeal
cardiopulmonary resuscitation was performed (Figure 1B).
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Figure 1. The patient’s chest X-ray (A,B), electrocardiogram (C) and coronary angiography (D). Black
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arrow, venous drainage catheter of extracorporeal oxygenation support.

Cardiac magnetic resonance imaging was not performed because of the patient’s poor
condition. Her heart did not recover, and heart transplantation was performed 11 days later.
Organ autopsy of the explanted heart revealed giant cell myocarditis (GCM). The patient
did not experienced a rejection or recurrence for 8 months after heart transplantation.
The patient was discharged without complication and is currently following up at an
outpatient clinic.

3. Discussion

The development of symptoms four days after the patient received her second vaccine
dose, severe heart failure inconsistent with CAG findings, and negative viral serum markers
highly suggested a relationship between the patient’s heart condition and vaccination.
Specifically, the clinical picture of our patient was deteriorating too rapidly.

Shay DK. et al. report that similar clinical characteristics of the patients, recent COVID-
19 vaccination, and insufficient evidence to support other acute myocarditis etiologies
suggest an association with immunization [7]. In addition, the development of acute-
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onset chest pain three to five days after vaccination, particularly the second dose, was a
typical feature of an immune-mediated reaction [2]. Although the mechanisms underlying
the development of myocarditis following vaccination are unclear, molecular mimicry
between the S protein of SARS-CoV-2 and self-antigens pre-existing dysregulated immune
pathways triggered in certain individuals’ immune response to mRNA and activation of
immunological pathways, and dysregulated cytokine expression have been proposed [8].

Previous cardiac histopathologic studies have reported the absence of diffuse lym-
phocytic myocarditis traditionally seen in viral myocarditis and the presence of CD68+
macrophage identified in the myocardium, and they were ultrastructurally characterized
by cytopathy, with membrane damage and cytoplasmic vacuoles [9]. Ten hearts of patient
who died from COVID-19, including five myocarditis cases, revealed that there was no
evidence of lymphocytic myocarditis. Additionally, they showed a greater number and
diffuse distribution of CD68+ cells compared with matched control or other myocarditis
hearts, indicating that cells of monocyte/macrophage lineage rather than lymphocytes
may be dominant in this setting [10]. Furthermore, SARS-CoV-2 viral particles have also
been detected in interstitial cytopathic macrophages in the myocardium, which suggests
that SARS-CoV-2 can reach the heart during viremia or through the infiltration of infected
macrophages into the myocardium [9]. These reports suggest that macrophages in the
myocardium could play a significant role of development of myocarditis in the COVID-19.

The patient’s heart did not recover, and heart transplantation was performed. Patho-
logic examination of the explanted heart revealed diffuse cardiomyocyte necrosis and
mixed inflammation in the atria, ventricles, and interventricular septum. The mixed
inflammatory infiltrations consisted of lymphocytes, macrophages, and eosinophils. Fur-
thermore, scattered multinucleated giant cells, which were immunohistochemically reactive
for CD68, were observed. Granulomatous lesions were not observed. These findings are
consistent with GCM (Figure 2). Inflammatory infiltration was also noted in the sinoa-
trial and atrioventricular nodes. The immunohistochemical examination was negative for
cytomegalovirus infection.

The etiology of GCM is uncertain to date. However, animal model and human stud-
ies have provided evidence that GCM is an autoimmune disorder, mediated largely by
T-lymphocyte activity associated with macrophage antigens from giant cells [11]. Diffuse
cardiomyocyte necrosis and mixed inflammation in the present case, including multinucle-
ated giant cell, suggest a maladaptive immune-mediated myocardial injury. This diffuse
necrosis of cardiomyocytes may be caused by both ACE2-mediated and molecular mimicry
between the S protein of SARS-CoV-2 and self-antigens. Some autoantibodies, such as
antinuclear antibody, anticardiolipin antibody, and lupus anticoagulant were detected in
patient with COVID-19. Because SARS-CoV-2 can break immune tolerance and induced
autoimmune response, it is also likely to induce clinical autoimmunity [12]. Furthermore,
in certain individuals with genetic predisposition, the immune response to mRNA may not
be turned down and may drive the activation of an aberrant innate and acquired immune
response [13]. We suggest that this innate immunity and adaptive immune response proba-
bly could provoke GCM in genetically susceptible people who administrated heterologous
adenoviral vector-based and mRNA vaccination.

Bobbio et al. showed that heart transplantation has been the only definitive treat-
ment for advanced GCM, and there was no difference in 1-year survival rates after heart
transplantation with and without GCM [14]. In addition, Kandolin et al. showed that
repetitive endomyocardial biopsies are required for the diagnosis of GCM, and partial
clinical remission is shown in 2/3 of patients with immunosuppression [15].

The present case highlights an important clinical point. The patient presented with a
rapidly deteriorating cardiac function, following heterologous vaccination with ChAdOx1
nCoV-19 and Pfizer-BioNTech COVID-19 vaccines. Based on the pathological examination
of her heart, she was diagnosed with GCM.
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4. Conclusions

Although the pathogenesis of GCM, following heterologous vaccination, is unclear,
clinicians should be aware of the possibility of GCM development especially in patients
with rapidly deteriorating cardiac function and myocarditis symptoms after COVID-19
vaccination. Despite this rare potential vaccine-related adverse effect, the benefits of
COVID-19 vaccination outweigh the risks.
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Abbreviation List
COVID-19 coronavirus disease 2019
GCM giant cell myocarditis
SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2
HAV hepatitis A virus
HBV hepatitis B virus
HCV hepatitis C virus
HIV human immunodeficiency virus
RPR rapid plasma reagin test

References
1. Folegatti, P.M.; Bittaye, M.; Flaxman, A.; Lopez, F.R.; Bellamy, D.; Kupke, A.; Mair, C.; Makinson, R.; Sheridan, J.; Rohde, C.; et al.

Safety and immunogenicity of a candidate Middle East respiratory syndrome coronavirus viral-vectored vaccine: A dose-
escalation, open-label, non-randomised, uncontrolled, phase 1 trial. Lancet Infect. Dis. 2020, 20, 816–826. [CrossRef]

2. Stone, C.A., Jr.; Rukasin, C.R.F.; Beachkofsky, T.M.; Phillips, E.J. Immune-mediated adverse reactions to vaccines. Br. J. Clin.
Pharmacol. 2019, 85, 2694–2706. [CrossRef] [PubMed]

3. Engler, R.J.M.; Nelson, M.R.; Collins, L.C., Jr.; Spooner, C.; Hemann, B.A.; Gibbs, B.T.; Atwood, J.E.; Howard, R.S.; Chang, A.S.;
Cruser, D.L.; et al. A prospective study of the incidence of myocarditis/pericarditis and new onset cardiac symptoms following
smallpox and influenza vaccination. PLoS ONE 2015, 10, e0118283. [CrossRef] [PubMed]

4. Witberg, G.; Barda, N.; Hoss, S.; Richter, I.; Wiessman, M.; Aviv, Y.; Grinberg, T.; Auster, O.; Dagan, N.; Balicer, R.D.; et al.
Myocarditis after Covid-19 vaccination in a large health care organization. N. Engl. J. Med. 2021, 385, 2132–2139. [CrossRef]
[PubMed]

5. Bozkurt, B.; Kamat, I.; Hotez, P.J. Myocarditis with COVID-19 mRNA Vaccines. Circulation 2021, 144, 471–484. [CrossRef]
[PubMed]

6. Rosner, C.M.; Genovese, L.; Tehrani, B.N.; Atkins, M.; Bakhshi, H.; Chaudhri, S.; Damluji, A.A.; de Lemos, J.A.; Desai, S.S.;
Emaminia, A.; et al. Myocarditis Temporally Associated With COVID-19 Vaccination. Circulation 2021, 144, 502–503. [CrossRef]
[PubMed]

7. Shay, D.K.; Shimabukuro, T.T.; DeStefano, F. Myocarditis occurring after immunization with mRNA- based COVID-19 vaccines.
JAMA Cardiol. 2021, 6, 1115. [CrossRef] [PubMed]

8. Vojdani, A.; Kharrazian, D. Potential antigenic cross-reactivity between SARS-CoV-2 and human tissue with a possible link to an
increase in autoimmune diseases. Clin. Immunol. 2020, 217, 108480. [CrossRef] [PubMed]

9. Tavazzi, G.; Pellegrini, C.; Maurelli, M.; Belliato, M.; Sciutti, F.; Bottazzi, A.; Sepe, P.A.; Resasco, T.; Camporotondo, R.;
Bruno, R.; et al. Myocardial localization of coronavirus in COVID-19 cardiogenic shock. Eur. J. Heart Fail. 2020, 22, 911–915.
[CrossRef] [PubMed]

10. Fox, S.E.; Falgout, L.; Heide, R.S.V. COVID-19 myocarditis: Quantitative analysis of the inflammatory infiltrate and a proposed
mechanism. Cardiovasc. Pathol. 2021, 54, 107361. [CrossRef] [PubMed]

11. Trachtenberg, B.H.; Hare, J.M. Inflammatory cardiomyopathic syndromes. Circ. Res. 2017, 121, 803–818. [CrossRef] [PubMed]
12. Liu, Y.; Sawalha, A.H.; Lu, Q. COVID-19 and autoimmune diseases. Curr. Opin. Rheumatol. 2021, 33, 155–162. [CrossRef]

[PubMed]
13. Caso, F.; Costa, L.; Ruscitti, P.; Navarini, L.; Del Puente, A.; Giacomelli, R.; Scarpa, R. Could Sars-coronavirus-2 trigger

autoimmune and/or autoinflammatory mechanisms in genetically predisposed subject? Autoimmun. Rev. 2020, 19, 102524.
[CrossRef] [PubMed]

14. Bobbio, E.; Björkenstam, M.; Nwaru, B.I.; Giallauria, F.; Hessman, E.; Bergh, N.; Polte, C.L.; Lehtonen, J.; Karason, K.; Bollano, E.
Short- and long-term outcomes after heart transplantation in cardiac sarcoidosis and giant-cell myocarditis: A systematic review
and meta-analysis. Clin. Res. Cardiol. 2022, 111, 125–140. [CrossRef] [PubMed]

15. Kandolin, R.; Lehtonen, J.; Salmenkivi, K.; Raisanen-Sokolowski, A.; Lommi, J.; Kupari, M. Diagnosis, treatment, and outcome of
giant-cell myocarditis in the era of combined immunosuppression. Circ. Heart Fail. 2013, 6, 15–22. [CrossRef] [PubMed]

http://doi.org/10.1016/S1473-3099(20)30160-2
http://doi.org/10.1111/bcp.14112
http://www.ncbi.nlm.nih.gov/pubmed/31472022
http://doi.org/10.1371/journal.pone.0118283
http://www.ncbi.nlm.nih.gov/pubmed/25793705
http://doi.org/10.1056/NEJMoa2110737
http://www.ncbi.nlm.nih.gov/pubmed/34614329
http://doi.org/10.1161/CIRCULATIONAHA.121.056135
http://www.ncbi.nlm.nih.gov/pubmed/34281357
http://doi.org/10.1161/CIRCULATIONAHA.121.055891
http://www.ncbi.nlm.nih.gov/pubmed/34133885
http://doi.org/10.1001/jamacardio.2021.2821
http://www.ncbi.nlm.nih.gov/pubmed/34185047
http://doi.org/10.1016/j.clim.2020.108480
http://www.ncbi.nlm.nih.gov/pubmed/32461193
http://doi.org/10.1002/ejhf.1828
http://www.ncbi.nlm.nih.gov/pubmed/32275347
http://doi.org/10.1016/j.carpath.2021.107361
http://www.ncbi.nlm.nih.gov/pubmed/34174415
http://doi.org/10.1161/CIRCRESAHA.117.310221
http://www.ncbi.nlm.nih.gov/pubmed/28912184
http://doi.org/10.1097/BOR.0000000000000776
http://www.ncbi.nlm.nih.gov/pubmed/33332890
http://doi.org/10.1016/j.autrev.2020.102524
http://www.ncbi.nlm.nih.gov/pubmed/32220633
http://doi.org/10.1007/s00392-021-01920-0
http://www.ncbi.nlm.nih.gov/pubmed/34402927
http://doi.org/10.1161/CIRCHEARTFAILURE.112.969261
http://www.ncbi.nlm.nih.gov/pubmed/23149495

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

