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Abstract

:

The development of myocarditis after receiving messenger RNA vaccination against COVID-19 is well documented, particularly in adolescent and young adult males. We report a case of vaccine-associated myocarditis in adolescent brothers following their second dose of the BNT162b2 mRNA vaccine (Pfizer-BioNTech, Mainz, Germany). This report illustrates the need to better understand the mechanisms leading to myocarditis after mRNA vaccination.
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1. Introduction


There is growing evidence for the development of myocarditis following vaccination with messenger RNA (mRNA) vaccines against COVID-19. This is a rare phenomenon, with a reported incidence of 2.13 cases per 100,000 vaccinations [1,2].



This association is highest within the first week following the second dose, typically affects adolescent and young adult males and commonly presents with symptoms of chest pain, shortness of breath or palpitations [1,3]. The diagnosis of myocarditis is based on the Brighton Collaboration case definition, which includes clinical features combined with electrocardiogram (ECG), cardiac biomarkers, echocardiography and cardiac magnetic resonance imaging (MRI) [4]. The overwhelming majority of cases demonstrate a clinically benign course with complete recovery [5,6].



In August 2021, young people aged over 12 years became eligible for the BNT162b2 mRNA vaccine (Pfizer–BioNTech) in New Zealand. This is the only COVID vaccination currently available and approved for use in adolescents in New Zealand. Vaccine uptake within this group has been high, with a vaccination rate of 80% nationally [7]. From our experience, vaccine-associated myocarditis has occurred at similar rates to those reported elsewhere.



The mechanisms causing myocarditis in this context remain poorly understood [8]. A potential mechanism is activation of an innate or acquired immune response directed against the nucleoside-modified mRNA that codes for the spike glycoprotein of SARS-CoV-2, leading to a proinflammatory cascade [9,10]. A genetic predisposition to such a reaction has been postulated, potentially increasing the risk of developing myocarditis post vaccination in particular individuals [11]. Here, we present a case of vaccine-associated myocarditis in two brothers, which may support this hypothesis.




2. Case 1


Patient 1 is a 14-year-old male who presented to his general practitioner with acute-onset left-sided chest pain three days after receiving the second dose of the Pfizer–BioNTech COVID-19 vaccine. The patient was previously healthy with no comorbid conditions and no significant family history of cardiac disease.



In accordance with local guidelines, patient 1 was assessed for possible myocarditis [12]. High-sensitivity troponin T (hs-Troponin T) was elevated at 81 ng/L (normal reference range <15 ng/L), and patient 1 was referred for specialist assessment. There were no symptoms of COVID infection, and a polymerase chain reaction (PCR) test for COVID-19 was negative. There was no history of previous COVID infection.



A 12-lead ECG demonstrated normal sinus rhythm with an incomplete right bundle branch block. There were non-specific repolarization abnormalities, including T-wave inversion in V2-V3 (Figure 1A).



At 8 h, hs-Troponin T had increased to 114 ng/L. An echocardiogram showed a structurally normal heart with normal ventricular dimensions and normal function. Global longitudinal strain was normal. Cardiac MRI 5 days following vaccination confirmed active myocarditis by Lake Louise criteria, including myocardial oedema on T2-weighted imaging and non-ischemic myocardial injury on late gadolinium-enhanced imaging [13]. These changes were focal, involving the inferior basal third of the left ventricle and the posterior obtuse marginal surface (Figure 2A).



Patient 1 was observed in hospital for 3 days. There was no arrhythmia, and the chest pain resolved. Hs-Troponin T peaked at 161 ng/L 5 days following vaccination and decreased to 9 ng/L by day 7 (Figure 3). There were no cardiac symptoms at one- and three-month follow-up. The ECG changes had resolved (Figure 1B), and the echocardiogram was normal. Demographic details, history and laboratory findings are illustrated in Table 1.




3. Case 2


Patient 2 is a 12-year-old male with no previous medical history or comorbid conditions and is the younger sibling of patient 1 (details in Table 1). Patient 2 presented one week following his brother’s admission with acute left-sided chest pain that developed 48 h after receiving the second dose of the Pfizer–BioNTech COVID-19 vaccine. Patient 2 displayed no symptoms of COVID infection, and a PCR test for COVID-19 was negative. There was no history of previous COVID infection. Hs-Troponin T on admission was elevated at 141 ng/L. The 12-lead ECG was normal.



An echocardiogram on admission demonstrated mildly impaired global longitudinal strain of −17.6% (lower limit of normal for age, −19.2%) [14] with a normal ejection fraction (67%). Cardiac MRI 5 days following vaccination was similar to that of the older sibling. There was a large region of full-thickness myocardial oedema in the inferior and posterior obtuse marginal surfaces of the heart. Late gadolinium-enhanced imaging confirmed the presence of non-ischemic myocardial injury in these regions (Figure 2B).



Patient 2 was observed for a total of 5 days, during which hs-Troponin T peaked at 451 ng/L 4 days following vaccination and fell to 5 ng/L by day 8 (Figure 3). Chest pain persisted for several days but had resolved 48 h prior to hospital discharge. There was no arrhythmia.



There was no recurrence of chest pain at one- and three-month follow-up. ECG and echocardiogram were normal, with normalization of global longitudinal strain.




4. Discussion


In this report, we described myocarditis occurring after the mRNA Pfizer vaccination in two adolescent siblings, highlighting the need to better understand the mechanisms behind vaccine-associated myocarditis and potential predisposing factors.



There is little in the current literature to suggest an increased risk of vaccine-associated myocarditis in first-degree relatives. Consequently, there is no recommendation as to whether it is safe to proceed with vaccination if a first-degree relative has already been affected [12]. For this reason, vaccination was recommended for the younger brother.



The clinical symptoms of vaccine-associated myocarditis described include chest pain, shortness of breath, tachycardia and palpitations, with a median symptom onset of two days following vaccination [5,15]. Both siblings developed symptoms within four days after receiving their second dose of Pfizer-BioNTech COVID-19 vaccine and presented with acute left-sided chest pain. Both received symptomatic treatment with non-steroidal anti-inflammatory medication and clinically improved, with resolution of chest pain and normalization of serum troponin level. ECG and echocardiogram changes had resolved at one-month and three-month follow-up.



Elevated troponin is a key finding in cases of vaccine-associated myocarditis; however, it is not known whether this correlates with the degree of inflammation or with prognosis. In one study of childhood myocarditis, troponin levels were not strongly predictive of outcome [16]. In contrast, in adult patients with myocarditis secondary to COVID-19 infection, troponin levels were higher in those with more severe COVID-19 infection [17]. Whether this can be extrapolated to vaccine-associated myocarditis is unknown. We noted higher hs-troponin T levels in the younger brother, but there was no significant difference in the severity of his clinical condition or in the speed of recovery, although the MRI changes were more extensive compared to those of the older brother.



Echocardiographic findings in vaccine-associated myocarditis include left ventricular dysfunction, abnormal longitudinal or circumferential myocardial strain and pericardial effusion [18]. Our first patient had a normal echocardiogram, but the second patient had mild impairment in global longitudinal strain. Cardiac MRI is more sensitive than echocardiography in detecting myocarditis [19]. For this reason, all young patients presenting with symptoms and elevated troponin after COVID vaccination are referred for cardiac MRI, whether or not the echocardiogram is abnormal. Both siblings in this report had definite changes in cardiac MRI consistent with active myocarditis according to the Lake Louise criteria [13] and of a type that has been previously described in vaccine-associated myocarditis [19,20,21].



This presentation of vaccine-associated myocarditis illustrates the need to better understand the mechanisms of this entity. Our case supports a potential genetic susceptibility; however, statistically this could also be explained by random chance. We considered alternative causes of myocarditis in our cases, including autoimmune conditions and typical viral causes. Investigations for these were negative in both siblings. Genetic background in response to environmental factors may play a role in the immune response seen in patients with myocarditis [22,23,24], such as a dysregulated cytokine response (e.g., IL-1beta, IL-17 and TNF-alpha), leading to infiltration of the myocardium [25]. Other proposed genetic mechanisms include alterations in structural proteins, creating a more vulnerable myocardium [22]. Potential mechanisms for vaccine-associated myocarditis include cytokine-induced hyperinflammatory response, development of autoantibodies and molecular mimicry of the spike glycoprotein of SARS-CoV-2 [9,10]. A recent report by Won et al. demonstrated higher interleukin levels (IL-18) in a myocardial biopsy of a patient with myocarditis following COVID-19 mRNA vaccination [9]. Cross-reactivity of antibodies against alpha myosin and transglutaminase has been identified in COVID infection. Vojdani et al. indicated that a similar response against the spike protein of the vaccine may lead to vaccine-induced autoimmunity [26]. However, these reports are limited, and further research into this is required.



A better understanding of the mechanisms of vaccination-associated myocarditis—particularly the potential for genetic predisposition or the autoimmune response—may help guide future recommendations.




5. Conclusions


This is the first reported presentation of vaccine-associated myocarditis in siblings. This report supports a possible genetic susceptibility and illustrates the need to understand the mechanisms behind this rare cause of myocarditis.







Author Contributions


J.M., T.G. and B.M. were involved in the clinical care of the patients, collected all the patient data, drafted the initial manuscript, reviewed and revised the manuscript. C.O. performed the cardiac MRI imaging and analysis and reviewed and revised the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Ethical review and approval were waived for this case report. Patient and legal guardian consent has been obtained to publish this report.




Data Availability Statement


Data is contained within the article.




Acknowledgments


We thank the family for the opportunity to share the clinical presentation and to add to the current discussion about vaccination safety and recommendations.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mevorach, D.; Anis, E.; Cedar, N.; Bromberg, M.; Haas, E.J.; Nadir, E.; Olsha-Castell, S.; Arad, D.; Hasin, T.; Levi, N.; et al. Myocarditis after BNT162b2 mRNA Vaccine against COVID-19 in Israel. N. Engl. J. Med. 2021, 385, 2140–2149. [Google Scholar] [CrossRef] [PubMed]

	



Shay, D.K.; Shimabukuro, T.T.; DeStefano, F. Myocarditis Occurring after Immunization with mRNA-Based COVID-19 Vaccines. JAMA Cardiol. 2021, 6, 1115–1117. [Google Scholar] [CrossRef] [PubMed]

	



Simone, A.; Herald, J.; Chen, A.; Gulati, N.; Shen, A.Y.; Lewin, B.; Lee, M.S. Acute Myocarditis Following COVID-19 mRNA Vaccination in Adults Aged 18 Years or Older. JAMA Intern. Med. 2021, 181, 1668–1670. [Google Scholar] [CrossRef] [PubMed]

	



Munoz, F.M.; Cramer, J.P.; Dekker, C.L.; Dudley, M.Z.; Graham, B.S.; Gurwith, M.; Law, B.; Perlman, S.; Polack, F.P.; Spergel, J.M.; et al. Vaccine-associated enhanced disease: Case definition and guidelines for data collection, analysis, and presentation of immunization safety data. Vaccine 2021, 39, 3053–3066. [Google Scholar] [CrossRef]

	



Truong, D.T.; Dionne, A.; Muniz, J.C.; McHugh, K.E.; Portman, M.A.; Lambert, L.M.; Thacker, D.; Elias, M.D.; Li, J.S.; Toro-Salazar, O.H.; et al. Clinically Suspected Myocarditis Temporally Related to COVID-19 Vaccination in Adolescents and Young Adults. Circulation 2021, 145, 345–356. [Google Scholar] [CrossRef]

	



Levin, D.; Shimon, G.; Fadlon-Derai, M.; Gershovitz, L.; Shovali, A.; Sebbag, A.; Bader, S.; Fink, N.; Gordon, B. Myocarditis following COVID-19 vaccination—A case series. Vaccine 2021, 39, 6195–6200. [Google Scholar] [CrossRef]

	



COVID-19: Vaccine Data. Available online: https://www.health.govt.nz/our-work/diseases-and-conditions/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-vaccine-data (accessed on 1 March 2022).

	



Chin, S.E.; Bhavsar, S.M.; Corson, A.; Ghersin, Z.J.; Kim, H.S. Cardiac Complications Associated with COVID-19, MIS-C, and mRNA COVID-19 Vaccination. Pediatr. Cardiol. 2022, 43, 483–488. [Google Scholar] [CrossRef]

	



Won, T.; Gilotra, N.A.; Wood, M.K.; Hughes, D.M.; Talor, M.V.; Lovell, J.; Milstone, A.M.; Steenbergen, C.; Čiháková, D. Increased Interleukin 18-Dependent Immune Responses Are Associated with Myopericarditis after COVID-19 mRNA Vaccination. Front. Immunol. 2022, 13, 851620. [Google Scholar] [CrossRef]

	



Saeed, S.; Käsk, L.; Rajani, R.; Larsen, T.H. Incidence, clinical presentation and management of myocarditis following mRNA-based Covid-19 vaccines: A brief report. Cardiology 2022. [Google Scholar] [CrossRef]

	



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 subjects? Autoimmun. Rev. 2020, 19, 102524. [Google Scholar] [CrossRef]

	



Australian Technical Advisory Group on Immunisation (ATAGI); the Cardiac Society of Australia and New Zealand (CSANZ); the Royal Australian College of General Practitioners (RACGP); the Australian College of Remote and Rural Medicine (ACRRM); the Australasian College of Emergency (ACEM). Guidance on Myocarditis and Pericarditis after mRNA COVID-19 Vaccines; Australian Government: Canberra, Australia, 2021.

	



Friedrich, M.G.; Sechtem, U.; Schulz-Menger, J.; Holmvang, G.; Alakija, P.; Cooper, L.T.; White, J.A.; Abdel-Aty, H.; Gutberlet, M.; Prasad, S.; et al. Cardiovascular magnetic resonance in myocarditis: A JACC White Paper. J. Am. Coll. Cardiol. 2009, 53, 1475–1487. [Google Scholar] [CrossRef] [PubMed]

	



Marcus, K.A.; Mavinkurve-Groothuis, A.M.; Barends, M.; van Dijk, A.; Feuth, T.; de Korte, C.; Kapusta, L. Reference values for myocardial two-dimensional strain echocardiography in a healthy pediatric and young adult cohort. J. Am. Soc. Echocardiogr. 2011, 24, 625–636. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Kobayashi, D.; Aggarwal, S.; Kheiwa, A.; Shah, N. Myopericarditis in children: Elevated troponin I level does not predict outcome. Pediatr. Cardiol. 2012, 33, 1040–1045. [Google Scholar] [CrossRef]

	



Lippi, G.; Lavie, C.J.; Sanchis-Gomar, F. Cardiac troponin I in patients with coronavirus disease 2019 (COVID-19): Evidence from a meta-analysis. Prog. Cardiovasc. Dis. 2020, 63, 390–391. [Google Scholar] [CrossRef]

	



Viskin, D.; Topilsky, Y.; Aviram, G.; Mann, T.; Sadon, S.; Hadad, Y.; Flint, N.; Shmilovich, H.; Banai, S.; Havakuk, O. Myocarditis Associated With COVID-19 Vaccination: Echocardiography, Cardiac Tomography, and Magnetic Resonance Imaging Findings. Circ. Cardiovasc. Imaging 2021, 14, e013236. [Google Scholar] [CrossRef]

	



Jain, S.S.; Steele, J.M.; Fonseca, B.; Huang, S.; Shah, S.; Maskatia, S.A.; Buddhe, S.; Misra, N.; Ramachandran, P.; Gaur, L.; et al. COVID-19 Vaccination-Associated Myocarditis in Adolescents. Pediatrics 2021, 148, e2021053427. [Google Scholar] [CrossRef]

	



Chelala, L.; Jeudy, J.; Hossain, R.; Rosenthal, G.; Pietris, N.; White, C. Cardiac MRI Findings of Myocarditis After COVID-19 mRNA Vaccination in Adolescents. AJR Am. J. Roentgenol. 2021, 218, 651–657. [Google Scholar] [CrossRef]

	



Manfredi, R.; Bianco, F.; Bucciarelli, V.; Ciliberti, G.; Guerra, F.; Schicchi, N.; Tavio, M.; Berton, E.; Surace, F.C.; Colaneri, M.; et al. Clinical Profiles and CMR Findings of Young Adults and Pediatrics with Acute Myocarditis Following mRNA COVID-19 Vaccination: A Case Series. Vaccines 2022, 10, 169. [Google Scholar] [CrossRef]

	



Campuzano, O.; Fernández-Falgueras, A.; Sarquella-Brugada, G.; Sanchez, O.; Cesar, S.; Mademont, I.; Allegue, C.; Mates, J.; Pérez-Serra, A.; Coll, M.; et al. A Genetically Vulnerable Myocardium May Predispose to Myocarditis. J. Am. Coll. Cardiol. 2015, 66, 2913–2914. [Google Scholar] [CrossRef]

	



Baggio, C.; Gagno, G.; Porcari, A.; Paldino, A.; Artico, J.; Castrichini, M.; Dal Ferro, M.; Bussani, R.; Merlo, M. Myocarditis: Which Role for Genetics? Curr. Cardiol. Rep. 2021, 23, 58. [Google Scholar] [CrossRef] [PubMed]

	



Artico, J.; Merlo, M.; Delcaro, G.; Cannatà, A.; Gentile, P.; De Angelis, G.; Paldino, A.; Bussani, R.; Ferro, M.D.; Sinagra, G. Lymphocytic Myocarditis: A Genetically Predisposed Disease? J. Am. Coll. Cardiol. 2020, 75, 3098–3100. [Google Scholar] [CrossRef] [PubMed]

	



Li, H.S.; Ligons, D.L.; Rose, N.R. Genetic complexity of autoimmune myocarditis. Autoimmun. Rev. 2008, 7, 168–173. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]








[image: Vaccines 10 00611 g001 550] 





Figure 1. Case 1 ECG findings. (A) ECG at presentation demonstrating abnormal repolarization, including T-wave inversion in V2–V3 and T-wave flattening in V4. (B) One month after presentation, showing resolution of these changes. 
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Figure 2. Cardiac MRI showing short-axis T2-weighted image with fat saturation. (A) Case 1: ill-defined area of increased signal in the inferior left ventricular myocardium indicative of focal oedema. (B) Case 2: more extensive region of oedema in comparison to case 1, which extends into the posterior obtuse marginal surface. 
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Figure 3. Comparison of trends in hs-Troponin T during the acute phase of myocarditis. 
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Table 1. Demographics and laboratory findings.
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Patient 1

	
Patient 2






	
Patient anthropometrics




	
Age (years)

	
14

	
12




	
Weight (kg)

	
55.3

	
54.5




	
Height (cm)

	
164

	
162




	
BMI (kg/m2)

	
20.4

	
20.8




	
Vital parameters at presentation




	
Heart rate (bpm)

	
88

	
85




	
Blood pressure (mmHg)

	
117/79

	
103/58




	
SpO2 (%)

	
98

	
99




	
Laboratory parameters at presentation




	
White blood cell count (E + 9/L)

	
5.39

	
5.57




	
Lymphocyte count (E + 9/L)

	
2.68

	
2.23




	
C-reactive protein (mg/L)

	
4.6

	
1.5




	
Haemoglobin (g/L)

	
143

	
138




	
COVID-19 history




	

	
No previous recorded COVID-19 infection

Parents received COVID-19 Pfizer-BioNTech vaccination without side effects
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