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Whilst there has been significant public health benefits associated with global use of COVID-19 spike pro-
tein vaccines, potential serious adverse events following immunization have been reported. Acute my-
ocarditis is a rare complication of COVID19 vaccines and often it is self-limiting. We describe two
cases experiencing recurrent myocarditis following mRNA COVID-19 vaccine despite a prior episode with
full clinical recovery. Between September 2021-September 2022 we observed two male adolescents with
recurrent myocarditis related to mRNA-based-COVID19 vaccine. During the first episode both patients

Keywords: presented with fever and chest pain few days after their second dose of BNT162b2 mRNA Covid-19
Myocarditis . . ® . . L .

COVID-19 Vaccine (Comirnaty®). The blood exams showed increased cardiac enzymes. In addition, complete viral
Adversomics panel was run, showing HHV7 positivity in a single case. The left ventricular ejection fraction (LVEF)
Vaccination was normal at echocardiogram but cardiac magnetic resonance scanning (CMR) was consistent with my-

ocarditis. They were treated with supportive treatment with full recovery. The 6 months follow-up
demonstrated good clinical conditions with normal cardiological findings. The CMR showed persistent le-
sions in left ventricle ‘s wall with LGE. After some months the patients presented at emergency depart-
ment with fever and chest pain and increased cardiac enzymes. No decreased LVEF was observed. The
CMR showed new focal areas of edema in the first case report and stable lesions in the second one.
They reached full recovery with normalization of cardiac enzymes after few days. These case reports out-
line the need of strict follow-up in patients with CMR consistent with myocarditis after mRNA-based-
COVID19 vaccine. More efforts are necessary to depict the underlying mechanisms of myocarditis after
SARS-CoV2 vaccination to understand the risk of relapsing and the long-term sequelae.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Safe and effective COVID-19 vaccines are powerful tools for en-
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suring public health and controlling the SARS-CoV-2 infection.

Both BNT162b2 mRNA vaccine (Comirnaty®) and mRNA-1273
vaccine (Spikevax®) are licensed for use in children and adoles-
cents by the age of 6 months.

Whilst there has been significant public health benefits associ-
ated with global use of COVID-19 spike protein vaccines, potential
serious adverse events following immunization (AEFI) have been
reported. Among them, pericarditis and myocarditis represent rare

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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complications mostly reported in adolescents and young adults,
especially in male gender following the diverse COVID vaccines
available, but mostly in association with both mRNA vaccines:
BNT162b2 and mRNA-1273 [1].

Although cardiologic symptoms are mostly self-limiting or con-
trolled by nonsteroidal anti-inflammatory drugs (NSAID), it is not
known whether patients with a prior history of myocarditis follow-
ing a COVID-19 vaccine are at increased risk of recurrence of my-
ocarditis. To date myocarditis following COVID-19 vaccination
represent a self-limited episode and has been usually associated
to a positive outcome without any history of relapse [2].

However, information about this new entity is rapidly evolving,
and little is known about how this vaccine-mediated myocarditis
differs from classic myocarditis.

Here we firstly describe the case of two adolescents with relaps-
ing myocarditis after full recovery from an initial episode of mRNA
vaccine related myocarditis Fig. 1. Table 1 reports the patients’ de-
mographic, clinic and laboratory characteristics.

Methods

We performed a prospective evaluation of all patients admitted
at the pediatric emergency department of the Children’s Hospital
“Bambino Gesu” between September 2021 and September 2022
with chest pain, shortness of breath, or palpitations after Covid-

15 year old man without past medical history. He presented with fever and chest pain after
his 1l dose of Comirnaty vaccine

T2w-STIR

1l dose Comirnaty vaccine 01/2022
4 days
1t episode of Myocarditis:
Elevated cardiac enzymes. 01/2022
CMR with areas of edema and LGE.
6 months
06/2022
9 months
2" episode of Myocarditis:
Positive HHV7 PCR in blood.
Elevated cardi b f
evated cardiac enzymes 09/2022

CMR with new focal areas of edema
and LGE.
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19 vaccines who met the CDC work case definition for myocarditis
[3]. Only confirmed cases were enrolled in this study. The Institu-
tional Ethical Committee approved the present study named
“CACTUS” (2083_OPBG_2020 amendment). All patients’ parents
or legal guardians enrolled in the study signed the informed
consent.

Cardiac Magnetic Resonance imaging (cMRi) 1.5 Tesla was per-
formed on admission upon pediatric cardiologist prescription and
planned during outpatient follow-up. Markers of heart inflamma-
tion by cMRi were defined according to the Lake Louise criteri-
all and included high signal intensity on T2-weighted imaging,
increased T2 and T times denoting extracellular volume (ECV) frac-
tion, and myocardial thickening attributable to edema as a sign of
hyperemia. Measures of necrosis included contrast retention 10 to
15 min after injection of gadolinium (late gadolinium enhance-
ment, LGE), indicating either acute myocarditis or scar formation
with fibrosis. [4-5]

Case 1

A 16-year-old male adolescent with no significant medical his-
tory presented to the emergency department in January 2022 with
fever and severe chest pain four days after the second dose of
Comirnaty® vaccine. Prior to vaccination, he experienced undiag-

16 year old man with past medical history of asymptomatic ventricular monomorphic
extrasystoles. He presented with fever and chest pain after his Il dose of Comirnaty vaccine

T2-mapping

1l dose Comirnaty vaccine 10/2021 r /‘ b1
1day
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CMR with stable focal areas of LGE.

Long-Axis 3-Chamber

Fig. 1. Medical history and CMR images. Figure 1 displays a timeline with dates for acute myocarditis events along with most important clinical data and CMR findings. Case
1: CMR long-axis images in the 1st patient (left group) show the more traditional criteria for diagnosing acute myocarditis, using both T2w-STIR and late gadolinium
enhancement (LGE) sequences to detect myocardial edema and necrosis/fibrosis respectively: 4-chamber views during the 1st episode of myocarditis (top row) display focal
areas of non-ischemic subepicardial hyperintensity on both T2w-STIR and LGE sequences in the mid-apical antero-lateral segments of the left ventricle, consistent with acute
myocarditis; analogous 4-chamber views during follow-up (middle row) document less conspicuous areas of LGE in the same segments without corresponding edema, in
keeping with previous myocarditis; 3-chamber images during the 2nd episode of myocarditis (bottom row) show new areas of subepicardial edema and LGE in the infero-
lateral segments of the left ventricle, consistent with relapsing acute myocarditis; areas of LGE in the mid-apical antero-lateral segments (not shown) were still visible. Case
2: CMR long-axis 3-chamber images in the 2nd patient (right group) illustrate the newer criteria for acute myocarditis, adding newer sequences including T1- and T2-
mapping to make the diagnosis: views during the 1st episode of myocarditis (top row) show focal areas of non-ischemic subepicardial/intramyocardial increased T2-mapping
and extracellular volume (ECV) -obtained from T1-mapping- in the mid-basal infero-lateral segments of the left ventricle, compatible with edema and necrosis respectively,
due to acute myocarditis; images during follow-up (middle row) display persistent areas of increased ECV in the same segments without corresponding edema, suggestive of
scarring due to previous myocarditis; images during the 2nd episode of myocarditis (bottom row) are characterized by less evident areas of increased ECV in the same
segments but no edema, therefore without imaging evidence of recurring acute myocarditis. White arrows highlight the described findings.
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Table 1
Characteristics of patients with relapsing myocarditis after first episode following mRNA-SARS-CoV-2 vaccine.
Case 1 Case 2
Demographic and 1° episode 2° episode 1° episode 2° episode
clinic characteristics
Age (years) 15 15 16 17
Sex M M
BMI 18,29 31,48
Onset of symptoms after vaccine (days) 4 1
Vaccination dose 2nd na 2nd na
Number of doses/interval (days) 2/21 2/21
Manufacurer - Lot number (1st dose/2nd  Comirnaty - Pfizer - 33361 TB/FP8234 Comirnaty - Pfizer - FF2382/FF2382
dose)
Symptoms Fever and chest pain Fever and chest Fever and chest Fever, sore throat and chest
pain pain pain
Treatment Ibuprofen and mineralocorticoid receptor IVIG and ACE Ibuprofen IVIG, Ibuprofen and ACE
antagonists inhibitors inhibitors
Time to relapse (months) na 8 na 12
Route of administratione/site of injections Intramuscular/left deltoid Intramuscular/left deltoid
Smoking status Never smoker Never smoker
Laboratory values
CRP, mg/mL (NV < 0,5) 2,03 4,84 3,62 7,55
hsTnT, pg/mL (NV < 14) 610 450 804 3310
NT-proBNP, pg/mL (NV <135) 1000 1170 1191 1563
ECG
ST segment elevation No Yes No No
ST segment depression No No No No
Non specific ST segment changes Yes No No No
T-wave inversion No No No No
Echocardiogram
LV EF, % 73,6 60 65,4 53,4
Pericardial effusion Yes No Yes No
Pericardial hyperechogenicity No No No Yes
CMR
LV EF, % 64,6 61,4 73 62,5
Regional hyperintensity on T2-weighted Yes Yes Yes No
imaging

LGE Yes Yes Yes Yes

Abbreviations: BMI: body mass index; na: not applicable; IVIG: intravenous immunoglobulin; ACE inhibitors: angiotensin-converting enzyme (ACE) inhibitors; CRP: ¢
reactive protein; hs-TNT: high sensitivity troponin; NT-ptoBNP: N-terminal prohormone of brain natriuretic peptide; CMR: Cardiac magnetic resonance; NV: normal values;

LV EF: left ventricular ejection fraction; LGE: late gadolinium enhancement.

nosed and asymptomatic SARS-CoV-2 infection as demonstrated
by positive serology for anti-N and anti-S antibodies.

Initial vital signs were normal, except for fever (38 °C). Electro-
cardiography (ECG) showed abnormal changes in ventricular repo-
larization in the lateral leads. Transthoracic echocardiography
revealed an ejection fraction (EF) of 58% and mild pericardial effu-
sion. Serum High-Sensitivity Troponin T (hs-TnT) and N-terminal
prohormone of brain natriuretic peptide (NT-proBNP), 610 pg/ml
(normal values NV < 14) and 1000 pg/ml (NV (135) respectively,
were elevated. The C-Reactive Protein (CRP) was 2.03 mg/dl
(NV < 0,5). Quantitative antigenic nasal swab for SARS-CoV-2 was
negative as well as polymerase chain reaction (PCR) testing for in-
fluenza virus. We ran a complete viral panel including herpes
viruses, enteroviruses, adenovirus and PB19 by PCR testing on
blood which turned negative. Hence, the patient received conser-
vative management, including oral ibuprofen and mineralocorti-
coid receptor antagonists. cMRi showed subepicardial areas of
high signal intensity on T2 and post-contrast T1-weighted (late
gadolinium enhancement, LGE) sequences in the antero-lateral
wall of the left ventricle (LV), consistent with acute myocarditis.
Moreover, we also looked for anti-heart muscle and anti-
endothelial cell autoantibodies which resulted positive for anti-
endothelial cells only. Clinical conditions rapidly improved and
he was discharged 9 days after admission with normal hs-TnT
and NT-proBNP levels. The patient returned after 6 months to nor-
mal sport practice following normal ergometer stress test. CMR at

6 months follow-up showed improving, but with persistent focal
lesions with LGE in the LV wall.

Nine-months after the initial diagnosis of myocarditis, in
September 2022 the patient presented to medical attention for
fever and chest pain. ECG showed antero-lateral ST-elevation with
normal findings at echocardiography. Cardiac enzymes, hs-TnT and
NT-proBNP, were both elevated (450 pg/ml and 1170 pg/ml, re-
spectively). Quantitative antigenic nasal swab for SAR-CoV2 result-
ed negative while the complete viral PCR evaluations, as previously
described, showed residual copies for HHV7 (1124 copies/ml). On
CMR new focal lesions along the LV wall with edema and LGE were
observed. Altogether, these data were consistent with relapsing of
acute myocarditis. Considering the myocarditis recurrence and
HHV7 positivity, high dose intravenous immunoglobulins (IVIG)
were administered along with angiotensin-converting enzyme
(ACE) inhibitors with rapid improvement of clinical conditions
and cardiac enzyme values.

The patient was discharged in good clinical conditions after
13 days from admission with normal hs-TnT and NT-proBNP val-
ues and proper indications concerning avoidance of strong physical
activity for 6 months.

Case 2

A 16-year-old male presented to the emergency department in
October 2021 with chest pain and fever for two days. He had re-
ceived his second dose of BNT162b2 mRNA Covid-19 vaccine the
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day before the onset of chest pain. The patient was previously af-
fected by asymptomatic ventricular monomorphic extrasystoles
occasionally observed during a stress test and not requiring any
medication.

On admission, ECG showed sinus tachycardia without any ST-T
changes. Echocardiography revealed mild pericardial effusion.
Quantitative antigenic nasal swab for SARS-CoV-2 was negative
as well as respiratory viral pathogen panel PCR testing. Initial lab-
oratory investigations revealed high CRP 3.62 mg/dl, while hs-TnT
and NT-proBNP were 804 pg/ml and 1591 pg/ml, respectively.

The broad viral evaluations showed positivity for HHV7 (1750
copies/ml). A cMRi was performed 6 days after the symptoms’ on-
set and showed subepicardial/intramyocardial focal areas of signal
intensity on T1- and T2-weighted sequences in the inferolateral
wall of the LV, consistent with acute myocarditis. He received sup-
portive care and ibuprofen and was discharged after 12 days of
hospitalization. After discharge, regular cardiologic checks, blood
exams, ergometer test (CPET) and Holter ECG examinations result-
ed normal. Six months after, due to the stability of cardiac findings
during the follow-up visits the patient received clearance to return
to sport.

In February 2022, he experienced SARS-CoV-2 infection with
few symptoms.

CMR at six months follow-up showed diminished but persistent
patchy areas of fibrosis in the same segments of the LV. According-
ly, treatment with mineralocorticoid receptor antagonists was
started.

In October 2022, 8-months following the 1st episode, the pa-
tient was again admitted to the emergency department due to
fever, acute chest pain and sore throat. ECG showed a ventricular
ectopic beat with no alteration of ST-segment. On echocardiogra-
phy, pericardial hyperechogenicity was documented with an LVEF
of 53.4%. Blood tests demonstrated elevated CRP (7,55 mg/dl) and
increased markers of myocardial damage, with hs-TnT of 3310 pg/
ml and NT-proBNP 1563 pg/ml. Nasal swab for SARS-CoV2 was
negative. Serological and PCR virological screening demonstrated
few copies of HHV7 (<500 copies/ml).

No new focal areas with LGE or edema were observed in CMR.
Due to chest pain and evidence of inversion of T wave to the sub-
sequent ECG, treatment with Ibuprofen and ACE-inhibitor was
started. In consideration of a plausible viral trigger, high dose IGIVs
were administered. We also looked for anti-heart muscle and anti-
endothelial cell autoantibodies detection which turned positive.
Chest pain improved with NSAID treatment and supportive care,
and he was discharged after 6 days of hospitalization with the indi-
cation to continue treatment with ACE-inhibitors and NSAID grad-
ual tapering. At the time of discharge, cardiac enzymes were
negative and ECG and echocardiogram findings were normal.

Discussion

Viral myocarditis unrelated to mRNA COVID-19 vaccination are
life-threatening conditions and have been reported to lead to heart
failure and cardiac transplantation, or death [3]. Conversely, cur-
rent scientific evidence shows that myocarditis related to COVID-
19 vaccination result in a more favorable outcome with quicker
resolution of symptoms [1,2,6].

Long term outcome of myocarditis and pericarditis after mRNA
COVID-19 vaccination is still a matter of debate since the recent
onset of this condition and the need of a longer follow-up. CMR
has been recently largely used for diagnosis and follow-up of my-
ocarditis. Both cases described met the criteria for the diagnosis of
acute myocarditis during their first presentation [3-6]. On the
other hand, only one patient met the criteria during the second
episode. This is likely related to the diagnostic performance of
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CMR, which is known to yield great specificity compared to a less
overwhelming sensitivity. Moreover, both cases had persistent LGE
enhancement at follow-up evaluations. Similarly to other groups
[2,6-10], we recently described the persistence of LGE enhance-
ment, suggestive of myocardial fibrosis, in patients with myoperi-
carditis following mRNA COVID-19 vaccination [11].

Persistent cMRi findings, such as LGE, have been described in
pediatric patients with myocarditis, but their actual role as predic-
tor of AEFI during follow-up is uncertain [12-13].

Indeed, the actual role of cMRi needs to be further clarified,
since it is not clear if the suggestive findings of myocardial scarring
could represent a risk factor for development of long term sequalae
or a normal heart healing process.

Undoubtedly, cases hereby described highlight that children
presenting with a pathological cMRi deserve a more stringent
follow-up compared to those patients without any cMRi signs.
The pathogenesis of COVID-19 mRNA-vaccination-related my-
ocarditis still remains poorly understood. The three main mecha-
nisms by which COVID-19 vaccines might induce myocarditis are
i) immune reactivity related to higher levels of circulating spike
protein [14], ii) antibodies to SARS-CoV-2 spike glycoproteins
cross-reacting with myocardial contractile proteins [13], and iii)
hormonal differences [13,15]. All of these mechanisms can be in-
fluenced by immune-genetic background, age and sex [13]. The
presence of anti-hearth antibodies (AHA) both reflects high inten-
sity of the general immune inflammatory response and serves as
one of the factors of the inflammatory heart injury. The detection
of AHA in the cases described suggests their potential role in my-
ocarditis pathogenesis opening the question if immune activation
with inflammation (infection or immunization related) could trig-
ger antibody mediated clinical relapse.

The immune system might detect the mRNA in the vaccine as
an antigen, resulting in the activation of proinflammatory cascades
and immunological pathways in the heart. Although nucleoside
modifications of mRNA reduce their innate reactogenicity [16],
the immune response to mRNA might still drive the activation of
an aberrant innate and acquired immune response, which can ex-
plain the stronger response seen with mRNA vaccines compared to
other types of COVID-19 vaccine. In line with this hypothesis Yon-
ker L. et al recently reported that individuals who developed post-
vaccine myocarditis uniquely exhibit elevated levels of free spike
protein in circulation, unbound by anti-spike antibodies, which ap-
pear to correlate with cardiac troponin T levels and innate immune
activation with cytokine release [14].

Molecular mimicry between the spike protein of SARS-CoV-2
and cardiac self-antigens is another possible mechanism. Antibod-
ies directed to SARS-CoV-2 spike glycoproteins might cross-react
with structurally similar human protein sequences, including my-
ocardial a-myosin heavy chain [17].

These autoantibodies might be innocent bystanders resulting
from myocardial inflammation and injury, or might reflect a cer-
tain immune-genetic background that predisposes to developing
hyperimmunity and myocarditis upon any trigger. However very
recent findings in post mRNA vaccine myocarditis did not show ev-
idence of cardiac targeted autoantibodies in these patients sug-
gesting that this mechanism is unlikely to act as main
pathogenic trigger [18].

Finally, given the increased incidence among male patients, dif-
ferences in hormone signaling might be involved in the pathophys-
iology of COVID-19 mRNA-vaccination-related myocarditis.
Testosterone can inhibit anti-inflammatory immune cells and pro-
mote a more aggressive T helper 1 cell-type immune response. By
contrast, estrogen has inhibitory effects on pro-inflammatory T
cells, resulting in a decrease in cell-mediated immune responses.

As noted in previous studies. viral infections could act as a trig-
ger in a predisposed individual. Our cases show a new diagnosed
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HHV7 infection during the second episode and a persisting viral
replication respectively with the second patient presenting symp-
toms compatible with an ongoing upper airway viral infection.
HHV-7 has been recently described in association with severe my-
ocarditis as potential causative agent [19]. The presumptive viral
etiology of the second episode of myocarditis supported the choice
to administer IVIG as suggested by international guidelines in asso-
ciation with supportive care [20-21]. Since HHV-7 infection gener-
ally occurs during childhood and up to 95% of adults are
seropositive [22], it can be considered an endemic virus and we
cannot establish if HHV-7 detection is incidental or represent the
causative agent of myocarditis. However, the rapid reduction of
HHV-7 copies after their initial detection is more in favor of an in-
cidental finding in this case.

Given the short follow-up time and the recent history of the dis-
ease, it is still not known whether patients with a prior history of
myocarditis after mRNA based COVID-19 vaccine are at increased
risk of recurrent myocarditis. Moreover, it would be important to
perform genetic evaluation to clarify the presence of mutations
in genes associated with cardiomyopathy. Such evaluations are
still ongoing in our patients.

In the recent scientific literature, other case reports described
recurrent myocarditis after mRNA-based-COVID19 vaccination in
patients with a pre-existing episode of myocarditis not vaccine re-
lated [23-27]. To our knowledge this is the first report of relapsing
myocarditis in previously healthy patients experiencing myocardi-
tis after mRNA-based-COVID19 vaccine. Up to now the long term
sequalae related to this kind of myocarditis are unknow. More ef-
forts are needed to depict the underlying mechanisms beyond this
phenomenon and to understand the risk of complications such as
recurrence, potential evolution to dilated cardiomyopathy, and ar-
rhythmias in the future.
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