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Background Vaccination is the most important measure to control the coronavirus disease 2019 (COVID-19) pandemic.
Myocarditis has been reported as a rare adverse reaction to COVID-19 vaccines. The clinical presentation of myo-

carditis in such cases can range from mild general symptoms to acute heart failure.

We report the cases of two young men who presented with chest pain and dyspnoea following the administration
of the mRNA COVID-19 vaccine. Cardiac investigations revealed findings typical of acute myocarditis.

Discussion Myocarditis is a rare complication following mMRNA COVID-19 vaccination. In this case series, the temporal prox-
imity of the development of acute myocarditis and the administration of the mRNA COVID-19 vaccine was
acknowledged. In the absence of other causative factors, myocarditis in these patients potentially occurred due to
an adverse reaction to the mRNA COVID-19 vaccine. However, a causal relationship remains speculative. Clinical
suspicion of myocarditis should be high if patients present with chest pain or dyspnoea after receiving COVID-19
vaccination.
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Learning points

® Myocarditis may be a complication of vaccination.
® Clinical suspicion of myocarditis should be high if patients present with cardiovascular symptoms after administration of coronavirus disease
2019 vaccination.

important as the European Union and US governments are expand-

Introduction

ing their vaccination programmes and are administering large quanti-

Vaccination is an essential means to control the coronavirus disease
2019 (COVID-19) pandemic. Myocarditis has been reported as a
rare adverse reaction to COVID-19 vaccines. Recent reports have
identified mMRNA COVID-19 vaccine administration in young healthy
men as a precursor of acute myocarditis.'"™ This is particularly

ties of recently approved mRNA COVID-19 vaccines.®

Here, we report the cases of two young men who developed
acute myocarditis shortly after receiving the 2nd dose of the COVID-
19 vaccine ‘Moderna’. Both were hospitalized at our institution, a
general hospital in an urban area in Germany, in June 2021.
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Timeline
Case 1

Day

0 First dose of coronavirus disease 2019 (COVID-19)
Vaccine Moderna. Patient remained without
symptoms

36 Second dose of COVID-19 Vaccine Moderna

37 General malaise and fatigue, later chest discomfort

41 Hospital admission

41-44 Intermediate care unit

No heart rhythm anomalies

Steady resolution of symptoms
44 No symptoms

Transfer to general ward

Cardiac magnetic resonance imaging (MRI) confirms

myocarditis
45 and 46 Resolution of wall motion abnormalities and normaliza-
tion of troponin-T
[Admission of Case 2]
47 Discharge of Patient 1
Case 2
Day
0 First dose of COVID-19 Vaccine Moderna. Patient
remained without symptoms
47 Second dose of COVID-19 Vaccine Moderna
48 Arthralgia and general malaise, fever
49 Epigastric pain
50 Transfer from tertiary centre and hospital admission
51 Coronary angiography, coronary artery disease ruled
out
50-54 Intermediate care unit
Heart failure therapy
No heart rhythm anomalies
Slow resolution of symptoms
53 Cardiac MRI confirms myocarditis
54 No epigastric pain
Decrease of troponin-T
Transfer to general ward
56 No symptoms

Resolution of wall motion abnormalities
Discharge of Patient 2

Case presentation

Patient 1

A 23-year-old male firefighter presented to the emergency depart-
ment of our community hospital. He had received the first dose of
the COVID-19 vaccine ‘Moderna’ (100 pug messenger-RNA) 6 weeks
prior and the 2nd dose 5 days prior. Four days before admission, he
experienced general malaise and fatigue. On the day of admission, his

family physician hospitalized him because of a high troponin level in
an ambulatory blood sample. In the emergency department, he expe-
rienced mild retrosternal pain, which had been of stronger intensity
the day before. He was not taking any medications and had no rele-
vant medical history. On initial evaluation, his blood pressure was
176/95 mmHg, heart rate was 96 b.p.m. and temperature was
37.2°C. Upon cardiac auscultation, there were no audible murmurs,
and his lungs were clear. No oedema and no signs of congestion
were noted. His other physical parameters were normal. Laboratory
data revealed elevated levels of high-sensitivity cardiac troponin-T
(1086 pg/mL; normal: <14 pg/mL), creatine kinase-MB (27 U/L; nor-
mal: <24 U/L), C-reactive protein (19.8 mg/L; normal: 0-5 mg/L), and
lactate dehydrogenase (349 U/L; normal: 135-225 U/L). His white
blood cell count was normal, and eosinophilia was absent. His naso-
pharyngeal swab sample tested negative for severe acute respiratory
syndrome coronavirus type 2 (SARS-CoV-2) at admission. An elec-
trocardiogram revealed a sinus rhythm, normal QRS axis and a QRS
complex of 102 ms duration with an rSr’ configuration in V1-V3 and
a slight notch in aVL (Figure 1A). An echocardiogram revealed normal
left ventricular systolic function, with a left ventricular (LV) ejection
fraction (LVEF) of 55% (Video 1). No pericardial effusion was
observed. His valve function was normal. We did not consider inva-
sive angiography necessary because of the low probability of coron-
ary artery disease in a 23-year-old patient. Additionally, his clinical
presentation was not suggestive of coronary malformation. In the
cardiac magnetic resonance imaging (MRI) performed 72 h after ad-
mission, T2-weighted short-tau inversion recovery (T2 STIR) sequen-
ces revealed oedema of the anterolateral myocardial segments. Cine
sequences revealed normal systolic function with hypokinesis of the
anterolateral myocardial segments (Figure 1B and C). The pericardial
thickness was normal. Streaky late gadolinium enhancement (LGE) of
the lateral left ventricular wall in a non-ischaemic distribution pattern
was noted (Figure 1D and E), suggesting a diagnosis of myocarditis
according to the updated Lake Louise criteria.”

In the diagnostic workup, there were no signs of an autoimmune
or infectious cause of myocarditis. Serology for cardiotropic viruses
was not performed according to local standard operating proce-
dures, in line with the European Society of Cardiology recommenda-
tions.® Serology for human immunodeficiency virus or hepatitis C
virus was not performed as there was no specific clinical suspicion.
The patient’s history and clinical exam did not provide specific indica-
tions that led us to suspect autoimmune disorders. The patient tested
negative for cardiac autoantibodies. His thyroid function tests were
normal, suggesting that thyrotoxicosis did not cause immune-
mediated myocarditis. There was no family history of genetic or
autoimmune diseases. A bacterial infectious cause of myocarditis was
improbable as there were no predisposing comorbidities and rapid
recovery was achieved without antibiotic therapy.

A quantitative SARS-CoV-2 antibody assay (SARS-CoV-2
TrimericS IgG Assay, DiaSorin, Saluggia, Italy) was performed and
revealed an anti-spike post-vaccination titre of >2080 BAU/mL (nor-
mal: <33.8 BAU/mL). Coronavirus disease 2019 polymerase chain re-
action (PCR) testing was negative.

The patient was monitored for 4days with no relevant heart
rhythm anomalies. Repeat echocardiography revealed no wall mo-
tion abnormalities. He showed total symptom resolution without any
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Figure | (A) Case 1 electrocardiogram on presentation showing sinus rhythm, rSr’ configuration in V1-V3, and a slight notch in aVL. (B) Case 1 car-
diac magnetic resonance imaging, T2-weighted stir sequence, four-chamber view, showing an increased subepicardial and intramyocardial signal inten-
sity of the basal and mid anterolateral segment. (C) Case 1 cardiac magnetic resonance imaging, T2-weighted stir sequence, midventricular short-axis
view, showing an increased intramyocardial signal intensity of the midventricular anterolateral segment. (D) Case 1 cardiac magnetic resonance imag-
ing, inverse-recovery late gadolinium enhancement sequence, four-chamber view, showing focal late gadolinium enhancement of the mid anterolateral
segment. (E) Case 1 cardiac magnetic resonance imaging, inverse-recovery late gadolinium enhancement sequence, midventricular short-axis view,
showing late gadolinium enhancement with a subepicardial distribution of the mid anterolateral segment.

TIS0.6 Mi1.4

Video | Case 1 echocardiogram, four-chamber view, showing
normal left ventricular systolic function.

specific medical therapy. His high-sensitivity cardiac-specific
troponin-T levels decreased progressively until normalization, and he
was discharged with a recommendation to avoid exercise for the
next 6 months. A follow-up medical appointment with an ambulatory
care cardiologist was scheduled.

Patient 2

A 20-year-old male firefighter was transferred by a tertiary hospital
to the emergency department of our hospital because of a presumed
diagnosis of ST-segment elevation myocardial infarction.

He had received the 1st dose of the COVID-19 vaccine ‘Moderna’
(100 pug messenger-RNA) 7 weeks prior and the 2nd dose 3 days
prior. He complained of epigastric pain at admission. Two days ear-
lier, he had experienced severe general symptoms with arthralgia and
general malaise and had a temperature of 38°C. The epigastric pain
had started the next day. He had a history of attention-deficit/
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Figure 2 (A) Case 2 electrocardiogram on presentation, showing ST-elevation in |, aVL, V4-Vé, ST-depression in V1 and aVR. (B) Case 2 cardiac
magnetic resonance imaging, T2-weighted stir sequence, four-chamber view, showing diffuse increased signal intensity in the anterolateral and apical
segments. (C) Case 2 cardiac magnetic resonance imaging, T2-weighted stir sequence, midventricular short-axis view, showing an increased signal in-
tensity in the mid inferolateral and anterolateral segments. (D) Case 2 cardiac magnetic resonance imaging, inverse-recovery late gadolinium enhance-
ment sequence, four-chamber view, showing subepicardial late gadolinium enhancement of the anterolateral and apical segments. (E) Case 2 cardiac
magnetic resonance imaging, inverse-recovery late gadolinium enhancement sequence, midventricular short-axis view, showing subepicardial late
gadolinium enhancement of the mid inferolateral and anterolateral segments. (F) Case 2 electrocardiogram at Day 7, showing sinus rhythm, biphasic
T waves in |, aVL, and ST-depression in Ill, aVR, and V1.
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hyperactivity disorder and was on methylphenidate 40 mg q.d. since
8years of age. There were no other comorbidities. On initial evalu-
ation, his blood pressure was 120/70 mmHg, heart rate was 87 b.p.m.
and temperature was 37.1°C. Upon cardiac auscultation, there were
no audible murmurs, and his lungs were clear. No oedema was
noted. He experienced slight dysphasia after the referring physician
had administered morphine. Additionally, he had received heparin
5000 IU and acetylsalicylic acid 250 mg I.V. The other physical param-
eters were normal. Initial laboratory data revealed elevated levels of
high-sensitivity cardiac troponin-T (606 pg/mL; normal: <14 pg/mL),
creatine kinase-MB (68 U/L; normal: <24 U/L), C-reactive protein
(44.2 mg/L; normal: 0-5 mg/L), and lactate dehydrogenase (508 U/L;
normal: 135-225 U/L). His white blood cell count was elevated (17.4
G/L; normal: 3.9-10.2 G/L), and eosinophilia was absent. An electro-
cardiogram revealed a sinus rhythm, normal QRS axis and ST-
elevation in |, aVL, V4-V6, ST-depression in V1, and aVR (Figure 2A).
Coronary angiography revealed normal coronary arteries. Chest X-
ray revealed signs of pulmonary congestion. The echocardiogram
revealed a moderately reduced systolic LV function with diffuse
hypokinesis and an LVEF of 40% (Video 2). No pericardial effusion
was noted, and his valve function was normal. Cardiac MRI per-
formed 72 h after admission revealed a moderately reduced systolic
LV function. T2-STIR sequences showed myocardial oedema in the
lateral and anterior LV wall (Figure 2B and C). There was thickening
and enhancement of the pericardium but no pericardial effusion. A
patchy non-ischaemic pattern of myocardial LGE was noted, pre-
dominantly in the lateral wall (Figure 2D and E), suggesting a diagnosis
of myocarditis.”

There were no indications of an immune-mediated or infectious
cause of myocarditis. Serology for cardiotropic viruses was not per-
formed. Without a clinical suspicion for a specific infection, serology
for human immunodeficiency virus or hepatitis C virus was not per-
formed. There were no specific indications that led us to examine for
autoimmune disorders. Cardiac autoantibodies tested negative.
There were no signs suggestive of thyrotoxicosis-mediated myocar-
ditis. There was no family history of genetic or autoimmune diseases.
Bacterial myocarditis was improbable as there were no predisposing

Video 2 Case 2 echocardiogram, four-chamber view, showing
reduced left ventricular systolic function with diffuse hypokinesis
and an left ventricular ejection fraction of 40%.

comorbidities and rapid recovery was achieved without antibiotic
therapy. Additionally, procalcitonin tested negative.

A quantitative SARS-CoV-2 antibody assay (SARS-CoV-2 TrimericS
lgG Assay, DiaSorin) was performed and revealed an anti-spike post-
vaccination titre of >2080 BAU/mL (normal: <33.8 BAU/mL).
Coronavirus disease 2019 PCR testing was negative.

Monitoring for 5 days revealed no relevant heart rhythm anoma-
lies. Repeat echocardiography revealed resolution of the wall motion
abnormalities. The patient was treated with heart failure therapy
according to the European Society of Cardiology guidelines,” includ-
ing LV. loop diuretics, beta-blockers, mineralocorticoid receptor
antagonists, and an angiotensin-converting enzyme inhibitor.
Colchicine was administered for suspicion of pericarditis. He showed
symptom resolution. Follow-up electrocardiogram revealed regres-
sion of the ST-segment elevation and showed sinus rhythm, biphasic
T waves in |, aVL and ST-depression in lll, aVR, V1 (Figure 2F). High-
sensitivity cardiac-specific troponin-T and C-reactive protein levels
decreased progressively, and he was discharged with heart failure
therapy according to the European Society of Cardiology guidelines.
Intravenous loop diuretics were discontinued, and the same drugs
were administered orally. With the amelioration of systolic LV func-
tion, mineralocorticoid receptor antagonists were discontinued. We
recommended avoidance of exercise for the next 6 months and dis-
continuation of methylphenidate. A follow-up medical appointment
with an ambulatory care cardiologist was scheduled.

We reported both cases as suspected adverse drug reactions to
the German Federal Institute for Drugs and Medical Devices. Both
patients worked as firefighters, although at different fire stations.
Both reported that several hundreds of their co-workers had been
vaccinated as well. None of their vaccinated co-workers reported
similar complaints.

Discussion

We report two cases of myocarditis following the administration of
an mRNA COVID-19 vaccine. Considering the increasing number of
reports regarding the development of myocarditis after mRNA
COVID-19 vacc:ination,1_S awareness of this adverse drug reaction is
important, especially considering the ongoing worldwide vaccination
campaign. We did not find evidence of any causative factors other
than the administration of the COVID-19 Vaccine ‘Moderna’, al-
though alternative causes were not comprehensively excluded.
Symptom onset occurred after the administration of the 2nd dose in
both cases. Both patients tested negative for cardiac autoantibodies;
however, this excludes neither autoimmune myocarditis nor
autoantibody-negative autoimmune diseases. Especially in the 2nd
case, we could not rule out the fact that the attention-deficit/
hyperactivity disorder therapy with methylphenidate might have
aggravated or even caused heart failure because of its sympatho-
mimetic properties.’® In this patient, we did not consider the ST-
elevations as a sign of acute ischaemia. Therefore, coronary angiog-
raphy was performed the next morning and not immediately.
Although pericardial inflammation might have caused the electrocar-
diographic changes, those too can be explained in light of the myocar-
dial inflammation. We found neither pericardial effusion nor
pericardial friction rubs. Hence, a diagnosis of myopericarditis
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seemed less probable. Nevertheless, we continued colchicine
therapy.

In Case 1, there was a discrepancy in the findings between cardiac
MRI and echocardiography. Regional wall motion abnormalities on
cardiac MRI were probably evident because of better endocardial
definition, whereas no wall motion abnormalities were seen on
echocardiography.

The quantitative SARS-CoV-2 antibody assay revealed high titres
in both patients. Thus, the vaccination of the patients could be con-
sidered effective.”

Recently published cases of myocarditis after COVID-19 vaccin-
ation reported similar clinical courses. There was a predominance of
male patients. Almost all had received mRNA vaccines. Symptom
onset began shortly after the administration of the 2nd dose, and the
resolution of symptoms was rapidj’5 Previous reports described
normal LV function in a majority of pal‘cientsj’5 In contrast, we noted
reduced systolic LV function in one of the two patients. As we
reported only two patients, this might be a coincidence. On compar-
ing our patients with previously reported cases, we noted remarkable
similarities in terms of patient characteristics, clinical course, vaccine
type, and time of symptom onset (Table 7). A final diagnosis of

COVID-19 vaccine-induced myocarditis might be supported by these
findings.

Myocarditis is a rare complication following the administration of
the mRNA COVID-19 vaccine."™ It is also a rare complication of
vaccination in general."? In this case series, the temporal proximity of
the development of acute myocarditis and the administration of the
mRNA COVID-19 vaccine ‘Moderna’ was recognized. It therefore
seems possible that myocarditis occurred due to an adverse reaction
to the vaccine. However, a causal relationship remains speculative.
Despite various presumed mechanisms underlying the development
of COVID-19 vaccine-induced myocarditis, a substantial patho-
physiological explanation for the myocardial inflammation caused by
the mRNA COVID-19 vaccine has not yet been provided.”*™"® Still,
myocarditis occurring after exposure to either a prior vaccine dose
or previous SARS-CoV-2 infection followed by rapid recovery sup-
ports a plausible mechanism of a drug-induced hypersensitivity
reaction.™’

At all events, the temporal proximity of acute myocarditis after the
administration of MRNA COVID-19 vaccines in two young healthy
males in the setting of a community hospital might lead one to specu-
late that myocarditis after COVID-19 vaccination is not as rare as

Table | Patient characteristics in comparison with previously published reports'*

Age (years)
Sex
Ethnicity
Vaccine type

Case 1

23

Male

White

mRNA COVID-19 vaccine
Moderna

Case 2

20

Male

White

mRNA COVID-19 vaccine
Moderna

Vaccine dose 2nd 2nd
Days to presentation 5 3
Days to symptom onset 1

Prior COVID-19 infection 0 0

Rosner et al.,
7 patients1

Mean 27
All male
6 white, 1 Hispanic

1 mRNA COVID-19 Vaccine

Moderna

5 BNT162b2-mRNA
(Biontech/Pfizer)

1 COVID-19 Vaccine
Janssen® (Johnson &
Johnson), single dose

4 patients: 2nd

BNT162b2-mRNA
(Biontech/Pfizer)

1 patient: 2nd

mRNA COVID-19 Vaccine
Moderna

1 patient: 1st

BNT162b2-mRNA
(Biontech/Pfizer)

Mean 4

10of7

Montgomery et al.,
23 patients4

Mean 25

All male

16 mRNA COVID-19
Vaccine Moderna

7 BNT162b2-mRNA
(Biontech/Pfizer)

14 patients: 2nd

mRNA COVID-19 Vaccine
Moderna

6 patients: 2nd

BNT162b2-mRNA
(Biontech/Pfizer)

2 patients: 1st

mRNA COVID-19 Vaccine
Moderna

1 patient: 1st

BNT162b2-mRNA
(Biontech/Pfizer)

Mean 2

30of23

COVID-19, coronavirus disease 2019.
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previously reported. To date, in Germany, 1243 cases of adverse
events of myocarditis/pericarditis after COVID-19 vaccination have
been reported. Considering all types of COVID-19 vaccines, 107.8
million vaccine doses were administered in Germany until the end of
September 2021."® The European Medicines Agency informs of a
possible link between myocarditis and COVID-19 mRNA vaccines."”
In the USA and Germany, COVID-19 mRNA vaccines are recom-
mended for persons aged >12 years.'®"”

Both cases of myocarditis occurred only after the 2nd vaccine
dose. Investigation of the safety and efficacy of the administration of
only a single dose of mMRNA COVID-19 vaccine may be considered
in adolescents and young adults.?

Because of the novelty of mRNA vaccine technology, further
investigations are warranted, especially an elucidation of the pre-
sumed mechanism of myocarditis in the context of COVID-19 vac-
cination. The clinical suspicion of myocarditis should be high in
patients who present with chest pain or dyspnoea after receiving
COVID-19 vaccination.

Conclusion

In this case series, we describe two cases of myocarditis in previously
healthy patients after mMRNA COVID-19 immunization. We reported
these as potential vaccine-related adverse events. The patients’ clinic-
al course and temporal relation suggested the possibility of a
COVID-19 vaccine-associated inflammation of the myocardium.
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