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Abstract

We describe a 51-year-old otherwise healthy woman hospitalized for hypotension, fever, and weakness 4 days after the
second-dose Covid-19 mRNA vaccine. Elevated inflammatory markers, natriuretic peptide levels and troponin levels, and
slightly reduced left ventricular ejection fraction of 50% were noted. We also found the multiple organ damage, including mu-
cocutaneous, gastrointestinal, and neurologic systems. In addition, we revealed the positive results for anti-nucleocapsid
SARS-CoV-2 IgG, albeit negative for SARS-CoV-2 polymerase chain reaction testing, suggesting the prior asymptomatic
Covid-19 infection. We finally diagnosed her as multisystem inflammatory syndrome after vaccination. Of note, we obtained
myocardial specimen from the patients and demonstrated the lymphohistiocytic myocarditis, which is a rare form of

myocarditis.
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Introduction

Coronavirus disease 2019 (Covid-19) has been a growing pan-
demic, and vaccines are considered the most promising
approach for controlling the pandemic. Vaccines are gener-
ally safe and well tolerated, but adverse effects such as myo-
carditis have been rarely reported.? The multisystem inflam-
matory syndrome (MIS) was firstly described in patients
following the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection, typically characterized
by systemic inflammation with multi-organ involvement.>*
Recently, MIS has been reported after Covid-19 vaccination®;
however, the pathophysiology of this syndrome remains
poorly understood. Thus, we herein described the case of
MIS after vaccination, in which myocardial tissue was ob-
tained, revealing a rare type of myocarditis called
lymphohistiocytic myocarditis.

Case report

A 51-year-old Japanese woman was admitted to our institu-
tion for hypotension, fever, and weakness. Before admission,
she had been well without significant past medical history.
Three months before admission, Covid-19 was prevalent at
her workplace, but she was asymptomatic. A month before ad-
mission, she received her first-dose Covid-19 messenger ribo-
nucleic acid (mRNA) vaccine from Moderna (mRNA-1273). On
the following day, fever and fatigue appeared. Her fever broke
the next day, but fatigue continued for about 2 weeks. She did
not undergo SARS-CoV-2 antigen test or real-time polymerase
chain reaction (PCR) testing at that time. Four days before ad-
mission, she received her second-dose mRNA-1273 vaccine.
Again, a high-grade fever and fatigue appeared on the follow-
ing day. Weakness, diarrhoea, and fainting also appeared on
the day of admission, and she was transferred to our hospital.
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On arrival, she was drowsy and had a body temperature of
37.9°C, blood pressure of 67/30 mmHg, and heart rate of
123 beats/minute. Laboratory testing identified increased in-
flammatory markers (C-reactive protein and procalcitonin),
abnormal renal function and electrolytes, elevated natriuretic
peptide and troponin levels, but normal creatinine phosphoki-

Table 1 Transition of laboratory marker levels

2 months after Reference

On admission  admission range
WBC (/uL) 31900 6200 3300-8600
Neutrophil (%) 93.5 51.9 -
Lymphocyte (%) 3.0 38.0 -
CRP (mg/L) 367.5 1.1 <1.4
Procalcitonin (ng/mL) 18.1 0.02 <0.49
Albumin (g/dL) 2.0 4.3 4.1-5.1
Creatinine (mg/dL) 1.57 0.63 0.46-0.79
Sodium (mEg/L) 122 141 138-145
Potassium (mEg/L) 3.1 3.8 3.6-4.8
CPK (U/L) 30 22 41-153
Troponin | (pg/mL) 335 <10.0 <40.0
NT-proBNP (pg/mL) 52,643 79 <125

CPK, creatinine phosphokinase; CRP, C-reactive protein; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; WBC, white
blood cell.

nase levels (Table 1). Chest radiography showed no specific
abnormalities (Figure 1A). A 12-lead electrocardiography dem-
onstrated no obvious ST-segment abnormality (Figure 1B).
Transthoracic echocardiography demonstrated a slightly
reduced left ventricular ejection fraction (50%) without
myocardial oedema, pericardial effusion, and vegetations
(Figure 1C,D). SARS-CoV-2 PCR testing on admission was
negative. She was admitted to our hospital with a provisional
diagnosis of septic shock considering hypotension, fever, and
elevated inflammatory markers. She was treated empirically
with broad-spectrum antibiotics and intravenous fluid boluses.
Despite these treatments, she remained hypotensive and was
given noradrenaline (0.26 ), pitressin (2 units per hour), and
dobutamine (2 y). For the treatment of septic shock, we added
intravenous steroid (hydrocortisone; 200 mg on Days 1 and 2,
100 mg on Day 3, and 50 mg on Day 4). Her symptoms and vital
signs gradually improved, and laboratory parameters also
started to improve. Vasopressors and inotropes were tapered
and stopped on 4 days after admission.

Two sets of blood cultures and urinary culture were all
negative, and no focal signs of infection were found on
whole-body computed tomography. As septic shock was
unlikely the cause of her conditions, myocarditis after

Figure 1 Imaging data on admission. (A) Chest radiography, (B) electrocardiography, and (C,D) transthoracic echocardiography.
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Covid-19 vaccination was suspected considering the elevated
cardiac biomarkers and slightly reduced left ventricular ejec-
tion fraction. Cardiac magnetic resonance (CMR) performed
1 week after admission revealed a high-intensity lesion on
T2 weighted image (Figure 2A) and a diffusely increased
native T1 value of 1600-1800 msec on T1 mapping
(Figure 2B), indicating the presence of myocarditis.

In addition to myocarditis, she had a history of
diarrhoea and fainting and was noted after admission to
have lymphadenopathy, bilateral conjunctivitis (Figure 3A),
swelling and cracking of her lip (Figure 3B), and
chilblain-like lesions on her toes and fingers (Figure 3C),
all of which could not be explained solely by myocarditis.
The rheumatology, haematology, and infectious disease
workups were all unremarkable. Therefore, MIS was
suspected, considering the multi-organ involvement includ-
ing cardiac, renal, gastrointestinal, neurologic, and dermato-
logic systems in addition to the raised inflammatory
markers. Overall, the patient’s clinical features were consis-
tent with the Brighton Collaboration definition of MIS. As
there was no alternative diagnosis that explained the pa-

tient’s status, she was diagnosed as MIS. She also had a
positive result for anti-nucleocapsid SARS-CoV-2 IgG and
high levels of anti-SARS-CoV-2 spike IgG, indicating previous
SARS-CoV-2 infection and vaccine-induced antibody
responses.

During hospitalization, cardiac catheterization was per-
formed. Coronary angiography showed no evidence of steno-
sis or aneurysmal changes. Myocardial specimens obtained
from right ventricular septum showed interstitial oedema
and inflammatory cell infiltration. In particular, CD3 positive
T cells (CD8 dominant) and CD68-positive macrophages
were found, demonstrating lymphobhistiocytic myocarditis
(Figure 4).

Two weeks after admission, she was discharged without
any medication. Two months after admission, she had no
symptoms or physical abnormalities. All laboratory test
abnormalities resolved (Table 1), and her left ventricular
function normalized. Follow-up CMR evaluation showed
no high-intensity lesions on T2-weighted image and a nor-
mal native T1 value (Figure 2C,D). She was followed up
on an outpatient basis where she remained clinically well.

Figure 2 Cardiac magnetic resonance imaging performed 1 week after admission (A,B) and 2 months after admission (C,D). (A) T2-weighted image.
White arrows indicate the high-intensity lesion. (B) T1 mapping. Yellowish myocardium indicates the prolongation of native T1 value. (C)
T2-weighted image. There was no high-intensity lesion. (D) T1 mapping. Reddish myocardium indicates normal T1 value.
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Figure 3 Physical findings. (A) conjunctivitis, (B) lip swelling and cracking, and (C) chilblain-like lesions on the fingers.

Figure 4 Pathological findings of the myocardium. (A) Haematoxylin and eosin staining and (B-D) immunohistochemical staining. CD3-positive, CD8-

positive, and CD68-positive cells were infiltrated on myocardium.
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Discussion

In this case, myocarditis after Covid-19 vaccination was ini-
tially suspected. Myocarditis has been recognized as a rare
complication, especially in adolescent males, usually occur-
ring 2-3 days after the second-dose mRNA vaccine.” Patients
with myocarditis following Covid-19 vaccination typically
have chest symptoms with mildly elevated creatine phospho-
kinase levels and rarely require inotrope and/or vasopressor
supports.? Although this patient, based on the CMR and path-
ological findings, had myocarditis, she was middle-aged, with-
out chest symptoms or elevated creatine phosphokinase
levels, but required inotrope and vasopressor supports.
These features were atypical for myocarditis after Covid-19

vaccination. In addition, the various abnormalities in multiple
organs and remarkable increase in inflammatory response
could not be explained solely by myocarditis. Therefore, we
further examined other underlying causes and considered
MIS as a differential diagnosis, consistent with this case.
MIS is characterized by an intense inflammatory activation
that involves multisystem presentation with organ dysfunc-
tion in the absence of associative infective or alternative
diagnoses.® Typically, MIS develops 2—6 weeks after recovery
from Covid-19 infection in children (called MIS-C),? as well as
in adults (called MIS-A).* There are increasing reports of MIS
following Covid-19 vaccination (called MIS-V),” and a case
definition of MIS has been proposed by the Brighton
Collaboration Project.® Our patient’s clinical features and
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biochemical markers were consistent with the definitive
case of MIS, including fever for 3 consecutive days, all four
clinical features (mucocutaneous, gastrointestinal, shock/
hypotension, and neurologic abnormalities), laboratory evi-
dence of inflammation, and measures of disease activity (ele-
vated natriuretic peptide levels, neutrophilia and lymphope-
nia, evidence of cardiac involvement by echocardiography,
and findings consistent with myocarditis). Additionally, the
patient received her second-dose Covid-19 mRNA vaccine
4 days before admission. Interestingly, recent case series re-
ported that a number of MIS-V cases had a history of
Covid-19 infection before vaccination,” and potent immune
response can lead to hyperinflammation, which can paradox-
ically cause harm to the host. Indeed, our patient also had a
positive SARS-CoV-2 nucleocapsid antibody result, indicating
the possibility of MIS-V.

To date, there is a paucity of literature regarding the
histopathology of MIS-V. Of particular note, a myocardial
specimen was obtained from the patient complicated with
MIS-V. Our case demonstrated lymphohistiocytic myocarditis,
considered to be a rare form of myocarditis. A previous case
report found this type of myocarditis in MIS following
Covid-19 natural infection.® Lymphohistiocytic myocarditis
has also been reported in immune checkpoint inhibitor-
associated myocarditis.” One case series study concluded
that the diffuse lymphohistiocytic myocarditis associated
with immune checkpoint inhibitor is relatively distinctive.*°
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Taken together with our case and previous reports, myocardi-
tis in MIS and immune checkpoint inhibitor associated myo-
carditis seem to have similar histopathological findings, sug-
gesting that a dysregulated immune system is involved in
the mechanism of MIS. In this regard, although speculative,
intravenous steroids may be effective for improving the pa-
tient’s condition. However, as the efficacy of immunosup-
pressive treatment for MIS-V has not been confirmed to date,
treatment strategies must be determined case by case.

In conclusion, we experienced a middle-aged woman com-
plicated with MIS-V and lymphohistiocytic myocarditis after
second-dose Covid-19 mRNA vaccine. We have to consider
MIS-V as a differential diagnosis when we see a patient with
multi-organ involvements after vaccination.
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