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A B S T R A C T   

Multisystem inflammatory syndrome in children (MIS-C) is an emerging phenomenon associated with SARS- 
COV-2 infection (COVID-19) occurring in < 1 % of infected children. MIS-C is characterized by a hyper-
inflammatory state with excessive cytokine release (‘storm’) leading to hemodynamic compromise and multi-
organ failure, with a death rate of ~2 %. Autopsy examination can play a particularly important role in helping 
to understand the pathogenesis of MIS-C. Yet, only five autopsy studies have been reported to date. We report a 
fatal case of MIS-C involving a previously healthy, 5-year-old Thai boy admitted with MIS-C, one month after 
exposure to SARS-COV-2. While in intensive care, he was found to have a hypertrophic cardiomyopathy, and 
despite immunosuppressive treatment for MIS-C, developed shock and died. Multiorgan inflammation was not 
found at autopsy, implying that the MIS-C had responded to treatment. However, there was disseminated 
aspergillosis and cytomegalovirus reactivation, attributed to the immunosuppression. SARS-COV-2 virus was also 
found in multiple organs. To the best of our knowledge, this is the first reported autopsy of an MIS-C patient from 
Asia, and the first report of aspergillosis in MIS-C. This case underscores that the risks of immunosuppression are 
also a concern in MIS-C. Although MIS-C is generally considered to be a post-infectious hyperimmune reaction, 
persistence of SARS-COV-2 is a feature in all autopsies of MIS-C patients reported to date, suggesting a possible 
role in the pathogenesis, at least in fatal cases.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-COV-2). In contrast to adults, 
most children with COVID-19 are either asymptomatic or have mild to 
moderate symptoms [1]. However, in this age group, SARS-CoV-2 
infection may progress to a hyperinflammatory state with excessive 
cytokine release (‘storm’) leading to hemodynamic compromise and 
multiorgan failure, a condition referred to as multisystem inflammatory 
syndrome in children (MIS-C) [1–6]. The incidence of MIS-C has been 
reported as 0.03 % of SARS-CoV-2 infections [7]. The clinical criteria for 
making such a diagnosis includes: fever of at least 24 h duration, severe 

illness requiring hospitalization, involvement of two or more organ 
systems, laboratory evidence of inflammation, laboratory or epidemio-
logic evidence of SARS-CoV-2 infection, and no alternative diagnosis, in 
particular Kawasaki disease, toxic shock syndrome, and macrophage 
activation syndrome, all which can resemble MIS-C. 

The clinical picture of MIS-C has been the subject of several excellent 
reports [2–6,8,9]. There is a male predominance in MIS-C (55–69 %), 
with a median age of 8.3–8.6 years (range 3 months–20 years). Most 
patients are previously healthy, and the median interval from COVID-19 
symptom onset to MIS-C symptom onset is 25 days (4–6 weeks). The 
most frequent organ system involved in gastrointestinal (>90 % of pa-
tients), with abdominal pain, diarrhea and vomiting. Second most 

* Correspondence to: Department of Pathology, Faculty of Medicine, Chulalongkorn University, 1873 King Rama IV Street, Pathumwan, Bangkok 10330 Thailand. 
E-mail address: dr.mana4@gmail.com (M. Taweevisit).  

Contents lists available at ScienceDirect 

Pathology - Research and Practice 

journal homepage: www.elsevier.com/locate/prp 

https://doi.org/10.1016/j.prp.2022.154106 
Received 5 May 2022; Received in revised form 23 August 2022; Accepted 30 August 2022   

mailto:dr.mana4@gmail.com
www.sciencedirect.com/science/journal/03440338
https://www.elsevier.com/locate/prp
https://doi.org/10.1016/j.prp.2022.154106
https://doi.org/10.1016/j.prp.2022.154106
https://doi.org/10.1016/j.prp.2022.154106
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2022.154106&domain=pdf


Pathology - Research and Practice 238 (2022) 154106

2

common is cardiovascular, including myocarditis, depressed ventricular 
function, hypotension, arrhythmia, and less commonly coronary aneu-
rysm. Abnormal echocardiogram with depressed ejection fraction is seen 
in 45 % of patients. The severity of illness is such that 68–80 % require 
intensive care admission and 48–63 %, inotropic support. Hematologic 
involvement is common (>80 %), typically with neutrophilia, but 
lymphopenia and thrombocytopenia. In contrast to adults with 
SARS-CoV-2 who often manifest lung involvement, in children with 
MIS-C, respiratory involvement less common, although 40 % show 
changes on imaging and 20–28 % need respiratory support (mechani-
cally ventilation or rarely extra-corporeal membrane oxygenation 
(ECMO)). Dermatologic manifestations include rash, erythema, peeling, 
stomatitis, and conjunctivitis; neurologic can include headache, leth-
argy, and meningismus. Laboratory evidence of inflammation is evident 
by elevation in one or more of: C- reactive protein (CRP) (94 % of cases), 
erythrocyte sedimentation rate (ESR), fibrinogen, procalcitonin, 
D-dimer, ferritin, lactate dehydrogenase (LDH), interleukin − 6 (IL-6), 
procalcitonin, and creatine phosphokinase (CPK). Elevations in troponin 
T and pro B natriuretic peptide are indicative of cardiac damage. Lab-
oratory confirmation of SARS-CoV-2 infection can be by RT-PCR or 
serology (70 % patients positive); otherwise, epidemiologic evidence 
requires known COVID-19 exposure within 4 weeks prior to onset of 
MIS-C. 

Treatment usually consists of intravenous immune globulin (IVIG) 
and high-dose steroids; secondary options may include an IL-6 inhibitor 
(tocilizumab) and/or IL-1 receptor antagonist (anakinra) [3,4,6,9]. With 
treatment, the majority of patients survive [3,4,6,9]. Depending on the 
study, the mortality rate is low, in the range of 1.5–2.2 %, but rates of 
15–25 % has been reported by some [2,10,11]. Most of the larger studies 
have not reported the causes of death. Autopsy examination can play a 
particularly important role in helping to define and understand MIS-C. 
Yet, very few autopsy studies have been reported to date, comprising 
five cases to date, originating from Brazil, Columbia and Spain [12–15]. 

Several studies have documented a preferential occurrence of MIS-C 
in black and Hispanic populations compared to white populations [2,3, 
5,6,8,16]. A similar higher occurrence in Asian patients living in western 
countries such as the USA and UK was based on studies that focused on 
South Asians, rather than those of the Asian race [17–19]. When Asian 
patients were specifically separated out, there was a relative sparing of 
this population, accounting for only 2–3 % of MIS-C cases [8,16]. 
Attention was initially drawn to that fact that MIS-C was not seen in 
Asian countries [3,5]. This has proven to be incorrect, as there are now 
reports, albeit very few, documenting MIS-C in patients in Asia, 
including Japan, South Korea, Indonesia, VietNam and India [10,11, 
20–23]. 

We report herein a fatal case of MIS-C in a Thai patient. To the best of 
our knowledge, this is the first reported autopsy of an MIS-C patient 
from Asia. 

2. Clinical presentation 

The patient was male, 5 years 7 months old, who was hospitalized 
because of frequent vomiting for 2 days prior to admission. He had been 
exposed to SARS-CoV-2 from his grandmother, who had died from the 
infection, 1 month earlier. At presentation, his temperature was 38.8 ◦C, 
BP 83/62 mmHg and pulse rate 170 beats/min. The patient was in fluid- 
refractory shock and was transferred to the intensive care unit. Increased 
serum biomarker levels were detected for inflammation (CRP, ESR, 
ferritin, pro-calcitonin, D-dimer, LDH, and IL-6) (Table 1). There was 
lymphopenia and platelets were low normal. A cardiac murmur was 
auscultated and chest x-ray showed cardiomegaly. An echocardiogram 
revealed a reduced left ventricular ejection fraction of 22 %, right and 
left atrial enlargement, atrial and ventricular septum deviation to the 
right, and marked left ventricular dilation, with a normal pattern of 
coronary arteries. There was serologic evidence of cardiac injury with 
elevated troponin T and pro B natriuretic peptide (Table 1). Testing for 

SARS-CoV-2 was negative by RT-PCR but serum was positive for IgG 
antibodies. 

The patient met the six WHO criteria for a diagnosis of MIS-C 
including (1) age 0–19 years; (2) Fever for ≥ 3 days; (3) clinical signs 
of multisystem involvement, which included hypotension/shock, car-
diac dysfunction, evidence of coagulopathy, acute gastrointestinal 
symptoms, (4) elevated markers of inflammation, (5) no other obvious 
microbial cause of inflammation; and (6) evidence of SARS-CoV-2 
infection. Endotracheal intubation was established and ECMO begun. 
Inotropic drugs, IVIG and high dose methylprednisolone were started. 
IVIG was given for two days and steroids were continued throughout the 
admission. 

By day 7, inflammatory markers were improving (IL-6 had dropped 
from 61.42 to 3.68 pg/mL; ferritin had dropped from 2702 to 354.40 ng/ 
mL). However, cardiac function did not recover and the patient could 
not be weaned from ECMO. Based on the echocardiogram, hypertrophic 
cardiomyopathy was considered. The circulatory support was changed 
from ECMO to a biventricular assist device. A myocardial biopsy was 
done showing hypertrophic myocardium, myocyte disarray and 
branching, consistent with hypertrophic cardiomyopathy. There was 
contraction band necrosis, and positive C4d immunostaining of cardiac 
vessels consistent with an immunologic reaction (Fig. 1A and 1B), but no 
evidence of myocarditis. Whole exome sequencing revealed a MYLK2 
gene mutation, confirming the diagnosis of hypertrophic cardiomyop-
athy. The patient remained on the biventricular assist device for the 
remainder of the hospital stay. 

Two weeks after admission, the patient developed a fever of 37.8 oC 
with dyspnea and a productive cough, associated with a leukocytosis 
(leukocytes 25,130/mm3; neutrophils 89.3 %) and thrombocytopenia 
(platelets 73,000/mm3). There was elevated high-sensitivity troponin T 
(87.7 ng/L) and interleukin-6 (29.7 pg/mL), although these values were 
lower than those on admission. Chest x-ray showed pneumonia with 
patchy infiltration in both upper lobes of the lungs. Alveolar fluid cul-
ture detected Pseudomonas aeruginosa. Hemoculture from an arterial line 
showed P. aeruginosa and Acinetobacter buamanii. Increased gal-
actomannan was detected in bronchoalveolar lavage fluid (1.35; cutoff 

Table 1 
Laboratory test results on admission.  

Laboratory value Result Reference range 

Complete blood count   
Hemoglobin 12.1 13–17 g/dL 
Hematocrit 35.1 39–51 % 
White blood cell count (%neutrophils; 

%lymphocytes) 
11,730 
(79.1;13.7) 

45,000–110,000/ 
mm3 

Platelets 150,000 150,000–450,000/ 
mm3 

Coagulation profile   
Prothrombin time 34.7 9.9–12.7 s 
International normalized ratio 3.21 0.86–1.22 s 
Activated partial thromboplastin time 80 19.9–28.9 s 
Cardiac biomarkers   
High-sensitivity troponin T 221.4 0–13.99 ng/L 
N-terminal pro-brain natriuretic 

peptide 
> 35,000 5–390 pg/mL 

Inflammatory markers   
Erythrocyte sedimentation rate 2 0–10 mm/hr 
High-sensitivity C-reactive protein 6.44 0.1–2.8 mg/L 
Ferritin 2702 30–400 ng/mL 
Procalcitonin 21.65 0.1–0.49 µg/L 
D-dimer 8873.33 0–229 ng/mL 
Lactate dehydrogenase 7308 125–220 U/L 
Interleukin-6 61.42 0–7 pg/mL 
Liver function tests   
Albumin 2.9 3.5–5.0 g/dL 
Alkaline phosphatase 84 40–120 U/L 
Aspartate aminotransferase 4718 14–59 U/L 
Alanine aminotransferase 2250 10–55 U/L 
Bilirubin, total 1.23 0.2–1.2 mg/dL 
Bilirubin, direct 0.81 0.0–0.5 mg/dL  
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0.488), but not in serum. This was interpreted as contamination because 
there was no other evidence to support aspergillus infection. Serology 
for respiratory pathogens was positive for adenovirus and negative for 
bocavirus, coronavirus229E, coronavirus HKU1, influenza A (H1), 
influenza (H3), influenza B, parainfluenza 1, parainfluenza 2, 

parainfluenza 3, parainfluenza 4, respiratory syncytial virus A, respira-
tory syncytial virus B, enterovirus/rhinovirus, Chamyphilia pneumoniae, 
Legionella pneumophilia, Mycoplasma pneumoniae. Serology for herpes-
virus (HSV) 1–8 was positive for Epstein Barr virus (EBV; HSV 4), but 
negative for the others. EBV IgG was positive and IgM negative with a 

Fig. 1. Cardiac pathology. The myocardial bi-
opsy showed (A) contraction band necrosis with 
(B) complement C4d deposits in heart vessels. 
Post-mortem examination showed (C) hyper-
trophic cardiomyopathy, with the ventricular 
septum thicker than left ventricular free wall, 
and (D) myofiber hypertrophy and disarray on 
microscopy. (E-F) Fungal hyphae invaded the 
pericardium along with (G) angioinvasion 
leading to fungal myocarditis (necrotic vessel 
with fungal thrombus marked by arrow; fungal 
hyphae in myocardium marked by arrowhead) 
(H) Electron micrograph of the myocardium 
shows sarcomeres with a virus particle in the 
adjacent cytoplasm (arrow). Scale bar 
= 500 nm. (A,D,E,G: H&E; B: immunohisto-
chemistry; F: Gomori methenamine silver) 
(Original magnifications A,B,D, x600, E,F,G 
x100).   
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low viral load < 316. Mean arterial pressure dropped and septic shock 
was diagnosed. Empirical antibiotics were given, but his status did not 
improve, and the patient died 36 days after admission. 

Permission for a full autopsy and publication of the case was ob-
tained from the parents. 

3. Pathology findings 

A complete autopsy was performed. The heart was hypertrophic and 
weighed 183.5 g (reference 85 g) with the ventricular septum thicker 
than the left ventricular free wall. By microscopy, there was hypertro-
phic cardiomyopathy; interstitial edema and multiple areas of 

Fig. 2. Additional autopsy findings.(A) Cut surface of right lung showed abscesses in the middle and lower lobes. (B) The abscess consisted of a dense neutrophilic 
infiltrate, associated with (C) angioinvasive fungal hyphae that have the morphology Aspergillus sp, with septate hyphae and acute angle branching (D). (E) In 
addition, the lung showed cytomegalovirus-infected cells. (F) There were multiple gastric antral ulcers with angioinvasive fungal hyphae extending into the gastric 
mucosa. The left cerebellum (G) and left cerebral white matter showed soft red foci (arrow), which were the result of angioinvasive fungal hyphae (H). (B,C,E,G,I: 
H&E; D: Gomori methenamine silver) (Original magnifications B x100, C,D,G I x400, E x600). 
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contraction band necrosis (Fig. 1C and D). C4d immunostaining was 
negative. In addition, there were scattered foci of acute fungal pericar-
ditis and myocarditis, with angioinvasion by fungus (Fig. 1E-G). Virus 
particles in the range of 100 nm diameter were identified in cardiac 
myocytes by electron microscopy (Fig. 1H). There was an outer mem-
brane surrounding electron-dense small granules. Similar virus particles 
were also visible in proximal tubular epithelial cells of the kidney and 
enterocytes of the small bowel (results not shown). The morphology of 
the virus particles did not match adenovirus nor any herpes type virus 
(including CMV), but were in keeping with the morphology described 
for SARS-Co-V2 [24–26]. Heart and bowel were tested for adenovirus by 
immunostaining and EBV by in situ hybridization and both tests were 
negative. 

The combined weight of the lungs was 436.9 g (reference 211 g) 
(Fig. 2A). There was diffuse consolidation of both lungs with abscesses in 
the right middle and lower lobes around the hilar region. These ab-
scesses contained angioinvasive fungal hyphae associated with a 
neutrophilic infiltrate (Fig. 2B-2D) and vascular thrombosis. The fungal 
hyphae were septate with acute-angle branching, consistent with 
Aspergillus sp. In addition, both lungs revealed occasional 
cytomegalovirus-infected cells (Fig. 2E) confirmed by immunohisto-
chemistry (not shown). Notably, there was no evidence of diffuse alve-
olar damage. There were multiple ulcers in the gastric body and antrum, 
which showed angioinvasive fungal hyphae (Fig. 2F). The brain (1060 g; 
reference 1237 g) showed red foci in the left cerebral white matter and 
left cerebellar hemisphere, which were the result of angioinvasive 
fungal infection (Fig. 2G and H). The liver (750 g; reference 596 g) 
showed macrovesicular steatosis; with bile pigment in of hepatocytes 
and bile ductules, but no hepatitis. No microthrombi were identified 
except those associated with fungal hyphae. Death was attributed to 
disseminated aspergillus infection. 

4. Discussion 

Our patient fulfilled the criteria for MIS-C as defined in previous 
publications [3,5,6] and summarized in the Clinical Presentation. Most 
patients (~75 %) with MIS-C are previously healthy, but comorbidities 
are reported in up to 20 % of cases, the most common of which is 
obesity, followed by asthma [2,3,6,14,27]. Our patient did not have 
these conditions, but instead had an underlying cardiomyopathy. Of 
note, 5 % of children with MIS-C are reported to have cardiac conditions, 
but these were not detailed [3]. Given that one of the life-threatening 
events in MIS-C is compromise of cardiac function on one basis or 
another, it seems reasonable that the underlying cardiomyopathy in our 
patient led to the patient’s demise, whereas the vast majority of children 
with MIS-C (>97 %) survive [3,4,6,9]. Thus, the clinical course of our 
patient is not typical of most MIS-C patients. 

For the small number of patients who do not survive, in most studies, 
the causes of death are either not provided [3,5,6,10] or based on 
clinical impressions [11]. Given the relative novelty of MIS-C, post 
mortem examination can provide valuable information about this 
incompletely understood condition. Commonalities in the pathology of 
MIS-C can come from comparison of our case to published autopsies. 
Unfortunately, there are very few autopsy studies on MIS-C reported to 
date, to which we can compare our finding. Four cases are from South 
America and a fifth from Spain [12–15]. Ages ranged from 8 to 12 years 
except one case at 10 months. Three were of African race and the racial 
origins other two were not specified. Three were obese and one also had 
asthma, and no comorbidities were mentioned for the other two. Causes 
of death for the five cases were myocarditis, colits, acute encephalopa-
thy, septic shock, and hepatic failure, respectively. Summarizing the 
findings for the four cases in older children, the lungs showed only focal 
diffuse alveolar damage, but with microthrombi in arterioles and cap-
illaries. Microthrombi were variably seen in the kidneys, colon and liver 
accompanied by C4d deposition. The hearts showed foci of contraction 
band necrosis with C4d deposition, as well as extensive inflammation 

with lymphocytes and macrophages in two cases, accompanied by a 
right ventricle thrombus in one. Similar inflammation was noted in the 
colon of one case. Changes attributed to hypotension included cen-
trilobular necrosis of the liver, acute tubular necrosis, and ischemic 
damage to the brain. All cases identified continued presence of 
SARS-CoV-2 virus, by one or more of RT-PCR, electron microscopy or 
immunostaining. Affected organs included heart, lung, colon and brain, 
and involved cell types including cardiac myocytes, endothelial cells, 
macrophages, neutrophils, renal tubular epithelial cells, colonic glands, 
and fibroblasts. The fifth case, the one of hepatic failure [12] is unusual 
for MIS-C in many ways. The patient was only 10 months, which is 
younger than the median age of 8 years for MIS-C. The patient presented 
with hepatic failure, which is unusual in MIS-C, and the patient devel-
oped acute respiratory distress syndrome (ARDS), which is also unusual 
in MIS-C. At autopsy, the liver showed massive necrosis and the lungs 
showed diffuse alveolar damage, and both findings are atypical for 
MIS-C. 

Comparing these results to our case, the lungs also showed only focal 
inflammation, further supporting the idea that diffuse alveolar damage 
is not part of the pathologic spectrum of MIS-C. We were also able to 
detect virus in cardiac myocytes, renal tubular epithelial cells, and small 
bowel enterocytes, supporting the above reports that the virus can 
continue to reside in organs weeks after the initial infection in MIS-C. In 
contrast to the above cases, microthrombi were not found in any organs, 
and C4d deposition was only detected at the time of myocardial biopsy, 
but not post mortem. If microthrombi are part of the pathologic spec-
trum of MIS-C, it is possible the treatment in our patient was successful 
in the resolution of MIS-C and that is why these were not found in our 
case. However, since the treatment involves immunosuppression, that 
carries risks of complications, and in our case, those manifested as 
disseminated aspergillosis and cytomegalovirus infection, neither of 
which has received attention in cases of MIS-C. 

The incidence of pulmonary aspergillosis as a complication of SARS- 
CoV-2 infection in adults is believed to be underappreciated because of 
the overlapping clinical and radiological findings between aspergillosis 
and SARS-CoV-2 pneumonia, particularly when associated with ARDS 
[28]. Most affected patients are critically-ill with a mean age of 66 years, 
and are receiving corticosteroid and anti-IL-6 therapy. Such patients are 
generally immunocompetent and have no other risk factor except 
SARS-CoV-2 associated ARDS [28,29]. Our patient was also immuno-
suppressed by similar therapy, but did not have any lung changes to 
support a diagnosis of ARDS, a condition which is unusual in MIS-C 
[2–6,8,9]. The diagnosis of aspergillosis is challenging because of the 
low sensitivity of blood tests [28] and specimen collection from the 
primary site of infection may be delayed due to concern about the risk of 
SARS-CoV-2 transmission. After death, lung necropsy may be preferred 
over a full autopsy, but this more limited sampling may be insufficient to 
detect early fungal infection [29]. It is of interest to note that IL-6, which 
is generally increased in MIS-C, also increases after aspergillus infection 
and is believed to play a role in protective immunity against this fungus 
[30]. Nevertheless, pulmonary aspergillosis as a complication of 
SARS-CoV-2 in adults has a high mortality rate, and was also the cause of 
death in our patient. 

We believe the cytomegalovirus detected in the lungs of our patient 
may reflect reactivation of latent virus. It has been reported that immune 
activation caused by SARS-CoV-2 infection can trigger cytomegalovirus 
reactivation [31]. In adults, such reactivation is usually detected around 
one month following COVID-19 diagnosis, and is seen in critically-ill 
patients with persistent hyperinflammation and who continue to 
receive corticosteroids beyond the time used for initial COVID-19 
treatment [31]. Cytomegalovirus can suppress or kill T cells and natu-
ral killer cells as well as trigger neutrophil activation. Thus, cytomega-
lovirus reactivation in severe SARS-CoV-2 infection might be an 
independent factor triggering hyperinflammation, which could play a 
role in MIS-C. Alternatively, reactivations of cytomegalovirus may 
simply be an epiphenomenon in a critically-ill patient. In our case, there 

M. Taweevisit et al.                                                                                                                                                                                                                             



Pathology - Research and Practice 238 (2022) 154106

6

was no associated inflammatory reaction seen, which favors the latter. 
The pathogenesis of MIS-C is not completely understood. The 

preferred mechanism involves dysregulation of the immune system 
occurring several weeks after a SARS-COV-2 infection. Testing for SARS- 
COV-2 in MIS-C patients typically shows positive serology for IgG rather 
than virus by PCR, accompanied by the presence of complement C4d in 
microvessels, suggesting MIS-C is a post-infectious immune-mediated 
event [1,3,5,6]. As well, MIS-C patients typically respond to immuno-
suppressive therapy, which should worsen the disease if it is 
virus-mediated [32]. In this proposed mechanism, SARS-COV-2 infec-
tion triggers macrophage activation and stimulation of T-helper cells, 
leading to widespread cytokine release ((IL-18 and IL-6 and others), 
followed by heightened stimulation of macrophages, neutrophils and 
production of antibodies leading to a hyperinflammatory and hyper-
immune response [27,32]. Tissue damage by virus may lead to antibody 
production, followed by antibody-mediated inflammatory reactions [8]. 
MIS-C plasma has been shown to contain autoantibodies that can target 
endothelial, gastrointestinal, and immune-cell antigens, which is in 
keeping with the multi-organ involvement in patients with MIS-C [32]. 

If MIS-C is immune-mediated, however, one might predict worsening 
of illness in patients treated with convalescent plasma, which does not 
occur [33]. There is, then, the alternate hypothesis that MIS-C is the 
direct result of a residual or second hit SARS-COV-2 infection. Corona-
viruses are known to be able to block interferon responses and it has 
been proposed that MIS-C might then result from delayed cytokine storm 
in patients who do not control viral replication well or suffered an 
initially high SARS-CoV-2 viral load [33]. Of note, virus has been 
demonstrated in 100 % of autopsies reported to date (including our case) 
and involving organs related to the cause of death [13,15]. This finding 
suggests that the pathogenesis of MIS-C may not be so straightforward as 
a post-infectious event. Perhaps fatal cases are the ones in which there is 
persistence of virus. If this is true, then continued detection of 
SARS-CoV-2 in cases of MIS-C might even serve as a prognostic marker; 
further studies are needed to evaluate this possibility. 

Even less well understood is why there is an apparent preferential 
occurrence of MIS-C in black and Hispanic populations [2,3,5,6,8,16] 
and why Asian populations seem relatively spared, especially in Asian 
countries, where there are so few reports of MIS-C cases [11,20–23]. 
These racial differences may be related to reporting procedures, health 
care disparities, environmental factors or possibly genetic differences 
that influence inflammatory and immune responses [16,17]. Our report 
provides the first autopsy results on a patient with MIS-C from Asia. The 
patient was unusual in several aspects: (1) having an underlying car-
diomyopathy, (2) showing persistent SARS-CoV-2 in multiple organs, 
and (3) dying from the complications of immune suppression, cyto-
megalovirus reactivation and aspergillosis, while the MIS-C was seem-
ingly responding to immunodulatory treatment. Cytomegalovirus and 
aspergillus infections have not received attention to date in MIS-C, and 
should be kept in mind when treating such patients. 
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