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Review article

The novel coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has been spreading worldwide since 
December 2019. Hundreds of cases of children and adolescents 
with Kawasaki disease (KD)–like hyperinflammatory illness 
have been reported in Europe and the United States during 
the peak of the COVID-19 pandemic with or without shock 
and cardiac dysfunction. These patients tested positive for the 
polymerase chain reaction or antibody test for SARS-CoV-2 
or had a history of recent exposure to COVID-19. Clinicians 
managing such patients coined new terms for this new illness, 
such as COVID-19–associated hyperinflammatory response 
syndrome, pediatric inflammatory multisystem syndrome tem-
porally associated with COVID-19, or COVID-19–associated 
multisystem inflammatory syndrome in children (MIS-C). The 
pathogenesis of MIS-C is unclear; however, it appears similar 
to that of cytokine storm syndrome. MIS-C shows clinical 
features similar to KD, but differences between them exist with 
respect to age, sex, and racial distributions and proportions of 
patients with shock or cardiac dysfunction. Recommended 
treatments for MIS-C include intravenous immunoglobulin, 
corticosteroids, and inotropic or vasopressor support. For 
refractory patients, monoclonal antibody to interleukin-6 
receptor (tocilizumab), interleukin-1 receptor antagonist 
(anakinra), or monoclonal antibody to tumor necrosis factor 
(infliximab) may be recom mended. Patients with coronary 
aneurysms require aspirin or anticoagulant therapy. The 
prognosis of MIS-C seemed favorable without sequelae in most 
patients despite a reported mortality rate of approximately 
1.5%.
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Key message

Hundreds of cases of children and adolescents with hyperin-
flammatory responses such as Kawasaki disease have been 
reported amid the coronavirus disease 2019 (COVID-19) 
pandemic, leading to coining of the new term COVID-19–
associated multisystem inflammatory syndrome in children. 
In this review article, we introduce the illness and describe its 
case definitions, epidemiology, pathogenesis, clinical features, 
treatments, and outcomes.

Introduction

The new coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has been spreading worldwide since December 
2019, resulting in enormous numbers of affected patients and 
substantial mortality in many countries. The proportion of 
children affected by COVID-19 was small compared to adults, 
and most affected children were asymptomatic or presented with 
mild symptoms.1-3) However, some children and adolescents 
with Kawasaki disease (KD)-like hyperinflammatory illness were 
reported in Europe and the United States (US) during the peak 
of the COVID-19 pandemic in the spring of 2020.4-7) Hundreds 
of such cases have been reported since April 2020, and a few 
died of the illness.4,7) They presented with fever, skin rash, 
conjunctivitis, oral mucosa changes (red fissured lips, strawberry 
tongue), and hand or foot edema, all of which are included 
in the diagnostic criteria of KD, in addition to prominent 
gastrointestinal symptoms (abdominal pain, vomiting, diarrhea). 
They also had markedly elevated inflammatory markers (eryth-
rocyte sedimentation rate [ESR], C-reactive protein [CRP], 
procalcitonin, ferritin, interleukins [ILs], etc.), and neutrophilia. 
Some had cardiac abnormalities (left ventricular dysfunction, 
myocarditis, pericarditis, valvular regurgitation, coronary ar-
terial ectasia, or aneurysm) or symptoms and signs of shock 
(hypotension, hypoxemia, altered consciousness). The patients 
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(KDCA).11) Each case definition differs somewhat from the 
others, but doctors may diagnose patients with MIS-C without 
much difficulty using any one of them. However, the case de-
finition by RCPCH seems less strict in requiring evidence of 
multiorgan involvement and SARS-CoV-2 infection (Table 1).

The principal symptoms and signs of MIS-C are similar to 
those of KD, which suggests a shared pathogenesis. Therefore, 
clinicians should suspect MIS-C, if patients present with fever, 
KD-like features (skin rash, conjunctivitis, oral mucosa changes, 
hand or foot edema), and/or gastrointestinal symptoms (abdo-
minal pain, vomiting, diarrhea), and test positive for SARS-
CoV-2 (by PCR or serology test) or have a history of recent con-
tact with COVID-19 patients.

Epidemiology of MIS-C

Hundreds of cases of children and adolescents with MIS-C 
have been reported first in Europe and the US since April 2020 
during the COVID-19 pandemic.4-7) They had evidence of SARS-
CoV-2 infection (positive RT-PCR or serology test) or a history 

tested positive for the reverse transcription-polymerase chain 
reaction (RT-PCR) or antibody test for COVID-19 or had a 
history of recent contact with COVID-19 patients. Clinicians 
managing such patients coined new terms for this new illness, 
COVID-19–associated hyperinflammatory response syndrome, 
pediatric inflammatory multisystem syndrome temporally 
associated with COVID-19 (PIMS-TS), or COVID-19–associa-
ted multisystem inflammatory syndrome in children (MIS-C). In 
this article, we use the term MIS-C and review its case definitions, 
epidemiology, pathogenesis, clinical features, treatments, and 
outcomes.

Case definition and diagnosis of MIS-C

In May 2020, the World Health Organization, Centers for 
Disease Control and Prevention of the US, and Royal College of 
Paediatrics and Child Health (RCPCH) of the United Kingdom 
(UK) simultaneously published case definitions for MIS-C or 
PIMS-TS.8-10) In Korea, the case definition was published in 
June 2020 by the Korea Disease Control and Prevention Agency 

Table 1. Case definitions of multisystemic inflammatory syndrome in children (MIS-C)

World Health Organization8) Centers for Disease Control 
and Prevention9)

Royal College of Paediatrics 
and Child Health10) Korea Disease Control Agency11)

Children and adolescents 0–19 years of 
age with fever >3 days, AND 2 of the 
following:

1. Rash or bilateral nonpurulent con
junctivitis or mucocutaneous in
flammation signs (oral, hands or feet).

2. Hypotension or shock.
3. Features of myocardial dysfunc tion, 

pericarditis, valvulitis, or coronary 
abnormalities (including echocardio
graphic findings or elevated tro ponin/
NTproBNP).

4. Evidence of coagulopathy (by PT, PTT, 
elevated dDimers).

5. Acute gastrointestinal problems (di
arrhoea, vomiting, or abdominal pain).

AND Elevated markers of inflamma tion 
such as ESR, CRP, or procalci tonin.

AND No other obvious microbial cause of 
inflammation, including bacterial 
sepsis, staphylococcal or streptococcal 
shock syndromes.

AND Evidence of COVID19 (RTPCR, 
antigen test or serology positive), or 
likely contact with patients with 
COVID19.

An individual aged <21 years presen
ting with fever,* laboratory evi dence 
of inflammation,† and evi dence of 
clinically severe illness requiring 
hospitalization, with multisystem 
(>2) organ involve ment (cardiac, 
renal, respiratory, hematologic, 
gastrointestinal, dermatologic, or 
neurological).

*Fever >38.0°C for >24 hours, or 
report of subjective fever lasting 
>24 hours

†Including, but not limited to, one or 
more of the following: an elevated 
CRP, ESR, fibrinogen, procalcitonin, 
ddimer, ferritin, lactic acid dehy
drogenase (LDH), or interleukin 6 
(IL6), elevated neutrophils, reduc ed 
lymphocytes and low albumin.

AND No alternative plausible diag
noses.

AND Positive for current or recent 
SARSCoV2 infection by RT
PCR, serology, or antigen test; or 
COVID19 exposure within 4 
weeks prior to the onset of symp
  toms (additional com mentsa))

1. A child presenting with per sis
tent fever (>38.5°C), inflam
mation (neutrophilia, elevated 
CRP, and lympho paenia), and 
evidence of single or multior gan 
dysfunction (shock, car diac, 
respiratory, renal, gastrointe
stinal or neurological disorder) 
with additional features.b) This 
may include children fulfilling 
full or partial criteria for Kawa
saki disease.

2. Exclusion of any other micro bial 
cause, including bacterial sepsis, 
staphylococcal or streptococcal 
shock synd romes, infections 
associated with myo carditis 
such as enterovirus (waiting for 
results of these investiga tions 
should not delay seeking expert 
advice).

3. SARSCoV2 PCR testing may 
be positive or negative.

1. Children and adolescents aged 
<19 years presenting with fever 
(>38.0°C) for >24 hours, labo
ratory evidence of inflam mation 
(elevated ESR, CRP, fi brinogen, 
procalcitonin, Ddimer, ferritin, 
LDH, and IL6; neutrophilia; lym
phopenia; hy po albuminemia), 
and evi dence of 2 or more or
gans involvement (cardiac, renal, 
re spiratory, he matologic, ga
stro intestinal, dermatologic or 
neu  rological dis order), who are in 
serious state requiring hospitali
zation; AND

2. Exclusion of any other microbial 
cause of inflammation (bacterial 
sepsis, staphylococcal or strep
tococcal toxic shock syndrome, 
enteroviral myocarditis etc.); AND

3. Evidence of current or recent 
SARSCoV2 infection (positive 
PCR, antibody or antigen test; 
or COVID19 exposure within 4 
weeks prior to the onset of the 
illness) (additional commentsa))

NTproBNP, Nterminal prohormone of brain natriuretic peptide; PT, prothrombin time; PTT, partial thromboplastin time; ESR, erythrocyte sedimentation rate; 
CRP, Creactive protein; COVID19, coronavirus disease 2019; RTPCR, reverse transcriptionpolymerase chain reaction; SARSCoV2, severe acute respiratory 
syndrome coronavirus 2.
a)Additional comments: (1) Some individuals may fulfill full or partial criteria for Kawasaki disease but should be reported if they meet the case definition for 
MISC. (2) Consider MISC in any case of pediatric death with evidence of SARSCoV2 infection. b)Additional features: oxygen requirement, hypotension, 
abdominal pain, confusion, conjunctivitis, cough, diarrhea, headache, lymphadenopathy, mucus membrane changes, neck swelling, rash, respiratory 
symptoms, sore throat, swollen hands and feet, syncope, vomiting, abnormal fibrinogen level, absence of potential causative organisms (other than SARS
CoV2), high Ddimer level, high ferritin level, hypoalbuminemia, acute kidney injury, anemia, coagulopathy, high interleukin6 or 10 level, proteinuria, 
increased creatine kinase level, increased lactate dehydrogenase level, increased triglyceride level, increased troponin level, thrombocytopenia, transaminitis, 
abnormal echocardiography findings (myocarditis, valvulitis, pericardial effusion, coronary artery dilatation), abnormal chest roentgenographic findings (patchy 
infiltrates, pleural effusion), abnormal abdominal ultrasonography findings (colitis, ileitis, lymphadenopathy, ascites, hepatosplenomegaly).
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of recent contact with COVID-19 patients. Most reported pati-
ents with MIS-C were children and adolescents, whereas 27 
adult patients with clinical features of multisystem inflammatory 
syndrome were reported in the US and UK, referred to as multi-
system inflammatory syndrome in adults.12) Most children affect-
ed by MIS-C were previously healthy without prior morbi dities. 
MIS-C showed clinical features similar to KD, but their age, sex, 
and racial distributions differed somewhat from those of KD 
patients. KD usually affects infants and young children less than 
5 years of age (approximately 80% are less than 5 years and about 
half are less than 2 years), and KD affects about 1.5 times more 
boys than girls.13,14) In contrast, MIS-C equally affected children 
and adolescents (median age, 8.6 years; inter quartile range, 7–10 
years; range, 3 months–20 years)15) and affected slightly more 
boys than girls.4-7,15) The inci dence of KD is markedly high in East 
Asian countries, including Japan, Korea, China, and Taiwan, but 
low in Europe and the US.13,14) In contrast, most patients with 
MIS-C have been reported in Europe and the US,4-7,15) while 
some MIS-C cases have been reported in Korea, India, Pakistan, 
and Iran among Asian countries (Table 2).15-21) It is not yet known 
why the incidence of MIC-S is low in Asian countries. This may 
be due to the role of racial factors in the development of MIS-C, 
changes in the pathogenicity of SARS-CoV-2, or differences 
in population sizes affected by SARS-CoV-2 infection in Asia, 
Europe, and the US.

MIS-C usually develops 2–4 weeks after SARS-CoV-2 in-
fection.4-7) However, a few MIS-C cases were identified to de-
velop later than 4 weeks after SARS-CoV-2 infection in epidemi-
ological surveys. In addition, many MIS-C cases had nega tive 
PCR and positive antibody test results for SARS-CoV-2, im-
plying that they would be in the early convalescent stage of 
SARS-CoV-2 infection.4-7,12) In Korea, 2 of 3 reported cases of 
MIS-C seemed to develop later than 4 weeks after the diagnosis 
of or exposure to COVID-19, and one had negative PCR and 
positive antibody test results for SARS-CoV-2.16)

Pathogenesis of MIS-C

The causal relationship between COVID-19 and MIS-C 
seemed uncertain despite many MIS-C cases developing during 
the COVID-19 pandemic. Because COVID-19 has been 
prevalent in Europe and the US, hyperinflammatory response 
syndromes may have developed concurrently as a complication 
of SARS-CoV-2 infection. In addition, MIS-C may be a group of 
heterogeneous diseases, including true cytokine storm syndrome 
(CSS) developing after SARS-CoV-2 infection, COVID-19 with 
severe inflammatory responses, and KD occurring concurrently 
with SARS-CoV-2 infection.7) In contrast, SARS-CoV-2 infection 
might be a prerequisite for the development of MIS-C.

Patients diagnosed with MIS-C showed features of markedly 
increased inflammation with or without shock and cardiac 
dysfunction, which required differential diagnosis from toxic 
shock syndrome, KD, KD shock syndrome, or macrophage 
activation syndrome.4-7) Therefore, MIS-C could be included 
within the spectrum of the systemic inflammatory response 
syndrome or CSS (or cytokine release syndrome) like KD, 
which might explain why it seemed similar to KD. Most 
MIS-C patients show clinical manifestations and laboratory 
findings similar to KD, so the pathogenesis of MIS-C and KD 
might be the same.22,23) The pathogenesis of KD is explained 
by the theory of abnormal or dysregulated immune reactions. 
It has been postulated that one of pathogens (virus, bacteria, or 
fungus), toxins, or environmental agents may trigger abnormal 
or dysregulated immune reactions in genetically susceptible 
children, leading to the release of large amounts of inflammatory 
cytokines and cause KD manifesting as systemic vasculitis.13) 
Therefore, KD can be included within the spectrum of CSS such 
as MIS-C. However, some clinicians consider MIS-C and KD 
different disease entities because their age and regional or racial 
distributions differ and MIS-C usually shows more severe clinical 
features than KD.5,24) Fig. 1 shows the relationship between 
genetic susceptibility, triggering factors, and hyperinflammatory 
responses in the development of MIS-C.

Fig. 1. Pathogenesis of multisystem inflammatory syndrome in child 
ren5,25) KD, Kawasaki disease; SARSCoV2, severe acute respiratory 
syndrome coronavirus 2.

Table 2. Epidemiology of multisystem inflammatory syndrome 
in children (MIS-C) in various countries15-21)

Country No. of patientsa) Age (yr),
median (range)

No. of deaths

United States15) 438 (male, 250) 8.3 (0–20) 7

United Kingdom15) 128 (male, 75) 10 (4–17) 3

France15) 202 (male, 100) 9 (2–16) 1

Italy15) 12 (male, 8) 7.5 (2.9–16) 0

Spain20) 30 (male, 18) 7.6 1

Switzerland15) 3 (male, 1) 10 (10–12) 0

Germany15) 1 (mal,e 1) 5 1

Latin America21) 95 ? ?

South Korea16) 3 (male, 2) 12 (11–14) 0

India17) 23 (male, 11) 7.2 1

Pakistan18) 8 (male, 5) 5 (1–16) 2

Iran19) 45 (male, 24) 7 (0.83–17) 5
a)The number of MISC patients in each country could differ according to 
the timing of report publication.
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1. Genetic susceptibility

The morbidity and mortality rates of COVID-19 are generally 
linked to patients’ old age and comorbidities.25,26) However, a 
small proportion (about 5%) of COVID-19 patients developed 
severe lung injury or multiple organ dysfunction regardless 
of age,26,27) suggesting the role of genetic susceptibility in the 
pathogenesis of COVID-19 with severe inflammatory responses 
or MIS-C. The incidence of KD is much higher in East Asian 
countries (Japan, Korea, China, and Taiwan) than in Europe, 
the US, and other Western countries, which suggests that genetic 
susceptibility may play an important role in its pathogenesis.14) In 
contrast, most MIS-C cases were reported in Europe and the US, 
and MIS-C affected more Black and Hispanic people than White 
people, suggesting that different genetic susceptibilities might 
play an important role in the pathogenesis of MIS-C.4-7)

2. Triggering factors

Pediatric immune-mediated diseases are generally triggered by 
infectious agents, drugs, environmental agents, or trauma.28,29) 
Clinicians suspect MIS-C as a complication of SARS-CoV-2 
infection because MIS-C cases were reported in a cluster during 
the COVID-19 pandemic but rarely reported before it.5,24) In 
addition, many consider SARS-CoV-2 infection the infectious 
triggering factor inducing hyperinflammatory responses in 
MIS-C.4-7) The causal relationship between SARS-CoV-2 infec-
tion and MIS-C remains unclear, but it may become evident 
by comparison of the change in incidence of MIS-C versus 
COVID-19. If the incidence of MIS-C is proportional to that of 
COVID-19, we could say that the 2 diseases are related to each 
other. In contrast, if the incidence of MIS-C is not proportional 
to that of COVID-19, we might say that the 2 diseases are not 
related.

3. Hyperinflammatory response

Many experts believe that CSS plays a key role in the develop-
ment of MIS-C.24,27) The manifestations of CSS were already 
observed in some adult patients with COVID-19.30,31) They were 
also observed in some patients with SARS in 2002, the Middle 
East respiratory syndrome in 2012, and the new influenza disease 
in 2009.31-33) CSS is considered a heterogeneous disease group 
that develops various symptoms and signs of varied severities 
according to triggering factors and host vulnerability.28-30)

Another mechanism may play a role in the development of 
MIS-C, that is, the postinfectious or delayed parainfectious 
mechanism.22,27) Supporting evidence is provided below. MIS-C 
generally develops 2–4 weeks after SARS-CoV-2 infection in-
stead of immediately after SARS-CoV-2 infection.4,24) Many 
MIS-C patients had negative PCR and positive antibody test 
results for SARS-CoV-2, implying that they would be in the early 
convalescent stage of SARS-CoV-2 infection.4-7,12) Most MIS-C 
patients had marked gastrointestinal symptoms (abdominal 
pain, vomiting, diarrhea) rather than respiratory symptoms, sug-
gesting that SARS-CoV-2 might infect enterocytes secondarily 
and replicate in the gastrointestinal tract.34) All of the above fac-

tors suggest the possibility of the role of autoantibody or immune 
complex in the pathogenesis of MIS-C, such as reactive arthritis, 
post-streptococcal glomerulonephritis, and rheumatic fever, 
which develop after viral or bacterial infections. Other possible 
mechanisms include bystander activation of nonspecific T cells, 
the production of auto-reactive immune cells by mole cular 
mimicry, and antibody-dependent enhancement of immune 
reactions.33,34)

Clinical features of MIS-C

1. Symptoms and signs

Most MIS-C patients present with KD-like symptoms and 
gastrointestinal symptoms in addition to fever with or without 
shock or cardiac dysfunction. Gastrointestinal symptoms mi-
mick  ing viral gastroenteritis or mesenteric lymphadenitis 
were seen in up to 70% of patients (abdominal pain in 36%, 
vomiting in 25%, diarrhea in 27%).5,35) KD-like features were 
seen in many patients (skin rash in 42%–58%, oral mucosal 
changes [red fissured lips, strawberry tongue] in 23%–59%, 
conjunctival injection in 40%–51%, edema in hands and feet 
in 15%, and cervical lymphadenitis in 4%–17%). Cardiovas-
cular abnormalities (myocardial dysfunc tion, valvular regurgi-
tation, coronary ectasia or aneurysm, peri carditis, shock) were 
reported in 34%–82% of patients. Hypo tension was reported in 
28%–61% of patients. Respiratory symp toms (cough, sputum, 
tachypnea) were reported in a relatively small proportion of 
patients.15,36) Therefore, the prominent difference in symptoms 
between MIS-C and COVID-19 was that skin rash and gastro-
intestinal symptoms were more common in MIS-C, whereas 
respiratory symptoms were more common in COVID-19.37) 
Similarities between MIS-C and KD were the presence of a high 
fever and the high prevalence of oral mucositis, conjunctivitis, 
and skin rash. However, gastrointestinal symptoms, cardiac 
dysfunction, and need for inotropic support were considerably 
more prevalent in MIS-C than in KD. In addition, a larger 
proportion of MIS-C patients developed shock than KD patients 
(28% vs. <3%) (Fig. 2).38)

2. Results of SARS-CoV-2 tests

The positive rates of SARS-CoV-2 tests (RT-PCR, antibody, 
or antigen test) varied according to various reports and studies 
from Europe and the US. Approximately 45%–58% of reported 
patients with MIS-C had positive PCR test results for SARS-
CoV-2, 54%–75% had positive antibody test results for SARS-
CoV-2, and 7%–33% had positive test results for both.20,35,39,40) 
A prior history of COVID-19 exposure was confirmed in 38%–
52% of MIS-C patients.20,40) Many children and adolescents 
seemed to develop MIS-C without a prior history of COVID-19 
exposure, suggesting that asymptomatic spread of SARS-CoV-2 
infection could have led to the development of MIS-C in many 
cases.
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Treatments for MIS-C

There are currently no widely accepted guidelines for the 
treatment of MIS-C, but treatment strategies generally follow the 
standard therapy of KD, including intravenous immunoglobulin 
(IVIG) and corticosteroids.35-37) This is because overlapping 
characteristics between the 2 illnesses suggested they might share 
a similar pathophysiology and respond to similar treatments. 
High-dose IVIG (1–2 g/kg) and corticosteroids (low to medium 
dose) are generally recommended for the treatment of MIS-C. 
High-dose corticosteroids (methylprednisolone pulse therapy) 
may be considered for treating refractory patients or patients 
with life-threatening complications such as shock.44,45) Some 
patients required a second dose of IVIG due to persistent 
fever.42,46)

Some refractory patients received monoclonal antibodies 
to the IL-6 receptor (tocilizumab), IL-1 receptor antagonist 
(anakinra), monoclonal antibodies to tumor necrosis factor 
(infliximab), or convalescent plasma therapy. One of 3 MIS-C 
patients in Korea had a persistent fever after the second dose of 
IVIG and intravenous corticosteroid treatment, and eventually 
received anakinra with resolution of fever.16) Anakinra has a 
short half-life and quick onset of action, allowing rapid discon-
tinuation of therapy in cases of adverse reactions.47) Anakinra 
(>4 mg/kg/day IV or subcutaneous injection) is recommended 
for patients whose MIS-C is refractory to IVIG and/or corti-
costeroid treatment. The liver function of children who have 
received anakinra should be monitored. Tocilizumab (<30 
kg: 12 mg/kg IV; ≥30 kg: 8 mg/kg IV; max.: 800 mg) may 
effectively reduce mortality and the need for intensive care unit 
admission in patients with severe COVID-19 pneumonia and 

3. Laboratory findings

Inflammatory markers were elevated in all MIS-C patients. 
An increased CRP level or ESR was observed in all patients. 
The procalcitonin level was also increased in most patients, 
being much higher in MIS-C patients than in COVID-19 
patients. Neutrophilia and lymphopenia were observed in most 
patients, and other hematologic abnormalities (anemia and 
thrombocytopenia) were observed in some patients. Increased 
ferritin levels (>500 ng/mL) were reported in more than half of 
patients, and increased D-dimer and fibrinogen levels have been 
reported in some patients.35-37) Increased IL-6, IL-8, and tumor 
necrosis factor levels were reported in most patients, while IL-1 
levels were reportedly normal. Increased cardiac marker levels 
were reported in a considerable number of patients: median 
B-type natriuretic peptide (BNP), 388 pg/mL (interquartile 
range [IQR], 75–1,086 pg/mL), median N-terminal pro-B type 
natriuretic peptide, 4328 pg/mL (IQR, 2,117–13,370 pg/mL), 
and median troponin T level, 0.08 ng/mL (IQR, 0.02–0.17 ng/
mL) (Fig. 2).4,20,37,39,41-43) The elevated troponin level was an 
independent prognostic factor of a poor outcome.3)

On echocardiography, decreased left ventricular ejection 
fraction below 55% was reported in 32% of patients, of whom 
11% had decreased ejection fraction below 30%. The evidence 
of myocarditis was present in 23% of patients. Among patients 
presenting with KD-like symptoms, 23.4% had coronary arterial 
dilatation or aneurysm.35-37) On chest radiography or chest 
computed tomography, 13%–41% of patients showed pulmo-
nary lesions, including opacities and infiltrates (Fig. 2).35-37)

Demographics
Age >5 years 48% 
Male 56%–60% 

Cardiovascular dysfunction
LV dysfunction 34%–82% 
Inotropic support 71%–77% 
Hypotension 28%–61% 
Tachycardia 82% 
Pericardial effusions 59% 
Coronary aneurysms 13%–23% 

Virology
SARS-CoV-2 PCR 45%–58% 
SARS-CoV-2 IgG 54%–75% 

Laboratory
Neutrophilia 83% 
Lymphopenia 50%–58% 
Increased C-reactive protein 94%

Troponin-T 36%–68% 
Pro-BNP 40%–77% 

KD-like features
Fever 100% 
Oral mucosal change 23%–59%
Conjunctivitis 40%–51% 
Rash 42%–58% 
Cervical lymphadenopathy 4%–17% 
Extremity changes 15%

Organ dysfunctions other than heart
- Gastrointestinal
Abdominal pain 36%-73.7% 
Vomiting 25%–68% 
Diarrhea 27%–55% 
Any GI symptoms 88% 

- Neurological 
Headache 37% 
Meningism 31% 
Meningitis 18% 

- Renal
Acute kidney injury 16.3% 

- Respiratory
Respiratory symptoms 4.5%–42% 
Radiographic changing of lung 14%–41% 

Fig. 2. Clinical features of multisystem inflammatory syndrome in children15,3537) SARSCoV2, severe acute 
respiratory syndrome coronavirus 2; PCR, polymerase chain reaction; ProBNP, proB type natriuretic peptide; 
KD, Kawasaki disease; LV, left ventricular; GI, gastrointestinal. 
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signs of hyperinflammation. However, patients treated with 
tocilizumab may be at higher risk of developing bacterial or 
fungal infections.45) There is no consensus on which of these 
agents is optimal, and drug choice may depend on the clinician’s 
preference, cytokine test results, and drug availability.

Aspirin (for anti-inflammation or prophylaxis of thrombosis) 
and/or anticoagulants are commonly administered to children 
with MIS-C.48) Low-dose aspirin (3–5 mg/kg per oral medica-
tion once daily) is recommended in MIS-C patients with KD-
like features, co ronary aneurysm, or thrombocytosis. Antico-
agulation therapy with heparin, enoxaparin, or warfarin is 
recommended for MIS-C patients with a giant coronary ane-
urysm (diameter >8 mm) or a coronary artery z score >10. 
MIS-C Patients with documented thrombosis or ejection fraction 
<35% need thera peutic doses of enoxaparin for at least 2 weeks 
after hospital discharge.45)

Hypotension in children with MIS C is often resistant to 

intravenous fluid therapy, so inotropes and/or vasopressors 
should be used appropriately in such cases. Epinephrine is 
recommended as the first choice in children, and norepinephrine 
should be used if shock persists. The use of dobutamine or 
dopamine is recommended in patients with myocardial dysfunc-
tion because of its inotropic effect.49-51) Other life-sustaining 
treatments, such as mechanical ventilation, extracorporeal mem-
brane oxygenation (ECMO), and a intra-aortic balloon pump, 
have been used in some patients admitted to the intensive care 
unit.35,39) The empirical use of broad-spectrum antibiotics 
for possible pneumonia or sepsis has been reported in many 
studies.35-37,39) Because of clinical and biochemical similarities of 
MIS-C with KD, the principle of therapy for KD was adapted 
to MIS-C and associated with rapid clinical improvement and 
reduced inflammatory marker levels in most patients. Table 3 
summarizes the currently recommended treatments for MIS-C.

Outcomes of MIS-C

According to a systematic review, the duration of hospitaliza-
tion was 4–13 days (median, 7 days), and intensive care was 
required in 68% of patients.35) Inotropic support was required in 
40%, mechanical ventilation was required in 15%, and ECMO 
was required in 2.7%.35) The fatality rate was reportedly 1.7% in 
the US and 1.4% in Europe.35) Among the studies that reported 
outcomes at discharge20,39) or during follow-up,41,42) almost 
all patients with cardiac involvement experienced nearly full 
recovery of left ventricular function and normalization of cardiac 
inflammatory markers except for mild cardiac dysfunction 
observed in 9 patients at discharge in one study.43) However, the 
long-term prognosis of MIS-C remains unknown. For example, 
long-term follow-up is necessary for coronary arterial aneurysm 
if present. In addition, follow-up studies and long-term cardiac 
surveillance are needed to monitor cardiac function and coro-
nary arterial abnormalities. Fig. 3 summarizes the overall clinical 
outcomes of MIS-C.

Table 3. Recommended treatments for multisystem inflamma-
tory syndrome in children15,35-37)

Immunomodulatory treatment 

  Intravenous immunoglobulin

  Corticosteroids

  Anakinra 

  Tocilizumab

  Infliximab

  Convalescent plasma therapy

Treatment for hypotension or cardiac dysfunction

  Intravenous fluid therapy

  Inotrope (dopamine, dobutamine)

  Vasopressor (epinephrine, norepinephrine, vasopressin)

Antiplatelet or anticoagulation treatment

  Aspirin, warfarin, heparin, enoxaparin 

Treatment for infection or pneumonia

  Antibiotics

Other lifesustaining treatment

  Mechanical ventilation

  Extracorporeal membrane oxygenation

  Intraaortic balloon pump
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Fig. 3. Clinical outcomes of multisystem inflammatory syndrome in children.15,3537) MV, 
mechanical ventilation; ECMO, extracorporeal membrane oxygenation.
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Conclusion

Hundreds of cases of children and adolescents with MIS-C 
have been diagnosed during the COVID-19 pandemic. These 
patients showed clinical features similar to KD or CSS, so MIS-C 
may be within the spectrum of CSS. Clinicians should suspect 
MIS-C if patients present with fever, KD-like features (skin 
rash, conjunctivitis, oral mucosa changes, hand or foot edema), 
and/or gastrointestinal symptoms (abdominal pain, vomiting, 
diarrhea) and demonstrate evidence of SARS-CoV-2 infection. 
Despite accompanying shock or cardiac dysfunction, most 
MIS-C patients responded well to treatments and recovered 
without sequelae if adequate treatments were given. The fa-
tality rate was approximately 1.5%–2%. As the COVID-19 
pandemic might persist for a long time, we will likely see more 
MIS-C patients. In Korea, the KDCA constructed a surveillance 
system for MIS-C through a consultative process with academic 
societies and clinicians, and we need to be continuously vigilant 
about ensuring the early diagnosis and treatment of patients with 
MIS-C.

Conflicts of interest
No potential conflict of interest relevant to this article was 

reported.

ORCID
Ji Hee Kwak iD  https://orcid.org/0000-0001-6376-0427
Soo-Young Lee iD  https://orcid.org/0000-0002-5354-3135
Jong-Woon Choi iD  https://orcid.org/0000-0003-2246-6752

 
References

 1. Korean Society of Infectious Diseases, Korean Society of Pediatric 
Infectious Diseases, Korean Society of Epidemiology, Korean Society 
for Antimicrobial Therapy, Korean Society for Healthcare-associated 
Infection Control and Prevention, Korea Centers for Disease Control and 
Prevention. Report on the epidemiological features of coronavirus disease 
2019 (COVID-19) outbreak in the Republic of Korea from January 19 to 
March 2, 2020. J Korean Med Sci 2020;35:e112-22.

 2. Castagnoli R, Votto M, Licari A, Brambilla I, Bruno R, Perlini S, et 
al. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection in children and adolescents: a systematic review. JAMA Pediatr 
2020;174:882-9.

 3. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of 
COVID-19 among children in China. Pediatrics 2020;145:e20200702.

 4. Whittaker E, Bamford A, Kenny J, Kaforou M, Jones CE, Shah P, et al. 
Clinical characteristics of 58 children with a pediatric inflammatory 
multisystem syndrome temporally associated with SARS-CoV-2. JAMA 
2020;324:259-69.

 5. Belhadjer Z, Meot M, Bajolle F, Khraiche D, Legendre A, Abakka S, 
et al. Acute heart failure in multisystem inflammatory syndrome in 
children (MIS-C) in the context of global SARS-CoV-2 pandemic. Cir-
culation 2020 May 17 [Epub]. https://doi.org/10.1161/CIRCULA-
TIONAHA.120.048360.

 6. Toubiana J, Poirault C, Corsia A, Bajolle F, Fourgeaud J, Angoulvant F, et 
al. Kawasaki-like multisystem inflammatory syndrome in children during 
the covid-19 pandemic in Paris, France: prospective observational study. 
BMJ 2020 Jun 3 [Epub]. https://doi.org/10.1136/bmj.m2094.

 7. Godfred-Cato S, Bryant B, Leung J, Oster ME, Conklin L, Abrams J, et al. 
COVID-19-associated multisystem inflammatory syndrome in children - 
United States, March-July 2020. Morb Mortal Wkly Rep 2020;69:1074-
80.

 8. World Health Organization. Multisystem inflammatory syndrome in 
children and adolescents with COVID-19 [Internet]. Geneva (Swit-
zerland): World Health Organization; [cited 2020 May 18]. Available 
from: https://www.who.int/news-room/commentaries/detail/multisystem 
-inflammatory-syndrome-in-children-and-adolescents-with-covid-19.

 9. Centers for Disease Control and Prevention. Multisystem inflammatory 
syndrome in children (MIS-C) associated with coronavirus disease 2019 
(COVID-19) [Internet]. Atlanta (GA): Centers for Disease Control and 
Prevention; [cited 2020 May 18]. Available from: https://emergency.cdc.
gov/han/2020/han00432.asp.

10. Royal College of Paediatrics and Child Health. Guidance: paediatric 
multisystem inflammatory syndrome temporally associated with COVID- 
19 [Internet]. London: Royal College of Paediatrics and Child Health; 
[cited 2020 May 18]. Available from: https://www.rcpch.ac.uk/resources/
guidance-paediatric-multisystem-inflammatory-syndrome-temporally-
associated-covid-19.

11. Korea Disease Control Agency. Case definition of coronavirus-disease- 
2019-associated multisystem inflammatory syndrome in children 
[Internet]. Cheongju (Korea): Korea Disease Control Agency; [cited 2020 
May 18]. Available from: http://ncov.mohw.go.kr/upload/140/202010/ 
1601875824179_20201005143024.pdf.

12. Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps L, Balan S, et al. 
Case series of multisystem inflammatory syndrome in adults associated 
with SARS-CoV-2 infection – United Kingdom and United States, March-
August 2020. Morb Mortal Wkly Rep 2020;69:1450-6.

13. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz 
M, et al. Diagnosis, treatment, and long-term management of Kawasaki 
disease: a scientific statement for health professionals from the American 
Heart Association. Circulation 2017;135:e927-99.

14. Kim GB, Park SH, Eun LY, Han JW, Lee SY, Yoon KL, et al. Epidemio-
logical and clinical features of Kawasaki disease in South Korea, 2012-
2014. Pediatr Infect Dis J 2017;36:482-5.

15. Radia T, Williams N, Agrawal P, Harman K, Weale J, Cook J, et al. Multi-
system inflammatory syndrome in children & adolescents (MIS-C): a 
systematic review of clinical features and presentation. Paediatr Respir 
Rev 2020;S1526-0542(20)30117-2.

16. Kim H, Shim JY, Ko JH, Yang A, Shim JW, Kim DS, et al. Multisystem 
inflammatory syndrome in children related to COVID-19: the first case in 
Korea. J Korean Med Sci 2020;35:e391-8.

17. Jain S, Sen S, Lakshmivenkateshiah S, Bobhate P, Venkatesh S, Udani S, et 
al. Multisystem inflammatory syndrome in children with COVID-19 in 
Mumbai, India. Indian Pediatr 2020;57:e1015-9.

18. Clark BC, Sanchez-de-Toledo J, Bautista-Rodriguez C, Choueiter N, Lara 
D, Kang Hechaan, et al. Cardiac abnormalties seen in Pediatric patients 
during the SARS-CoV-2 pandemic: an international experience. J Am 
Heart Assoc 2020;9:e018007.

19. Mamishi S, Movahedi Z, Mohammadi M, Ziaee V, Khodabandeh M, 
Abdolsalehi MR, et al. Multisystem inflammatory syndrome associated 
with SARS-CoV-2 infection in 45 children: a first report from Iran. Epide-
miol Infect 2020;148:e196.

20. Moraleda C, Serna-Pascual M, Soriano-Arandes A, Simo S, Epalza C, 
Santos M, et al. Multi-inflammatory syndrome in children related to 
SARS-CoV-2 in Spain. Clin Infect Dis 2020;ciaa1042.

21. Antunez-Montes OY, Escamilla MI, Figueroa-Uribe AF, Arteaga-
Menchaca E, Lavariega-Sarachaga M, Salcedo-Lozada P, et al. COVID-19 
and multisystem inflammatory syndrome in Latin American children: a 
multinational study. Pediatr Infect Dis J 2021;40:e1-6.

22. Rowley AH. Understanding SARS-CoV-2-related multisystem inflamma-
tory syndrome in children. Nat Rev Immunol 2020;20:453-4.

23. Raba AA, Abobaker A. COVID-19 and Kawasaki disease: An etiology or 
coincidental infection? Pediatr Infect Dis J 2020;39:e213.

24. Jiang L, Tang K, Levin M, Irfan O, Morris SK, Wilson K, et al. COVID-19 
and multisystem inflammatory syndrome in children and adolescents. 

https://orcid.org/0000-0001-6376-0427
https://orcid.org/0000-0002-5354-3135
https://orcid.org/0000-0003-2246-6752
https://doi.org/10.1161/CIRCULATIONAHA.120.048360
https://doi.org/10.1161/CIRCULATIONAHA.120.048360
https://doi.org/10.1136/bmj.m2094
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-
https://emergency.cdc.gov/han/2020/han00432.asp
https://emergency.cdc.gov/han/2020/han00432.asp
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
http://ncov.mohw.go.kr/upload/140/202010/1601875824179_20201005143024.pdf
http://ncov.mohw.go.kr/upload/140/202010/1601875824179_20201005143024.pdf


www.e-cep.org https://doi.org/10.3345/cep.2020.01900 75

Lancet Infect Dis 2020;20:e276-88.
25. Pouletty M, Borocco C, Ouldali N, Caseris M, Basmaci R, Lachaume N, et 

al. Paediatric multisystem inflammatory syndrome temporally associated 
with SARS-CoV-2 mimicking Kawasaki disease (Kawa-COVID-19): a 
multicentre cohort. Ann Rheum Dis 2020;79:999-1006.

26. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 
characteristics of coronavirus disease 2019 in China. N Engl J Med 2020; 
382:1708-20.

27. Li H, Liu L, Zhang D, Xu J, Dai H Tang N, et al. SARS-CoV-2 and viral 
sepsis: observations and hypotheses. Lancet 2020;395:1517-20.

28. Strippoli R, Caiello I, De Benedetti F. Reaching the threshold: a multilayer 
pathogenesis of macrophage activation syndrome. J Rheumatol 2013;40: 
761.

29. Han SB, Lee SY. Macrophage activation syndrome in children with 
Kawasaki disease: diagnostic and therapeutic approaches. World J Pediatr 
2020;16:566-74.

30. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. 
et al. COVID-19: consider cytokine storm syndromes and immunosup-
pression. Lancet 2020;395:1033-4.

31. Nakra NA, Blumberg DA, Herrera-Guerra A, Lakshminrusimha S. Multi-
system inflammatory syndrome in children (MIS-C) following SARS-
CoV-2 infection: review of clinical presentation, hypothetical patho-
genesis, and proposed management. Children (Basel) 2020;7:69.

32. de Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS and MERS: 
recent insights into emerging coronaviruses. Nat Rev Microbiol 2016; 
14:523-34.

33. Perlman S, Dandekar AA. Immunopathogenesis of coronavirus 
infections: implications for SARS. Nat Rev Immunol 2005;5:917-27.

34. Lamers MM, Beumer J, Vaart JVD, Knoops K, Puschhof J, Breugem TI, 
et al. SARS-CoV-2 productively infects human gut enterocytes. Science 
2020;369:50-54.

35. Kaushik A, Gupta S, Sood M, Sharma S, Verma S. A systematic review of 
multisystem inflammatory syndrome in children associated with SARS-
CoV-2 infection. Pediatr Infect Dis J 2020;39:e340-6.

36. Carter MJ, Shankar-Hari M, Tibby SM. Paediatric inflammatory multi-
system syndrome temporally-associated with SARS-CoV-2 infection: An 
Overview. Intensive care med 2020:1-4.

37. Ahmed M, Advani S, Moreira A, Zoretic S, Martinez J, Chorath K, et al. 
Multisystem inflammatory syndrome in children: a systematic review. 
EClinicalMedicine 2020;26:100527.

38. Kanegaye JT, Wilder MS, Molkara D, Frazer JR, Pancheri J, Tremoulet 
AH, et al. Recognition of a Kawasaki disease shock syndrome. Pediatrics 
2009;123:e783-9.

39. Kaushik S, Aydin SI, Derespina KR, Bansal PB, Kowalsky S, Trachtman 
R, et al. Multisystem inflammatory syndrome in children associated with 
severe acute respiratory syndrome coronavirus 2 infection (MIS-C): a 
multi-institutional study from New York city. J Pediatr 2020;224:24-9.

40. Dufort EM, Koumans EH, Chow EJ, Rosenthal EM, Muse A, Rowlands 
J, et al. Multisystem inflammatory syndrome in children in New York 
state. N Engl J Med 2020;383:347-58.

41. Riollano-Cruz M, Akkoyun E, Briceno-Brito E, Kowalsky S, Reed J, 
Posada R et al. Multisystem inflammatory syndrome in children related 
to COVID-19: A New York City experience. J Med Virol 2020;10.1002/
jmv.26224. https://doi.org/10.1002/jmv.26224.

42. Chiotos K, Bassiri H, Behrens EM, Blatz AM, Chang J, Diorio C, et al. 
Multisystem inflammatory syndrome in children during the coronavirus 
2019 pandemic: a case series. J Pediatric Infect Dis Soc 2020;9:393-8.

43. Capone CA, Subramony A, Sweberg T, Schneider J, Shah S, Rubin L, et 
al. Characteristics, cardiac involvement, and outcomes of multisystem 
inflammatory syndrome of childhood associated with severe acute 
respiratory syndrome coronavirus 2 Infection. J Pediatr 2020;224:141-5.

44. Nguyen Y, Corre F, Honsel V, Curac S, Zarrouk V, Burtz CP, et al. A 
nomogram to predict the risk of unfavourable outcome in COVID-19: 
a retrospective cohort of 279 hospitalized patients in Paris area. Ann med 
2020;52:367-75.

45. Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, 
Bassiriet H, et al. American College of Rheumatology clinical guidance 
for multisystem inflammatory syndrome in children associated with 
SARS-CoV-2 and hyperinflammation in pediatric COVID-19: version 1. 
Arthritis Rheumatol 2020;10.1002/art.41454.

46. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son 
MBF, et al. Multisystem inflammatory syndrome in U.S. children and 
adolescents. N Engl J Med 2020;383:334-46.

47. Hennon TR, Penque MD, Abdul-Aziz R, Alibrahim OS, McGreevy 
MB, Prout AJ, et al. COVID-19 associated multisystem inflammatory 
syndrome in children (MIS-C) guidelines; a Western New York approach. 
Prog Pediatr Cardiol 2020;101232.

48. Sperotto F, Friedman KG, Son MBF, VanderPluym CJ, Newburger JW, 
Dionne A. Cardiac manifestations in SARS-CoV-2-associated multisystem 
inflammatory syndrome in children: a comprehensive review and propo-
sed clinical approach. Eur J Pediatr 2021;180:307-22.

49. Grimaud M, Starck J, Levy M, Marais C, Chareyre J, Khraiche D, et al. 
Acute myocarditis and multisystem inflammatory emerging disease 
following SARS-CoV-2 infection in critically ill children. Ann Intensive 
Care 2020;10:69.

50. Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. 
Surviving sepsis campaign: guidelines on the management of critically 
ill adults with coronavirus disease 2019 (COVID-19). Crit Care Med 
2020;48:e440-69.

51. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, 
et al. An outbreak of severe Kawasaki-like disease at the Italian epicentre 
of the SARS-CoV-2 epidemic: an observational cohort study. Lancet 
2020;395:1771-8.

How to cite this article: Kwak JH, Lee SY, Choi JW. Clinical 
features, diagnosis, and outcomes of multisystem inflammatory 
syndrome in children associated with coronavirus disease 2019. 
Clin Exp Pediatr 2021;64:68-75. https://doi.org/10.3345/cep. 
2020.01900

https://doi.org/10.3345/cep.2020.01900
https://doi.org/10.1002/jmv.26224
https://doi.org/10.3345/cep.2020.01900
https://doi.org/10.3345/cep.2020.01900

