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Abstract. - OBJECTIVE: Multisystem inflam-
matory syndrome in children (MIS-C) can oc-
cur in association with coronavirus disease
2019 (COVID-19). It is not easy to differentiate
MIS-C from severe COVID-19 or Kawasaki dis-
ease based on symptoms. The aim of this study
was to describe the clinical and laboratory char-
acteristics of MIS-C.

PATIENTS AND METHODS: We searched
PubMed/Medline for case series and reports
of MIS-C published until June 20, 2020. From
a total of nine articles involving 45 cases, vari-
ous clinical and laboratory data were extracted.
Each target case was evaluated by using differ-
ent diagnostic criteria.

RESULTS: The average age at onset of MIS-C
was 8.6 years. In 80% of cases, the age of pa-
tients ranged from 5 to 15 years. Fever (100%)
and shock (82%) were the most common pre-
senting symptoms. Sixty percent of cases met
the diagnostic criteria for typical or atypical Ka-
wasaki disease. Biomarkers indicative of inflam-
mation, coagulopathy, or cardiac injury were

characteristically elevated as follows: ferritin
(mean: 1,061 ng/mL), CRP (217 mg/L), ESR (69
mm/hr), IL-6 (214.8 pg/mL), TNFa (63.4 pg/mL),
D-dimer (3,220 ng/mL), PT (15.5 s), troponin |
(1,006 ng/L), and BNP (12,150 pg/mL). Intrave-
nous immunoglobulin was administered in all
target cases, and inotropic agents were com-
monly used as well. No case of death was ob-
served.

CONCLUSIONS: This study demonstrated
that MIS-C is a serious condition that presents
with fever, rash, as well as cardiovascular and
gastrointestinal symptoms. Although it is chal-
lenging to differentiate MIS-C from Kawasaki
disease or severe COVID-19, initiation of ap-
propriate treatments through early diagnosis is
warranted.

Key Words:

Multisystem inflammatory syndrome in children,
Kawasaki disease, Intravenous immunoglobulin,
Coronavirus disease 2019.

Corresponding Authors: Ji Hong Kim, MD, Ph.D; e-mail: KKKJHD@yuhs.ac

Jae Il Shin, MD, Ph.D; e-mail: shinji@yuhs.ac



Clinical characteristics and treatments of multi-system inflammatory syndrome in children

Introduction

Multisystem inflammatory syndrome in chil-
dren (MIS-C) is a rare but serious pediatric com-
plication associated with coronavirus disease 2019
(COVID-19), and it frequently results in intensive
care unit (ICU) admission!. As a new syndrome,
MIS-C is called by various terms: pediatric in-
flammatory syndrome, pediatric inflammatory
multisystem syndrome temporally associated
with severe acute respiratory syndrome corona-
virus 2 (PIMS-TS), or multisystem inflammatory
syndrome in children and adolescents temporally
related to COVID-19.

MIS-C presents with fever, rash, conjunctivitis,
coagulopathy, and involvement of various organs,
especially gastrointestinal tract and heart. It is also
frequently accompanied by symptoms of simulta-
neous active COVID-192. Laboratory findings are
notable for elevated biomarkers for inflammation
or coagulopathy, including erythrocyte sedimen-
tation rate (ESR), interleukin (IL)-6, fibrinogen,
and D-dimer'”. In particular, it can be associated
with cardiac problems, such as coronary aneury-
sm, myocarditis, acute heart failure, and pericar-
dial effusion®*. While prognosis is favorable, the
long-term outcomes of MIS-C remain unknown,
and MIS-C sometimes warrants aggressive ma-
nagement, including ICU admission and mecha-
nical ventilation®. The fatality rate of MIS-C is
reported to be about 1%, and effective treatments
to prevent adverse outcomes have not yet been
established. Therefore, there is a need to identify
and aggregate the current treatments in clinical
practice for this condition.

Another challenge to patient care in MIS-C is
its diagnosis and differentiation from other simi-
lar conditions. The diagnostic criteria for MIS-C
from the Centers for Disease Control (CDC) are
different from those from the World Health Or-
ganization (WHO). According to the CDC, indi-
viduals under the age of 21 years who show fever
with current or recent COVID-19 are diagnosed
with MIS-C when the following criteria are met:
elevated inflammatory markers, such as C-reacti-
ve protein (CRP) or ESR; involvement of two or
more organ systems; and no alternative compe-
ting diagnoses’. According to the WHO, MIS-C
is diagnosed in patients with COVID-19 who are
under 19 years of age when two or more of the
following conditions are present: (1) rash or bila-
teral conjunctivitis, (2) hypotension or shock, (3)
elevated cardiac markers, (4) coagulopathy, or (5)
gastrointestinal problems with elevated inflam-

matory markers®. Since COVID-19 presents with
fever, elevated inflammatory markers, as well as
multi-organ involvement, it may be difficult to
distinguish MIS-C from severe COVID-19". In
addition, the clinical manifestation of MIS-C is
similar to that of Kawasaki disease (KD), a pe-
diatric autoimmune disease which presents with
fever, rash, and conjunctivitis®, including atypical
KD with some but not all diagnostic symptoms
of KD’. Non-purulent conjunctivitis and skin le-
sions are more common in MIS-C and KD than
in COVID-19, and this is what differentiates them
from COVID-19. However, the differentiation of
MIS-C from KD is particularly challenging. Due
to the significant overlap between MIS-C and
KD, their underlying pathophysiology is thought
to be similar'.

Accordingly, we performed a systematic re-
view to investigate the clinical and laboratory
characteristics of MIS-C and compare them with
those of KD. We aimed to provide clinical practi-
tioners with a summary of the currently applied
treatments for MIS-C.

Patients and Methods

Search Strategy

A PubMed search was conducted for articles
on COVID-19 patients with concomitant MIS-C
that were published until June 20, 2020. The fol-
lowing search terms were used: (“COVID-19”
OR “SARS-COV-2” OR “2019-nCoV” OR “novel
coronavirus 2019”) and (“multisystem inflamma-
tory syndrome” OR “multi-system inflammatory
syndrome”). Two investigators (MHL and JIS)
separately screened the titles, abstracts, and full
texts to determine whether the articles meet the
inclusion criteria.

This systematic review was in accordance with
the PRISMA (Preferred Reporting Items for Sy-
stematic Reviews and Meta-Analyses) statement.
We included the studies which met the following
conditions: (1) including children and adolescen-
ts with laboratory or clinically confirmed CO-
VID-19; and (2) describing concomitant MIS in
infected patients. The exclusion criteria were as
follows: (1) review articles, commentary, or let-
ters; and (2) articles with inaccessible full text.

Data Extraction

Two investigators (MHL and JIS) indepen-
dently extracted and collected the study characte-
ristics (journal title, author names, and year of
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publication), demographic characteristics, conco-
mitant MIS or Kawasaki disease, clinical presen-
tations, laboratory values, comorbidities, treatment
methods, and clinical outcomes, if available.

Data Analysis

Based on the data extracted from the articles,
we organized and summarized the information
on the patients’ age or sex, concomitant MIS or
Kawasaki disease, clinical presentations, labora-
tory values, co-morbidities, treatments, and clini-
cal outcomes. We evaluated each target case with
different diagnostic criteria.

Results

A total of 77 articles were identified by title
screening after duplicates were removed. Among
them, 68 articles were excluded after reviewing
the abstracts and/or full texts: 31 were irrelevant,
eight were review articles, 26 were comments or

letters, and three did not have enough informa-
tion. Finally, nine eligible articles involving a to-
tal of 45 cases of MIS-C with COVID-19 were
identified (Figure 1)"-".

Baseline Characteristics of
Patients with MIS-C

Baseline characteristics of patients with MIS-C
are summarized in Table I. The age at onset was
between 5 and 15 years in 80% of cases, with a
mean age of 8.6 years. MIS-C occurred at simi-
lar frequencies in males (24 cases) and females
(21 cases). COVID-19 infection was confirmed
by Reverse Transcription-Polymerase Chain Re-
action (RT-PCR) and/or serology. Twenty cases
were retrieved from France, 13 from the United
States, 10 from Italy, and one each from India
and Turkey. When different diagnostic criteria for
MIS-C were applied, the CDC criteria were met
in all cases and the WHO criteria were met in 43
cases (96%). 27 (60%) cases met the criteria for
either typical (n = 6) or atypical (n = 21) KD.

77 articles identified by title screening

29 articles were excluded

23 were not reporting MIS

A 4

4 were letters or comments

2 were reviews

48 articles reviewed by abstract screening

35 articles were excluded

22 were letters or comments

\ 4

7 were not reporting MIS

6 were reviews

13 articles reviewed by full-text screening

4 articles were excluded

A4

3 did not have enough information

1 was not reporting cases with MIS

Figure 1. PRISMA flow chart of
literature search. MIS, multisys-

9 eligible articles involving 45 cases

tem inflammatory syndrome.
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Table I. Baseline characteristics of patients diagnosed with multisystem inflammatory syndrome in children.

Age, sex, and comorbidities N / Total (%)

Age (years) 0~<1 1/452.2)
1~<5 5/45(11)
5~<10 23 /45 (51)
10~<15 13/45(29)
15~21 3/45(6.7)

Sex Male 24 /45 (53)
Female 21/45@47)

Comorbidities Hypothyroidism 1/1(100)
Asthma 1/1(100)
Crohn’s disease 1/1(100)
Congenital adrenal hyperplasia 1/1(100)

SARS-CoV-2 tests positivity

Total diagnostic tests 40/45 (89)

RT-PCR Total 19/ 42 (45)
Nasopharynx 16 /40 (40)
Stool 2/12(17)

Antibody tests Total 32 /34 (94)
IgA 15/ 15 (100)
IgG 32/34(94)
IgM 3/10(30)

Clinical diagnosis by different diagnostic criteria

MIS-C By CDC 45 /45 (100)
By WHO 43 /45 (96)

Kawasaki disease Typical 6/45 (13)
Atypical 21/45 (47)

Data are presented as the number of reported cases (N) compared to total cases. RT-PCR: real-time polymerase chain reaction,
MIS-C: multisystem inflammatory syndrome in children, CDC: Centers for Disease Control and Prevention, WHO: World

Health Organization.

Clinical and Laboratory Characteristics of
Patients with MIS-C

Fever was the most common symptom in
MIS-C patients. The prominent symptoms other
than fever were rash, conjunctivitis, abdominal
pain, tachycardia, hypotension, or shock. Lip or
tongue symptoms (14 out of 17) and oropharyn-
geal hyperemia (4 out of 4) were observed in a
large proportion of cases reporting the presence
of these symptoms. Neurological signs, including
headache, altered mental status, and fatigue or
pulmonary symptoms, were presented in some
cases (Table II).

Abnormal results were frequently observed
with routine laboratory measurements and tests
for inflammatory and cytokine markers. Each
mean value of complete blood count components
(CBC) showed anemia, leukocytosis, neutrophi-
lia, or lymphopenia. The mean serum concen-
trations of creatinine, sodium, albumin, alanine
aminotransferase, aspartate aminotransferase,

lactate dehydrogenase, and lactic acid were all
elevated. An increase in the mean levels of D-di-
mer, fibrinogen, and prothrombin time suggested
coagulopathy or disseminated intravascular coa-
gulation. The mean levels of biomarkers for acute
inflammatory responses, such as ferritin, procal-
citonin, C-reactive protein, and erythrocyte sedi-
mentation rate, were all increased. The mean le-
vels of interleukin-6, tumor necrosis factor-o, and
natural killer cell count were markedly increased
among cases reporting their levels (Table III).

Cardiac Characteristics of
Patients with MIS-C

The mean concentrations of cardiac markers,
such as troponin T and I and brain-type natriure-
tic peptide (BNP) or pro-BNP, were all elevated.
Thoracic echocardiography demonstrated mitral
valve regurgitation (n = 5), pericardial effusion
(n = 4), and coronary artery dilatation (n = 5) or
aneurysm (n = 2). The mean ejection fraction of
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Table Il. Clinical characteristics of patients diagnosed with multisystem inflammatory syndrome in children.

Clinical symptoms N / Total (%) or Mean = SD (n)
Shock 37745 (82)
Lymphadenopathy 5730 (17)
Fever 45 /45 (100)
Skin Rash 24/42 (57)
Edema 579 (56)
Oral cavity Lip or tongue symptoms 14 /17 (82)
Oropharyngeal hyperemia 4/4(100)
Eye Conjunctivitis 22 /40 (55)
GI tract Abdominal pain 30/31(97)
Diarrhea 14 /21 (67)
Emesis 879 (89)
Poor oral intake 3/3(100)
Heart Tachycardia 25/25 (100)
Hypotension 29 /34 (85)
CNS Glasgow Coma Scale 13.5+2.7 (20)
Meningeal irritation signs 4/10 (40)
Headache 2/7(29)
Altered mental states 3/7@43)
Fatigue or drowsiness 4 /4 (100)
Lungs Respiratory distress 577 (71)
Dry cough 3/4(75)

Data are presented as the number of reported cases (N) compared to total cases, or mean values with standard deviation (SD) and
the number of reported cases (n). GI: gastrointestinal, CNS: central nervous system.

the left ventricle was 30.5%. Abnormalities on
chest radiograph were also observed in 14 out of
21 cases (Table IV).

Treatments and Outcomes of
Patients with MIS-C

Inotropic agents were frequently used in MIS-C
(27 out of 38). Among anti-inflammatory agents,
IVIG and corticosteroids were administered in
100% and 43% of cases, respectively, whereas
agents targeting specific inflammatory cytokines
were used in a small number of cases. As an an-
ti-thrombotic or anti-coagulant agent, aspirin was
more frequently used than low molecular weight
heparin. In some cases, respiratory supports were
needed to maintain adequate oxygenation of pa-
tients. No death was reported (Table V).

Discussion

It is known that COVID-19 infection tends to
be less severe or asymptomatic in pediatric pa-
tients?°. However, a small proportion of pediatric
cases with COVID-19 may accompany MIS-C,
which may result in rapid clinical deterioration
requiring aggressive management'’. This syste-
matic review aggregated 45 cases across nine ar-
ticles describing MIS-C cases in association with
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COVID-109. It mainly shows that MIS-C diagnosis
frequently overlaps with either typical or atypi-
cal KD diagnosis. Moreover, we have identified,
on a more granular level, the specific laboratory
values, imaging, and treatments of MIS-C. This
study supports the findings of previous systema-
tic reviews describing MIS-C as an inflammatory
syndrome characterized by cardiac and gastroin-
testinal dysfunction®*®.

According to the current study, MIS-C has dif-
ferent characteristics compared to KD or severe
COVID-19. First, MIS-C presents with higher
proportions of gastrointestinal and cardiovascu-
lar symptoms than respiratory symptoms. We
reported only eight cases of respiratory distress
or dry cough, as compared to 30 cases with ab-
dominal pain or 29 cases with cardiogenic hypo-
tension. Pneumonia, a defining characteristic of
symptomatic COVID-19 in children, was notably
absent in all cases?'. Second, MIS-C occurs more
frequently in patients without comorbidities as
opposed to COVID-19; in one study, all patients
who were admitted to the ICU with COVID-19
had hydronephrosis, leukemia, or intussusception
as comorbidities.

Although the underlying etiology of MIS-C is
unknown, it is hypothesized to occur in a similar
fashion to that of KD, due to the surface resem-
blance between the two diseases'’. Nevertheless,
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Table Ill. Laboratory characteristics of patients diagnosed with multisystem inflammatory syndrome in children.

Routine laboratory tests

Mean = SD (n)

CBC

Serum chemistry

Coagulation

Hb (g/dL)

WBC (/mm?)
Neutrophil (/mm?)
Lymphocyte (/mm?)
Platelet count (/mm?)
Creatinine (mg/dL)
CCr (mL/min/1.73 m?)
Sodium (mmol/L)
Triglyceride (mg/dL)
Albumin (g/L)

ALT (IU/L)

AST (IU/L)

LDH (U/L)

CPK (IU/L)

Lactate (mmol/L)
D-dimer (ng/mL)

9.6+2.1(11)
15765 + 16806 (23)
12461 + 8373 (20)
950 + 1131 (42)
177238 + 82670 (42)
1.78 + 1.15 (7)
95.4 4 45.1 (20)
131.0 £3.7 (38)
239+ 109 (8)
22.6+3.6 (28)
65.5+ 111.0 (42)
85.6 + 68.8 (17)
649 + 297 (9)

84.9 + 64.1 (10)
3.40 +2.07 (24)
3220 + 1145 (21)

Cytokines

Others

Fibrinogen (g/L) 6.67 = 1.70 (33)
PT (sec) 15.5£09 4)
PT INR 1.49 + 0.41 (10)
Inflammatory markers
Acute reactants Ferritin (ng/mL) 1061 =739 (21)
Procalcitonin (ng/mL) 77.8 £ 120.0 (26)
CRP (mg/L) 217 + 143 (45)
ESR (mm/hr) 69.0 +27.2 (16)

IL-1B (pg/mL)

IL-6 (pg/mL)

IL-8 (pg/mL)

TNF-a (pg/mL)

NK cell counts (/mm?)

0.8+ 0.5(5)
214.8 + 145.5 (15)
67.8 + 46.0 (5)
63.4+21.3 (5)

62 + 35 (10)

Data are presented as mean values with standard deviation (SD) and the number of reported cases (n). CBC: complete blood count,
WBC: white blood cell, CCr: creatinine clearance, ALT: alanine aminotransferase, AST: aspartate aminotransferase, LDH: lactate
dehydrogenase, CPK: creatine phosphokinase, PT: prothrombin time, INR: international normalized ratio, CRP: C-reactive protein,
ESR: erythrocyte sedimentation rate, IL: interleukin, TNFa: tumor necrosis factor o, NK cell: natural killer cell.

we found that a significant proportion of MIS-C that, in some patients, MIS-C is driven by diffe-
patients (40%) did not meet the clinical criteria for rent inflammatory mechanisms compared to tho-
either typical or atypical KD. This may suggest se observed in KD. Furthermore, our study found

Table IV. Cardiac characteristics of patients diagnosed with multisystem inflammatory syndrome in children.

Cardiology tests N / Total (%) or Mean = SD (n)

Cardiac markers Troponin T (ng/mL) 435.4 +925.0 (29)
Troponin I (ng/L) 1006 + 1860 (9)
BNP (pg/mL) 12150 £ 17050 (19)
pro-BNP (ng/L) 1870 + 2220 (11)

Echocardiography LVEF (%) 30.5+9.0 (38)
Mitral valve regurgitation 5/12 (42)
Pericardial effusion 4/11(36)
Coronary artery dilatation 577 (71)
Coronary artery aneurysm 2/11 (22)

Abnormalities on chest radiograph 14 /21 (65)

Data are presented as the number of reported cases (N) compared to total cases, or mean values with standard deviation (SD) and
the number of reported cases (n). BNP: brain-type natriuretic peptide, LVEF: left ventricular ejection fraction.
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Table V. Treatment types and outcomes of patients diagnosed with multisystem inflammatory syndrome in children.

Types of treatment N / Total (%)
Inotropic agents Total 27738 (71)
Epinephrine 18 /26 (69)
Norepinephrine 6/22(27)
Dobutamine 6/21(29)
Dopamine 3/3(100)
Milrinone 13 /23 (57)
Anti-inflammatory agents Corticosteroids 16 /37 (43)
IVIG 42 /42 (100)
IL-1 antagonist 3/22(14)
IL-6 antagonist 4/23(17)
TNF-a antagonist 3/3(100)
Anti-microbial agents Ceftriaxone 4/4(100)
Cefepime 6/8(75)
Vancomycin 7/7(100)
Clindamycin 4/8(50)
Metronidazole 3/3(100)
Hydroxychloroquine 1/1(100)
Anti-thrombotic or anti-coagulant agents Aspirin 13 /13 (100)
Enoxaparin 3 /3 (100)
Respiratory supports Non-invasive 13 /26 (50)
Invasive 11/26 (42)
High flow nasal oxygenation 2 /21 (10)
Outcomes
Death 0/45(0)
Survival 45 /45 (100)

Data are presented as the number of reported cases (N) compared to total cases. IVIG: intravenous immunoglobulin, IL:

interleukin, TNFa: tumor necrosis factor a.

that the majority of patients had gastrointestinal
symptoms, as well as overall laboratory abnor-
malities representing coagulopathy, anemia, and
major organ damages such as liver, kidney and
heart, all of which are not included in the diagno-
stic criteria for KD. By including imaging infor-
mation, we also found that MIS-C can sometimes
present with chest abnormalities on X-ray. Pre-
vious studies by Hoste et al* reported that MIS-C
patients meeting the KD criteria had higher rates
of lymphopenia, thrombocytopenia, and eleva-
ted markers of cardiac injury. Furthermore, those
with MIS-C who met the KD criteria had more
serious illness overall, with higher rates of shock,
coronary dilatation, and aneurysm formation®.
Collectively, our study demonstrated that MIS-C
is a separate etiological entity from KD and may
not respond to the same treatments as KD.

We found that the current treatment for MIS-C
involved supportive cardiorespiratory care com-
bined with traditional anti-inflammatory agents
that are also commonly used for acute KD, inclu-
ding IVIG, corticosteroids, and aspirin®*. On the
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other hand, other targeted agents, such as anakin-
ra, tocilizumab, or infliximab, were rarely used.
Our study did not aim to identify which therapies
are most effective in MIS-C; however, we did de-
monstrate that the condition is treated in a non-sy-
stematic fashion, which derives primarily from
KD treatments. As up to 40% of MIS-C patients
presented differently than KD, further investiga-
tion is warranted to identify effective therapies
for MIS-C.

Findings from the present review should be in-
terpreted in light of its limitations. First, we did
not aim to evaluate the effectiveness of therapies
on disease prognosis. As such, our study is a small
retrospective collection of case series that cannot
compare the efficacies of interventions. Second,
details regarding the disease prognosis and long-
term outcomes were also not reported; for exam-
ple, duration of hospitalization, risk of relapse,
and chronic cardiovascular complications were
not searched or reported in this review. Third,
the majority of cases were obtained from France,
Italy, and the United States, with little emphasis
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on India or East Asian countries. Finally, due to
the small sample size, the results of this study
should not be interpreted as definitive, but rather
as a driving force for further research.

Conclusions

MIS-C, a serious condition associated with
COVID-19 infection, presents with similar clini-
cal features to those of KD, and is often difficult to
differentiate from severe COVID-19 itself. Howe-
ver, MIS-C has different characteristics compa-
red to KD or acute COVID-19; and therefore, pro-
per treatment initiation through early diagnosis of
MIS-C is recommended. Further investigation is
warranted to identify the methods of accurate dia-
gnosis and effective therapies for MIS-C.
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