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Abstract

The SARS-CoV-2 pandemic has been associated with the emergence of the multisystem inflam-
matory syndrome in children (MIS-C), which has features that overlap with Kawasaki disease - a
childhood inflammatory vasculitis. Epidemiological, clinical, and immunological investigations
suggest that SARS-CoV-2 acts as an additional infectious trigger for Kawasaki disease, leading to an
exaggerated phenotype along the same disease spectrum. On the other hand, many epidemiological
and clinical differences suggest that MIS-C is a distinct syndrome, despite its phenotypic similarities
to Kawasaki disease. We review MIS-C, focusing on the pathophysiological and clinical aspects that
discern it from Kawasaki disease.

Keywords: Mucocutaneous Lymph Node Syndrome; Pediatric Multisystem Inflammatory Disease,
COVID-19 Related; COVID-19
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1. ofat g
20209 oA COVID-19 %Y AofoflAl Ay 3t
a7t k2 X—]u—r ‘rr/\]' 3t At S0 T =S SAHSE dojof HAErH8,9]. Yo
Zpo] 2 oy, tr|de AWsh= d5HEo] COVID-19
AUVo|A WAt FEAHES 71X 9T} o] A& =35 gtof )
EA| U E (Centers for Disease Control and Prevention)[112} A|lAEA7]7H(World
Health Organization)[10]9]41& COVID-19 A& Ao} of7|# HSZT 7 (Multisystem
inflammatory syndrome in children associated with coronavirus disease 2019,
MIS-C) 0.2 ggstsict. vl= AH-SA A A= B742 A AAF 240 HISE F+
A AAIS] 7Sl QloH, ARl Y v 54, g 4 S BS54
& A & MIS-CollA Ueh= 5441 4 &40 8 S48
S At 7]Eof] thAo] Aol AR T Atk 7]% B i éi
FAAZE F7HEC] QloH, of 2 7|Ho] 2A thi/do® 459 470] UEUaL, o|ZE e
dlow A 4 Qlom, 2T SARS-CoV-2 Y2 S77F Ak Jded
[orst 4= Qloh. oA 20209 5€ 25 AT AoA #th
DIL1I.
Ao 4dol4 COVID-19 7 AAR QI F4do] A8 og Ao, Xe-Z 943t AA
g wh= FFOE QIsto], o]5 HiF R st MIS-CO et HHES wolstr] 7t ¢4
@out, 202149 vls AYSATFAE oA EIES Bhz= 202049 4E7EH 6E7HA] E3E
Tk 8 5.189] MIS-C A7 A6t 0H, SARS-CoV-2 7 T2 vt e 31690]
IS-Cof 0|2k A o2 HI3IATH12].
e Ao QlolA ZHtAb -2 AubA 0 & 54 ulghe] Aol 71 =2 RIE R UAgst
|RH13], MIS-C& A3s] thdet A tiolA] 8ol Hix Qltt. Hat T4 A52 6-11
Al A olut, A5 37]Hof|A] 20*1177}11 W 9] A diollA SAE ST 2o Ky
1 lom[14], ZRANAE AoPg Ao MIS-CoF -FARE Al 7F B v QleH15].
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7t T MIS-Ci= & oF ol o =AY A 2e 5 dAst &l
8 9y 7| o2 AZbEl=d], AR A= MIS-CO) ¢ 748 AA=Z st vhgH b= 4
et W B0 2 HE AZo] ASIt sty o2 COVID-19 St Z718H= Al
HEG 2-65 A= Flo| MIS-C 827} S7Fsh= AlFo] Uet= ol &A7F 5L, st
Z o072 MIS-C EAto)l A SARS-CoV-2 HlolHALE £ aAAH9H-3(polymerase chain
reaction, PCR) ¥4 Y 4= 9101} cycle threshold(Ct) Zto] =4 Y= o] 11 L7}
HrH11,16,171.
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Table 1. Case definitions of MIS-C

WHO [10] U.S.CDC [1] KDCA [11]
Age < 19 years <21 years <19 years
Fever >3 days > 24 hours > 38.0°C for = 24 hours
Multisystem 1. Rash or bilateral nonpurulent conjunctivi- Multisystem (> 2) organ involvement (car- 2 or more organs (cardiac, renal, respiratory,
involvement tis or mucocutaneous inflammation signs diac, kidney, respiratory, hematologic, hematologic, gastrointestinal, dermato-
(oral, hands, or feet) gastrointestinal, dermatologic, or neuro- logic or neurological disorder)
2. Hypotension or shock logical)

3. Features of myocardial dysfunction, peri-
carditis, valvulitis, or coronary abnormali-
ties (including echocardiography findings
or elevated troponin/NT-proBNP)

4. Evidence of coagulopathy (by PT, aPTT,
elevated D-dimers)

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

Laboratory Elevated markers of inflammation suchas =1 of the following: an elevated CRP level,
evidence of ESR, CRP, or procalcitonin ESR, fibrinogen, procalcitonin, D-dimer,
inflammation ferritin, lactic acid dehydrogenase, or IL-

6; elevated neutrophils; reduced lympho-
cytes; and low albumin

Requiring hospi-  No Yes
talization
Evidence of RT-PCR, antigen test, or serology posi- RT PCR, antigen test, serology test, or con-
COVID-19 tive, or likely contact with patients with tact with patients with COVID-19 within 4
COVID-19 weeks

Other plausible No other obvious microbial cause of inflam-  No alternative plausible diagnoses
diagnosis mation

Elevated ESR, CRP, fibrinogen, procalci-
tonin, D-dimer, ferritin, LDH, and IL-6;
neutrophilia; lymphopenia; hypoalbumin-
emia

Yes

positive PCR, antibody or antigen test, or
contact with patients with COVID-19
within 4 weeks

Exclusion of any other microbial cause of
inflammation

COVID-19: coronavirus disease 2019; PT: prothrombin time; aPTT: activated partial thromboplastin time; NT-proBNP: N-terminal-pro B-type natriuretic peptide; CRP: C-reactive
protein; ESR: erythrocyte sedimentation rate; IL: interleukin; LDH: lactate dehydrogenase; SARS-CoV-2: severe acute respiratory syndrome coronavirus-2; PCR: polymerase chain

reaction; RT-PCR: reverse transcription polymerase chain reaction; MIS-C: multisystem inflammatory syndrome in children.

MIS-C7} 7FPAZ 19 2 FARGE o] o, AR 7He i ibe s He
Ao & HrolZof x| 1 Ql=d], MIS-C9| -9 HAA| Y] S4st= F47] IL-18, IL-6,
IL-8, IL-10, IL-17, interferon-y A3 THZ, B BXF 435S BItH11]. Consiglio
T2 MIS-C Aol A -, Wi gl naive CD4+ T M =7} 7FbAL o vsf @om,
T AZ9 519 115F FollA 53 U effector memory T A|Z9] Z717} 7FebAk7] ¥ of| v]3] =
YA A BEE = EAL YH#FYLHG]. Circulating Interferon(IFN)-y 9] A2 MIS-C
o] A7t $59 Y 24 7HE Aol FF FHEEHTL.
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Table 2. Clinical features of MIS-C and Kawasaki disease

Manifestation Mis-C Kawasaki disease
Fever 100% 100%
Mucous membrane change 60%—94% >90%
Conjunctivitis 48%—-69% >90%
Rash 50%~75% >90%
Extremity change 26%—68% >75%
Cervical lymphadenitis 30%-70% 50%-70%
Coronary dilatation 14%-36% 4%
Shock 33%—-87% 2%~1%
Gastrointestinal symptoms 60%—100% Rare
Neurological symptoms 13%-35% 5%-39%
Respiratory distress 12%—46% Rare

The values derived from published reports [15,17-20,33-38].

2 JEEH, o] 100%2 FEE = HE 3o SotA Yehts S43oltH23]. o|#gl o]
G&, YAoIAE, Yolo] AER] Y= BES T 45k 2of 9 FAE FAjollA COVID-19
oA, MIS-C 5t 7Fs3& L efsfiof geh15]. A3P]A ST A% UrEMﬂ
oFAqE, MIS-CollAl= F4t é.% 4 2 1Y 5 7R oA # E
%‘Hﬂ Egh ﬂrﬂ% 4 H2,3,8,23].

oA F59 ALY =2 *39} T2 87 ol 470l 33%87%E thYo
AA 4 "9}1}“ Yol Lot A7t FTF Bk 5 7Y SR
ol HIHstA vehuhs Zfelgo] Slth5,8,24]. /A o0& Pus] vpehd
gt 2] I ol dofAs ARSI AR AlS o fof| whet FEA]
Ao B olgt Mg s AT a7t A AFA Bl MIS-CoF #Agh
W 3] ¥l o2 14%-36% FEo|tH25,26]. AZHA] ok 7FAL7 1 $Hate]
5%°lA s olido] A= AoE LA IAT, AFA il 7] e 4 A
REZo] & ZHHA = 7MY WU R SAES A2 10% Pve
2 o [27], 7FAE B4 Bt & o w2 YR FAEY g So] HEEHTGE
& Q1o MIS-C oA #EE = e WF= 5F 719402 EHT= 1%
1014(28], o]°] tisiAl= 7141 ol 2] wrto] F Qg Zojrt.
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9] o}34d719) &3] THEE 4 F7HS0] MIS-C Ao A = Y] F=ths ot
(Table 3). & AALoA MIS-C SAFE9] 4TS 150 x 10°/L v]gto& WA B 1sk1 )
tH2,3,8]. ole] thet FH o 2=, 7t A, S A2 43t Fame] FHEHL
ot F7150] WA o= WY W] BTHE HolARH29], Blo|H AR w7 e HHS ST
olgtil & 4= = MIS-CO) 4%, CD8+ A2} &2 N2 E A=olo] HiolgA 7 N2 E
ol G5 iAA7} vpol2| A Bhdste YolA KokA] A 25 7152 Alst] 4
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Table 3. Laboratory features of MIS-C and Kawasaki disease [39]

Features Mis-C Kawasaki disease
Lymphopenia 37%-81% Rare
Platelets Decreased Increased
Inflammatory markers Noticeably increased Increased
Troponin T More common Rare
BNP Marked increased Mild increased
Ferritin Highly elevated Normal
D-dimer Significantly increased Normal

BNP: brain natriuretic peptide.

gE 7}k AT MIS-CollA] e B4t Hago] B 4 QlojA, & 489 S5
9 Zo]7} o]t AL 279 Aol S b5t 9E 7 AA A ATl BRI Aol
MIS-C7} 7hebab7| st FE 5= E o] $8% 542 Ao JZF (absolute
lymphocyte count)?] g4oltt. 7hpA7 ol A= E5HA] of2, HIF 4 fhTol MIS-C
Aol A= Eo] FAE L, OF 37%81%2] MIS-C EAOIA FnF AAFo] Yehth: A
o2 HuEI ItH2,3,8,16]. o3t HILF 429 4= CD4 9F CD8 T M| B0l J3-=
U|A =], MIS-C &4ollA 2445kd CD8 T Hl29] 7k ZHEZ 484 CX3CR1E 23
3t ojZo] ZHEZ] T Ea Wit Ao AEAo =N I Yy & FI5h= AL

= A AHB31L

2) g5EeEE

7FeAF7 1 9] -, A/ (innate) BAA AL $H/d(adaptive) HIAA 25 o] ¥ 3
A5 5ol Hofstar Sict. AHA HAA A= & NLRP3 inflammasome?] &/d3t&
sl JAEFZI(D)-10] F7Fete] T2 A HF5A Al E7II(proinflammatory cytokines)©]
A E=H32], ol Tolste IS4 ARIEZRIC R IL-1, IL-2, IL-6, IL-8, AH#HE
(IFN)-¢ ¥ Z9F JARIAHTumor necrosis factor, TNF)-e7} 424 th33]. THA HY
AANA = T A &35+ o)/ dysregulated T-cell activation)o] 83+ 7|40, 7te}
A9 S5t AL 9l& ACE AZECTH34] MIS-COl 49, Weige7F &3] 8
&7 vH= ofA|ut, 7hRbALT T G AR Al A(innate) B AA 2 ohet A 454 A
o|E7Fl(proinflammatory cytokines)2] oJ4ro] H %l Itk MIS-C Aol A IL-18, IL-
6, IL-8, IL-10, IL-17, TNF-a, IFN-y 9] AF5o] TEE 0w, HA| E45k= MIS-CEA|
oA F 3ol Tolsks Aoz AZHETH35,36].

T+ A% nE A4 AF el F8% Helo] HEg HybAel dF 249 452 354
o7 FEE = Aol Iy 1 A5 FEol QlojAl= 7t ol Hlsl MIS-C3Ho]
A R FEHAA Yeis w1, 53] C-4hg v, T2 EY 9 [1-6& E33 o]
AP EZIRl 422]9] A5o] FEHA|= AoR HET 9tH2,3,8,16]. E3 MIS-CEHAES]
739 &L o7t EoHA vrehtA], H2l|l, D-olgA 2 wEe il 45E E9] & 4 St
2,3,44]. D-OIFAI7F Z7Ft B 7t ol s dESe] 9 a1lo] e A
o2 A HI7E QlojAl, MIS-C $Hatof| Al o] AL =29 Z717} oW 9ul & =
< o AR F a7} Qlof ERIH37].
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(3) A&Hfo[20t7

WA AFoAAITE, MIS-C= 7 thd 8 E= A3 S48 Eh MIS-C
o] Htf 50%0l4 ARAHI AZRet A1 &£37F HarE vf glom, w2 oA 58
A 277 BAgE BHA, 7Y 1) F 237t dAshs F9= 5% HTeE EET
[16,38,39]. ol=|3t Wetol| A, A7} £/40] Aekshd 2| #=9] ¥at AA] 7FpA |32 MIS-C
2 314 A= 9,]1:] I ;2]-0]7} 2%t EExY-T 9 ﬂ L}EEo]h@E}o]E(Brain
Natriuretic Peptide, BNP) &} N-¥tt L 2BE YEFO| B Elo] =(N-terminal pro b-type
natriuretic peptide, NT-proBNP)S ZE3I3t A% £AF0] AJstetza] 2| #7F MIS-C ER1of|A]
< © @ASHA A5oh=tl(2,3,8,401, oli= 7IetAIH ol HIs] MIS-C EAtof| A 4174 ol
o] AsHA st AT Aol A 4= AUTH18,28].

2E

MIS-C= 7IA |3 QA 02 B2 Fo A fAR 545 H]TH41].
W HE7RA| 2 A E7EL IL-18 5 HIRS W HflolA= |
W7 MZo2 Azt spARh W{elA] SH, Aohd 9, I | A & S ofF 59
o] &5t 3] MIS-Coll Yeh= A3 832 e ARSI 71ekA]

21 ]
ol Uehe 9% vhso] ]s) @3] ot Balth. @AY 2ARE MIS-Co 7HebAt
71" 1 %u%ﬂ "5 Agolghes S = T Aol AATE, e, d3H, o4
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