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Abstract

Background: In Korea, studies on multisystem inflammatory syndrome in children (MIS-C) are
mostly review articles or case reports, and there are limited original articles directly comparing
MIS-C and Kawasaki disease (KD). The purpose of this study was to compare the characteristics
of MIS-C and KD in Korean children. Methods: Medical records of 22 patients hospitalized with
MIS-C from January 2020 to December 2022 were retrospectively reviewed. The control group
included 140 patients hospitalized with KD before the COVID-19 pandemic. Results: Compared
to the KD group (n = 140), the MIS-C group (n = 22) was older and had a longer hospitalization
(P <0.001). All patients in both groups had at least one KD-like features (e.g., rash, conjunctivitis,
or mucositis), but complete KD was more common in the KD group than in the MIS-C group (P
= 0.020). Laboratory abnormalities, such as elevated C-reactive protein (CRP), were found in both
groups, but some laboratory abnormalities, such as thrombocytopenia or hypoalbuminemia, were
more common in the MIS-C group (P < 0.001). Multi-organ dysfunction was observed in 100%
of the MIS-C group and 13% of the KD group (P < 0.001). The infectious trigger, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was identified in 100% of the MIS-C group,
but no pathogen was identified in the KD group (P < 0.001). Conclusion: KD-like features and
systemic inflammation (i.e., CRP > 3.0 mg/dL) are shared findings of MIS-C and KD, whereas organ
dysfunction and SARS-CoV-2 are distinct findings of MIS-C that distinguish it from KD.
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HFo|# A(severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) 2@ & 34
207 Ao}/ |HESE T (multisystem inflammatory syndrome in children, MIS-C)
o] WAYIITH3-5]. MIS-C EAL SARS-CoV-2 Tl osff e HAIASH 7|74
o|t}6]). 7FIA ¥ (Kawasaki disease, KD) Atk 7]&0] Z3E = ‘KD-FARSAHKD-like
features) o] MIS-C ol 4] == AL AFH 02 FH|FEAT, MIS-Ce KD7F E=5]
= H%lo] H7|®= JH5].

20239 59 W9 F4] AA & COVID-1984F ofy 2k, MIS-C AN = AASHA| e
SFATH7,8]. HAITE HZ7HA] SARS-CoV-29] AR F30] A|&E o] A A4FoflA MIS-C
S v 4= A9l SHF o2 MIS-CeF KDO] E4& Bl e th42] d+-50] H1L
=Holon, olZfdt At F Aeke] ¥l AFet A8A el E3o] E Ao 7|HErt
[10-12]. SpAIRH f-2juete] MIS-C A= F2 FHolu 58 Halo] "F= o] 3L, MIS-C
ot KDE A4 vt ¢4 A= Ajbaolh13,14]. & AFollA, AAES =W 4019
MIS-Ce} KDO| 542 ¥l a5t

Cheat U

1. ChHe

20204 1¥€5E 202249 12€9714(COVID-19 g9 34) 7FEg ot 47 HAHSAR
B, 28, FAAEE Y, hAdRE ) Ao adato] gt MIS-C 84 229
JE72E FFH 07 ZARE AF[15]0]t}h BE diASRE= MIS-C A4 2)[16]E W3]
AL, Y717 B MIS-Coll thgh 712491 HAHEH, Hz251} 5)9 §7HA] o4de] "z
AR A 55 Tt MIS-C AHYE THEoHA] 23t S, MIS-Coll tigt At A5 & vt
A AL olofl tiet 7|5 FEHE Ah P13 (& =50 thE MYl E HYH A= A
QJAIZTE. MIS-CoF KD E4= Blast] 91t 2+ 0=, AA=9] COVID-19 Wy &
Ay ol 1710 Z=EE KD $HAF 140782 A=stgict.

=

2. 9|

MIS-C9] Aetolli= vl= =7tet Y& Hohelds] /-5 E (Council of State and
Territorial Epidemiologists/Centers for Disease Control and Disease Prevention,
CSTE/CDC)Y] AR Q[16]5 o]-&-atith. CSTE/CDCY Al o (1) fgo] a3t 35
L9 214 mlk ¥y 31} (2) AAIYS(C-reactive protein [CRP] = 3.0 mg/dL), 3) & 7}
oliFel A7154 9 (4) SARS-CoV-2 #e] A4 7= 4. CSTE/CDCE 7]
FHLE, o]d9] Ao2]et th2A, 5714 A7 o g ARt i) 4 A AHrEE(ejec-
tion fraction, EF) < 55%, 459 o]AK(coronary artery abnormalities, CAAs), = E
E3XY(troponin) A%, i) AL F B2, et Q159 4%, B &9 ¥ i)
£3: QR7|EY A UF, iv) 237] I 55, TE, Be A Ev) AT M9 @
4 4= (150,000 /oL E= Al A2 4= (1,000 /4L

KDx: u|241&5ks](American Heart Association, AHA) 7]1Z[18]9] Wt 243 (com-
plete)?t ¢ (incomplete) 22 Xt YA & Al Ei= A HAZEEY
(intravenous immunoglobulin, IVIG) ATAL A HA WA EA FoF F7 36A|7F T

T Fgo] A&Eo] £ WA HAXEA|(AHZo|E, BESHAAA 5)7t Foid FE H9
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59 tH19]. CAAs= AHA 7|30 w}, Z score 2.0 OJAFS IA=W S0 2 7 score 2.5
o2 IAEMHE HstATH18]. KD $A}9] 7|42 gaks| A=A eko}20,21],
MIS-C 3219} 593514 CSTE/CDC A715A A o= 285}

AFH FEoE, A%, 44, 7Tt LTIz KD-FARS(E], 29H9, #9959 9

4 AR dud3d), KD Ad7]E T, &3 KD 9 MIS-C AR89 vt

ot AAMA gEog FMA wigr Aol S35 (absolute neutrophil

count), 4%, AT A7} S (erythrocyte sedimentation rate, ESR), CRP, UEH, &
A

A4(alanine aminotransferase, ALT), =k I A%Su} Aul= 5401519 ct. njyEst AAF
2, 3EEAAHTS(polymerase chain reaction, PCR), @75t 9 i 235 2AFSHIT.
MIS-C 8HA}+= SARS-CoV-20] tgt PCR, ¢ 9 A AAF A gRelshlet. 2=} 4t
733 ZHAA, IVIG, otAn ™, A= A, AHRolE, BESHHAA|, HA4 YA, 5

PR YA, A ol 58 2ARSC

4. S
AR MIS-CZ(n = 223 KDZn = 14002 oFialo] §4] B4alolc w5 A
LovlEe HAER, 949 AR FYGT W9 tepich WFF AR Bl Fisher

= 407, PC0.058 BAALCE 393t Ao 1ottt B4 Z=13-2 [BM SPSS
Statistics software Version 24.0 (IBM, USA)S ©o|-8 3},

21}

1. 8™ EH

Table 1°1i= MIS-C£3} KD#9] 9434 EA3} CSTE/CDC A9E Wttt MIS-C#
9.14)) A%l T2 KDF(1.8ANET 91 AL7|ZEe] FYFE MIS-Ctoll A &4t
(P €0.001). Y vl&3} FL7]7toll= Rt Aol 7t §lglet. F #9] BE Tk g 714 o]
&9l KD-RARS/dE ettt KD A97]& 9= Hl&(P = 0.002)3% 243 KD H&(P =
0.020)-& MIS-C-Xt} KDol| A =34t

MIS-C39] ZE 22K100.0%, 22/22)°14 HMAHFZS(CRP = 3.0 mg/dL)¥ th7] 3
Zo] I et. AHE A7ERs FUEE 95.5%(21/22), £317] 90.9%(20/22), BN
3+ 77.3%(17/22), AR 54.5%(12/22), &3 27.3%(6/22)%1, AHE 7] 49| 2ozt
< 3.0(2.0-5.0)°191t}. MIS-C#9] HE k= v8E8E AAlA T YA, SARS-
CoV-2)7F &Rl Y}, KDoA, AAASL 81.4%(114/140)0014 = AI(P = 0.0206),
P71 52 12.9%(18/140)0014 A= AP € 0.001). JE F7EEE= Hoi
100.0%(140/140), A% 11.4%(16/140), BN} 1.4%((2/140)Q3, FHE A7) $=0] 243k
2 0.0(0.0-2.0)°194tt. KD-9] u]A3ESH FALolA Foulgh HUAl= AEEHA FATHP <
0.001).
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Table 1. Clinical characteristics and CSTE/CDC definition of the MIS-C and KD groups

Variables (LALSZ'% (n 5'1340) P value
Clinical characteristics
Age (year) 9.3(0.9-16.0) 1.8 (0.2-9.8) <0.001
Male sex 11 (50.0) 86 (61.4) 0.353
Length of hospital stays (day) 10 (4-18) 6 (3-13) <0.001
Fever duration (day) 5(3-15) 5(3-9) 0.602
Met AHA criteria for KD 19 (86.4) 140 (100.0) 0.002
Complete KD 11 (50.0) 106 (75.7) 0.020
CSTE/CDC definition
Children and adolescents hospitalized with fever 22 (100.0)" 140 (100.0) 1.000
Systemic inflammation (CRP 2 3.0 mg/dL) 22 (100.0)" 114 (81.4) 0.026
Organ dysfunction = 2/5 categories” 22 (100.0)" 18 (12.9)° <0.001
Evidence of relevant pathogens 22 (100.0)" 0(0.0) <0.001

(e.g., SARS-CoV-2)

Data are presented as frequency (%) or median (range).

Y As defined in the study methods, all patients in the MIS-C group met all four CSTE/CDC definition.

% The CSTE/CDC definition includes five types of organ dysfunction (i.e., cardiac, mucocutaneous, shock, gastrointestinal, and
hematologic) [15].

¥ For KD patients, “mucocutaneous symptoms + CAAs” or “mucocutaneous symptoms + thrombocytopenia” were considered
multi-organ dysfunction.

CSTE/CDC: Council of State and Territorial Epidemiologists/Centers for Disease Control and Disease Prevention; MIS-C:
multisystem inflammatory syndrome in children; AHA: American Heart Association; KD: Kawasaki disease; CRP: C-reactive
protein; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; CAAs: coronary artery abnormalities.

2. ZAM Zat

Table 201i= MIS-C¥ KD9] HAM ATE BlasiQinh. & o BFojA vig, wd
37V, 3157, BAMAAT, ESR A5, CRP 45, AUEFES, AYRUES, AST
371 59 AR o)ido] ERIE AT AARIEER H|wohH, MIS-CEErh KDoAl &

A0l Fdgto] WA WiE Y, 55 2 ESRY Y E=UTHP € 0.01). ¥, KD#
Hoh MIS-CollA Eam, UEF 2 GF119 SUto] WL, ASTY Y- =UTHP <
0.05). CRP9] U7 MIS-CHollA =40 F-ostAl= ottt ALTS] SU% 5k
S = -3k Aol = glgiet.

"e

Table 2. Laboratory results of the MIS-C and KD groups

Variables (r“:ILSZ-(Z:) (n |=(|1)40) P value
Hemoglobin (g/dL) 12.1 (9.6-14.9) 11.4 (8.8-13.5) 0.009
WBC count (10° /uL) 7.2(2.3-20.4) 14.1(2.3-29.7) <0.001
Absolute neutrophil count (10° /uL) 6.0 (6.6-15.7) 8.7 (15.0-23.0) <0.001
Platelet count (10° /uL) 130 (62-431) 346 (99-647) <0.001
ESR (mm/h) 26 (2-120) 54 (5-106) 0.002
CRP (mg/dL; normal < 0.5) 10.1 (3.2-25.5) 7.0 (0.2-18.1) 0.061
Sodium (mmol/L) 134 (127-139) 136 (127-146) 0.005
Albumin (g/dL) 2.9(2.4-4.1) 4.0 (2.7-4.6) <0.001
AST (UL) 55 (33-579) 42 (18-879) 0.026
ALT (U/L) 54 (13-232) 32 (7-4514) 0.298
Pyuria: 2 10 WBC/hpf 7(31.8) 48 (34.3) 1.000

Data are presented as frequency (%) or median (range).
MIS-C: multisystem inflammatory syndrome in children; KD: Kawasaki disease; WBC: white blood cell; ESR: erythrocyte
sedimentation rate; CRP: C-reactive protein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; hpf: high-power field.
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3. X| =9 g}

Table 3°l+= MIS-C+% KD-9] A=} AAIE 896ttt F 9] H& &4+= KD
of gt EEXEIVIGES otATE)E Wotth A= Avj= KDwH(15.7%)E o MIS-C+
(31.8%)°14 &R oW FootA= Aottt AHRO|E, BEA FAA|, ARTSA € ST
A AL KDFHTE MIS-CollA B &2 ¥E 2 AFEHJTHP  0.01). KDFOA S-S
A 2324 Jalo] D2 g A= 9loith BETAAA(Z, anakinra)= MIS-CZ9 A}
198(4.5%)N A5k ARE-=] ATt CAAs ?:z 150] U= KDH(11.4%)5 0k MIS-C+(22.7%)°l A4
EXOU O3k Aol ofy itk = 7 BFOA AFGAE YL
k|

COVID-19 Wid|¥] %7], Verdoni et al. [3]& SARS-CoV-2 ¥ & KD-%’\]“&*J, 414
3 4 71 RS Uetlis Aokt 4 A0 955 BAstyth o] Agke] UgES |
g o] 9] ojgtejo} KD TAE2] 304 o] o= =Skth. o] 4ZHg COVID-199] ?J 152
=, A, oA v Ik, Bepdd) LURtE ERE e wUlolA E BalElon,
0]Z ‘COVID-19 A% Ao/ BASEIA(MIS-C) 2.2 = AcH],2]. Verdoni et al.
[3] B2} 1089 27] A2 25 KDY, o]F 582 &% KD AZ3t AR
A OJZHEF A, ot o4, g 5)& BRI A= 6091, o]F 27°llA CAAsO] el
=tk 2371 504 TEEAL, o]F 2% %40“0*&111 A&7} fﬂ&ﬁﬂt} HE ﬁx}h KD

REAR(VIGE ofAmR)E # am, o]% 8
MIS-C EHn = 10)= COVID-19 g o] 9]
A% 7.54)7F B ARt FAME AA(E T
5 5= HeEr oIt

B ATE Y 4o} S5 gidoz, MIS-Co KDY 944 £, AAM Ay 9 2 &8t
AR TE vlwetgich B AT Ao delE MIS-CoF KD FARE T} &Fo]H2 Fig. 1
of gokstitt. £ AtollAl, MIS-CO] A% FUa-2> KDETH =9kt KD-RARS 3 A4l
AZS(CRP = 3.0 mg/dL)> MIS-Ce KDY 35431 E4olglou, 7|54 KDE
£ MIS-ColA 943t EAJo]Qitt. CSTE/CDC Hel[16]9] wet E MIS-C ZAFof| A SARS-

lil
o

Table 3. Treatment and outcomes of the MIS-C and KD groups

Variables (:\1’":82'(2:) (n |=(|1340) P value
KD standard treatment (i.e., IVIG and aspirin) 22 (100.0) 140 (100.0) 1.000
Initial treatment failure (i.e., IVIG resistance) 7(31.8) 22 (15.7) 0.078
Systemic steroids 20(90.9) 15(10.7) <0.001
Biologics (IL-1 or IL-6 inhibitor) 1(4.5) 0.(0.0) 0.136
Empiric antibiotics 19 (86.4) 76 (54.3) 0.005
Vasoactive agents 5(22.7) 0(0.0) <0.001
ICU admission 5(22.7) 0(0.0) <0.001
Coronary artery complications 5(22.7) 16 (11.4) 0.169
Mortality 0(0.0) 0(0.0) 1.000

Data are presented as frequency (%).
MIS-C: multisystem inflammatory syndrome in children; KD: Kawasaki disease; IVIG: intravenous immunoglobulin; IL:
interleukin; ICU: intensive care unit.
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CoV-27} Y5=H o, KD 2AtollA AEd Fov)gt HeA= gt &
I 7 HYA(F, SARS-CoV-2)9] 912 KDe}F &= MIS-C9] £431 A o]t}
A Z3to] vlwofA, MIS-CE KD&= ¥1E, 4augtAd, ESR A%, CRP A5 22
Agh G5 AlAloHE FAMA o] BTt f8olA MIS-CY A H.11(3, 419} f-AFsH
A, A9l AAM A7 KDETHE MIS-CollA & © 4gt FAo|Sict. shAlRh, 4+ HAL

MIS-C KD

Qlder (median 9.3 years)
Longer hospital stays

Prolonged fever
Rash / conjunctivitis

Younger (median 1.8 years)
Met KD criteria / complete KD

Anemia
Leukocytosis
Neutrophilia
ESRrise

Systemic inflammation
(CRP 2 3.0 mg/dL)
Presence of pyuria

Increased ALT

Thrombocytopenia
Hypaonatremia
Hypoalbuminemia
Increased AST

ICU admission / steroids
Multiorgan dysfunction (100%)
SARS-CoV-2 (100%)

IVIG and aspirin
IVIG resistance
Empiric antibiotics?
CAAs

No ICU admission
Multiorgan dysfunction (~13%)
No pathogen identified

Fig. 1. Similarities and differences between MIS-C and KD identified in this study. " Both groups showed
elevated CRP, but the frequency of CRP 2 3.0 mg/dL was statistically higher in the MIS-C group (100.0%) than
in the KD group (81.4%; see Tables 1 and 2). ? A significant number of patients in both groups received empiric
antibiotics, but the frequency of antibiotic treatment was statistically higher in the MIS-C group (86.4%) than
in the KD group (54.3%; see Table 3). MIS-C: multisystem inflammatory syndrome in children; KD: Kawasaki
disease; CRP: C-reactive protein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ESR:
erythrocyte sedimentation rate; ICU: intensive care unit; IVIG: intravenous immunoglobulin; SARS-CoV-2:
severe acute respiratory syndrome coronavirus 2; CAAs: coronary artery abnormalities.

Table 4. MIS-C characteristics of published studies and this study

Variables T USA e 168 Korea (n= 22 Korea (n= 32)
Age (year) 8.3 8.6 9.1
Male sex 115 (61.8) 10 (45.5) 11 (50.0)
Met KD criteria 74 (39.8)" 20(90.9) 19 (86.4)
Complete KD 49 (26.3) 13 (59.1) 11 (50.0)
Platelet count (10° /uL) 133 251 130
CRP (mg/dL) 17.8 9.4 10.1
Initial IVIG 144 (77.4) 17 (77.3) 22 (100.0)
Initial treatment failure (i.e., IVIG resistance) 77 (41.4) 4 (23.5)° 7(31.8)
Biologics (IL-1 or IL-6 inhibitor) 38(20.4) 0(0.0) 1(4.5)
Vasoactive agents 90 (48.4) 3(13.6) 5(22.7)
ICU admission 140 (75.3) NA 5(22.7)
Coronary artery aneurysm (i.e., Z-score > 2.5) 15 (8.1) NA 3(13.6)"
Mortality 4(2.1) 0(0.0) 0(0.0)

Data are presented as frequency (%) or median.

Y Almost three-quarters (73.6%, 137/186) of patients with MIS-C had KD-like features (e.g., rash, conjunctivitis, or mucositis), but less than half (39.8%, 74/186) of patients met the
criteria for KD.

% Of the 17 patients treated with IVIG, four (23.5%, 4/17) were resistant to IVIG treatment.

¥ Of the 5 patients with coronary artery complications, three (13.6%, 5/22) had coronary artery aneurysms (i.e., Z-score > 2.5).

MIS-C: multisystem inflammatory syndrome in children; KD: Kawasaki disease; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; IL: interleukin; ICU: intensive care unit;
NA: not available.
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N

A ol AH(dl]: 918, WE1Z7HS, ESR A% 5)2 MIS-CETH= KDoA £51911, CRPY] &
FUE F Ao A Fot Z}OVP %q‘jr =3 ’9:51' ASH-Z MIS-CeF KD9| 3832 £4
ojmg wig-l U CRP A9 o] ARl AAM A #E EY=E F dghs FE517]
o]FtH10-12]. Jeong & Lee [22]2 #2€ 2|7} MIS-Ce} KDE F2oh=H =22 4 2
othaL AQtsh ] sttt Aehs FEShe o =)Ew AAR A3 ditt 74 At
Z st

A zeot AT Bl ao e Fa3t Zol7t LRIt F A3 HRoA IVIGS} ofAd]
& A 27F ARSI O, MIS-CollA AB|20|E, F3 A A, Al 2 A J4
O] W=7} &%t ol KDET MIS-C9] 45%ES0] & o Aste], & ¢ St A=4
o] A a3hs 7HRIt}. AESH A A|(anakinra)= MIS-C @At 150X AR AT, &
= 9] MIS-CH KDl A8 4= Q= 8% A= A 5 shurt 2 4 9l Zolth23,24.

Table 4°= Q] th2 MIS-C A+t 2 AF-E vt} Feldstein et al. [25]12] &1]
A, You et al. [260]9] = A L & A4, MIS-C ABY Y@ d Hl&2 FA

sholet. sFAIRE KD #e7]& v vl 943 KD H&2, W A+ (You et al. [26] A+
o B A-H)9t Blwste, Feldstein et al. [25] AollA] Rttt o]z Aut=Al, &S A|
A, dIAFSA, S G D APTEL Z| 39} B wSto] Feldstein et al. [25] G-
A =8t & MIS-CO 954, 4 E41 44T QIFolu A wet 2ol & Lt
wWth. o]2gk Zpol=, KDt 25, MIS-C 115-9] 144 w3} Hejd 2|7t 24 7Hs4
< YAIRIH24,271.

2 ATE I8 A9 HY9] AqH SRS Yo R SPH O R RI|ES RAIYCE
&, AR 7 A9 w1 7o) ok webA dte] AukE £ A Yolu w7 AA AR
2 A7 |oll= gA7E itk COVID-19 M9 Y = KD 9gto] F4 H3lsll7] ti&
7], = og WeY] o]Hde] KD EAE thEx+-0 2 Mestioy sid AH171% S3F4
Q1 A= Algk o] At

rr o

oS.JmL‘
rH

—lOll

=

2E

KD-fARS33 241952 MIS-CoF KD9] 582491 54olH, 471543} SARS-CoV-2
£ KD®} FEEE MIS-CO] E4o|tt, My % ARG 275 COVID-19 §-30] A
&]o] MIS-C7F A8 4= Qlet. whehA], A7) R4S 23 e 4TS Hole KD 34
ofl A MIS-C2] #do] "astrt. MIS-Ce KDO] F-AFd 3 Afo] & ofgfish= A &+ A3t
e et A5 M| dtol mgo] & Aot
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