Kawasaki Dis 2025;3(1):e4

https://doi.org/10.59492/kd.2025.3.1.e4

eISSN 2983-3183

Kawasaki Dis

Case Report

) 1

Check for |
updates

AOIE | BASESR E E5 TIMPIE:
C

O, XA

VBl 5t BRE DY AOPEAED P BHME YA A0IFAHD

Multisystem Inflammatory Syndrome in
Children (MIS-C) or Severe Kawasaki Disease:
What is Your Diagnosis?

Soo-Young Lee', Ji Seok Bang”

"Department of Pediatrics, Bucheon St. Mary’s Hospital, The Catholic University of Korea, Bucheon,
Korea
2Depan‘ment of Pediatrics, Bucheon Sejong Hospital, Bucheon, Korea

Received: Oct 29, 2024
Revised: Nov 28, 2024
Accepted: Dec 3, 2024

*Corresponding author

Ji Seok Bang

Department of Pediatrics, Bucheon
Sejong Hospital, 489-28 Hohyeon-ro,
Sosa-gu, Bucheon, Korea

E-mail: babang515@hanmail.net

Copyright © 2025 Korean Society of
Kawasaki Disease. This is an Open
Access article distributed under the
terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

ORCID

Soo-Young Lee
https://orcid.org/0000-0002-5354-3135
Ji Seok Bang
https://orcid.org/0009-0001-7099-5360

Conflict of Interest
No potential conflict of interest relevant
to this article was reported.

Funding

This study was supported by the
Institute of Clinical Medicine Research
of Bucheon St. Mary’s Hospital,
Research Fund, 2024.

Acknowledgements
Not applicable.

https://www.e-kd.org

Abstract

Multisystem inflammatory syndrome in children (MIS-C) is a serious complication that can occur
after severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. MIS-C is charac-
terized by infectious triggers, systemic inflammation, and organ dysfunction. Although uncommon,
organ dysfunction may also be observed in severe Kawasaki disease (KD) such as Kawasaki disease
shock syndrome (KDSS). Here, we present the case of a 5-year-old boy with KD-like features and
cardiac dysfunction. The patient was hospitalized with suspected KD due to persistent fever, con-
junctivitis, and rash. On the day of admission, he suddenly developed shock and was transferred to
an intensive care unit. Echocardiography revealed ventricular dysfunction (ejection fraction 43%)
and coronary artery abnormalities (CAAs, Z score 2.3). To treat KDSS with myocarditis, the patient
received dopamine, furosemide, and prednisolone in addition to intravenous immunoglobulin and
aspirin. Fortunately, his clinical manifestations, including CAAs, improved with these treatments. A
microbiological test on the day of admission confirmed a positive result for SARS-CoV-2 antibodies.
We had a lot of discussion about whether to diagnose the patient as MIS-C or as severe KD. We con-
clude that KD patients with SARS-CoV-2 infection and organ dysfunction should be diagnosed with
MIS-C.

Keywords: Multisystem Inflammatory Syndrome in Children; Kawasaki Disease; Organ Dysfunc-
tion; Systemic Inflammation, SARS-CoV-2
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COVID-190] H|sf AstA] eheh1]. ShAINE Y7 Aof SEoll A AlF S 2 UpElo] 8 A(severe
acute respiratory syndrome coronavirus 2, SARS-CoV-2) 4 g9] Az}st g¥Fo g 4
ottt | #IEZEH(multisystem inflammatory syndrome in children, MIS-C)o] &
Agr 4= Qth1-3]. MIS-C= Zgsha SukQIA} (infectious trigger), A4 8Z(systemic
inflammation) ¥ #7]5A(organ dysfunction)= EA O & 3tct3]. 71A | (Kawasaki
disease, KD) At 7]&of L= KD-FARSAHKD-like features) ©] MIS-C SEa}of| A
Uels AL 94802 SulEAT BAlo] MIS-Ce KD7F 2EE= ¥lo] H7|& et
(4,5].

20234 5% COVID-19 Hr9] F4] A & COVID-198%t ofyzl, MIS-C AR ==
A ASHATHG-8]. FAINE ZZ7EA] COVID-199] At fdo] A|&Eo] KD &4t
ZollAl SARS-CoV-2 7ol 584 A5 5 E 4= AdH8l. Wo9 F= A[Fd, KD
Aol A == SARS-CoV-2 2|25 A Iohe Aol W8T Aot & SARS-CoV-2&
L-995] HAE HAAY 5 AR PAERQIH} Hlo]|HA(Epstein-Barr virus, EBV)L AUEZF
Az} vlo]H A(influenza virus, IFV) 93 KD (EBV- or IFV-associated KD) A€} Zo],
A 2] ARl A J9ES & U9, 101

2 dFoH AAHES KD-FARS4, A7 B4 9 SARS-CoV-2 #ge] &ld 54
£ B3ttt 3 S8 SARolA A-eE Zdo] FoIA =957 Y8l MIS-C®F 55 KD

(severe KD)9] EA4Z v w5t

5A] ol KD7F 94l=lo] Jstaitt. ool 1733 Shol= 7Rl oA 5Y % 5H
o AR Hdxdd ARE A AT PYAE FEot3lo, HHo] A&E AR 2
o SE 3} o5 RS Hof HYE T} 3EAe] A2 106.4 cm (50-75th percentile), &5
A=17.6 kg (15-25th percentile) ALt

A Al 29 FF+= Y4 90/60 mmHg, AH4 1323]/8, 35 283/, Al 37.5 CO]
At AA ZZA (1) BHlE fle §F 29 38, Q) 4&Y 324 449, 971 9, 3 4
Alo] FE217] o] TR, (4) &3 ¥ R53 T27F HEEL, 6) H5 AR 2924
o] 2 cm A7|E FXE e TR} BF o= o] 472 giSith. FAAHA A A
11.0 g/dL, ®& 28,050 /pL(ZFT 86.2%, BT 5.1%), B4 499,000 /pLe)Aal &
g3 A& (erythroceyte sedimentation rate, ESR) 83 mm/hr, C-¥F--5HH(C-reactive
protein, CRP) 6.7 mg/dL (B4 < 0.5mg/dL), WYEE 133 mEq/L, €24 3.1 g/dL,
aspartate aminotransferase (AST) 466 U/L, alanine aminotransferase (ALT) 552 U/L°]
Qith. Ngeh YU EFo| ¥ E| =(N-terminal pro-brain natriuretic peptide, NT-proBNP)
= 7,153 pg/mL (B4 ( 115 pg/mL)°|}T EEXU(troponin-T)Z 11.1 pg/mL (FA} <
14.0 pg/mL), 4744 Aot 7|YA|(creatine kinase MB fraction, CK-MB)= 0.8 ng/mL
(FAF (4.8 ng/mL)°|ATt. AHAFANA 5 (10-19/high-power field)7} THEHATL TF
gArojst HAoA 4§ (cardiothoracic ratio, CT ratio)= 0.5%Ch YA D AAMA &
AL EY R, IAE A (complete) KDE Ao} ct.

P 27, Al2o] b E S HISET A= BE5S UE oY €9 5
+ @Y 80/50 mmHg, A 1543] /&, 28 323]/&, Al 36.9 T AHFA HY
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ZE(intravenous immunoglobulin, IVIG) A&7} &8]E&= 50 Al A3 zx23} 7
Ao A, A4 9] 755 H - A(ejection fraction 43%)3 = F FAE M (left main coronary
artery, LMCA)2] &%(3.2 mm, Z score 2.3)2 &Rlst¥tHFig. 1). A1 JAEHolA)
(coronary artery abnormalities, CAAs)°] B8 KD£&TZE S (Kawasaki disease shock
syndrome, KDSS)2.2 Atts} 11, SHAl= S3AFA 2 o] 45Tt IVIG (2 g/kg/dose)@} ofA
H#(30 mg/kg/day)¥} o, @Gt A A5 Y8 =utl(dopamine 5 ug/kg/min), Ol
A|(furosemide 1 mg/kg/day@} spironolactone 1 mg/kg/day) ¥ FEZH(captopril 0.5
mg/kg/day) A=2E AZstALt ESH X253 KD (Kobayashi 74, 298+ = 573)%
KDSSell tiet 354 Q X a¥ 02 AHEo|E(prednisolone 2 mg/kg/day)g F7Fotath
(3,11].

A 3¢4 E(100/60 mmHg)# A2(37.0 T)o] HF= o] A= AvHFAR o5t
Aot WIFHAAE Y, A D i)} thF S a 4 A 9-S(polymerase chain reaction,
PCR)= 33t v &5 HAIA AEE Fott BhA= AT A9 Al A | FA HAL
&, IVIG 5o A 4 })Oﬂ/ﬂ SARS-CoV-2 nucleocapsid (N) A 237} F/4(164.0 U/L,

84 (1.0 U/D2 =& SRIE oY, Sak= H ol4f Eeh4 EQtdgdoluy da s
HAAL 24T oA E o] J¥ 5YA Aot oA 67id F4717F 53¢ KDJ
AU LMCA °oF = 3]E(2.6 mm, Z score 0.7)¥]0] A= otAn L} HELY 7
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COVID-19 HH9Z TREYO, AqtE F8§0] A|&E| o] FTo|= 4of COVID-19 g
=g AT 5 A oo wet MIS-C A HAT A0 AAJHTH6,7]. & 89 S+
COVID-19 #e9] F4] A 1¥ F, 2024 AEH] A7 U] JYst et SR A7
7h g ash Alek 4 Helou, tas] 7)o €1E metelal H=F4Ql A =g Algs}

hul

Phe
o] BARE EFo] Qo ABTUT AT, BRI A LHMIS-C E 55 KD) 24

Pediatric TIS1.6 MI0.7 Pediatric TIS1.6 MI 0.5

e g - LVPWs 0.901 cm H . + Dist 0.319cm
11cm * -LVIDs 3.07 cm
2D / MM p -IVSs 0.591 cm
1% N, -LvPWd 0.450 cm
c50 S - LVIDd 3.86 cm

= ‘ -Ivsd 0.563 cm

EDV (MM-Teich) 64.3ml

LV Mass (Cubed) 49.0g

IVSILVPW (MM)  1.25

IVS % (MM) 4.97 %

FS (MM-Teich)  20.5%

ESV (MM-Teich) 37.0ml

EF (MM-Teich)  42.5%

LVPW % (MM) 100 %

¢\

-5

e . I I | e~ N\ o~ N N e
100mm/s ' " 14@bpm .~ \~ —"% - 143bpm

Fig. 1. Echocardiography of a KD patient with shock, myocarditis, and CAAs. (A) Left ventricle M-mode in the parasternal long axis view shows left
ventricular dysfunction (ejection fraction 43%). (B) The parasternal short-axis view shows an aneurysmal dilation of 3.2 mm (Z score 2.3) in the LMCA. KD:
Kawasaki disease; CAAs: coronary artery abnormalities; LMCA: left main coronary artery.
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£ %2 =99 yvlo] o Tt

MIS-C9 AA&st AtS Yaf, -2vtet A #E]H(Korea Disease Control Agency,
KDCA)olIA 2024 28 7H8€ MIS-C AH#I"d9f(case definition)E LISFTH2]. KDCA
AR 9= 20238 W9l w7 9 FE 5t 9939t A E5(The Council of State
and Territorial Epidemiologists/Centers for Disease Control and Disease Prevention,
CSTE/CDC) A& Farste] 714 =3ieH12]. KDCASH CSTE/CDCO &2 AHlA 9ol
A, MIS-Ce & 771 712(178H] 71% 371, o4 2 A4 71 271 12 aL mlEsky 7]
= Mg B W= o Adetck(Table 1). 20209 COVID-19 #eY] 270 AA KA
T(World Health Organization, WHO), 1=+ CDC ¥ =f KDCA©|A] &3S MIS-C AH|
o= AtA R {85 o 1], AAFSH 7159 7]%o] HestA] F5to] MIS-C
7t sj@Folu Ao E7HR]l E&(cytokine storm) & THE 40| #HEF A (pediatric
hyperinflammatory diseases)#t === A%o] WA¥sH7| = st th5,13]. olds 28-S
Hokslr] 91al, AR H A ol A= A4 HS5S CRP 3.0 mg/dL o143 A9-2 LLs}arad

i_.

o s HASHATH2,12].

1

7§74 %€ KDCAS} CSTE/CDC Ao A 5 a3t Alghdo] WA, 47|
HHo] Zete]] oo AE FARS UEE $REo] MIS-C At

. o|9k= Aultf 2 dwk KD EA7F MIS-CE T Ak

A7 oA} A7

i

oA F=2Hunder-diagnosis)E 4=

2 A7IRL 57 F8 A&, A71s T, BdsH o), Ao 4 % Ad

241 3]

Table 1. MIS-C definition by KDCA [2], principal features of severe KD [11,15], and clinical manifestations of our patient

MIS-C (KDCA) Severe KD (e.g., KDSS or refractory KD)

Our patient

Demographic criteria
1. Children and adolescents aged <19 years Children and adolescents with KD
2. Documented or subjective fever (= 38.0 C) for >24 hours Fever unresponsive to initial IVIG therapy

3. Clinical severity requiring hospitalization or resulting in
death

Hospital stays longer than typical KD

5-year-old boy
Prolonged fever (for 5 days)

ICU management

Clinical and laboratory criteria (In KDSS)
4. Systemic inflammation: CRP = 3.0 mg/dL (normal < 0.5) CRP 2 7.0 mg/dL (92%)
5. Organ dysfunction: = 2 of 5 categories Multi-organ dysfunction in most cases
(D Shock: clinician documentation in medical records Shock (100%)

@) Cardiovascular: EF < 55%, CAAs, or Tn elevation EF <50% (45%) and CAAs (73%)

@ Hematologic: platelet count < 150,000 /uL or ALC <
1,000 /uL

@ Gastrointestinal: abdominal pain, vomiting, or diarrhea

Thrombocytopenia (80%)

Abdominal pain (43%) and vomiting (59%)

(® Mucocutaneous: KD-like features Mucocutaneous (77%)

CRP 6.7 mg/dL

Met 3 of 5 categories

Shock with vasoactive drugs

g/lﬁ())carditis (EF 45%) and CAAs (Z score

Complete KD (5 of 5 clinical features)

Microbiological criteria
6. Evidence of SARS-CoV-2 infection within 60 days

@ Detection of SARS-CoV-2 RNA (i.e., PCR) or specific
Ag/Ab

2 Close contact with a confirmed or probable COVID-19
case

Co-existing infections in 1/3 of KD cases
For example, EBV- or IFV-associated KD

7. Absence of a more likely alternative diagnosis

SARS-CoV-2 Ab 164 U/L (normal < 1.0)

No significant pathogens in laboratory
tests

MIS-C: multisystem inflammatory syndrome in children, KDCA: Korea Disease Control Agency, KD: Kawasaki disease, IVIG: intravenous immunoglobulin; KDSS: Kawasaki disease
shock syndrome; CRP: C-reactive protein, EF: ejection fraction, CAAs: coronary artery abnormalities, Tn: troponin, ALC: absolute lymphocyte count, SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2, PCR: polymerase chain reaction, Ag: antigen, Ab: antibody, EBV: Epstein-Barr virus, IFV: influenza virus, —: absent or not available, COVID-19:

coronavirus disease 2019.
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(over-diagnosis)8 4= 9t} oS Eof, KDE Y3t giHE A= 9lLskd 7]1& 37)(19
Al ulgk, gl 9 Q) AAESE 7]E 17H(CRP = 3.0 mg/dL) 183 7134 7% 174(H
ol B ) & 57) 7]12S whES 2712 08 CAAsU 4317] SAH(LHEE KD H419] 25%
ojAfo A FHH14])0] BHRIET, SARS-CoV-2 #go] SHEH KDCA AlEA 9] 7718 2%
TEoHA == Aol

Table 191+ (A) KDCA-J MIS-C A1 9], (B) 5 KD (KDSS &= A &ES KD)Y 5
3% E4 191 (C) & T A9 TS UEth2,11,12,15]. SHEAE, MIS-C%
%5 KDE %%lo& HeR HlJL 5 alt} COVID-19 #dg] 171 o MIS—CQ‘r KDE Hlm}

A7 EA(A, 015 ~)°M 7“}*‘ *7ﬂ(a u%m*x, LB M&ZJ&%, inﬂfﬂ%é% —‘é—
oﬂ A 2 Aolg BATH5,17]. £3] LR KD Ao A7) HA BHk 26}11 %7] 2o, 5
Z oA MIS-C&F KD= A8 9l B719] A3AH o AZIT4,16

MIS—CE} ‘5% KD (severe KD)'Y] #Al= MIS-CeF ¥yt KD9J ﬂrﬁl%« th=oH18,19].
ol MIS-C¢ 55 KDY 384 E40l KD-RARS 8yt ofyzt A7 f40] F‘EM o
Zolth. wWEhA] SARS-CoV-29] §-75 AlQstal, MIS-CeF $5 KD 4 # -
5] YT 4= UTH5]. Fig. 200 (A) WAL g9 AA] 42 535 KD, B) & :
EBV = IFV) o] 959 5% KD, 12]1 (C) SARS-CoV-2 @Yol 45H 5% KD,
MIS-0)] #4845 | wstATH4l

COVID-19 #H9] & AlFoA, BE KD $H447F SARS-CoV-2 AARE ¥ I8 +=
Zolt}, sHAITE KD 8417} 5-94] o4 Aol AY Ast AAAS (O dxigas
WA B 7S Ueidls A9 MIS-CF 4&517] 918 SARS-CoV-2 HARE Al
YafioF gH19,20]. KD 27142 ets] el A4 ghorout, Aashy el 583
T2 3t A0 7 JAL20]. & %—E%MW AAFEo] 7H¢ IRIRE A2 SARS-CoV-29] &
g AAE MIS-CE Ztafof sh=A] of 23ich. 754 glo] ©<=5] SARS-CoV-257t &l=
TRF= MIS-C7F obd, ‘SARS-CoV-2 #¥o] 9Z% KD (SARS-CoV-2 infection-proven
KD) & Ash= Zo] Brgstrt. shARt 7] 5d 3t §7 SARS-CoV-27F gl KD $Ab=
KDCA E& CSTE/CDC AR E &3] $55H= Zolng, MIS-C& Xkaljof gict.

rl
ofl o

[‘

fe

Q.

19

o Unidentified
A + dy,fmhn + :,.::;;: ad Severe KD without identified pathogen

B “ + dy::lr:‘::b" + EBV or IFV — Severe KD with proven EBV or IFV infection

Organ Severe KD with proven SARS-CoV-2 infection
T | dystunction | T | 9ARECoV2 - (i.e., MIS-C)

Fig. 2. Components of severe KD without identified pathogen, severe KD with proven EBV or IFV
infection, and severe KD with proven SARS-CoV-2 infection (i.e., MIS-C). (A) Severe KD can be defined
as KD with organ dysfunction. The causative pathogen is usually not identified in severe KD. (B) However, in
severe KD, some pathogens such as EBV or IFV may be identified. (C) Similarly, SARS-CoV-2 can also be
found in severe KD (i.e., MIS-C). KD: Kawasaki disease; EBV: Epstein-Barr virus; IFV: influenza virus; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2; MIS-C: multisystem inflammatory syndrome in
children.
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H2
[

Ao F2H oY COVID-199] 7% F3o] 2|%E 0] H o SARS-CoV-2 A
o] ge1¥ KD A& vt 4= At 20244 7185 KDCAL] MIS-C A9l o]x9] 7]
FET Y=o, ofHs] MIS-C9] Fpazigto|yt s Atte] 7sAdo] &gttt KD 23t
o4 SARS-CoV-2 #} 7|530] T gel=H MIS-CE XJEJ of gttt FARE o] Rl
A, KD 8A7F A3t Al dsolu 471530& vebd o MIS-C & 913t SARS-CoV-2 &
A2 A Qsfof 3ttt WYY 7 3 9hshe MIS-Cofl et 214291 BT 9771 F a3t
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