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Abstract

Kawasaki disease is a vasculitis that presents with fever and affects medium-sized arteries through-
out the body. Although the etiology and pathophysiology of Kawasaki disease remain unknown, the
emergence of the multisystem inflammatory syndrome in children (MIS-C) in 2020 is of significant
interest due to its similarity in symptoms of Kawasaki disease and its association with SARS-CoV-2.
Research on the pathophysiology of MIS-C is still ongoing and is expected to contribute to the ex-
planation of the symptoms of Kawasaki disease in the future. The diagnosis and definition, clinical
features, and treatment methods of Kawasaki disease and MIS-C, which may have such an important
relationship, will be summarized.

Keywords: Mucocutaneous Lymph Node Syndrome; Multisystem Inflammatory Syndrome in
Children; COVID-19; Pediatric Multisystem Inflammatory Disease, COVID-19 Related
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7t EE T A A9 St A7) TS MRtk @A R, 196749 A A
oL, oFA7HA] Qlo] WS AIA] ot WX I} wF Q= 29 FE, F/E/TY] FHoly 1
T, AF 9154 5 42 59l Adst= dgo|t1]. 7HeA 1 o] Al e ol et A
Tt A&H 0 & o]FojA= 7k 20209 FE YRt Aof 7 dF FE(Multisystem
inflammatory syndrome in children, MIS-C) 7}MA W O] S43} HlsolH A = A28 535
FAT G755 2 UHMo|H A(severe acute respiratory syndrome coronavirus 2, SARS-
CoV-2)2}9] Q1zHdo] AUrh= HollA vi¢- Srj2& dgho|th. MIS-Co| WA gt A4t
OFA7IA] XY FO& FF 71 9] F/4dol tigt Aol 7] Ao 7|t= L Qict. o]
A 83 A= 7H & Q= 7RI MIS-CO] 2et 9 A9, A 4, A= B0
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=
1. Atd| H2(case definition)

Ul A= 7HpA I ] Mk 7]E0] 5Y ool Wi} =8 4 57HA 1) A< T
wE, B719, F4/AF He] A, 2) v fle 4 29 F8, 3) WX v, vy &
0F, g 5 Y, 4) §4971 &89 Iy E BE olgAd7) £ E 1y g™ 5) 13
1.5 cm ol AR AZAYF F 4714 oI L& nl54lAetslet Zow(Table 1), o= =7l
A7ZEYANA A BAR] HAS2EH FAAY Fo 7% F 7] FoE o a3
710l L Q171 wiZoleH2]. ZHebAz ol thgt 7ol Eeele A nl=a} P04 TSt
A0 s 4= Jlon, Aeh 52 HIs AR Al A9l B2 E}E‘:}. U]‘——HL Zhol =10l A
+ Bacille Calmette-Guérin(BCG) F-99] 'S Wxlo] opd 7|e} o2 BFRIA|TH2],
& Zho| Egilof A= TR o] 23] BCG7F 2= AE2 ;111]]01]/\15 BCG #4919
Folgol BHtEE 97 ol X0 sigshs Ao wekettH4]. 7HepA Y] W&ol
EE 29 Tto|EERloA = HEE I FEo] ofd AE FEow FEst= E40] vt
(Table 2).

MIS-C9] A9l+&= 20234 19714 ul= ZAH A AE(Center for Disease Control and
Prevention, CDC)2} AlA|EA7]7HWorld Health Organization, WHO) 7ol 14o](CDC 21
Al \lgE, WHO 194 016})9} W 7]ZHCDC 24417 o1, WHO 39 %3h)9] Zpol7} Q1o
O P2 ALY ZGAL[5-0], U A Aol LRI MIS-CO Al 4 9|(Table 3) &
3k 194] ofste] o], 24*]71_} ool e 7|7k F =9l Zfol7} ot FARRTHTI. 1) 401
AW SR EET 450 HAM SA7F 1AL, 270 o] 7| A71E AT deE 2
& k= 55 AHolHA], 2) 59 ¥Qlo] He tE HYAZE ERIEA] g1, 3) SaA

2 fo

=
ah

Table 1. Diagnostic guidelines for Kawasaki disease from the scientific statement of the American Heart
Association

Principal clinical features

* Erythema and cracking of lips, strawberry tongue, and/or erythema of oral and pharyngeal mucosa

* Bilateral bulbar conjunctival injection without exudate

* Rash: maculopapular, diffuse erythroderma, or erythema multiforme-like

* Erythema and edema of the hands and feet in acute phase and/or periungual desquamation in the subacute
phase

« Cervical lymphadenopathy (= 1.5 cm diameter), usually unilateral

Classic Kawasaki disease

1. Classic KD is diagnosed in the presence of fever for at least 5 d (the day of fever onset = the first day of fe-
ver) together with at least 4 of the principal clinical features.

2. In the presence of > 4 principal clinical features, particularly when redness and swelling of the hands and
feet are present, the diagnosis of KD can be made with 4 d of fever.

Incomplete Kawasaki disease
Incomplete KD is suspected in
1. Children with fever > 5 days and 2 or 3 principal clinical features or
2. Infants with fever for = 7 days without other explanation
A. If CRP 2 3 mg/dL and/or ESR > 40 mm/hr
: 3 or more laboratory findings” OR positive echocardiogram®
= Incomplete KD
B. If CRP< 3 mg/dL and ESR < 40 mm/hr
: Serial clinical and laboratory re-evaluation if fevers persist. Echocardiogram if typical peeling develops.
: If 2 4 principle features, = 3 laboratory findings OR positive echocardiogramb
= Incomplete KD

" Anemia for age, platelet count of > 450,000 after the 7" day of fever, albumin < 3 g/dL, elevated ALT level, WBC count of
215,000/mm?, urine > 10 WBC/HPF.

? Echocardiography is considered positive for purposes of this algorithm if any of 3 conditions are met: Z score of left anterior
descending coronary artery or right coronary artery > 2.5; coronary artery aneurysm is observed; or = 3 other suggestive fea-
tures exist, including decreased left ventricular function, mitral regurgitation, pericardial effusion, or Z scores in left anterior de-
scending coronary artery or right coronary artery of 2 to 2.5.

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ALT: Alanine Aminotransferase; HPF: high power field.

https://doi.org/10.59492/kd.1.1.e4 2/10



Kawasaki Disease and Multisystem Inflammatory Syndrome in Children l(awasa kl D IS

https://www.e-kd.org

Table 2. Diagnostic guidelines for Kawasaki disease in Japan

Principal clinical features

. Fever.

. Bilateral bulbar conjunctival injection.

. Changes of lips and oral cavity: reddening of lips, strawberry tongue, diffuse injection of oral and pharyngeal
mucosa.

. Rash (including redness at the site of Bacille Calmette-Guerin [BCG] inoculation).

. Changes of peripheral extremities: (Initial stage) reddening of palms and soles, edema. (Convalescent
stage) periungual desquamation.

. Non-suppurative cervical lymphadenopathy.

(o] (S WN =

Complete Kawasaki disease

* A patient who fulfills the criteria with five or six signs.

« A patient who fulfills the criteria with four signs and coronary artery abnormality by echocardiography;
- Z-score 2 2.5; or inner diameter = 3 mm (< 5 years old) or 24 mm (= 5 years old)

Incomplete Kawasaki disease

+ A patient who has three principal clinical features with coronary artery abnormality by echocardiography and
in whom other febrile illnesses have been excluded.

+ A patient who has three or four principal clinical features without coronary artery dilation and any evidence of
other febrile illnesses but with some features of other significant clinical features.

* Incomplete KD may also be considered in the presence of only one or two principal clinical features after ex-
cluding other diagnoses.

KD: Kawasaki disease.

Table 3. Case definition of multisystemic inflammatory syndrome in children in South Korea

1. An individual aged < 19 years presenting with fever > 38.0°C for 2 24 hours, laboratory evidence of inflam-
mation (elevated ESR, CRP, fibrinogen, procalcitonin, d-dimer, ferritin, LDH, or interleukin 6 and elevated
neutrophils, reduced lymphocytes and low albumin), and evidence of clinically severe iliness requiring hos-
pitalization, with multisystem (> 2) organ involvement (cardiac, renal, respiratory, hematologic, gastrointesti-
nal, dermatologic or neurological); AND

2. No other obvious microbial cause of inflammation (bacterial sepsis, streptococcal/staphylococcal toxic
shock syndrome, enteroviral myocarditis, etc.); AND

3. Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or antigen test; or exposure to a
suspected or confirmed COVID-19 case within the 4 weeks prior to the onset of symptoms.

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; LDH: lactate dehydrogenase; PCR: polymerase chain reaction.

&) ¥-3-(polymerase chain reaction, PCR) FHA}, &4 AAL &Y AAF A3 FAo|AY &
dEdE A _r_i‘/}19°ﬂ 55 o] Qe ABfolrh 12y Bl AP S A5 Bl=9
=71 4 J& g5t 9Y3)(The Council of State and Territorial Epidemiologists, CSTE)2}
CDCOIA MIS-C H=7t o 3 S2€ 2= 4E, o|u] Hid Ao $F2 o= bE 7|&
< A8ot= PHE 5ol MZE A Y (Table 4)& THEATHS]. 78 A vH W8-S A
Hd, 4 34 AP A 7|50l 25 ddetd MIS-C X (confirmed) 22, A4 54
T} A5t AT 7]l BF ok MIS-C| 7Fs/do] &2 Z(probable) 2 &, MIS-C7}
APgo] folo|AY F8 7]o] Q107 7|2H APY 7]2o] Qlthd MIS-C 9l&(suspect) = &
Fotoleh. T3 C ¥ & 3.0 mg/dL olde] S-S YulstAY, A i 5 A Bt
£ 55% UTEO 2 PA[oh= T 7S FAIA QR SkQith CSTERF CDCE 2023\ 1958 Af
L 7|5 285t A 1 E gl

2. ULt LM

7FIAF7 W8T MIS-CO] & Apol L Aol F A Foltt. 54 H|gte] ofojof|A] F2 HAg
o= 7 I 2] MIS-CE ul=F CDCY] ZAk2E HA S of 5-1341(F L% 949 ot
ojSol|A F& TARITHI). CDCollA = g A Fujtt MIS-C AEE AtlolEstH 20224
109 31¢ 7|& MIS-C A+ 2.7%7} oFAloHA|I R, ml=t Wf Z7}ekAb7 1 S Z ofA|oFA 9 H]
Zoll vlal A2 HolH10].

7RIS F8 A4 T4 o]9 TRt F4do] BEEE 4= Q7] wiiol ST R MIS-C
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Table 4. New case definition for multisystem inflammatory syndrome in children of CSTE/CDC from
January 1, 2023

Any illness in a person aged less than 21 years that meets:

* The clinical AND the laboratory criteria (Confirmed), OR

* The clinical criteria AND epidemiologic linkage criteria (Probable), OR
* The vital records criteria (Suspect)

Clinical Criteria
Aniliness characterized by all of the following, in the absence of a more likely alternative diagnosis”
* Subjective or documented fever (temperature = 38.0°C)
« Clinical severity requiring hospitalization or resulting in death
« Evidence of systemic inflammation indicated by C-reactive protein = 3.0 mg/dL (30 mg/L)
* New onset manifestations in at least two of the following categories:
1. Cardiac involvement indicated by:
- Left ventricular ejection fraction < 55% OR
- Coronary artery dilatation, aneurysm, or ectasia, OR
- Troponin elevated above laboratory normal range, or indicated as elevated in a clinical note
2. Mucocutaneous involvement indicated by:
*Rash, OR
- Inflammation of the oral mucosa (e.g., mucosal erythema or swelling, drying or fissuring of the lips, straw-
berry tongue), OR
- Conjunctivitis or conjunctival injection (redness of the eyes), OR
Extremlty findings (e.g., erythema [redness] or edema [swelling] of the hands or feet)
3. Shock”
4. Gastrointestinal involvement indicated by:
- Abdominal pain, OR
- Vomiting, OR
- Diarrhea
5. Hematologic involvement indicated by:
- Platelet count < 150,000 cells/uL, OR
- Absolute lymphocyte count (ALC) < 1,000 cells/uL

Laboratory Criteria for SARS-CoV-2 Infection

« Detection of SARS-CoV-2 RNA in a clinical specimen® up to 60 days prior to or during hospitalization, or in
a post-mortem specimen using a diagnostic molecular amplification test (e.g., polymerase chain reaction
[PCR]), OR

* Detection of SARS-CoV-2 specific antigen in a clinical specimen® up to 60 days prior to or during hospitaliza-
tion, or in a post-mortem specimen, OR

« Detection of SARS-CoV-2 specific antibodies” in serum, plasma, or whole blood associated with current ill-
ness resulting in or during hospitalization

Epldemlologlc Linkage Criteria
Close contact” with a confirmed or probable case of COVID-19 disease in the 60 days prior to hospitalization

Vital Records Criteria
A person whose death certificate lists MIS-C or multisystem inflammatory syndrome as an underlying cause of
death or a significant condition contributing to death

VI documented by the clinical treatment team, a final diagnosis of Kawasaki Disease should be considered an alternative diag-
nosis. These cases should not be reported to national MIS-C surveillance.

% Clinician documentation of shock meets this criterion.

® Positive molecular or antigen results from self-administered testing using over-the-counter test kits meet laboratory criteria.

“ Includes a positive serology test regardless of COVID-19 vaccination status. Detection of anti-nucleocapsid antibody is indic-
ative of SARS-CoV-2 infection, while anti-spike protein antibody may be induced either by COVID-19 vaccination or by SARS-
CoV-2 infection.

% Close contact is generally defined as being within 6 feet (about 183 cm) for at least 15 minutes (cumulative over a 24-hour pe-
riod).
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°] 22%-71%2.2 1 FE et 714, AFS 5 &7 3/4(11%-68%), 373 A1 &4,
A7l 7A & AR 58(19%-20%), 75, et B, B 5 A F/4H12%-50%)
= UeRd 5= loH11-16]. 2E MIS-C Al 2ol 7HeA R Ad 7|20l Stote the 7]
T ST 29 A 9 =EYo] QoW MIS-CE AH Hurdk A& FHFOU5-7],
2023 14€5H AlQsH= CSTE/CDCE A AHe 7 2o A= Q& Zlo] ZIetA7H o= XF 21
oot 49 MIS-CE EA15HA] Qe & FirHs8]

Ak o= MIS-C 94 SAtolA Hzsu 9 F21H9 JA R A FERAAHRS
(reverse transcriptase polymerase chain reaction, RT-PCR)°|Y} & HAF 2 95t}
WA HE o Fof Agle] P WHeo® e 7| sigE A o= Wittt CSTE/CDC
Aol M e BE A §HE- ESHA|NE, 11 S04 & Anfo] 3 T A (anti-spike
protein antibody)= Z24-19 8F = 0d A% LFoA HEE = o, & FEHQ
A= FA|(anti-nucleocapsid antibody)= F21-19 S oJu|gictal At

ESH F59 AFA HAF FAZ C ¥ @il (C-reactive protein), AEF A7} £
(erythrocyte sedimentation rate), @%_/P_%(flbrmogen), T2 ZAE(procalcitonin), D-
o3| (D-dimer), H& € (ferritin), 2AFEEA T A (lactate dehydrogenase), T QIE| &1
(interleukin)-6 ] 5= gRlstH th& I -4 Hlo] & = Q= Agho] ek HAE AlgT
Qo F A HE 34 A5 AR 5ol ‘:EV]‘/} o] 0 &= ZIRbAL ol A B
B+t 75, ST 575, B4W F7FS50] U= ghE, MIS-CollAl= B4 WE+, g
T AAT, B4R FATo| iﬂﬁ}h Z10] eH17-221.

3 B EHE T 5 s 7RI AE MIS-CollA = #d59 gSo] HAst]
L= = ) Jhaveri 52 Oq:r“’ﬂﬁ MEZTE AHT 127 F 4833%)°] WIedHF
7F AU 309 & A FAOIA 32 SHEGIOH, 159 2EF WAFTHRIL Eof AU
th23]. 2022 Barris 59] Aol A& MIS-C 34} 169 A Al2Smol|l A 3%olA #4%
wWo] Bxfo|ut EWE S} 91911, 1L 8/Y F9] A E A& ZIAEWE S} Yol 9]9]
th24]. 54, 20209 Feldstein 59 AtollA= 42489 MIS-C Aol A HzZ3HE A9
5to] 577(13.4%)°11A41 Z score 2.5 o1F9] TdsHF7F AU, 90U Ul 2] HARof|A] =
T AR SAHE A9 RIFCH12]. 20219 Capone 59 Ao A= 5019 MIS-C
2 F FA70 WsW Aolv ST AW 267 (52%)°1A 67N E7HA] 4 HARE Al
P o BF FAFOoRE ZorktH25]. 20229 Fabi 59 A7ollA 99| 7FetAlz | Skatet
207 2] MIS-C 3RS thato g 2479k ob2Ad 7] 9] 43k Yo A %(circulating endothelial
Ceﬂs)E H W3S o 7FpA | SA7F MIS-C AR [-0J51A] S71ste A 02 Yehgtt

]. ©] Z3}of Tl Jane C. Burns®| FHol4= 7HPA ol A= WAL &/4fo] A|&H
Z]‘?J MIS-CoflA= &4fo] AgPsHA] eh= A | 4= Itk sfAIsHITH27]. o4 42 2
Aol gk A-Z2TRE Q= T, FoE MIS-CO) IaH 3o dSof w3t o B2
T 237t E 85k

(@]
\S)
=~
AT

3. |2 ur
7tz o] AR dxH o g 2 g/kgd AW U AYZEEY FAHintravenous
immunoglobulin, IVIG)Q} 11-889] otAn g 0 g AJZsttt [VIG A mof|k TH0] Y= 4

92 tulstol, IVIG A4S Sk A4 Aol et Dt MmN Agzols g
F748 S QItH28). TR A oE Aol T2 VIGSH AB|Ro]S Ei Q1B e Al
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S 89| ofj%of| o =7ko] of 2|7} qlo] Thefet A& WHo] Al FolH o Y A7t E
Kehein=

20179 w=474eHs] 7io|=giRloflAl= 7HRA Y SRt Al IVIG Fof 364170l At &
79 oW o] Sl= AF- IVIG Aol U= AL E wdstar 22 X &of tish Fsixl v
H2 glou (1) IVIGE 22 8322 13] H Fofsird, (2) IVIGR 2H 20| = HHFAH2
mg/kg/ D)5 BIAY, (3) AELAIH(Infliximab, 2417+ 53t 5 mg/kg IV 13])Z Foist
= W0l E5] AREHETHAL AAISFATHRL. IVIG A3 AeAAE ol-&ol= &A= A5
o w2t 13} Tz 71 A& 185 AHEO|E W (2AIZF Bt methylprednisolone 30
mg/kg IV)& o|-835}7| & geH28].

MIS-C9] 4ol 7t Gotthe ofg a7 YehdAl, A= Pk ojn] g2l
7t O] A 5wt AAA 0 ® ARESEAL Qlth ww Aof FubElA k5o A AAISH=
AR A5 S HH 3% S99 St dEe S TS otar, Jelo] B At gxja
A IVIG2 g/kg, 2 100 g)2F A-53t & AH| 20| =(1-2 mg/kg/day)E A AR F
FHTH29). Thgt, AREAo] Q= A IVIGE 1 g/kg/day® 29 7+ WA Fofoled 2AF
o 22y ARAIGE FlAREE B IVIGE 294 ARE 18T AL Y% F9] #F2=
Ao, -5t &5 AHEC|EE [VIGY I = A2 1 &9 0|9t o]F o]A}
A g0 A= IVIGE YAl FA] == Z5HA darstal, 1) EA7F 185 = of2] ZAY
SUA7E 2R3 A 1&F AHEC|E F4 23(10-30 mg/kg/day), 2) HAA|Z L5}
Z S (macrophage activation syndrome) GA0| AALU AH 2o =9] A7) H ARgof 7]
SR Al 2287 obtFlZHanakinra ) 4 mg/kg/day IV or SOF, 3) HAAIZE/3ls
T(macrophage activation syndrome) 40| §lal A 2o|=9] A7 & ARgof £7]2
SHAtoAl= QIEHAIH(5-10 mg/kg/day IV 13} 52 9] =208 dVsIth A= 5
o= AYA ARl A% Wrto mhEt A 2E 2Asty okE o) 2-357 @A AE Sk QL
th. £ o] QittH A8 ofATA(3-5 mg/kg/day) S AHET Ak FHFITH FAYH
T oM Tl AW, 124 23 SAA A4, D-dimer $217F 84 AFRre] 58 2341l
735 MIS-C &Apof|A @45 A 919 8%lo] HEE VAT 31l A 5E Jrefsfof girt.

i} =

WIEHF7 e T, A HEE 35% vIhe] MIS-C 8}, 845 90| 3le &4

S o

£ g

WHOS] COVID-19 7to|=gielo|uy =] =k 7105 A Ha} thghe]sta] o) gzl =A|
oA = 1o} Qo] IVIGSE AH R0l B8 7+ & AREsAL W ohs Bl w2 a3t
9] atol= Fo5kA] kol W 8] A £E2 WrH30,311. 20234 1€ AHlolEH =
UGN E=[32] TAFEL Wl WoLt, [VIGS AHZo|= e £og A Az A
okl AHROIE THE A8 S & 4 Ikl ohoith IVIGSE AH|Zo|E X E ¥k
SHA] gk SOl A ofulel B EAR|FH(tocilizumab), ASIAHS AREE = 9loH
oftlEte] A= T3 A YAFAEHE 53l THE = T, EATHEL tE o H|
o MIS-C 58 B17F 22 o, JIEAIHS AN E & S372Y B AHSEA S
o] Qlon g Bt AFto| upet FojstnE At I 1 EA HAY9 9ES Fo)7]
A& AT @S 1T 4= Qlrh

74 geEl27] g4 B9 stslolA 20239 1Y€ SHESH MIS-CO] A&l tigh AARAME
IVIG &5 X7, AH2o|E t= A7, [VIG/AHRCIE HE X7 % ol 57} o vy
H7] o2 Al BEE 42t A&7 A= Ao R AUFTHB3). o] =RolAE AHRo|ES A
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In]
)

2 a3t o £94d ojggore] AuH34], IVIG &= 2 X gst uf AEH ghgZSo] o B
orel Ouldali 59 A32}H35] =+ Overcoming COVID-19 159 AFE[36], & ¢ A3t &
AE EE G A A F PR O] = Aof SERMA A 7HA] A5 E AlT=
oIzt Zo|7t QAH AIE(37-38] AR ASITh ohet 7Rt AP oIV WAEHF
7F = SAIAIE IVIGE, 55271 AstAY #hE ofat 23, £371 Qe SR Al= A
io]—a T =9 Aol Al EAoAE B8 8¥S A AR3 1 o B4

1 = ofleg, EAYSY, JAEHAY F AET 5= Jlou, ofuXlglrt thE oo Hs

HP7P7]9} IS5 HAE Atel= JAET a7 upstream effect) 59 o]Fo] ek B

Atk FEA Ao 2= F7] Aol §ithH ZHeiab7 1 o) 2o &85 o AT R(3-5 mg/kg/
day, 2 &% 75 me)E H-E5I== it

o]4}o] of2] MIS-C A& A& A HtS o 40| &5 AP AP a4 g4t
O ATz thet AR A A] kTt oFAI7EA] MIS-C] 47| of| Sof] thgt A w7}
UL AR Q] Aol W& Holgh= AT A7t 7] WiEelth39-44]. 7HpA 1 Y] B¢
o=, G BE W golu SR F ot TAEE AEof wetk AAF A1717E A

UTH2,28]. LY MIS-CollA= W FBSolu A7s540] Sl= 3% 4 AA +
710 TRt B2 AR 1] 54 A sfjof & Zlolot.

I

£

=

ol

=
2y

_L

2E

7FRAZ T MIS-C F/d=tolu X| &7} Hlsesit MIS-C &4He] Atz o &2 Hol
o A Al F2U A FA7E & qlojof "ok Zo] F A% Rtk T F
& 2o A SARS-CoV-22F9] Q13Hgo] 9l MIS-Cofl thet A7t Al o] Foi x|, 7¢
A7 ol gt A2 A m ol ek Who] Ug &= 9l A 0= 7|t =u, MIS-C2} 7kt
A1) gk B W2 A7 9 a s Aol
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