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Abstract

Kawasaki disease (KD) is one of the leading causes of macrophage activation syndrome (MAS) in
children, so the possibility of developing MAS should be suspected in KD patients who do not show
clinical improvement despite appropriate treatment. At the same time, since MAS is a hyperinflam-
matory phenomenon that can occur in various medical conditions that cause severe systemic inflam-
mation, the possibility of coexisting undiagnosed underlying diseases must also be considered in
children with MAS. Here, we report the case of a 16-month-old girl with systemic juvenile idiopath-
ic arthritis (SJIA). The patient presented with severe clinical manifestations that met the diagnostic
criteria for both KD and MAS, including KD-like features, splenomegaly, cytopenia, and hyperfer-
ritinemia. She was diagnosed with MAS complicating KD (MAS-KD) and underwent 40 weeks of
combination chemotherapy. No further clinical deterioration was observed during chemotherapy
including etoposide and cyclosporine. However, after completing immunosuppressive therapy, the
typical symptoms of SJIA finally appeared. Although KD, MAS, and SJIA are distinct diseases, they
may share similar clinical phenotypes. The relationship between these three diseases will be an inter-
esting research topic for KD and KD-like inflammatory diseases.

Keywords: Kawasaki Disease; Macrophage Activation Syndrome; Systemic Juvenile Idiopathic
Arthritis
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29| o8} Wstk= #AS(hyperinflammatory) CIHH1]. MASE A&H = T, HH1F
H(hepatosplenomegaly), @ F+44% ¥ tbA7] B A (multi-organ dysfunction)S E40 &
st AA| dAoIA A, AIFY E FHtE A Ae] S YR nA 4= QT2 3l
AAE sol7| BRI Y(systemic juvenile idiopathic arthritis, SJIA) ZAFS] ~10%C71A]
MAS7} HAEH, ~5%9] HAIBHEE I A(systemic lupus erythematosus, SLE) SR} ~2%
9] 7}ekA7 18 (Kawasaki disease, KD) $HAFO A= MASQ] ¥HAjo] K ¥ Q1t}4,5].

MASE= AMEE 8%22%2] A8 Ao g, 279 lAlste] A54 Xag st Aol uf
S S8sttH1-3] sHARE I, EAamdad, 1F 715 oot 22 MASS] a3 EAZ JIA,
SLE ¥ KD} 22 7|AA3Kunderlying disease)°] etshd wjo = & E7] diiof, AHH
e 2o 5,6 5] LRl 714 A Qlo] 27] AFAdol MASI A%, 714
Agho] 2A7F 7HE 4 QA7 2 AFolA ARES 271 Yol 'MAS7E &8 KD
(MAS complicating KD, MAS-KD) o]3{d SJIA ZE F¥ste] &l &y} g s,

Sl

1671 oob7} 5 5] WHE AHsilct. ST 7I5Eol= §ol HEo] gl3le
AT 71Y o2t o] EA(fever of unknown origin, FUO)Z 2| &8IFH 1472 o]
AT ZA] 43 St BHE R Wy} dhK 0 2 QIS Y WE, AWAAS, 7HaaA] AF
o] Zeleflont 5 A& Qlo] W} AAMA o]io] 3lEE|o] Estgirt. SRt A2
79 cm(50-75th percentile), H5FA= 9.2 kg(15-25th percentile) At

U A B S5 €Y 90/60 mmHg, HEr 1349)/3, S5 249)/2, Al 37.2C0IA
o} A1A 2o A 23 cm)Z HIRH5 cm)Q] 71 2o v A2 itk EHHALA @
M 11.6 g/dL, WB 15,700 /ul (25 72%), B4 391,000 /Lol HEF 372
£ (erythrocyte sedimentation rate, ESR) 48 mm/hr, C-¥F3&H(C-reactive protein,
CRP) 52 mg/L (B4 (5.0 mg/L), ¥HHl 3.3 g/dL, aspartate aminotransferase(AST) 29
U/L, alanine aminotransferase(ALT) 14 U/Lo]1o.H, Fute]A QIAHrheumatoid factor,
RP)2 A7FA (antinuclear antibody, ANAR= 2/30|ith. AHAALR} F5 FArost AA
T oIt Al 7Hs AW EF57HS, ESR 9 CRP 45)2 #iAIE 4= glo] ¥4
A (ampicillin-sulbactam) &5 AIZtstGith. sHAIRE 49 5AA = THE FHEA]
ottt Al GAakel v EEA HAHM S AAL polymerase chain reaction [PCR],
of FAIFADeIA FES whet 242 gllth. AFERS1 FAIA Bd5H o/ coronary
artery abnormalities, CAAs)¥} Z-2 5o] ¥ WA R Aory X M) thE3y
(computed tomography, CT)ollA] ZH|EHHE A LJstal # AF(bone scan)& ZE3gH oh2
G5t HALE /3ol ATt

Je 794, SFF 2-33] 38T o} o] SHEHUL 4 FHHAL 2AE 3= &
M4 9.2 g/dL, ESR 56 mm/hr, CRP 184 mg/L, @5F% 2.7 ¢/dL, AST 199 U/L, ALT 109
U/L. E3F Ag7iA] TEER] QU9d FEZ7] /o] BA, Jete] 38, <] T2+
of Uelth A&E= U, Ay i 34 9 A 2ARIE, AYRVES, 1taaA A
< 2 ME7S7S)e EUg, E¢d(incomplete) KDE skl HHFA HAZ2EH
(intravenous immunoglobulin [IVIG], 2 g/kg/dose)¥} otAT & X 7& 715ttt IVIG
g & QALEel GAA LR A= AAY EAAN thA] HFo] LA o] FHFAL A

A &2 oot
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g2 o] =(intravenous methylprednisolone [IVMP], 30 mg/kg/day for 3 days)E A5}
FAcHFig. 1).

A 149LA AA 242 M4 6.4 g/dL, BT 3,800 /ul (B3 63%), 4%
51,000 /L, AST 1,006 U/L, ALT 397 U/L, /A% 197 mg/dL, A4 H(fibrinogen)
139 mg/dL, #H2€(ferritin) 21,900 ng/mLO.E £ ¢ 943l Qlth & AAqAE AP
Q1 @445 (hemophagocytosis)o] TAE A= Fgtoy; o2 HAM A7 HLH 32
MAS A=7]%(Table 1)[8-101Z $H=sto], dAtwEl(dexamethasone, 10 mg/m?)Z} ol &
FEAE(etoposide, 150 mg/m?), A]ZFEAZH(cyclosporine, 6 mg/kg/day)S E3Fet=
HLH-2004 *]&A]¥(therapeutic protocol)[8lol wz} &3t stk A J7E Ayt A

IG IVMP IVMP  IVMP 40 weeks of

g “0o chemotherapy
o
<
§ 300
=
©
o
"’ 100

36.0

35.0

1 2 3 a 5 6 7 8 5 10 11 12 13 1 2 3
Hospital day Hospital day

Fig. 1. Clinical course (fever pattern) and treatment of the patient. Incomplete KD was diagnosed on hospital day 7 and MAS on hospital day 14
(first hospitalization). After completing 40 weeks of chemotherapy, the patient finally developed the classic symptoms of SJIA (second hospitalization). KD:
Kawasaki disease; MAS: macrophage activation syndrome; SJIA: systemic juvenile idiopathic arthritis; IVIG: intravenous immunoglobulin; IVMP: intravenous
methylprednisolone.

Table 1. HLH-2004 criteria, 2016 MAS-sJIA (PRINTO) criteria, and HScore [8-10]

HLH-2004" 2016 MAS-SJIA (PRINTO)" HScore (points)”
Fever (TC) 2385 - 38.4-39.4 (33); > 39.4 (49)
Organomegaly SM (Any two of the four criteria) HM or SM (23); HSM (38)
Abnormal CBC Cytopenia 2 2 lineages Platelet counts < 181,000 /L 2 lineages (24); 3 lineages (34)
Elevated liver enzymes (U/L) - AST > 48 AST 230 (19)
Abnormal TG (mg/dL) TG 2 265 TG > 156 133-354 (44); > 354 (64)

or fibrinogen (mg/dL) or fibrinogen < 150 Fibrinogen < 360 <250 (30)

Hyperferritinemia (ng/mL) Ferritin > 500 Ferritin > 684 (essential) 2,000-6,000 (35); > 6,000 (50)
Elevated sCD25 levels (U/mL) sCD25 (sIL-2R) = 2,400 - -
Changes in NK cell function Decreased NK cell activity - -
Hemophagocytosis BM, liver, or lymph nodes - Present (35)
Known immunosuppression - - Present (18)
Diagnosis 2 5/8 criteria Hyperferritinemia + = 2/4 criteria HScore (points) = 169

Y Patient in this study met five criteria of the six HLH-2004 criteria tested (i.e., sSCD25 levels and NK cell activity were not tested) and all 2016 MAS-SJIA criteria. The patient's HScore

was 264 points.

HLH: hemophagocytic lymphohistiocytosis; MAS: macrophage activation syndrome; SJIA: systemic juvenile idiopathic arthritis; 2016 MAS-SJIA: the 2016 consensus criteria for MAS
complicating SJIA; PRINTO: Paediatric Rheumatology International Trials Organisation; HScore, hemophagocytic syndrome diagnostic score; SM: splenomegaly; HM: hepatomega-
ly; HSM: hepatosplenomegaly; CBC: complete blood cell count; AST: aspartate aminotransferase; TG: triglycerides; sIL-2R: soluble interleukin-2 receptor; NK: natural killer; BM: bone
marrow.
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& 7|7F 405 SRt S A7 A o' At et A Alstae A SETH & 24
%]o] lol= AZ 287 Yo & Hall(complete remission) TS VIt

A= 54 1€ 7, got=Ida I3, HEF o2 thA] AUttt 7S et WiE S
7F5(18,500 /L)y B T RFolut I Il w AE AAyolqlct L &
ol ¥F FEH UEY FFE A5 4 I3 Holx AsHA Al S4S B &,
Shote] PFFFL §JIAY Het7]Eo] FtstithTable 2)[11,12]. ©717ke] A+ AE| 0]
I:(prednisone 1 mg/kg for 7 days) A=} A YAFAS w2 A SH UL Sol= E

& QoA SJIAY tigt A X & (methotrexate®} naproxen)E WAl F27]7F 59t
MAS-KD—J Aot SJIAS] ofsh= 1%
kY

2 59 got] 27| YL AR G2 T} AT HAASeIUT A TLA
Mot F S/32 vISRE KDOJ F83 S (principal features)o] WERGAL 249t A&
T FFE ABtE o] A 1497 MAS9] % 5}711‘5 5o 405 B2t sstay &
ol= d¥Y 24wt & 2ARIAT, o B F AYYA X &(immunosuppressive
therapy)7t S92 24 HPA2 SJIAS] S4o] UEhd Ao & ofAZIt), 2 gloe} T2 &
gt A A= 014 MASSH 7| A ASRE 27100 Q14l67] flsiAl= (1) MASY A,
(2) MAS-KD2| 74 112]1 (3) KD} SJIAS] #AE ol35h= Zlo] "asict.

MASE Algt AAASS FET & = o8] F79 aof dgoA A= &8 X]U} 7‘1
HZA9l gZo|tt, A= MASE ‘FotElA A rheumatic disease-associated) ©
/3 HLH ol =3t 7igollo, ol Frtel A Agh 9of thefet 95ha AfgdolAl MAS
7} EZEM B {%7}52 MASE o|2Hd HLHS} 593t 9u|2 A&t/ FHeH3]. MAS
Hlofd WS HlZEo] oJ5t Ao E71Q1 Z-&(cytokine storm)
A(proinflammatory) AFO|E71R1-S ¥ 7H|Ed], €17
i% —T’—ﬂﬂal‘ﬂ_%‘]?, GRS 22 AR AAEE At Al

oﬁ.r

‘6‘ 1) c'é_o ‘6_'?(4 o]/k(} =

bk}

Table 2. SJIA diagnostic criteria: PRINTO and ILAR [11,12]

PRINTO ILAR

Fever > 2 weeks Fever = 2 weeks

(Major criteria)
1. Arthritis Arthritis

> 1/4 following criteria

2. Evanescent erythematous rash 1. Evanescent erythematous rash

(Minor criteria)
1. Generalized lymphadenopathy 2. Generalized lymphadenopathy

or HM £ SM 3.HM £ SM

2. Serositis” 4. Serositis"

3. Arthralgia = 2 weeks
4. Leukocytosis = 15,000 /mm®

Fever + (2 major or [1 major + 2 minor]) Fever + Arthritis + > 1/4 criteria

" Serositis: pericarditis, pleuritis, or peritonitis.
SJIA: systemic juvenile idiopathic arthritis; PRINTO: Paediatric Rheumatology International Trials Organisation; ILAR: Interna-
tional League of Associations for Rheumatology; HM: hepatomegaly; SM: splenomegaly.

https://doi.org/10.59492/kd.2.1.e4 4/8



MAS-KD and SJIA

Kawasaki Dis

https://www.e-kd.org

8 4719 7R AS FEAXITHAL SHARE o] 23 Y2 MASORE UEht= 4
(pathognomonic)e] ofUzt WBFT} 22 4% 44, 5T E FHElL g o) A9
T YEE7] o], AA Aol MASS] HAE A= Q1AI6HR] & 4= UTHS,6]. wHebA
At A 5ok Btolal, AEA G T, S, Eamgdad, R A5, &2
THYHESE Y= Aol A MASY] B4 7Fe S YH R oilst= Aol Sasttt
[9,13].

2 3 A9 7] dAFFES ‘MAS7H & E KD (MAS-KD) %t}. Garcia-Pavon et
al.[14]2 AAA HE(systematic review)S 3 698 MAS-KD 3H2}9] 21525 EA4I51%
o} $Ato] ot A2 5.641% 3L FRH68%)2 oFAloF /IF(75%)°] EFTt HE TA= T
(100%)& B HFH(splenomegaly)= 69%Cl1A1 TE=| ATt iR SERfo A DAzt
F(87%)1} TtE AR AJ5(94%) B THHHEZF(95%)0] ERIE U} EE, IVIG AF/3(90%)
I} CAAs(46%)2] Bl &L =9kt 4] 61%= ©717He] HAREA| A=E W, YA
39% $AH= HLH-2004 A|&A%o] we} o EXZA|E0f A S RARZHS EFF6H= 5o 3t
St S AlgRiotth MAS-KDO] AFEES 13%=, MAS7F e SJTAMAS complicating
SJIA, MAS-SJIA)2} FARHTH2, 4],

KD Aol Al MAS7H 3A8E o, th7-E(73%)2 2 529 Aot o] KD A & F4o]
o}5lE]o] MASE AFFHH5,6). SHAIRE F 20% TAFE2 KD2F MAS S4MS Ao YEhy
o, A FH6%)o A= MAS At & FH&=A KD 42 Ho7]| & gt 14,15). weka KDy
SJIAR 22 714 AZhS 27190 Q14157 YAl AR HRely s 5 o S4 o
Fob FsHA|, MAS S0l A #A4X 7|4 dee] &4 7HsdE 1LEfsto] AT Aldst
A 52 Esfjof g,

2 3 A F A2 JJIAC|H. SJIAE 4oF MASS] 71 &3t ¢klo|H, o443
(polyarticular) JIAY 24289 (pauciarticular) JIAFE FEE= EAS LieRo] ThE of
Ol JIAK= 9] A3to g ZhEHEH15]. AAZ AP Y (autoimmune) 221 tHE of
o] JIASH g, SJIAE KD 5U5HA A7F9%(autoinflammatory) %o g BFEc}
[12]. Han et al.[16]2= KD2} SJIA= E55=9] Ao|E Kol st A4 522, KD
i3t 5424 ZA(genetic susceptibility)& Ad A A= L34, ©7]7Hshort-term)
WGA L7 TEE SJIAC] Het FHA S Al SRl s A, 4717Hlong-
term) WA TEE Aol ARbett. &, F A2 27| Yol 25| LT 5
UL H7I7He] A= KDE, 47179 W78 SJIAR &S 4= qitk= Aol

KD} SJIA Aol &3t Dong et al.[17]19] A+H(n = 15)2} Go et al.[18]2] A-+(n = 8)°ll
A, ‘SJIA7} 84 AdkEl KD (KD with a co-diagnosis of SJIA, KD/SJIA) 9] E4S H 15}
et 1321 KD} HIsl, KD/SJIA= 29 40l §le &4, A4l g vty 7t
SH7F SREE &4}, Z-score ) 5.09] CAAs7F §l= S, 23] o4 IVIG A &5 Bh2 4 9
MAS7} S 37 A A o &2 Wokt17,18]. AAML EAo 2= AYRTES 7tas
Fe T2 W57 UEtUl= SR EATHI8I. SHAIRE o] =3t A4 H HAR
KD/SJIARRE ofgh, B4 KDU X288 KD 5 A3 Fefe] KDoA = & 7Hsotche
A= Fasfior gt

Fig. 20]= KD KD-8AF S4H(KD-like features) Y 4 Q&= ASES F54T
(severity)2} T3 3K chronicity)oll et 2575H%1cH6,11,13,19-22]. ZH2e] Agk

ifie}

>

7k

—_

&3
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MAS-KD?!
(~2% of KD)

KDSS?
(~7% of KD)

MIs-C2
(MIS-C/KD = 1/10)

Refractory KD?
(~15% of KD)
Chronicity
Classic KD Recurrent KD  PFAPA<10yr  SIA3<16yr  AQSD® > 16yr
(~4% of KD) (PFAPA/KD =1/?)  (SIIA/KD =1/30)  (AOSD/KD = 1/220)

Fig. 2. KD and KD-like inflammatory diseases can be classified according to severity and chronicity.
The diseases arranged in this figure have distinct characteristics but at the same time share similar clinical
phenotypes. " North America data [6,19]. ? Korean data [6,13]. ¥ Japanese data [11,12,20]. KD: Kawasaki
disease; MIS-C: multisystem inflammatory syndrome in children; KDSS: Kawasaki disease shock syndrome
MAS-KD: macrophage activation syndrome complicating Kawasaki diseases; PFAPA: periodic fever, aphthous
stomatitis, pharyngitis, and adenitis; yr: years; SJIA: systemic juvenile idiopathic arthritis; AOSD; adult-onset
Stil's disease.

th21,22]. ZEYHPo]HA2ZEZ-19(coronavirus disease 2019, COVID-19) @dd] =<t
KD-GAF A4S YEHY & Aot | #9555 multisystem inflammatory syndrome in
children, MIS-C)o] KD 7 £ofofl A Zu|2-g FA7F =d AA-[13], KD SJIAS] #
AE olafish= A2 KD-FAF S48= YeRd 5= Al T Aof A%ho] Aol 183t 9dAE
Al Aloltt.

o

2E

KD+= 40F MASS] #83t 9191 & sz, 2det 270 Y42 241°] fle KD 24
A1 MAS F5F 73S AsfioF ettt SAl MASE A9t AAHSS sk ot ot
2 g%l S Ee BT dPelng, A 7IAER EA) 7Hs A = A ALsfof .
£ AFolA AREL 27] WAdddol B9 KD MASOISE SJIA $ote] JalE 7145t
th. KD, MAS % SJIAE =824 Aol A, AR A4 BRFS S of Al 7k A4
o] #Al= KD 9 2ok Fr| =& FA4171 2 ZolH.
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