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Should multisystem 
inflammatory syndrome in 
children be considered occult 
macrophage activation 
syndrome?

Sir,
Although the pandemic has officially 
ended, sporadic outbreaks of COVID-19 
continue to occur, and paediatricians 
may still encounter multisystem inflam-
matory syndrome (MIS-C) in children 
(1-3). MIS-C is a serious complication 
of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection, 
characterised by systemic inflammation, 
organ dysfunction, and an infectious trig-
ger (4-6). Interestingly, many patients 
with MIS-C exhibit ‘Kawasaki disease 
(KD)-like symptoms’, including rash, 
conjunctivitis, and mucositis (6). How-
ever, these symptoms sometimes lead 
to diagnostic confusion. For example, 
it can be difficult to distinguish MIS-C 
from other hyperinflammatory diseases 
with KD-like symptoms, such as atypical 
KD, Kawasaki disease shock syndrome 
(KDSS), or Kawasaki disease complicat-
ed by macrophage activation syndrome 
(KD/MAS) (7-10). Among the KD-like 
hyperinflammatory diseases, including 
MIS-C, KD/MAS is considered the most 
severe in terms of systemic inflammation 
and organ dysfunction (2, 8). 
In children, the most common cause of 
macrophage activation syndrome (MAS) 
is systemic juvenile idiopathic arthritis 
(SJIA) (11). MAS also occurs in other au-
toimmune or autoinflammatory diseases, 
including systemic lupus erythematosus 
(SLE) and KD (12, 13). During the COV-
ID-19 pandemic, MIS-C has emerged as 
an important cause of paediatric MAS (4, 
5). Early diagnosis and timely treatment 
of MAS in MIS-C patients are crucial be-
cause the clinical course of MIS-C with 
MAS is more severe than that of MIS-C 
without MAS (3). This brief report aims 
to compare the characteristics of MIS-C 
with and without MAS to identify clini-
cal clues for early recognition of MAS in 
patients with MIS-C. It also explores the 
similarities and differences between KD, 
MIS-C, KDSS, and KD/MAS.
This retrospective study reviewed the 
medical records of 22 patients hospital-
ised with MIS-C from January 2020 to 
December 2022 at four hospitals in Ko-
rea (9). MIS-C was diagnosed using the 
case definition of the Council of State 
and Territorial Epidemiologists/Cen-

tres for Disease Control and Prevention 
(CSTE/CDC) (6). Diagnosis of MAS 
was based on the 2016 classification cri-
teria for MAS secondary to SJIA (SJIA/
MAS) (2, 8). During hospitalisation, all 
patients underwent baseline testing for 
MIS-C (e.g., blood, echocardiography, 
or SARS-CoV-2) and were treated with 
one or more immunomodulators (e.g., 
intravenous immunoglobulin [IVIG] or 
steroids).
Of the patients with MIS-C, 50% (11/22) 
met the 2016 MAS criteria. Table I com-
pares the characteristics of the MIS-C 
with MAS group (n=11) and those of the 
MIS-C without MAS group (n=11). Male 
proportion and median age did not differ 
between the two groups. All patients in 
both groups showed persistent fever, and 
most patients (82%) had KD-like symp-
toms. Splenomegaly (p=0.063) and IVIG 
resistance (p=0.361) were more common 
in the MIS-C with MAS group than in the 
MIS-C without MAS group. Laboratory 
abnormalities observed in both groups 
included anaemia, lymphopenia, elevat-
ed C-reactive protein, increased hepatic 
transaminase levels, hypertriglyceridem-
ia, and hypofibrinogenemia. Compared 
to the MIS-C without MAS group, the 
MIS-C with MAS group had higher fer-
ritin levels (p<0.001) and lower platelet 
counts (p=0.010) and albumin levels 

(p=0.048). All patients in the two groups 
presented with multi-organ dysfunction, 
such as cardiac, gastrointestinal, or he-
matologic involvement. Shock (p=0.012) 
and other organ involvement (p=0.012) 
were more common in the MIS-C with 
MAS group than in the MIS-C without 
MAS group. Evidence of SARS-CoV-2 
infection was demonstrated in all patients 
in the two groups according to the CSTE/
CDC definition (6). There were no deaths 
observed in either group.
In April 2020, Verdoni et al. (14) report-
ed the first case series of MIS-C. They 
found that 50% (5/10) of patients met 
the 2016 MAS criteria and had more se-
vere clinical and laboratory features than 
MIS-C patients who did not meet the cri-
teria, which is very similar to the results 
of the present study. A recent study by 
Gámez-González et al. (3) showed that a 
considerable number of MIS-C patients 
(17%, 212/1238) presented with MAS-
like features and fulfilled the 2016 MAS 
criteria. One possible explanation for the 
unexpectedly high frequency of MAS 
in MIS-C is that MIS-C and MAS may 
share not only clinical phenotypes but 
also underlying pathogenic mechanisms 
(8). According to immunologic analy-
sis (15), interferon-gamma (IFN-γ) and 
IFN-γ-related cytokines, which play a 
central role in the pathogenesis of MAS, 

Table I. Comparison of characteristics between MIS-C with MAS group and MIS-C without MAS 
group.

	 MIS-C with MAS	 MIS-C without MAS	 p value*
	 (n=11)	 (n=11)	

Clinical findings			 
Sex, male	 5 	(45.5)	 6 	(54.5)	 1.000
Age, years	 9.1 	(4.1–16.0)	 9.5 	(0.9–12.0)	 0.699
Fever duration, days	 5.0 	(3.0–15.0)	 5.0 	(3.0–10.0)	 0.917
KD-like features: rash, conjunctivitis, or mucositis	 9 	(81.8)	 9 	(81.8)	 1.000
Splenomegaly ± hepatomegaly	 6 	(54.5)	 1 	(9.1)	 0.063
IVIG resistance (i.e., initial treatment failure)	 5 	(45.5)	 2 	(18.2)	 0.361

Laboratory findings 			 
CRP, mg/dL	 13.8 	(3.2–25.5)	 5.1 	(3.3–9.4)	 0.130
Albumin, g/dL	 2.8 	(2.5–3.2)	 3.4 	(2.3–4.1)	 0.048
Ferritin, ng/mL	 1,145 	(690–10,364)	 286 	(148–443)	 <0.001
Platelet count, 103/μL	 103 	(62–431)	 181 	(103–389)	 0.010
AST, U/L	 52 	(40–579)	 57 	(33–94)	 0.843
Hypertriglyceridemia or hypofibrinogenemia	 8	 (72.7)	 9 	(81.8)	 1.000

Organ dysfunction 			 
Cardiac: EF < 55%, CAAs, or elevated Tn	 8 	(72.7)	 4 	(36.4)	 0.198
Shock or hypotension	 6 	(54.5)	 0 	(0.0)	 0.012
Gastrointestinal involvement	 11 	(100.0)	 9 	(81.8)	 0.476
Haematology: thrombocytopenia or lymphopenia	 10 	(90.9)	 7 	(63.6)	 0.311
Other organs: neurologic, renal, or musculoskeletal	 6 	(54.5)	 0 	(0.0)	 0.012
Evidence of SARS-CoV-2 infection	 11 	(100.0)	 11 	(100.0)	 1.000

Data are presented as frequency (%) or median (range). 
MIS-C: multisystem inflammatory syndrome in children; MAS: macrophage activation syndrome; KD: Kawasaki 
disease; IVIG: intravenous immunoglobulin; CRP: C-reactive protein; AST: aspartate transaminase; EF: ejection 
fraction; CAA: coronary artery abnormalities; Tn: troponin; SARS-CoV-2: severe acute respiratory syndrome coro-
navirus 2.
*Fisher’s exact test was used to compare categorical variables, and the Mann-Whitney U test was used to compare 
continuous variables.
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were also the main drivers of the inflam-
matory response in MIS-C, and the levels 
of IFN-γ and cytokines increased propor-
tionally with severity of MIS-C.
The concept of occult MAS is useful for 
early recognition of MIS-C complicated 
by MAS (MIS-C/MAS) (2). Occult MAS 
refers to an inflammatory state that does 
not fully meet the criteria for MAS but 
may progress to fulminant MAS (16). 
For example, if a patient with SJIA shows 
unexpected exacerbations despite appro-
priate management (i.e., active SJIA), 
the patient should be considered to have 
occult MAS (11). Similarly, if a patient 
with KD develops IVIG resistance (i.e., 
refractory KD), the patient should also be 
considered to have occult MAS (13). In 
fact, approximately 30% of active SJIA 
and about 7% of refractory KD cases pro-
gress to fulminant MAS (11, 13). MIS-C 
itself is a severe hyperinflammatory dis-
ease and the incidence of MAS in MIS-C 
has been reported to be 17% to 50% (3, 
14), which is much higher than in other 
paediatric diseases such as SJIA (~10%), 
SLE (~5%), or KD (~2%) (9). Therefore, 
it is reasonable to consider MIS-C as oc-
cult MAS, similar to active SJIA and re-
fractory KD.
Figure 1 illustrates the characteristics 
of KD-like hyperinflammatory diseases: 
KD (13), MIS-C (this study), KDSS (10), 
and KD/MAS (12). Approximately 7% 
of KD patients may experience shock, 
a form of organ dysfunction, and are di-
agnosed with KDSS (10). MIS-C is di-
agnosed when multi-organ dysfunction 
and SARS-CoV-2 infection are present 
in patients with systemic inflammation 
(6). KD/MAS is diagnosed when severe 
inflammation that meets the 2016 MAS 
criteria, including hyperferritinemia, is 
identified in patients with KD or KDSS 

(12). Similarly, MIS-C/MAS is diagnosed 
when severe inflammation that meets the 
2016 MAS criteria is identified in pa-
tients with multi-organ dysfunction and 
SARS-CoV-2 infection (7). Understand-
ing the relationship among these four 
diseases will be helpful in studying the 
pathogenesis and therapeutic strategies 
for KD-like hyperinflammatory diseases, 
including MIS-C. This study is limited 
by its retrospective design, small sam-
ple size, and lack of immunologic data. 
However, half of MIS-C patients met the 
2016 MAS criteria, and some findings 
(e.g., hyperferritinemia or shock) could 
be used as clues to detect MAS in MIS-
C patients. To avoid overlooking MAS, 
we suggest that it is necessary to consider 
MIS-C as occult MAS.

J.W. Rhim, MD
S.-Y. Lee, MD

Department of Paediatrics, College of 
Medicine, The Catholic University of Korea, 
Seoul, Republic of Korea.
Please address correspondence to:
Soo-Young Lee
Department of Paediatrics, 
Bucheon St. Mary’s Hospital, 
The Catholic University of Korea, 
327 Sosa-ro, Wonmi-gu, 
Bucheon 14647, Republic of Korea. 
E-mail: sylee@catholic.ac.kr
This study was approved by the Institutional 
Review Board of Bucheon St. Mary’s Hospital, 
College of Medicine, The Catholic University of 
Korea (approval number: HC24RASI0025).
Competing interests: None declared.

References
  1.	CHOE YJ, CHOI EH, CHOI JW et al.: Change in 

severity and clinical manifestation of MIS-C over 
SARS-CoV-2 variant outbreaks in Korea. J Korean 
Med Sci 2023; 38(30): e225. 

	 https://doi.org/10.3346/jkms.2023.38.e225
  2.	 JEONG DC, LEE SY: Macrophage activation syn-

drome in Kawasaki disease: a literature review of 

Korean studies. J Rheum Dis 2025; 32(2): 105-12. 
	 https://doi.org/10.4078/jrd.2024.0118
  3.	GAMEZ-GONZALEZ LB, MURATA C, GARCIA-

SILVA J et al.: Macrophage activation syndrome in 
MIS-C. Pediatrics 2024; 154(6): e2024066780. 

	 https://doi.org/10.1542/peds.2024-066780
  4.	HASLAK F, GUNALP A, KASAPCOPUR O: A 

cursed goodbye kiss from severe acute respiratory 
syndrome-coronavirus-2 to its pediatric hosts: mul-
tisystem inflammatory syndrome in children. Curr 
Opin Rheumatol 2023; 35(1): 6-16. 

	 https://doi.org/10.1097/bor.0000000000000910
  5.	ŞENER S, BATU ED, KAYA AKCA Ü et al.: Differen-

tiating multisystem inflammatory syndrome in chil-
dren from Kawasaki disease during the pandemic. 
Turk Arch Pediatr 2024; 59(2): 150-6. 

	 https://doi.org/10.5152/TurkArchPediatr.2024.23192
  6.	MELGAR M, LEE EH, MILLER AD et al.: Council of 

State and Territorial Epidemiologists/CDC surveil-
lance case definition for multisystem inflammatory 
syndrome in children associated with SARS-CoV-2 
infection - United States. MMWR Recomm Rep 
2022; 71(4): 1-14. 

	 https://doi.org/10.15585/mmwr.rr7104a1
  7.	LEE J, LEE SY: Under-recognised macrophage ac-

tivation syndrome in multisystem inflammatory 
syndrome in children. Clin Exp Rheumatol 2024; 
42(10): 2096-7. 

	 https://doi.org/10.55563/clinexprheumatol/qy4pab
  8.	OTAR YENER G, PAC KISAARSLAN A, ULU K 

et al.: Differences and similarities of multisystem 
inflammatory syndrome in children, Kawasaki dis-
ease and macrophage activating syndrome due to 
systemic juvenile idiopathic arthritis: a comparative 
study. Rheumatol Int 2022; 42(5): 879-89. 

	 https://doi.org/10.1007/s00296-021-04980-7
  9.	LEE J, KIM BJ, CHO JS et al.: Similarities and dif-

ferences between multisystem inflammatory syn-
drome in children (MIS-C) and Kawasaki disease 
shock syndrome. Children (Basel) 2023; 10(9): 
1527. https://doi.org/10.3390/children10091527

10.	GAMEZ-GONZALEZ LB, MORIBE-QUINTERO I, 
CISNEROS-CASTOLO M et al.: Kawasaki disease 
shock syndrome: unique and severe subtype of Ka-
wasaki disease. Pediatr Int 2018; 60(9): 781-90. 

	 https://doi.org/10.1111/ped.13614
11.	 BEHRENS EM, BEUKELMAN T, PAESSLER M et 

al.: Occult macrophage activation syndrome in pa-
tients with systemic juvenile idiopathic arthritis. J 
Rheumatol 2007; 34(5): 1133-8.

12.	GARCIA-PAVON S, YAMAZAKI-NAKASHIMADA 
MA, BAEZ M et al.: Kawasaki disease complicated 
with macrophage activation syndrome: a systematic 
review. J Pediatr Hematol Oncol 2017; 39(6): 445-
51. 

	 https://doi.org/10.1097/MPH.0000000000000872
13.	RHEE S, KIM D, CHO K et al.: Under-recognized 

macrophage activation syndrome in refractory Ka-
wasaki disease: a wolf in sheep’s clothing. Children 
(Basel) 2022; 9(10): 1588. 

	 https://doi.org/10.3390/children9101588
14.	VERDONI L, MAZZA A, GERVASONI A et al.: An 

outbreak of severe Kawasaki-like disease at the Ital-
ian epicentre of the SARS-CoV-2 epidemic: an ob-
servational cohort study. Lancet 2020; 395(10239): 
1771-8. 

	 https://doi.org/10.1016/S0140-6736(20)31103-X
15.	ESTEVE-SOLE A, ANTON J, PINO-RAMIREZ RM 

et al.: Similarities and differences between the im-
munopathogenesis of COVID-19-related pediatric 
multisystem inflammatory syndrome and Kawasaki 
disease. J Clin Invest 2021; 131(6): e144554. 

	 https://doi.org/10.1172/JCI144554 
16.	CHOI UY, HAN SB, LEE SY: Should refractory Ka-

wasaki disease be considered occult macrophage 
activation syndrome? Semin Arthritis Rheum 2017; 
46(4): e17. 

	 https://doi.org/10.1016/j.semarthrit.2016.08.007

Fig. 1. Comparative fre-
quency of characteristics 
of KD-like hyperinflam-
matory diseases: KD 
(13), MIS-C (this study), 
KDSS (10), and KD/
MAS (12).
KD: Kawasaki disease; 
MIS-C: multisystem in-
flammatory syndrome in 
children; KDSS: Kawa-
saki disease shock syn-
drome; KD/MAS: Kawa-
saki disease complicated 
by macrophage activa-
tion syndrome; CRP: C-
reactive protein; CAAs: 
coronary artery abnor-
malities; SARS-CoV-2: 
severe acute respiratory 
syndrome coronavirus 2.


