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ABSTRACT

Pediatric multisystem inflammatory syndrome (MIS-C) is a disease that presents mainly in older children
after coronavirus disease 2019 (COVID-19) and is associated with Kawasaki-like symptoms and multiple-
organ failure. The number of cases of MIS-C has increased since April 2020, with reports mainly from
Europe and the United States. The reason is unclear, but few cases of MIS-C have been reported in Asian
countries, including Japan. No treatment has been established for MIS-C. In this study, we report the case of
a young boy treated with IVIg for MIS-C by measuring the cytokine profile over time. A 4-year-old boy
presented with Kawasaki disease-like symptoms 28 days after a positive result from polymerase chain
reaction test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), meeting the World Health
Organization criteria for MIS-C diagnosis. Blood tests showed lower levels of C-reactive protein and ferritin,
and no decrease in lymphocyte count (< 1000/uL) or more increase in fibrinogen than those reported in
Japan for MIS-C in school-aged children and older. Neopterin, interleukin (IL)-6, IL-18, soluble tumor ne-
crosis factor receptor (STNF-R)I and sTNF-RII were all high at disease onset, but neopterin, IL-6, and sTNF-RII
rapidly decreased with fever resolution after the second dose of 1VIg, while IL-18 and sTNF-RI decreased
bimodally. As far as we can determine, this case represents the youngest identified in Japan. The key point of
difference between MIS-C and Kawasaki disease is older age in MIS-C, but attention is also needed in
infants.
© 2022 The Author(s). Published by Elsevier Ltd.
CC_BY_NC_ND_4.0

Introduction

temporally associated with SARS-CoV-2 (PIMS) in the United
Kingdom. In Japan, the Japanese Society of Pediatrics, the Japanese

COVID-19 in children is less common and less severe than that in
adults. However, eight cases of children with severe illness after
SARS-CoV-2 infection and symptoms similar to atypical Kawasaki
disease. Kawasaki disease shock syndrome, macrophage activation
syndrome, and toxic shock syndrome were reported in the United
Kingdom in April 2020 [1]. Subsequently, similar cases were re-
ported from Europe and the United States, and the inflammatory
condition associated with COVID-19 in children was then defined as
multisystem inflammatory syndrome in children (MIS-C) in the
United States and as pediatric inflammatory multisystem syndrome

Abbreviations: IVIg, intravenous immunoglobulin; COVID-19, coronavirus disease
2019; MIS-C/PIMS, multisystem inflammatory syndrome in children/ pediatric in-
flammatory multisystem syndrome

* Correspondence to: Department of Pediatrics, Yamatotakada Municipal Hospital,
1-1, Isonokita-cho, Yamatotakada-shi, Nara 635-8501, Japan.
E-mail address: moogaia0623@yahoo.co.jp (Y. Mohri).

https://doi.org/10.1016/j.idcr.2022.e01493
2214-2509/© 2022 The Author(s). Published by Elsevier Ltd.
CC_BY_NC_ND_4.0

Society of Pediatric Infectious Diseases, the Japanese Society of Pe-
diatric Rheumatology, the Japanese Society of Pediatric Cardiology,
and the Japanese Society of Intensive Care Medicine jointly devel-
oped the "Consensus Statement on Pediatric COVID-19 Associated
Multisystem Inflammatory Syndrome (MIS-C/PIMS)" in May 2021
[2]. Differentiating MIS-C/PIMS from Kawasaki disease is important.
Kawasaki disease was reported for the first time in Japan in 1967,
and is common in East Asia, with a predilection for children under 4
years old [3]. On the other hand, MIS-C/PIMS appears more common
among blacks and Hispanics, and the median age of onset is 9 years,
with Kawasaki-like symptoms and severe inflammation of multiple
organs [4]. Our patient, who was 4 years younger than the age at
which MIS-C/PIMS is most likely to occur, showed multiple organ
involvements including pericardial effusion, mild mitral regurgita-
tion, pleural effusion, ascites, hepatosplenomegaly, gallbladder wall
thickening, and intestinal edema. However, the multi-organ damage
improved with IVIg, including supportive care such as diuretics and
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albumin preparation and additional administration of IVIg. As cy-
tokine profiles were measured over time in our patient, we report
the outcomes along with these changes.

Case report

A 4-year-old boy presented to the previous doctor with abdom-
inal pain and vomiting and a 5-day history of high fever (> 39 °C). He
was referred to our hospital for further investigation and treatment.
Erythema appeared on the abdomen and lower legs on the third day
of fever, and bilateral bulbar conjunctival injection, cracking of the
lips, and edema of the tips of the fingers and toes were observed the
following day. In terms of family history, the boy's parents had re-
turned positive PCR results for SARS-CoV-2 29 days before the onset
of fever, and the boy tested positive the next day, although he was
asymptomatic. He had been born at full term with a birth weight of
2658 g, and no perinatal abnormalities. Medical history included
febrile convulsion, and he was not on any regular medications.

On physical examination at the time of admission, he was febrile
(39.8 °C). Blood pressure was 108/56 mmHg, heart rate was 146
beats/min, respiratory rate was 30 breaths/min with an O, satura-
tion of 98% on room air. Examination of the face and oropharynx
showed bilateral conjunctival congestion, cracking of the lips,
strawberry tongue, and diffuse injection of the oral and pharyngeal
mucosa. Head and neck examinations revealed right cervical lym-
phadenopathy (diameter, 1.5 cm) with tenderness. Cardiovascular
examination showed no abnormalities, the lungs were clear on
auscultation, and abdominal examination was unremarkable with no
hepatosplenomegaly. Neurological examination was completely
unremarkable. Polymorphous exanthema were seen on the ab-
domen and both lower legs, with no erythema at the BCG vaccina-
tion site. His extremities appeared flushed and edematous.

On admission, initial blood tests revealed significant neu-
trophilia, thrombocytopenia, hyponatremia, hepatic dysfunction,
and mildly elevated CRP (Fig. 1). Echocardiography showed mild
mitral regurgitation and pericardial effusion, but good left ven-
tricular contractility (ejection fraction, 62%) and no coronary dila-
tation (#1: 1.5 mm [Z-score: —-1.2]; #5: 2.2 mm [Z-score -0.5]; #6:
1.9 mm [Z-score 0.2]; #11: 1.8 mm). A nasal SARS-CoV-2 rapid an-
tigen test (immunochromatographic method; Mizuhomedy Co.,
Saga, Japan) yielded a negative result. In addition, a nasal rapid an-
tigen test (for RS virus and adenovirus; immunochromatographic
method; Sekisui medical Co., Tokyo, Japan), pharyngeal rapid an-
tigen test (for streptococci; immunochromatographic method; Tauns
Co., Shizuoka, Japan)), and fecal rapid virus antigen test (norovirus,
rotavirus, and adenovirus; immunochromatographic method; Mi-
zuhomedy Co., Saga, Japan) were all negative. Stool and blood cul-
tures showed no significant growth of bacteria. An anti-SARS-CoV-2
(N protein) antibody test (electrochemiluminescence immunoassay;
Roche Diagnostics, Tokyo, Japan) showed a cutoff index of 106 and
elevated antibody titer on day 5.

At the time of admission on day 5 of fever, all six principal clinical
features of Kawasaki disease were present. MIS-C/PIMS was there-
fore diagnosed according to both Centers for Disease Control and
Prevention criteria and World Health Organization criteria, based on
age, duration of fever, multisystem symptoms, laboratory data of
inflammatory findings, involvement of SARS-CoV-2 infection, and
exclusion of other diseases such as infections other than SARS-CoV-2
and sepsis. Kobayashi score for the IVIg refractory risk group of
Kawasaki disease was 3 in this case, which did not meet the in-
dications for starting prednisolone (PSL) as described in the RAISE
study (score>5), because the serum sodium level was 126 mEq/L
(<133 mEq/L) and the platelet count was 10.7 x 10%/uL (< 30.0 x10%/
uL) [3]. The patient started IVIg (2 g/kg/dose) and aspirin (30 mg/kg/
day) the same day in accordance with Japanese Society of Pediatric
Cardiology Guidelines for the Acute Treatment of Kawasaki Disease
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(as revised in 2020) and MIS-C/PIMS Clinical Consensus Statement
[2,3]. However, fever continued and the clinical features of Kawasaki
disease did not improve, so he was treated with IVIg (2 g/kg/dose)
again on day 4 of hospitalization. The day after this second IVIg
administration, the fever broke, abdominal symptoms such as ab-
dominal pain and nausea disappeared, and blood tests showed a
high erythrocyte sedimentation rate, and levels of p-dimer and BNP,
indicating hypoalbuminemia (Table 1). Abdominal ultrasonography
showed hepatosplenomegaly, gallbladder wall thickening, intestinal
edema, and ascites effusion, and chest X-ray revealed right inter-
lobar pleural effusion with a cardiothoracic ratio of 0.53. Due to
edema of the face and lower legs and decreased urine output, in-
travenous administration of 25% albumin (0.75 g/kg/day) and fur-
osemide (1.4 mg/kg/day) was started on day 6 of hospitalization.
Serum albumin levels improved the day after albumin administra-
tion, and furthermore, edema decreased and urine output improved
the next day, so furosemide administration was terminated. On the
9th hospital day, blood tests showed improvement in CRP and BNP
levels, and a chest x-ray confirmed the disappearance of pleural
effusion. No coronary artery lesions or abnormalities in left ven-
tricular diastolic function were observed by echocardiography
during the disease course, and the mild mitral regurgitation and
pericardial effusion that had been observed at the time of initial
examination also disappeared on day 13 of hospitalization. Electro-
cardiography on day 9 of hospitalization showed sinus rhythm with
no abnormal Q waves or ST-T changes. Abdominal ultrasonography
on day 12 of hospitalization showed that hepatosplenomegaly, as-
cites, and gallbladder wall thickening had disappeared, and general
condition improved. Membranous desquamation was observed next
day, and ASA was reduced to 5 mg/kg/day the day after that. The
patient was discharged after 14 days in the hospital. Outpatient
follow-up was continued, and no flare-up of symptoms or abnorm-
ality in echocardiography had been observed as of 5 months after
disease onset.

Discussion

We initially suspected Kawasaki disease because the patient was
4 years old, the age at which Kawasaki disease is most likely to occur,
and had all the principal clinical features. Previous reports from a
meta-analysis of 1132 patients with Kawasaki disease have shown
median hematological findings of: CRP, 6.7 mg/dL; lymphocyte
count, 2800/uL; platelet count, 36.5 x 10%/pL; ferritin, 200 mg/dL; p-
dimer, 1.65 pg/mL; and ESR, > 80 mm/h. Median values reported from
a study of MIS-C/PIMS patients were: CRP, 24.9 mg/dL; lymphocyte
count, 831/pL; platelet count, 15.5 x 10%/uL; ferritin, 910 mg/dL; p-
dimer, 3.75pg/mL; and ESR, 60-75mm/h [2,4,5]. Compared with
MIS-C/PIMS, CRP, lymphocyte count, and ferritin were lower and
platelet count and hemoglobin precipitation were higher in Kawa-
saki disease, and the blood test results in this case were closer to
those in Kawasaki disease (Table 1). However, the presence of ab-
dominal symptoms and multiple-organ dysfunction, the history of
SARS-CoV-2 infection, and the positive results from the new cor-
onavirus antibody test made the diagnosis of MIS-C/PIMS possible.

The number of reports of MIS-C/PIMS has been increasing since
2020, mainly from Europe and the United States, and although the
reason for this is unclear, few reports have been made from Japan
and other Asian countries [G]. As of February 2022, seven cases ap-
pear to have been reported in Japan, all in schoolchildren >9 years
old, as in overseas reports. [7-12]. Our case represents the youngest
reported in Japan to date. Although overseas reports have described
cases in infants after 3 months old, only a few cases in such young
individuals have been reported [5]. We therefore compared the
clinical characteristics and hematological findings of the present
case with those of seven cases reported in Japan (Table 2) [7-12].
CRP and ferritin levels were lower than those reported in Japan, and
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25% Albumin | 0.75g/kg/d
Furosemide | 14mg/ke/d [imgiee ]
ASA 30 mg/kg/d
5 mg/kg/d

Body temperature
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3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Days of iliness
Admission Discharge

Vomiting, Abdominal pain

Conjunctival injection, Cervical lymph swelling

Red lips, Strawberry tongue, Abdominal rash, Palmar erythema

Ascites

Membranous skin peeling

day 5 8 9 11 13 17
WBC (/pL) 4,400 4,900 4,700 9,100 6,600 6,000
Neutrophils (%) 79.7 67.0 55.1 59.3 49.9 44.9
Platelets (x10%/uL) 10.7 121 16.7 45.7 37.6 343
CRP (mg/dL) 2.65 242 2.79 1.21 0.56 0.13
Procalcitonin (ng/mL) 5.75 0.66 0.06
Alb (g/dL) 3.5 2.1 1.8 3.1 3.1 3.6
Na (mEq/L) 126 131 139 142 140 140
Ferritin (ng/ml) 210 173 131 73 54
BNP (pg/mL) 11.2 324 128.1 106.1 75.5 <5.8
D-dimer (ug/mL) 438 5.1 18.0 19.4 7.5 15
Fibrinogen (mg/dL) 298 248 190 245
Neopterin (nmol/L) 26 76 111 47 12.5
IL-6 (pg/mL) 45 157 34 6 <3
IL-18 (pg/mL) 1050 1650 1200 1400 960
STNF-RI (pg/mL) 3060 4250 3100 3520 1020
STNF-RII (pg/mL) 9500 12700 13200 14000 5600

Fig. 1. Clinical course and laboratory data during hospitalization. IVIg: intravenous immunoglobulin; ASA: acetylsalicylic acid; WBC: white blood cell count; CRP: C-reactive

protein; IL: interleukin; sTNF-RI: soluble tumor necrosis factor-receptor I; sSTNF-RII: soluble tumor necrosis factor-receptor II.

closer to those results reported by Zhao et al. [ 13]. They reported that
levels in the MIS-C/PIMS group under 5 years of age were sig-
nificantly lower than those in other age groups. In Kawasaki disease,
79% of patients show the five major symptoms, and 50% have cer-
vical lymphadenopathy, the least common of the six major symp-
toms [14,15]. On the other hand, among overseas MIS-C/PIMS
reports, 23% of patients had at least five of the principal clinical
features of Kawasaki disease, and only 6% had all six features [5].
Polymorphous exanthema occurred in 52-55% of cases, edema of
hands or feet in 13-16%, strawberry tongue in 4%, diffuse injection of
oral and pharyngeal mucosae in 23-29%, and cervical lymphade-
nopathy in 4-16% [4,16]. In the present study in Japan, more than 5
major symptoms were observed in seven cases (88%), including the
present case. The difference in the frequency of principal clinical
features of Kawasaki disease between Japan and overseas in MIS-C/
PIMS may be due to racial differences between Japanese and the
African and Caribbean Hispanic populations that account for most of

the overseas cases [4]. Acute abdomen was observed in 4.6% of pa-
tients with Kawasaki disease, gastrointestinal symptoms were ob-
served in more than 80% of patients with MIS-C/PIMS, and
abdominal findings were also observed in all cases in Japan [5,17].
The presence of abdominal symptoms is important in differentiating
Kawasaki disease from MIS-C/PIMS.

MIS-C/PIMS has been postulated to develop as a result of sec-
ondary immune-mediated damage 4-6 weeks after SARS-CoV-2
infection, and cytokine storm due to activation of macrophages and
T cells may also be involved in the pathogenesis, although the details
remain unclear. Cytokines such as IL-1, IL-6, IL-8, IL-10, and TNF-«
are elevated in MIS-C/PIMS, similar to Kawasaki disease [7,18]. In our
case, neopterin, IL-6, and sTNF-RII decreased rapidly with fever re-
solution after the second IVIg administration, and IL-18 and sTNF-RI
showed bimodal decreases (Fig. 1). Takasago et al. examined 71 cy-
tokines and reported that cytokines showed five patterns of beha-
vior, including IL-6, IL-10, IL-17, and IL-8 decreasing rapidly after
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Blood analyses of Kawasaki disease on day 9 WBC: white blood cell count; RBC: red blood cell count; PT-INR: international normalized ratio of prothrombin time; APTT: activated
partial thromboplastin time; ESR: erythrocyte sedimentation rate; AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; BUN: blood urea
nitrogen; CRP: C-reactive protein; BNP: brain natriuretic peptide; IL: interleukin; sTNF-RI: soluble tumor necrosis factor receptor I; STNF-RII: soluble tumor necrosis factor-

receptor Il
Laboratory tests Result Conventional units
WBC 4700 Jul Ferritin 173 ng/mL
Neutrophil 55.1 % CRP 2.79 mg/dL
Eosinophil 74 % Glu 85 mg/dL
Basophil 0.0 %
Monocyte 25 % BNP 128.1 pg/mL
Lymphocyste 35.0 %
RBC 3.76x 106 JuL ESR 95 mm/h
Hb 10.0 g/dL PT 9.7 S
MCV 80.3 fL PT-INR 0.87
HCT 30.2 % APTT 324 S
PLT 16.7 x 10* JuL p-dimer 18.0 pg/mL
TP 6.9 g/dL Fibrinogen 298 mg/dL
Alb 1.8 g/dL
AST 34 U/L (Reference range)
ALT 21 U/L neopterin 111 nmol/L (<5)
LD 239 U/L IL-18 1200 pg/mL (<500)
ALP 69 U/L IL-6 34 pg/mL (<5)
BUN 15.2 mg/dL STNF-RI 3100 pg/mL (484-1407)
Cre 0.39 mg/dL STNF-RII 13,200 pg/mL (829-2262)
Na 139 mEq/L
K 4.0 mEq/L
cl 109 mEq/L

treatment, and IL-18, IL-1B, IL-12, and TNF-a decreasing bimodally
[7]. The same was observed in our case. In this case, CRP and ferritin
were not elevated, but IL-6 was elevated, suggesting the utility of
confirming elevated ESR and p-dimer and measuring IL-6 as in-
dicators of inflammatory markers in infants with MIS-C/PIMS.
However, since the number of facilities that can submit cytokine
profiles is limited, further studies are needed.

The MIS-C/PIMS Practice Consensus Statement recommends
glucocorticoids for patients who are refractory to IVIg or in shock.
Previous reports have shown that the response rate to treatment was
higher with combined IVIg and glucocorticoids than with IVIg alone,

Table 2

and additional treatment was significantly less necessary with the
combination [19]. Furthermore, a study of 518 MIS-C/PIMS patients
found no difference in treatment response rate between IVIg alone
and the combination of IVIg and glucocorticoids, but the risk of new
or persistent cardiovascular events was lower in the latter group
than in the former [20]. As far as we could find, no reports have
examined differences in efficacy of treatment according to age or
stratification of treatment methods in MIS-C/PIMS. Whether the
Kobayashi score is useful in MIS-C/PIMS, and whether combined IVIg
and PSL is better in the initial treatment requires further in-
vestigation.

Comparison of clinical course and laboratory findings between domestic MIS-C reports and our case Percentages are rounded to the first decimal place (except for neutrophil
fractions), and items in "Blood tests" are rounded to the second decimal place. Each value represents the maximum (CRP, neutrophil fraction, procalcitonin, ferritin, blood
sedimentation rate, p-dimer, Fib, IL-6) or minimum (lymphocyte count, platelet count, serum Na concentration) seen during the course of the study, taken from the following
sources [7-12]. WBC: white blood cell count; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate IL interleukin; N.D: not detected.

Takasago Uchida et al.[8] Fukuda Baba et al.[10] Wakamori Kudo et al. Yamaguchi Mean Case
etal[7] et al.[9] etal[11] etal.[12] [7-12]
Age 9 16 9 10 12 11 15 12 4
Male F M M M M M 5/ M
7 (71%)
Kawasaki disease sign  6/6 3/6 6/6 6/6 5/6 6/6 6/6 5/ 6/6
(6/6) 7 (71%)
Abdominal symptoms abdominal pain, abdominal pain diarrhea abdominal nausea vomiting diarrhea 6/ abdominal pain,
vomiting pain, diarrhea 6 (100%) vomiting
Kobayashi score (>5) 5 6 5 4 5 5 5 5 3
IVig effective effective effective effective effective refractory  Refractory 5/ effective
7 (71%)  (added)
PSL 2 mg/kg/d - - 2 mg/kg/d 60 mg/d - 60 mg/d 4/ -
7 (57%)
CRP (mg/dL) 22.05 20.6 22.6 219 153 13.2 10.22 17.98 2.79
Neutrophils (%) 90% 93.1% 93.6% 91% 72.5% 89% 95% 89.2% 79.7%
Lymphocytes (/pL) 470 359 512 N.D 470 325 300 406 1554
Platelets (x10%/uL) 15.8 13 315 72 9.1 15.1 49 13.8 10.7
Sodium (mEgq/L) 126 132 129 131 132 133 130 1304 126
Procalcitonin (ng/mL)  25.6 5.38 1.8 N.D 1.6 N.D N.D 8.6 5.8
Ferritin (ng/mL) 987 294 831 3685 N.D 570 11,404 2961 173
ESR (mm/h) 54 N.D 79 N.D 33 N.D 69 59 95
p-dimer (ug/mL) 49 5.0 3.6 28 6.7 5.4 13.0 9.5 19.4
Fibrinogen (mg/dL) 691 606 758 605 593 447 412 587 330
IL-6 (pg/mL) > 500 N.D 412 N.D N.D 136 N.D N.D 157
Interval of SARS-CoV- 31 23 30 N.D 45 46 27 34 28

2-positive
infection
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We encountered a case involving a 4-year-old boy who presented
with Kawasaki-like symptoms 28 days after a positive SARS-CoV-2
PCR test and was diagnosed with MIS-C/PIMS. MIS-C/PIMS is most
common among children of school age and older, but can also occur
in young children and is a serious disease. It is important to keep this
disease in mind when Kawasaki-like symptoms are observed in in-
fants.
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