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Abstract

To compare the clinical and laboratory findings of multisystem inflammatory syndrome in children (MIS-C), patients with
Kawasaki disease (KD) and with macrophage activating syndrome due to systemic juvenile idiopathic arthritis (SJIA-MAS)
on real-life data. Patients diagnosed with MIS-C, KD, and sJTA-MAS from 12 different centers in Turkey who were fol-
lowed for at least 6 months were included in the study. Demographic, clinical, and laboratory findings of all patients were
analyzed. A total of 154 MIS-C, 59 KD, and 31 sJIA-MAS patients were included. The median age of patients with MIS-C
were higher than those with KD while lower than those with sJIA-MAS (8.2, 3, 12 years, respectively). Myalgia (39.6%),
cardiac (50.6%), gastrointestinal (72.7%), and neurological (22.1%) involvements were more common in patients with
MIS-C compared to others. MIS-C patients had lower levels of lymphocyte (950 vs 1700 cells/ul) and thrombocyte (173,000
vs 355,000 cells/ul) counts and higher pro-BNP (1108 vs 55 pg/ml) levels than KD. Ferritin levels were higher in patients
with MIS-C compared to patients with KD while they were lower than patients with sJIA-MAS (440, 170, 10,442 ng/ml,
respectively). Patients with MIS-C had a shorter duration of hospitalization than sJIA-MAS (p=0.02) while they required
intensive care unit admission more frequently (55 vs 8 patients, p <0.001). The median MAS/sJIA score of MIS-C patients
was — 1.64 (—5.23 t0 9.68) and the median MAS/sJIA score of sJIA-MAS patients was —2.81 ([—3.79] to [— 1.27]). MIS-C
patients displayed certain differences in clinical and laboratory features when compared to KD and sJIA-MAS. Definition
of the differences and similarities between MIS-C and the other intense inflammatory syndromes of childhood such as KD
and MAS will help the clinicians while making timely diagnosis.

Keywords Multisystem inflammatory syndrome in children (MIS-C) - Kawasaki disease (KD) - Macrophage activation
syndrome - Systemic juvenile idiopathic arthritis

Introduction

Severe Acute Respiratory Syndrome Coronavirus type 2

(SARS-CoV-2) was first defined in Wuhan, Hubei province,
China as a cluster of unexplained pneumonia in December

D4 Giilgin Otar Yener 2019 [1]. Subsequently, it became a global health problem
gulcinotar @gmail.com and the World Health Organization (WHO) accepted this
Extended author information available on the last page of the article outbreak as a pandemic disease called Coronavirus disease

@ Springer


http://orcid.org/0000-0003-2575-6309
http://orcid.org/0000-0002-1800-9922
http://orcid.org/0000-0002-8197-6077
http://orcid.org/0000-0002-8974-7121
http://orcid.org/0000-0002-6963-9668
http://orcid.org/0000-0001-5602-4595
http://orcid.org/0000-0001-8095-2017
http://orcid.org/0000-0002-4823-2076
http://orcid.org/0000-0002-1667-2480
http://orcid.org/0000-0003-0466-0228
http://orcid.org/0000-0002-1034-6406
http://orcid.org/0000-0002-7685-7364
http://orcid.org/0000-0002-2432-2499
http://orcid.org/0000-0002-7834-4909
http://orcid.org/0000-0003-2434-4134
http://orcid.org/0000-0002-8470-4907
http://orcid.org/0000-0002-5076-1479
http://orcid.org/0000-0001-5637-8553
http://orcid.org/0000-0001-9434-3597
http://orcid.org/0000-0002-5146-0686
http://orcid.org/0000-0002-3232-0055
http://orcid.org/0000-0002-2400-6955
http://orcid.org/0000-0003-3014-5692
http://orcid.org/0000-0002-1386-4575
http://orcid.org/0000-0001-9950-2489
http://orcid.org/0000-0001-7844-3387
http://orcid.org/0000-0001-7216-0562
http://orcid.org/0000-0002-9957-8894
http://orcid.org/0000-0001-7490-7076
http://orcid.org/0000-0002-5365-3457
http://orcid.org/0000-0002-8534-0930
http://orcid.org/0000-0001-9801-925X
http://orcid.org/0000-0001-8459-2872
http://orcid.org/0000-0001-6512-6868
http://orcid.org/0000-0001-7456-9791
http://orcid.org/0000-0002-6760-3936
http://orcid.org/0000-0001-8662-6909
http://orcid.org/0000-0002-7680-8183
http://orcid.org/0000-0002-9186-3068
http://orcid.org/0000-0002-6232-0072
http://orcid.org/0000-0003-3594-7387
http://orcid.org/0000-0002-2157-7226
http://orcid.org/0000-0001-9415-1640
http://orcid.org/0000-0002-5079-5644
http://orcid.org/0000-0002-1125-7720
http://orcid.org/0000-0002-2389-7282
http://crossmark.crossref.org/dialog/?doi=10.1007/s00296-021-04980-7&domain=pdf

880

Rheumatology International (2022) 42:879-889

19 (COVID-19). Children infected with COVID-19 have
usually a mild or asymptomatic course and account for only
1-5% of patients [2]. At the end of April 2020, a newly
recognized syndrome was defined with severe multisys-
tem inflammation in children with clinical features similar
to those found in classic Kawasaki disease (KD) and toxic
shock syndrome in countries affected by SARS-CoV-2 [3-6].
This novel disease was initially named pediatric inflam-
matory multisystem syndrome temporally associated with
SARS-CoV-2 (PIMS-TS) and a guide was published to raise
awareness among clinicians by the Royal College of Pedi-
atrics and Child Health in the United Kingdom [7]. Later,
WHO and the Centers for Disease Control and Prevention
(CDC) in the USA named this novel disease as multisystem
inflammatory syndrome in children (MIS-C) and defined
diagnostic criteria [8, 9]. MIS-C was defined as: age of
younger than 21 years, fever (body temperature, > 38.0 °C)
or report of subjective fever lasting at least 24 h, serious
illness leading to hospitalization, laboratory evidence of
inflammation, multisystem organ involvement (i.e., involv-
ing at least two systems), and laboratory-confirmed SARS-
CoV-2 infection (positive SARS-CoV-2 real-time reverse
transcriptase polymerase chain [RT-PCR] or antibody test
during hospitalization) or an epidemiologic link to a person
with COVID-19 [8, 9].

MIS-C resembles two of the intense inflammatory syn-
dromes we know well in pediatric rheumatology [10, 11].
Fever and certain manifestations are comparable in patients
with MIS-C and KD, whereas the cytokine storm reflected
in the laboratory findings of patients with MIS-C resembles
macrophage activating syndrome (MAS) [12, 13]. Both the
clinical and laboratory features of MIS-C may mimic infec-
tious or autoinflammatory diseases [11-15].

In our rheumatology practice, although MIS-C patients
are increasing day by day, there were cases finally diagnosed
with KD and MAS during the same period. Therefore, dis-
playing the major clinical and laboratory differences of
MIS-C is critical for making a proper differential diagno-
sis. The studies comparing MIS-C with classical KD [5, 6,
16-20] or MAS [20, 21] are restricted with small sample
sizes.

Herein, in this nationwide multicenter cohort, we aimed
to evaluate patients diagnosed with MIS-C and subsequently
to compare their clinical and laboratory findings with those
of patients previously diagnosed with KD and MAS sec-
ondary to systemic juvenile idiopathic arthritis (SJIA-MAS).
Undoubtedly, COVID-19 and MIS-C will continue to be a
problem in the coming months or years. Demonstrating the
differences between these three diseases may help clinicians
to make timely diagnosis and appropriate management.
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Materials and methods

This cross-sectional study between May, 2020 and May,
2021 was accomplished in 12 pediatric rheumatology cent-
ers across Turkey. Patients with MIS-C and a control group
concerning patients diagnosed with KD or sJIA-MAS were
included in the study. Patients with KD were diagnosed dur-
ing the study period while patients with sJIA were diagnosed
previously but developed MAS during the study period.
The patients who did not have the results of SARS-CoV-2
polymerase chain reaction (PCR) and antibody tests were
excluded. All data were collected retrospectively from the
medical records.

The diagnostic criteria of CDC and WHO were used to
define patients with MIS-C [8, 9]. An epidemiologic link was
defined as exposure to a person with suspected COVID-19
within 4 weeks before the onset of MIS-C symptoms. SARS-
CoV-2 polymerase chain reaction (PCR) and SARS-CoV-2
antibody [immunoglobulin (Ig) M and IgG] were tested for
all patients diagnosed with MIS-C, KD and sJIA-MAS, as
well. Standardized SARS-CoV-2 PCR (Bio-Speedy® SARS-
CoV-2N RT-qPCR kit) and SARS-CoV-2 serological tests
such as rapid antibody tests that detect ELISA or IgM/IgG
were performed according to the protocols provided by the
manufacturer in accredited testing laboratories.

Complete and incomplete KD were identified accord-
ing to the American Heart Association (AHA) definition
[22]. Interpretation of the coronary artery z-score was made
according to AHA guidelines [22]. Cardiac dysfunction/
depression was defined as an ejection fraction <55% or as
a fractional shortening < 45%. Kawasaki disease shock syn-
drome (KDSS) was described based on systolic hypoten-
sion for age, a decrease in systolic blood pressure from a
baseline of >20%, or clinical signs of poor perfusion [23].
The patients were defined as being IVIG resistant if they had
persistent or recurrent fever at least 36 h after completion of
the first IVIG dose [23]. Patients who were diagnosed with
sJIA previously and developed MAS during the study period
were included to the study.

The diagnoses of sJIA and MAS were made according to
the International League of Associations for Rheumatology
(ILAR) criteria [24] and MAS classification criteria [25],
respectively. The MAS/sJTA (MS) score was calculated in
all patients [26]. The MS score ranges from —8.4 to 41.8 and
consists of seven variables: central nervous system dysfunc-
tion, hemorrhagic manifestations, active arthritis, platelet
count, fibrinogen, lactate dehydrogenase, and ferritin. The
cut-off value > —2.1 discriminates MAS from active sJIA
and was used to measure the severity of inflammation.
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Clinical and laboratory evaluation

Complete blood count (CBC), albumin, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT),
sodium, urea, creatinine, C-reactive protein (CRP), eryth-
rocyte sedimentation rate (ESR), ferritin, procalcitonin,
prothrombin time (PT), activated partial thromboplastin
time (APTT), D-dimer, fibrinogen, troponin-I, pro-B-type
natriuretic peptide (BNP) levels and echocardiogram find-
ings were recorded from the medical files of the patients.
Reference values for laboratory tests were based on the mean
age of the whole study population.

Cardiac features were recorded as positive in the pres-
ence of any echocardiogram findings: Pericarditis, depressed
ejection fraction, valvular dysfunction/valvulitis, coronary
dilation, or coronary aneurysm.

Medical treatment and intensive care unit (ICU) sup-
port (inotropic agents, oxygen therapy, invasive mechanical
ventilation, therapeutic plasma exchange, and extracorpor-
eal membrane oxygenation) applied to the patients were
recorded separately.

Study approval and participant consent were obtained
from all centers participating in the study and finally, the
study was approved by the local ethical board (University
of Health Sciences, Umraniye Research and Training Hos-
pital, number: B.10.1.TKH.4.34.H.GP.0.01/400, approval
date: December 24, 2020).

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware version 21. The variables were investigated using
visual (histogram, probability plots) and analytic methods
(Kolmogorov—Smirnov) to determine whether they are
normally distributed. The data of descriptive analysis were
expressed as mean—standard deviation (SD) or median;
minimum-maximum where appropriate. Categorical vari-
ables were compared with the chi-square test or Fisher’s
exact test where appropriate. The Kruskal-Wallis test was
used to compare the continuous data between groups. The
Mann—Whitney U-test was performed to test the significance
of differences using Bonferroni correction to adjust for mul-
tiple comparisons.

Results
Study population

A total of 154 patients diagnosed with MIS-C participated
in the study. As a control group, 59 patients diagnosed with

KD and 31 patients with sJIA-MAS were included. Among
154 patients with MIS-C, 101 (65.6%) were male and 53
(34.4%) were female with a median age of 8.2 (1-20) years.
Eighteen of 154 patients with MIS-C had a concomitant
disease (neurologic disease =35, renal diseases =3, endocrine
diseases =3, asthma =2, familial Mediterranean fever=2,
chronic granulomatous disease = 1, adenosine deaminase 2
deficiency =1, and juvenile dermatomyositis = 1).

SARS-CoV-2 test results

One hundred and nine (70.8%) patients had a history of con-
tact with COVID-19 patients in the last four weeks. At the
time of diagnosis; SARS-CoV-2 PCR was positive in 16
(10.4%) patients and 129 patients (83.8%) were positive for
SARS-CoV-2 IgG or IgM.

Clinical features of MIS-C patients

Fever was the major symptom (n =154, 100%), followed by
gastrointestinal (n=112, 72.7%) and cardiovascular manifes-
tations (n =78, 50.6%). The median duration of fever before
the diagnosis was 1 (1-4) days and the median duration of
fever during the follow-up was 5 (2—-14) days. The clinical
features of patients with MIS-C are depicted in Table 1.

Laboratory investigation of MIS-C patients

At admission, 113 (73.4%) patients had lymphopenia and
58 (37.7%) had thrombocytopenia. One hundred forty-nine
patients (96.7%) had elevated levels of CRP while ESR was
elevated in 99 (64.3%) and ferritin in 75 (48.7%) patients.
Procalcitonin was increased in 101 (99.1%) of 102 tested
patients. Hyponatremia and hypoalbuminemia were detected
in 90 (58.4%) and 107 (69.4%) patients, respectively. Of 67
patients tested for Pro-BNP and troponin-I, 63 (94%) had
increased levels of pro-BNP and 19 (28.3%) had increased
levels of troponin-I. The D-dimer test was performed in all
the cases with MIS-C and it was elevated in 63 (40.9%)
patients.

Of 78 patients evaluated by chest radiograph and pleu-
ral effusion was detected in 12 (15.3%) patients. Among
44 (28.6%) patients who underwent thorax computerized
tomography (CT), 9 (20.4%) had pleural effusion, 18 (41%)
had ground-glass opacities and 17 (38.6%) had no abnormal
findings. Of 49 (31.8%) patients evaluated by abdominal CT,
and bowel edema was detected in 7 (14.2%) and cholecystitis
in 4 (8.1%) patients.

Pericarditis was detected in 9 (5.8%), myocarditis in 39
(25.3%), CA dilatation in 25 (16.2%), CA aneurysm in 2
(1.3%), and mitral valve insufficiency in 24 (15.6%) patients
by echocardiogram examination.

@ Springer



882

Rheumatology International (2022) 42:879-889

Table 1 Clinical features of patients diagnosed with multisystemic inflammatory syndrome in children

Clinical features n (%) Clinical features n (%)
Fever 154 (100) Renal involvement 13 (8.4)
Musculoskeletal symptoms Gastrointestinal involvement
Arthralgia 31 (20.1) Abdominal pain 71 (46.1)
Myalgia 61 (39.6) Diarrhea 42 (27.2)
Arthritis 14 (9.1) Vomiting 36 (23.3)
Mucocutaneous findings Bleeding (melaena) 1 (0.6)
Rash (maculopapular) 93 (60.3) Cardiac involvement
Conjunctivitis 95 (61.6) Myocarditis 39 (25.3)
Cracked and erythematous lips 80 (51.9) Coronary artery dilatation/aneurysm 25(16.2)/2 (1.3)
Strawberry tongue 62 (40.3) Mitral insufficiency 6 (3.8)
Extremity changes (erythema, induration or desqua- 27 (17.5) Pericardial effusion 9(5.8)
mation of hands and/or feet
Lymphadenopathy 53 (34.4) Neurologic involvement
Hepatomegaly 14 (9.1) Headache 9(5.8)
Splenomegaly 5@3.2) Irritability—agitation—confusion 21 (13.6)
Hematological involvement 36 (23.3) Convulsion 2 (1.3)
Respiratory symptoms (cough or dyspnea) 62 (40.3) Neck stiffness 2(1.3)

Treatment of MIS-C patients

The median time of hospitalization was 8 (2-92) days.
Fifty-five (35.7%) patients were admitted to intensive care
unit (ICU) within median 1 (1-10) day after hospitaliza-
tion. The median time of hospitalization in (ICU) was 5
(1-75) days.

Forty-three (27.9%) patients required O, support and
18 (11.7%) patients needed mechanical ventilation. Fifty-
five (35.7%) patients required inotropic agents. All patients
received intravenous immunoglobulin (IVIG) (2 g/kg) and
19 (12.3%) patients required a second dose of IVIG. One
hundred thirteen patients were treated with methylpred-
nisolone (2 mg/kg/day). Methylprednisolone (10-30 mg/
kg/day, 1-3 days) was given as an initial treatment in 38
(24.6%) patients. Steroid treatment was tapered and ceased
within a median of 21 (2-60) days. Twenty-five (16.2%)
patients received favipiravir while 2 (1.3%) received rem-
desivir and 4 (2.6%) lopinavir. Anti-interleukin (IL)-1
treatment (anakinra) was administered to 47 (30.5%)
patients and anti-IL-6 (tocilizumab) to 4 (2.6%) patients.
Furthermore, therapeutic plasma exchange was applied to
27 (17.5%) patients and only one (0.6%) patient required
extracorporeal membrane oxygenation. Seventeen (11%)
patients were treated with an anti-inflammatory dose of
acetylsalicylic acid (ASA) (40-80 mg/kg/day) while 111
(72%) patients were treated with prophylactic low-molecu-
lar-weight heparin (LMWH) (1 mg/kg/day) and all of them
were discharged with ASA (3-5 mg/kg/day).

@ Springer

Outcomes of MIS-C patients

The ferritin levels declined to 25% of the initial values
within a median of 6.5 days and to 50% within a median of
9 days. The lymphocyte counts increased to over 1000 mm?
within a median of 4.5 days and to over 1500 mm?® within
a median of 5.5 days. In the median of 6.5 and 10 days, the
neutrophil counts and CRP values came to normal, respec-
tively. Five patients (3.2%) died due to MIS-C.

Laboratory findings of MIS-C patients at the first-
month control after discharge were summarized in Table 2.

Table2 The laboratory findings of multisystem inflammatory syn-
drome in children patients at the first-month control after discharge

Parameters Patients (n=149)

White blood counts (cells/ul)*
Lymphocyte counts (cells/ul)*

8340 (4060-19,600)
3350 (1370-9360)
4130 (1840-16,100)
357,000 (150,000-652,000)
12.8 (9.8-14.7)

Neutrophil counts (cells/ul)*
Platelet counts (cells/ul)*
Hemoglobin, g/dL

C-reactive protein (0-5 mg/1)* 1.1 (0.8-20)
Ferritin (7-140 ng/ml)* 48 (5-859)
Albumin (3.8-5.4 g/dL)* 4.3 (3.6-4.6)
Aspartate aminotransferase (5-32 U/L)? 26 (13-44)
Alanine aminotransferase (5-33 U/L)* 19 (10-115)
D-dimer (0-0.5 pg/ml)* 0.3 (0.1-1.7)
NT-pro- brain natriuretic peptide (pg/ 25 (7.5-151)

ml)?

#Data was expressed as median (minimum-maximum)
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Echocardiogram evaluations were normal in 142 (92.2%)
patients however, six (3.8%) had CA dilatation and one
(0.6%) had slightly low EF (55%) at the first-month control.

Comparison of the clinical and laboratory findings
of MIS-C patients with others

Eighty-three (53.8%) patients with MIS-C fulfilled the clas-
sification criteria of KD. Forty-one (26.6%) patients had
signs and symptoms of complete KD, while 42 (27.2%)
patients had incomplete KD features. Furthermore, 67
(43.5%) patients presented with KDSS manifestations. In
the control group of KD patients, 47 (79.6%) met the clas-
sification criteria for complete KD while 12 (20.4%) were
incomplete KD, however none of the KD patients presented
with KDSS. MIS-C patients presented with incomplete form
and KDSS more commonly compared to the control group
of KD patients. Comparison of the clinical and laboratory
findings of patients with MIS-C and the others were depicted
in Table 3.

Of 154 patients with MIS-C, 28 (18.1%) met the MAS
classification criteria. The median MS score of MIS-C
patients was —1.64 (—=5.23 t0 9.68) and 71 (46.1%) patients
had a > —2.1 MS score which was the best cut-off value
in discriminating MAS from active sJIA. In the sJIA-MAS
group, the median levels of MS score was —2.81 ([—3.79]
to [—1.27]). MS score was higher>—2.1 in 14 (45.1%) of
patients with sJIA-MAS. None of the patients with sJIA-
MAS presented with shock.

The median age of patients with MIS-C were higher
than those with KD while lower than those with sSJIA-MAS
(p<0.001). Even though fever was the main feature among
all, its duration was longer in patients with sJIA-MAS.
Arthritis was more common in patients with sJTIA-MAS
whereas myalgia was more common in patients with MIS-C
than those with KD, sJTA-MAS. Hepatomegaly and sple-
nomegaly were less commonly detected in MIS-C patients
compared to patients with sJIA-MAS. Cardiac involvement
was significantly more pronounced in patients with MIS-C
than patients with KD, sJIA-MAS. Pericarditis was detected
in 9 patients with MIS-C, in 4 with KD, and in 4 with sJIA-
MAS (p=0.37). Myocarditis was a distinctive feature in
patients with MIS-C (n=39) compared to patients with KD
(n=0) and sJIA-MAS (n=4) (p <0.001). The frequency of
CA involvement was 17.5% (n=27) in patients with MIS-C
while it was 20.3% (n=12) in KD (p =0.02). Neurological
involvement was noticeable in patients with MIS-C com-
pared to those with KD and sJIA-MAS.

Patients with MIS-C had lower levels of lymphocyte and
thrombocyte than those with KD while not different than
patients with sJIA-MAS. The median level of CRP was
higher in patients with MIS-C but ferritin levels were higher
in patients with sJIA-MAS. However, patients with MIS-C

had higher levels of ferritin compared to patients with KD.
Fibrinogen levels of MIS-C patients were higher than those
with sJIA-MAS and lower than patients with KD. The lev-
els of D-dimer were higher in MIS-C patients than patients
with KD while lower than patients with sJIA-MAS. Patients
with MIS-C had significantly higher levels of pro-BNP than
patients with KD.

Patients with MIS-C had a shorter period of hospitaliza-
tion compared to patients with sJIA-MAS (p =0.02) while
they required intensive care more frequently (n=55) com-
pared to patients with sJTIA-MAS (n=8) (p <0.001). The
duration of normalization of ferritin levels, and lymphocyte,
and neutrophil counts were similar in between groups.

Discussion

We compared the clinical and laboratory findings of MIS-C
patients with KD and sJTA-MAS patients in a large cohort.
We aim to show the differences and similarities between
these three disorders that can assist clinicians in making
rapid diagnoses and appropriate management decisions.
The cardiac, gastrointestinal, neurological involvements and
myalgia were more pronounced in MIS-C patients compared
to patients with KD and sJIA-MAS. When compared to oth-
ers, patients with MIS-C had significantly lower lympho-
cyte counts, higher CRP, ESR, and pro-BNP levels. Fur-
thermore, ferritin levels were higher in patients with MIS-C
compared to patients with KD while lower than patients with
sJIA-MAS.

Initial reports had shown that children with COVID-19
had a milder or asymptomatic course compared to adults
[1]. However, the belief that COVID-19 is milder in children
changed with the description of Kawasaki-like findings asso-
ciated with SARS-CoV-2 in April, 2020 [27].

Subsequently, severe cases with an inflammatory syn-
drome requiring intensive care were reported increasingly
[3, 28, 29]. Verdoni et al. reported that the incidence of
Kawasaki-like disease increased 30-fold in patients infected
with SARS-CoV-2 and they also stated that the MIS-C
patients were more prone to have higher rates of MAS and
KDSS compared to classical KD patients [6]. KDSS, an
unusual form of KD, shares many similarities to MIS-C
[30]. KDSS usually presents in older ages with a higher rate
of myocarditis and elevated levels of inflammatory mark-
ers compared to KD [23, 30]. According to the literature,
KDSS was more frequently observed in MIS-C patients than
classic KD patients (7% vs. 45.8%) [5, 6, 14—17]. Similarly,
in the present study, no KDSS cases were presented among
the classic KD patients, while the rate of KDSS was 43% in
MIS-C patients.

Cardiac involvement is common in MIS-C and KD
patients while the nature of cardiac findings is quite different.

@ Springer
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Table 3 Comparison of patient groups in terms of clinical and laboratory findings

MIS-C (n=154) KD (n=59) SJIA-MAS (n=31) p value p value (MIS-C p value (KD
(MIS-Cvs  vssIIA-MAS)  vs sJIA-
KD) MAS)
Demographic findings
Age at diagnosis, 8.2 (1-20) 3(0.5-14.5) 12 (1-18) <0.001 0.01 <0.001
years
Gender (female/male) 101/53 38/21 17/14 0.87 0.25 0.37
Clinical findings
Fever, n (%) 154 (100) 59 (100) 31 (100) 0.41 0.46 0.37
Duration of fever, 5(2-14) 8 (3-12) 14 (3-60) <0.001 <0.001 <0.001
days
Arthritis, n (%) 14 (9.1) 2(3.3) 12 (38.7) 0.24 <0.001 <0.001
Myalgia, n (%) 61 (39.6) 12 (20.3) 5(16.1) <0.001 0.01 0.62
Rash, n (%) 93 (60.3) 48 (81.3) 25 (80.6) 0.004 <0.001 0.57
Conjunctivitis, n (%) 95 (61.6) 54 (91.5) 0(0) <0.001 <0.001 <0.001
Cracked and erythe- 80 (51.9) 46 (77.9) 00 <0.001 <0.001 <0.001
matous lips, n (%)
Strawberry tongue, 62 (40.3) 43 (72.8) 00 <0.001 <0.001 <0.001
n (%)
Extremity changes, 27 (17.5) 34 (57.6) 3(9.7) <0.001 0.27 <0.001
n (%)
Lymphadenopathy, 53 (34.4) 38 (64.4) 6(19.3) <0.001 0.56 0.001
n (%)
Hepatomegaly, n (%) 14 (9.1) 1(1.7) 20 (64.5) 0.07 <0.001 <0.001
Splenomegaly, n (%) 5 (3.2) 0(0) 18 (58.1) 0.32 <0.001 <0.001
Cardiac involvement, 78 (50.6) 16 (27.1) 8 (25.8) <0.001 <0.001 0.56
n (%)
Gastrointestinal 112 (72.7) 15 (25.4) 1(3.2) <0.001 <0.001 0.009
involvement, n (%)
Hematologic involve- 36 (23.3) 5(8.4) 9 (29) <0.001 0.51 0.01
ment, n (%)
Renal involvement, 13 (8.4) 2(3.4) 3(9.7) 0.24 0.56 0.33
n (%)
Neurologic involve- 34 (22.1) 5(8.5) 3(9.7) 0.01 0.22 0.37
ment, n (%)
Laboratory findings
White blood counts 9890 (2940-29,900) 14,200 (4010-47,760) 11,280 (1700-19,760) <0.001 0.59 0.005
(cells/ul)*
Lymphocyte counts 950 (200-3740) 1700 (830-6870) 1100 (190-4300) <0.001 0.06 <0.001
(cells/ul)*
Platelet counts 173,000 (49,000- 355,000 (111,000- 176,000 (93,000- <0.001 0.82 0.003
(cells'ul)? 788,000) 813,000) 445,000)
Hemoglobin, g/dL 11(7.5-16.4) 11.2 (7.8-13) 9.2 (7.1-13.6) 0.67 0.02 0.01
C-reactive protein 151 (20-327) 64 (6.1-250) 100 (24-336) <0.001 0.01 0.06
(mg/L)*
Erythrocyte sedimen- 40 (5-97) 57 (7-115) 31 (5-110) 0.05 0.51 0.07
tation rate (mm/h)?
Ferritin (ng/mL)? 440 (98-30,285) 170 (29-1006) 10,442 (6440- <0.001 <0.001 <0.001
144,797)
Procalcitonin (ng/ 2.6 (0.1-100) 3(0.1-4.3) 0.9 (0.05-2.7) <0.001 0.02 0.58
mL)?
D-dimer (pg/mL)?* 2.7 (1-69) 1.7 (0-28) 5.4 (0.2-80) 0.03 0.12 0.02
Fibrinogen (g/L) 482 (125-768) 644 (511-919) 238 (121-486) 0.001 <0.001 <0.001
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Table 3 (continued)

MIS-C (n=154) KD (n=59) SJIA-MAS (n=31) p value p value (MIS-C p value (KD
(MIS-Cvs  vssIIA-MAS)  vs sJIA-
KD) MAS)
NT-pro- brain natriu- 1108 (15-35,000) 55 (12-4659) NA <0.001 NA NA
retic peptide. (pg/
mL)?
Albumin (g/dL)* 3.1(1.94.3) 33244 3.1 (1.7-4.7) 0.04 0.61 0.03
Aspartate ami- 32 (9-1098) 26 (9-949) 68 (22-1171) 0.12 <0.001 <0.001
notransferase (U/L)*
Alanine aminotrans- 19 (8-210) 28 (8-822) 48 (8-344) 0.01 0.02 0.18
ferase (U/L)*
Urea (mg/dL)? 22 (5-162) 11 (2-38) 11 (2-94) <0.001 0.001 0.12
Creatinine (mg/dL)* 0.4 (0.2-2.2) 0.3 (0.09-0.8) 0.4 (0.2-1.5) 0.16 0.76 0.16

MIS-C multisystem inflammatory syndrome in children; KD Kawasaki Disease, sJIA systemic juvenile idiopathic arthritis; MAS macrophage

activating syndrome; NA not available

*Data was expressed as median (minimum-maximum)

Myocarditis is more common in patients with MIS-C than
patients with KD while CA involvement is more commonly
observed in KD compared to MIS-C patients [5, 6, 16-20,
31]. Similar to recent studies, myocarditis was more com-
mon while CA involvement was less commonly observed
in our MIS-C patients than KD patients. However, the fre-
quency of pericarditis was similar in all groups.

Cherqaoui et al. reported that mucocutaneous signs were
less notable in MIS-C [18]. Correspondingly, in our cohort,
the cracked and erythematous lips, strawberry tongue,
and conjunctivitis were more frequent in KD patients than
MIS-C patients. In laboratory work-up, lymphopenia, throm-
bocytopenia, hyponatremia, and hypoalbuminemia were
prominent in MIS-C patients likewise the other studies [,
6, 16-20]. These differences in the clinical and laboratory
findings support that MIS-C and KD are two distinct entities
with overlapping clinical characteristics [32, 33].

Macrophage activating syndrome is a severe, potentially
life-threatening complication of sJIA. It is characterized
by unremitting fever, hepatosplenomegaly, hyperferritine-
mia, pancytopenia, hepatic dysfunction, coagulopathy,
and encephalopathy [34]. Even though most of the labo-
ratory findings in MIS-C suggest a MAS-like cytokine
storm, ferritin levels are higher and fibrinogen levels are
lower in patients with MAS [20, 21]. During the diagno-
sis of sJIA, presence of higher levels of ferritin and lower
levels of fibrinogen were regarded as early warning signs
of an impending MAS [35]. In the study of Pouletty et al.
being older than 5 years of age and having ferritin lev-
els > 1400 pg/L were displayed as the best discriminators
of severe MIS-C and progressive MAS [16]. Furthermore,
with immunological work-up, distinctive features stand out
in patients with MIS-C, KD, and MAS. The soluble IL-12,
IL-18, and CXCL9 were higher in MAS than MIS-C [20].

Diorio et al. showed that children with MIS-C had higher
levels of IL-10 and TNF than patients with COVID-19 [36].
Consiglio et al. reported that markers specifically associ-
ated with arteritis such as soluble IL-6, IL-17A, CXCL10,
were higher in KD than in MIS-C [37]. These findings are
suggestive of a distinct immunological phenotype in MIS-C
compared to KD and MAS.

The MS score is a tool that was created for the early
determination of MAS in sJIA patients [26]. In the present
study, although all MIS-C patients had highly elevated lev-
els of inflammatory markers and 46.1% of them had MS
score > —2.1, which was the best cut-off value in discrimi-
nating MAS from active sJIA, only 18.1% of MIS-C patients
met the classification criteria of MAS. Patients with MIS-C
had a shorter duration of hospitalization than patients with
sJTIA-MAS (p=0.02) while they required intensive care
unit admission more frequently than sJIA-MAS (p <0.001)
because of myocarditis. Unlike MAS secondary to sJIA or
other causes, the overwhelming inflammation in MIS-C is
not easily discriminated by laboratory parameters in general,
but the life-threatening manifestations of MIS-C are compa-
rable to the features of MAS.

Until now, the data regarding the outcome of MIS-C
was limited [4, 13, 18, 38—-40]. In the literature, most
MIS-C patients had a normal left ventricular function in
the echocardiogram at 4—6 weeks [4, 13, 18, 38, 39]. In the
present study, the echocardiogram at the first month was
normal in most of the patients while only six patients had
CA dilatation and one patient had slightly low EF.

Apart from clinical improvement, it is a matter of interest
when laboratory findings will improve. The study of Lee
et al. showed that the mean time to 50% decrease in CRP
and ferritin levels were 5.3 days and 13.4 days, respectively
[17]. Correspondingly, CRP levels returned to normal levels
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at 10 days in our cohort. However, the time of 50% decrease
in ferritin levels was 9 days, and ferritin levels were still high
in some cases in the first month. We observed that ferritin
was the latest parameter that normalized in MIS-C.

Our study has some potential limitations. This is cross-
sectional study from 12 different pediatric rheumatology
centers. Antibody tests against SARS-CoV-2 were per-
formed by different techniques depending on the centers;
however, the protocols provided by the manufacturer in
accredited testing laboratories. We could not collect all labo-
ratory parameters such as IL-6, BNP due to the limitations
of some centers. However, it is multicentric and nationwide
study comparing MIS-C cases with KD and sJIA-MAS in
terms of clinical and laboratory characteristics. To the best
of our knowledge, this is the first study evaluating and com-
paring the clinical and laboratory features of MIS-C patients
with KD and sJIA-MAS patients in a large multicenter and
nationwide cohort.

Conclusion

MIS-C is a pediatric rheumatic emergency of SARS-Cov-2
infection. Undoubtedly, COVID-19 and MIS-C will continue
to be a problem in the coming months or years. Demonstra-
tion of the differences and similarities between MIS-C and
the other intense inflammatory syndromes of childhood such
as KD and MAS is quite important. The improvement of the
knowledge about this new disease and differentiation of it
from already known mimickers may guide the clinicians to
make timely and accurate diagnosis.
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