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Abstract

Objective We aimed to describe the typical clinical and laboratory features and treatment of children diagnosed with multisystem
inflammatory syndrome in children (MIS-C) and to understand the differences as compared to severe/critical pediatric cases with
COVID-19 in an eastern Mediterranean country.

Methods Children (aged <18 years) who diagnosed with MIS-C and severe/critical pediatric cases with COVID-19 and were
admitted to hospital between March 26 and November 3, 2020 were enrolled in the study.

Results A total of 52 patients, 22 patients diagnosed with COVID-19 with severe/critical disease course and 30 patients diag-
nosed with MIS-C, were included in the study. Although severe COVID-19 cases and cases with MIS-C share many clinical and
laboratory features, MIS-C cases had longer fever duration and higher rate of the existence of rash, conjunctival injection,
peripheral edema, abdominal pain, altered mental status, and myalgia than in severe cases (p<0.001 for each). Of all, 53.3%
of MIS-C cases had the evidence of myocardial involvement as compared to severe cases (27.2%). Additionally, C-reactive
protein (CRP) and white blood cell (WBC) are the independent predictors for the diagnosis of MIS-C, particularly in the
existence of conjunctival injection and rash. Corticosteroids, intravenous immunoglobulin (IVIG), and biologic immunomodu-
latory treatments were mainly used in MIS-C cases rather than cases with severe disease course. There were only three deaths
among 52 patients, one of whom had Burkitt lymphoma and the two cases with severe COVID-19 of late referral.

Conclusion Differences between clinical presentations, acute phase responses, organ involvements, and management strategies
indicate that MIS-C might be a distinct immunopathogenic disease as compared to pediatric COVID-19. Conjunctival injection
and higher CRP and low WBC count are reliable diagnostic parameters for MIS-C cases.

Key Points

* MIS-C cases had longer fever duration and higher rate of the existence of rash, conjunctival injection, peripheral edema, abdominal pain, altered
mental status, and myalgia than in severe/critical pediatric cases with COVID-19.

* Higher CRP and low total WBC count are the independent predictors for the diagnosis of MIS-C.

* MIS-C might be a distinct immunopathogenic disease as compared to pediatric COVID-19.
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Introduction

The emerging infection due to Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), named COVID-
19, commonly has led a mild upper respiratory illness in chil-
dren [1-4]. For instance, a study of 220 children with con-
firmed COVID-19 from Turkey, including our hospital, re-
ported that 66% of cases presented with an asymptomatic
and mild disease course, whereas 2.7% of the pediatric cases
had a severe disease [5]. In the beginning of May 2020, a
report of eight pediatric cases with a severe
hyperinflammation as well as the involvement of several or-
gans was published from London [6]. Subsequently increas-
ing number of cases were reported globally, and the entity
consists of children with the temporal association with
COVID-19 who manifested with persistent fever, rash, con-
junctivitis, and symptoms of organ involvement such as car-
diovascular and gastrointestinal system was later called as
multisystem inflammatory syndrome in children (MIS-C) [7,
8]. The diagnosis of MIS-C cases, based on six principal ele-
ments including clinical characteristics and the results of lab-
oratory examinations, as defined by World Health
Organization (WHO) and Centers for Disease Control and
Prevention (CDC) [7, 8] as follows: (a) pediatric age, (b) per-
sistence of fever, (c) elevated inflammatory biomarkers, (d)
signs and/or symptoms of organ dysfunction, (e) lacking an
alternative plausible diagnosis, and (f) evidence of COVID-19
or COVID-19 exposure.

One of the challenges of us was to differentiate children
with MIS-C and Kawasaki disease (KD) as reported from
many centers [9, 10] because of the possibility of an associa-
tion between KD and positive testing for SARS-CoV-2 [11].
In our hospital, 129 pediatric cases with KD were diagnosed
between 2007 and 2019, and approximately, a 3.7-fold in-
crease in the incidence of KD cases was observed in the be-
ginning of pandemic [12]. Subsequently, this fold-increase
had a steep rise. Another challenge for us was to understand
the actual nature of COVID-19 cases with a severe/critical
disease course who had a really higher cytokine/chemokine
response as compared to children with milder disease course
(unpublished data). During the pandemic, because Hacettepe
University is one of the main tertiary care centers, serving a
large geographic area in Turkey, mainly severe COVID-19
cases have been referred from other pediatric hospitals.
These severe COVID-19 cases with an excessive
hyperinflammation, which have revealed with the same fre-
quency throughout the pandemic, have many overlap features
with MIS-C.
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Therefore, we evaluated and compared the demographics,
clinical, laboratory and imaging findings, and management
strategies of the children aged under 18 years diagnosed with
severe COVID-19 disease and met the criteria for MIS-C ac-
cording to WHO and CDC [7, 8].

Materials and methods

We recruited pediatric patients aged under 18 years, who were
confirmed as COVID-19 with a severe/critical disease course
and MIS-C to this cohort between March 26 and November 3,
2020, and who were admitted to Hacettepe University Faculty
of Medicine and University of Health Sciences, Ankara
Educating and Training Hospital. The clinical features of chil-
dren with COVID-19 with severe/critical disease course in-
cluded in this cohort have been previously approved by the
institutional review board at the Hacettepe University follow-
ing informed consent from parents/guardians. Inclusion of
patients with MIS-C was approved by the institutional review
board at the University of Health Sciences, Ankara Educating
and Training Hospital. All parents/guardians provided written
informed consent.

In this study, the severity of pediatric COVID-19 cases was
based on the clinical characteristics and the results of labora-
tory examinations and radiologic imaging, as defined by Dong
et al. [13]. Asymptomatic cases were defined as those with a
positive test result without any clinical or radiological find-
ings; mild and moderate cases were defined as the existence of
the symptoms of respiratory tract infection without or with
pneumonia, respectively. Severe disease was defined as with
progressive respiratory disease, dyspnea, and central cyanosis,
and critically ill disease course was defined as those who
presented with acute respiratory distress syndrome or respira-
tory failure, shock, and organ dysfunction. The children were
included who met the CDC [7] and/or WHO definitions [8]
for MIS-C. Those definitions are fundamentally based on a
couple of principle elements as follows: (a) pediatric age, (b)
persistent fever, (c) presence of inflammatory biomarkers, (d)
findings of organ dysfunction, (e) absence of any other diag-
nosis, and (e) temporal association with COVID-19.
Additionally, all patients in our cohort required proof of
SARS-CoV-2 exposure via PCR analysis and/or serology to
exclude possible cases who have Kawasaki disease rather than
a new emerging condition associated with COVID-19.
Additionally, we excluded the cases who are diagnosed with
an infection caused by another viral or bacterial agent such as
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adenovirus, Epstein—Barr virus, or Strepfococci spp., which
may share similar features.

The variables potentially associated with the COVID-19
infection and MIS-C included age; sex; clinical presentation;
the duration of symptoms; the findings of organ involvement;
laboratory and radiological findings such as white blood cell
count (WBC), absolute leukocyte and neutrophil counts, acute
phase reactants including C-reactive protein (CRP) and sedi-
mentation rate, full biochemical analyses including renal and
liver function tests, electrolytes, albumin, coagulation tests,
ferritin and posteroanterior chest X-ray, abdominal ultraso-
nography, and chest computed tomography (CT) if needed;
previous medical history; underlying diseases (i.e., heart dis-
ease, chronic lung disease, developmental delay, hematologi-
cal disease, and tracheostomy); use of medical devices (me-
chanical ventilation, extracorporeal membrane oxygenation
[ECMO], and etc.); treatment modalities such as antiviral,
antimicrobial therapies, immunosuppressive, and immuno-
modulatory treatments; intensive care unit (ICU)/pediatric
ICU (PICU) admission; and outcome. Data regarding the de-
mographic and clinical characteristics of patients were collect-
ed via patients’ charts, computerized administrative, pharma-
cy, and laboratory databases of the hospitals.

We diagnosed suspected cases, according to our national
COVID-19 guidelines. Suspected cases with positive reverse
transcriptase-polymerase chain reaction (RT-PCR) or serum-
specific antibodies against 2019-nCoV were accepted as con-
firmed cases [14]. Euroimmun anti-SARS-Co-V2 ELISA Ig
G and Colloidal Gold rapid test were used for detection of
anti-SARS-CoV-2 Ig G.

Statistical analysis

All statistical tests were calculated using SPSS 22.0 for Windows
(IBM, Chicago, Ill). Descriptive statistics were used to summa-
rize the primary characteristics of patients, including the median
and minimum—maximum for continuous variables. Categorical
variables are presented as per frequencies and in percentages and
were compared using the chi-square test. Continuous variables
are presented as median (min—max), and differences in continu-
ous variables between the groups were tested by using the
Mann—Whitney U-test. Receiver-operating characteristic (ROC)
curve and area under the ROC curve (AUC) of the levels of the
laboratory parameters were estimated for the patients. After ROC
analysis, the best cut-off point was determined by using Youden
Index for CRP and WBC. The sensitivity and specificity of these
parameters was calculated according to the best cut off point.
Moreover, a decision tree was created with the CART (classifi-
cation and regression tree) method to find the discriminative
clinical and laboratory parameters, and the validity of the model
was examined with the leave one out cross-validation technique.
Also, multiple logistic regression analysis was used to identify

the risk factors. P value of less than 0.05 was considered statis-
tically significant.

Hacettepe University Ethics Board and University of
Health Sciences, Ankara Educating and Training Hospital
for Non-Interventional Studies reviewed and approved the
study protocol.

Results
Evidence of SARS-CoV-2 infection and clinical features

A total of 52 patients were included in the study: Over a period
from March 26 to November 3, 2020, 22 patients diagnosed
with COVID-19 with severe/critical disease course and from
August 2 to November 3, 2020, 30 patients diagnosed with
MIS-C according to criteria of WHO (n=29) and CDC (n=1)
(Fig. 1). Demographic data and clinical features are summa-
rized in Table 1. Median age of severe COVID-19 cases was
12 years, and MIS-C cases was 9 years with no significant
difference. There was no any gender predominance in the
groups, and more than 80% of the cases in both groups had
a known contact history of a case with COVID-19. The his-
tory of contact with a COVID-19 case was detected 86.7% in
MIS-C cases and 81.8% in severe COVID-19 cases. Of all,
four (14.3%) of the MIS-C cases had positive PCR results for
SARS-CoV-2, and three of them had simultaneously positive
PCR and serology results.

Approximately 60% of the severe COVID-19 cases had an
underlying disease, which was most commonly
neurometabolic/genetic disorders, followed by hematologic/
oncologic and chronic pulmonary diseases, whereas 83.3%
of the MIS-C cases had no comorbidities. Almost all cases
had fever, which was the most common clinical feature in both
groups. Whereas the duration of fever was mainly less than 3
days in severe cases (90.5%), a total of 86.7% of the MIS-C
cases had fever of at least 4 days. The clinical findings, such as
rashes, bilateral conjunctival injection, peripheral extremity
edema, chest pain, myalgia, the changes of mental status,
and abdominal pain were significantly higher in MIS-C pa-
tients as compared to severe/critical cases (p < 0.001 for each).
One MIS-C case underwent emergency operation for
suspected appendicitis that was ultimately diagnosed as mes-
enteric lymphadenitis before admission to our center, and two
cases were followed up with a suspicion of appendicitis in our
center. Additionally, tachycardia was significantly higher in
MIS-C cases (p = 0.03), whereas cough was significantly
higher in cases with severe/critical disease course (p<0.001).

Imaging and laboratory findings

Of the 30 MIS-C patients who underwent chest imaging (ra-
diography or computed tomography), 21 (70%) had ground
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glass opacities, local patchy shadowing, interstitial abnormal-
ities, and pleural effusion. More than 30% of the cases (n=10)
had pleural effusion on chest tomography. Although no coro-
nary artery abnormalities and aneurysms were identified in
MIS-C cases, coronary artery abnormalities were detected in
only one COVID-19 case with severe disease course.
Echocardiography detected the evidence of myocardial in-
volvement in 53.3 % (n=16) of MIS-C cases and in 27.2 %
(n=6) of the severe COVID-19 cases (Table 1).

There were differences in the laboratory parameters be-
tween the patients with MIS-C and those with severe
COVID-19 (Fig. 2). The median white blood cell (WBC),
C-reactive protein (CRP), D-dimer, ferritin, albumin, and so-
dium levels of MIS-C cases (13,900/puL [min—-max, 4,200—
45,000], 19.6 mg/dl [min—max, 1.2-35.6], 4.1 mg/L [min—
max, 1.0-80.0], 456.5 ng/ml [min—max, 44-3846], 2.6 g/dl
[min—max, 2.1-3.9], and 133 mEq/L [min—-max, 125-154],
respectively) were different than the COVID-19 children with
a severe disease course (7,200/pL [min—max, 1,300-15,800],
1.2 mg/dl [min—max, 0.01-12.3], 0.9 mg/L [min—-max, 0.3—
35.2], 127 ng/ml [min—max, 14-3,762], 3.6 g/dl [min—max,
2.1-4.9], and 138 mEq/L [min—max, 130-152], respectively)
(p=<0.001, p =<0.001, p = 0.003, p = 0.03, p = 0.003, and p
= 0.002, respectively). The troponin and B-type natriuretic
peptide (BNP) levels of MIS-C cases were 58 pg/L (min—
max, 2.6-9,248) and 872 ng/L (min—max, 0.08-5704), re-
spectively. The troponin and BNP levels were determined
for only 13 COVID-19 cases with severe disease course, and
the levels were 6.4 pg/L (min—max, 0.1-14,153.6), and 10 ng/
L (min—-max, 10-2,682.6), respectively. Despite of the low
patient count in severe group, the difference between the
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troponin and BNP levels was significantly different (p =
0.02 and p = <0.001, respectively) and the data not shown
for troponin and BNP.

Although the difference was not significant between
the groups (p = 0.09), the absolute lymphocyte counts
(ALC) was slightly lower in MIS-C cases (975/uL
[min—max, 230-7,300]) as compared to severe COVID-
19 cases (1,640/uL [min—max, 70-7,800]); whereas, the
absolute neutrophil counts (ANC) was significantly higher
in MIS-C cases (10,900/uL [min-max, 2,550-35,500]) as
compared to severe COVID-19 cases (4,040/uL [min—
max, 0-14,500]) (p = <0.001).

We further analyzed whether the laboratory parameters
could be used as diagnostic predictors for MIS-C cases. The
results of the MIS-C cases showed that area under the ROC
curve of CRP was determined significant (p < 0.001) and area
under curve (AUC) of the ROC curve was 0.951 (95%CI:
0.85-0.99) (Fig. 3). The performance of CRP as a diagnostic
test was found to be good with the best cut-off point as 12.36;
the sensitivity and specificity of CRP was 83.3 and 100%,
respectively. The AUC of the ROC curve was 0.840 for
WBC (95%CI: 0.71-0.92) (p < 0.001) (Fig. 3). The perfor-
mance of WBC as a diagnostic test was found to be good with
the best cut-off point as 11,000; the sensitivity and specificity
of WBC was 73.3 and 90.9%, respectively.

CART decision tree and logistic regression
Additionally, we tried to find discriminative symptoms and lab-

oratory finding between MIS-C and severe cases. When all var-
iables that found significant in univariate analysis were taken into
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Fig. 1 Time line of the pediatric cases who presented with the diagnosis of MIS-C and severe/critical COVID-19

@ Springer



Clin Rheumatol (2021) 40:3227-3237 3231
Table 1 Characteristics of the
study cohort Characteristics Cases with MIS-C Severe/Critical cases ~ p**
(n=30) with COVID-19
(n=22)
Age, years, median (min—max) 9 (1-17) 12 (0-17) 0.56
Male, n (%) 16 (53.3) 15 (68.2) 0.29
Known contact with a COVID-19 case (n, %) 26 (86.7) 18 (81.8) 0.63
SARS-CoV-2 PCR positive (1, %) 4(14.3) 22 (100) <0.001
SARS-CoV-2 PCR negative (1, %) 26 (86.7) 0 NA
SARS-CoV-2 IgG serology in PCR positive patients
Positive 3 0
Negative 1 0
SARS-CoV-2 IgG serology in PCR negative patients
Positive 25 (96.1)
Negative® 14.2)
Underlying disease (1, %)
None 25(83.3) 9 (40.9) <0.001
Underlying disease 5(16.7) 13 (59.0)
Chronic pulmonary diseases 2(6.7) 29.1)
Neurometabolic/genetic diseases 0 6(27.3)
Hematologic/oncologic diseases 0 3 (13.6)
Obese 2(6.7) 0
Type 1 DM 1(3.3) 0
Clinical presenting features* (1, %)
Fever 30 (100) 22 (100) 1.0
Duration of fever before hospitalization 5(1-12) 2 (1-4) <0.001
(d), median (min—max)
<3 days 4(13.3) 20 (90.5)
4 days 9 (30) 2(9.1) <0.001
>5 days 17 (56.7) 0
Rash 21 (70) 1(4.5) <0.001
Bilateral conjunctival injections 29 (96.7) 1(4.5) <0.001
Peripheral extremity edema 23 (76.7) 29.1) <0.001
Chest pain 20 (76.9) 5(26.3) <0.001
Cough 4(13.3) 15 (68.2) <0.001
Respiratory distress 21 (70) 17 (77.3) 0.56
Tachycardia 29 (96.7) 17 (77.3) 0.03
Abdominal pain 25 (83.3) 8 (36.4) <0.001
Vomiting 21 (70.0) 8 (36.4) 0.02
Diarrhea 11 (36.7) 6(27.3) 0.48
Headache 7 (23.3) 2(9.5)
Lethargy, altered mental status 20 (69) 3(13.6) 0.28
Myalgia 22 (88) 7 (31.8) <0.001
Organomegaly (hepatomegaly, splenomegaly, 23 (76.7) 7(33.3) 0.002
or both)
Radiological findings, n (%)
Abnormal chest X-ray 21 (70.0) 17 (81.0) 0.38
Abnormal chest tomography 14 (93.3) 18 (85.7) 0.47
Hospitalization
Hospital length of stay (days), median 7 (3-29) 8 (3-31) 0.12
(min—max)
ICU admission n, % 14 (46.7) 18 (81.8) 0.01
Length of ICU stay (days), median (min—max) 4 (1-19) 5(1-25) 0.07
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Table 1 (continued)

Characteristics Cases with MIS-C Severe/Critical cases ~ p**
(n=30) with COVID-19
(n=22)
Respiratory support, 1 (%) 0.018
None 14 (46.7) 6 (27.3)
Oxygen only 7 (23.3) 8 (36.4)
High flow support 0 29.1)
Non-invasive ventilation 6 (20.0) 0
Invasive mechanical ventilation 3(10.0) 6(27.3)
Complication, n (%) 0.71
Myocarditis 2 (6.7) 3 (13.6)
Perimyocarditis 4(13.3) 0
Pericarditis 4 (13.3) 1(4.5)
Heart Failure 10 (33.3) 3 (13.6)
Multiorgan failure 4(13.3) 4(18.8)
Sepsis 0 14.5)
Coronary artery aneurysms 0 1 (4.5)
Treatments during admission, 7 (%)
Vasoactive infusion 13 (43.3) 6(27.3)
Plasma exchange 14 (46.7) 0
Corticosteroids (2 mg/kg/day) 27 (90) 11 (50)
High-dose corticosteroids (30 mg/kg/day) 13.3) 0
Intravenous immunoglobulin 30 (100) 7 (31.8)
Biologic immunomodulation® 26 (86.7) 1(4.5)
Outcome, n (%) 0.03
Still hospitalized 2(6.7) 0
Recovered 28 (93.3) 19 (86.4)
Mortality 0 3(13.6)
NA not applicable.

#One case with no any PCR and serology positivity had a strong COVID-19 exposure in his family.

® One patient was treated with tocilizumab and 26 with anakinra.

*Percentages are computed in complete cases, as some variables contain missing value.

** Significant values are shown as bold

account and the decision tree model was obtained, a tree was
formed only with “conjunctival injection.” When the decision
tree was formed with the variable of conjunctival injection, the
sensitivity of the model was 96.7%, and the specificity was
95.5% in making a distinction between the MIS-C and severe
cases, and the classification accuracy of the model was 96.2%.
When the decision tree was created after extracting the
conjunctivitis variable, the decision tree first branched for
the “CRP,” and in the second step it made a branch according
to the “rash” variable. According to cut-off point as 12.36 for
CRP at the first level: 25 patients with a CRP value above
12.36 were classified as MIS-C, and all of them were actually
MIS-C (100%). At the second level, when the CRP level was
determined as less than 12.36 with the existence of the rash, 20
of'the 21 cases were actually MIS-C (95.2%). In this decision
tree model in which two variables were used, the same result

@ Springer

was obtained with the above model (the model with
conjunctivitis).

When the multiple logistic regression model with back-
ward elimination technique was created together with con-
junctivitis and CRP, classification accuracy of the model
was 100%.

Treatment and outcome

Favipiravir was used for all cases in both groups without
seeking a positive PCR result because of the unclear path-
ogenesis of MIS-C cases, to target the possible viral in-
fection. Sixty-six percent of MIS-C cases had cardiac in-
volvement ranging from mild to severe and 43.3% re-
quired vasopressor support and/or fluid resuscitation.
Anticoagulants (low molecular weight heparin),
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Fig. 2 The laboratory value alterations in patients with MIS-C compared with severe/critical COVID-19 cases. WBC, white blood cell, ALC, absolute
leukocyte count, ANC, absolute neutrophil count, PLT, platelet, CRP, C-reactive protein

Fig. 3 The ROC curve of WBC
and CRP levels on admission for
MIS-C cases. WBC, white blood
cell and CRP, C-reactive protein.
The ROC curve of CRP was de-
termined significant (p<0.001),
and area under curve (AUC) of
the ROC curve was 0.951
(95%CI: 0.85-0.99), and the
AUC ofthe ROC curve was 0.840
for WBC (95%CTI: 0.71-0.92)
(p<0.001)
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corticosteroids, intravenous immunoglobulin (IVIG), and
biologic immunomodulatory treatments (anakinra) were
mainly used in MIS-C cases rather than cases with severe
disease course (Table 1). All 30 MIS-C cases received
high dose IVIG (2 g/kg), and all received concomitant
corticosteroids. Only one case required second IVIG ad-
ministration. Methylprednisolone was used at a dose of 2
mg/kg for all but one, who needed bolus methylprednis-
olone (30 mg/kg, 3 consecutive days). Anakinra was pre-
ferred as the immunomodulatory treatment and used at a
dose of 2 mg/kg/day for 23 of MIS-C cases and 4 mg/kg/
day for remaining three. Of all, 26 MIS-C patient and one
severe COVID-19 case treated with anakinra. The dura-
tion of anakinra use was shorter than reported in the lit-
erature. Tocilizumab was used in only one patient before
referral to our hospital. The MIS-C patients received em-
pirical broad-spectrum antibiotic treatment, and all test
results for bacteria (urine and blood culture) were
negative.

Pediatric intensive care unit (PICU) admission was re-
quired for 14 (46.7%) of the MIS-C cases and 18 (81.8%) in
children with severe disease course, the difference being sig-
nificant (p = 0.01). The length of PICU stay of MIS-C cases
was 4 days, and the difference was not significant compared to
the PICU stay of severe cases with COVID-19 (p = 0.07).
Extracorporeal membrane oxygenation (ECMO) was required
for two severe cases and for only one MIS-C case.

Three patients with severe COVID-19 died: two patients
who died were aged 1 and 7 years. They had no preexisting
comorbidities; however, they were referred late in their dis-
ease course. The remaining one, who died at the age of 14 due
to respiratory failure, had Burkitt lymphoma. No deaths were
recorded among the MIS-C cases.

Discussion

Here, we compared the various parameters of children with
COVID-19 with severe/critically ill disease and MIS-C cases.
Although there are certain clinical and laboratory similarities
between the MIS-C and severe COVID-19 cases, important
differences such as the presentation findings and responses of
WBC and CRP in MIS-C cases were determined in the present
study. We found that conjunctival injection was significantly
distinctive feature between the MIS-C and severe cases and
WBC and CRP levels were significantly higher in MIS-C
cases, and they both are independent predictors for the diag-
nosis of MIS-C, particularly together with the clinical findings
such as conjunctival injection and rash.

While MIS-C has overlapping features with severe
COVID-19 in children, inflammatory response observed in
MIS-C seems much more intense according to the findings
of the present study. Distinguishing clinical characteristics

@ Springer

found in MIS-C were age, cardiac, and gastrointestinal in-
volvement in our cohort and some of the laboratory values
might provide biologic insight to the disease or may guide
the clinician in the management of MIS-C, consistent to the
literature [10]. Although MIS-C cases have been compared to
cases with Kawasaki diseases in many studies [9, 15] and they
have shared many similar features, the causal factor is differ-
ent in MIS-C. While increased acute phase molecules includ-
ing interleukin-1f3 (IL-13), IL-6, IL-10, IL-17, interferon-y
(IFN-y), C-reactive protein (CRP), and ferritin confirm acute
inflammation, raised pro-B-type natriuretic peptide (proBNP)
and troponin suggest myocardial dysfunction and injury in
MIS-C. Contrary to the common findings of Kawasaki, in-
creased levels of D-dimer and low levels of platelet count
indicative a procoagulant phase in MIS-C [15]. Because of
this possible procoagulant process and upcoming flu season,
we mainly preferred to use anticoagulation with low molecu-
lar weight heparin rather than aspirin, consistently to literature
[16]. In the present study, differences between acute phase
response, myocardial involvement, and the procoagulant state
suggest that MIS-C is a distinct disease, compared to pediatric
COVID-19. In fact, MIS-C is one of the most intense forms of
inflammation. Further immunological analysis is needed for
defining the exact immunopathogenic factors. Additionally,
although MIS-C shares certain features of adults with
COVID-19 including lymphopenia and cytokine excess, there
are some immunological differences, such as high neutrophil
count and the sign of T cell exhaustion [15, 17, 18].
COVID-19 cases have spread throughout the world and
severe cases have reached an alarming number in childhood.
COVID-19 is milder in children as compared to adults; how-
ever, current reports of severe hyperinflammation associated
with COVID-19 in children, which is referred as MIS-C, are
of increasing importance worldwide. Those MIS-C cases with
a new and potentially life-threating disease course emerged
particularly after late April 2020 in many countries from
Europe and America [6, 9, 10, 19-22]. However, there is no
published report about MIS-C cases from the eastern
Mediterranean and Middle-East, where COVID-19 has
displayed a similar endemic as western Europe. The first case
with COVID-19 in Turkey reported in March 11, 2020.
Although our severe cases were distributed to the defined
study period, MIS-C cases in the present study were common-
ly seen after the beginning of the August 2020. These findings
have shown us that MIS-C cases are seen in the society after
reaching a certain case saturation. Although the incidence of
MIS-C was reported 2 per 100,000 persons younger than 21
years of age in a paper from New York State [23], it seems
impossible to predict a real incidence data because of the
asymptomatic cases and/or mild disease course of COVID-
19 particularly in children. Furthermore, a crucial concern is
that children could still develop MIS-C despite an asymptom-
atic course of COVID-19 [24-26]. As a matter of fact, about
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15 % of'the cases in this study have not described any previous
disease and/or contact history of COVID-19.

Since hyperinflammation is a common process in MIS-C,
prompt administration of anti-inflammatory agents, including
intravenous immunoglobulin (IVIG) and corticosteroids with/
without biologic immunomodulation, consistent with the lit-
erature [10, 15] was the key management strategy in this pa-
tient cohort. However, our pediatric centers are tertiary care
referral centers in the capital of Turkey and mean admission
time of the cases after the beginning of symptoms was 5.5
days. Left ventricular dysfunction was the main cardiac fea-
ture in this case series, with no of patients having coronary
artery dilatation; thus, heart seems one of the main targets of
the inflammatory attack according to our findings consistent
with the literature [9, 16, 27]. High levels of biomarkers asso-
ciated with arteritis and coronary artery disease and antibodies
that target structural proteins in heart and blood vessels are
also evident in MIS-C cases [9]. Intravenous immunoglobulin
treatment was used for all our MIS-C cases, with the hypoth-
esis that activation of inhibitory Fc-receptors and prevention
membrane-attack complexes via complement factors by IVIG
might mitigate autoantibody-associated disease process [28].
Despite a second IVIG administration was given in 12.8—
62.5% of the reported MIS-C cases [11, 29-31], the benefit
from such medication still remains unclear. Only one case
required second IVIG administration in our cohort.

Since MIS-C typically manifests 3—4 weeks after COVID-
19, many children have positive antibodies to SARS-CoV-2
[29, 30]. One of the main questions about MIS-C is whether
possible pathogenesis might be mediated by the virus or im-
mune system and both. Although immune-mediated patho-
physiology in children who had extraordinary inflammation
is discussed in a couple of paper [9, 10] because of the good
clinical response of anti-inflammatory agents, “virus associat-
ed second-hit concept” is another hot topic on account of the
existence of viral particles across a number of tissues in a child
who died from MIS-C [9, 27]. Furthermore, the report about
multisystem inflammatory syndrome in adults (MIS-A) is an
intriguing new subject for clinicians, and Morris et al. [32]
reported that since the patients described in the study had
minimal infectious symptoms of respiratory tract, MIS-A
might be distinguished from severe COVID-19 cases as in
our study. Although the pathogenesis in not well-described
as in children, the possible role of persistent infection outside
the upper respiratory tract infection is discussed because of the
proof of the SARS-CoV-2 in various organs such as liver,
brain, kidney, and gastrointestinal tract in addition to heart
[32, 33]. Additionally, consistent with the literature [22], the
lack of PCR testing of stool sample as well as tissue sampling
during the study period in our center prevented us to under-
stand the possible viral replication in targeted organs, such as
gastrointestinal tract, endothelium, and myocardial tissue. In
the present study, one patient with no previous COVID-19

exposure was in the active disease course of COVID-19 with
the absence of antibodies, and three patients had simulta-
neously positive PCR and IgG serology for SARS-CoV-2;
therefore, this unclear pathogenesis, perhaps mixt (immune
plus virus-mediated) pathogenesis has led us prefer to use also
antiviral treatment in addition to anti-inflammatory agents in
our MIS-C patients. Another important question on MIS-C is
why some children are vulnerable to developing the
hyperinflammation, as well. All of our cases were Turkish
(Caucasian), and no cases but two, of whom were overweight
and had hearing loss, had underlying conditions/diseases to let
us explain a possible susceptibility pattern. The actual mech-
anisms of MIS-C, as a result, still have remained elusive.
Pediatric patients with MIS-C in this cohort were mainly
treated with a combination of IVIG, corticosteroids, and re-
combinant IL-1-receptor antagonist (ILRA; anakinra). Life-
threatening situations due to cytokine storm could be down-
regulated by corticosteroids [34]. Use of corticosteroids was
found to be associated with reduced mortality in pneumonia
caused by viruses such as influenza and 2019-nCoV [35, 36]
and shortens the duration of hospitalization and reduce the
need for mechanical ventilation without causing secondary
infection and other complications in a couple studies, as well
[37-39]. Because of this emerging situation in worldwide,
although corticosteroids were used for 50% of pediatric cases
with severe/critical disease course, we prudently started to
evaluate the use of them in selected patients with severe dis-
ease course in the light of the accumulated data. Despite cor-
ticosteroids provide a general immunosuppression, the actual
mechanism in MIS-C still needs to be determined. ILRA neu-
tralizes IL-1 response associated with endothelial
autoantibody- and complement-mediated damage in MIS-C
[9]. There are some studies with the different anti-cytokine
therapies including IL-1 and IL-6 blockade in severe cases
with COVID-19 as well [40]. Nevertheless, the use of clinical
judgment seems crucial for the management of the cases be-
cause of variations of the background immunomodulators.
Our study has several limitations. First, it was based on
retrospective data collection from a small number of pediatric
patients and management were individualized by patient rath-
er than a standardized protocol. Since children were treated
with the immunomodulatory medications according to local
practice, this report does not provide evidence on effective-
ness of treatment of MIS-C. Second, our data is mainly de-
scriptive with the lack of molecular analysis, and actual infer-
ential conclusions cannot be drawn and the underlying mech-
anisms of MIS-C cannot be addressed from it. However, we
attempted to exclude the cases who met the criteria of
Kawasaki disease (KD) without any evidence of COVID-19.
Kawasaki disease is one of the most prominent manifestations
of acute inflammatory response in children. Thus, it is not
surprising that the hyperinflammation triggered by MIS-C
mimics KD. Kawasaki disease and MIS-C do share some

@ Springer



3236

Clin Rheumatol (2021) 40:3227-3237

similar clinical and laboratory features including conjunctival
injection, rash, high levels of CRP. Differentiating between
KD and a Kawasaki mimic MIS-C may be challenging.
However, based on our experience and the relevant literature
a number of points may be highlighted, clinically there are
certain features that are more specific to MIS-C, which we
do not encounter in KD: MIS-C patients often have gastroin-
testinal features including severe abdominal pain and myocar-
dial involvement is prominent in MIS-C. As for the age, the
MIS-C patients can have an older age of onset, whereas almost
all of our KD patients are younger than 5 years of age. As to
the lab results, MIS-C patients have lymphopenia, whereas the
lymphocyte count is normal in KD. In MIS-C patients, pro-
BNP and D-dimer levels are high, which again is not expected
in KD. Finally, although CRP levels are high in KD as well
and we cannot offer a cut-off, the CRP levels are much higher
in MIS-C patients. Therefore, we believe that this report will
be useful to understand actual clinical course of the MIS-C
cases and may guide patient care.

As a conclusion, our study documents an accumulation of
MIS-C cases in Turkey and its association with COVID-19.
The MIS-C patients reported here had certain features that
differ from those of COVID-19 patients with severe/critical
disease course: some of the children who had this new emerg-
ing and life-threatening entity seems to present with predom-
inant Kawasaki-like symptoms including longer fever dura-
tion and rash, bilateral conjunctival injection, peripheral ede-
ma, and cardiac and acute gastrointestinal symptoms and al-
tered mental status. When these clinical findings, particularly
conjunctival injection and rash is supported by the higher
acute phase response in some laboratory elements such as
WBC (1,100/uL) and CRP (>12.36 mg/dl), the accurate diag-
nosis of MIS-C seems likely possible. Corticosteroids with
IVIG and biologic immunomodulatory treatments such as
anakinra seem promising for the management of MIS-C cases.
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