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Abstract
Objective − To assess diagnostic criteria, laboratory findings and response to therapy among children with multisystem inflam-
matory syndrome (MIS-C) associated with SARS-CoV-2 infection. Patients and Methods − retrospective study at the Clinic for 
Children’s Diseases Tuzla in the period November 2020-April 2021. Results − 13 children fulfilled diagnostic criteria, median 
age 7.2 years, 5 were treated at the intensive care unit; one with lethal outcome. The most common symptoms and signs were: 
unremitting fever (100%), skin rash (84.6%), gastrointestinal symptoms (76.9%), pneumonia (92.3%); one girl required invasive 
mechanical support. Cardiac manifestations were present in 76.9%, one of three children with acute kidney injury required he-
moperfusion. Altered mental status was present in 69.2%. Inflammatory markers were elevated and we found strong correlation 
between IL-6 and procalcitonin (rs=0.85), CRP and IL-6 (rs=0.70), and medium correlation between ferritin and procalcitonin 
(rs=0.53), ferritin and IL-6 (rs=0.52) values. Clinical improvement and a drop in inflammatory markers were seen within the first 
48 to 72 hours of initiating IVIG and corticosteroid therapy (7/13 children), but it was also evident with corticosteroids alone 
(6/13 children). Conclusion − MIS-C is a potentially fatal condition with very different presentations and strong inflammatory 
response. The key for a positive outcome is early recognition of MIS-C and adequate and prompt treatment.
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Clinical Science

Introduction 

Multisystem inflammatory syndrome in children 
(MIS-C) associated with SARS-CoV-2 infection, 
as a new entity, was recognized in April 2020, in 
the United Kingdom (1, 2). It is an uncommon 
complication of the SARS-CoV-2 infection, a pre-
sentation similar to Kawasaki disease (KD) or toxic 
shock syndrome, characterized by unremitting fe-
ver, prominent cardiovascular involvement, includ-
ing shock, coronary-artery aneurysms, symptoms 
of multiple organ system dysfunction, and high val-
ues of inflammatory markers (3). MIS-C occurs 4 

to 6 weeks after an acute SARS-CoV-2 infection, so 
children most often have negative polymerase chain 
reaction (PCR), but positive findings of antibodies 
against the SARS-CoV-2 (4, 5). Clinical guidance 
for recognition and treatment of hyperinflammation 
in MIS-C was published by the American College 
of Rheumatology in November 2020 (6). Given the 
similarities between MIS-C and KD, recommended 
treatment includes intravenous immune globulin 
(IVIG), the standard treatment for KD. The fea-
tures of cytokine storm have encouraged the use of 
corticosteroids and biologic agents (7-10).
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The aim of the study is to present the diagnostic 
criteria, laboratory findings and response to thera-
py in 13 children with MIS-C after SARS-CoV-2 
infection in a single hospital centre.

Patients and Methods 

This retrospective study was conducted at the De-
partment of Rheumatology, Immunology and Al-
lergy of the Clinic for Children’s Diseases, Univer-
sity Clinical Center (UCC) Tuzla in the period No-
vember 2020-April 2021. The medical records of 
children with SARS-CoV-2 associated MIS-C were 
analyzed. The diagnosis of MIS-C was based on the 
American College of Rheumatology Clinical Guid-
ance for Multisystem Inflammatory Syndrome in 
Children Associated with SARS-CoV-2 and Hy-
perinflammation in Pediatric COVID-19 (6): 1. 
unremitting fever >38°C, for longer than one day; 
2. two or more clinical features: rash (polymorphic, 
maculopapular, or petechial, but not vesicular), 
gastrointestinal symptoms (diarrhea, abdominal 
pain, or vomiting), edema of hands/feet, oral mu-
cosa changes (red and/or cracked lips, strawberry 
tongue, or erythema of the oropharyngeal muco-
sa), conjunctivitis (bilateral conjunctival injection 
without exudate), lymphadenopathy, neurologic 
symptoms (altered mental status, encephalopathy, 
focal neurologic deficits, meningismus, or papill-
edema) 3. laboratory evidence of inflammation: 
one or more of the following: elevated C-reactive 
protein (CRP), erythrocyte sedimentation rate 
(ESR), fibrinogen, procalcitonin, D–dimer, ferri-
tin, lactate dehydrogenase (LDH), or interleukin 
(IL)-6; elevated neutrophils or reduced lympho-
cytes, low serum albumin; 4. epidemiologic link to 
SARS-CoV-2 defined by any of the following cri-
teria: positive SARS-CoV-2 polymerase chain reac-
tion (PCR), positive SARS-CoV-2 serology, pre-
ceding illness resembling COVID-19, or close con-
tact with confirmed or suspected cases in the past 
4 weeks; 5. no alternative diagnosis. A laboratory 
screening evaluation was performed in children 
who met suggestive clinical criteria: ESR, CRP, 
complete blood count (CBC), metabolic panel 

(Na, K, urea, glucose, total protein, AST, ALT). In 
children with CRP ≥5 mg/L, or ESR ≥40mm/h, 
and at least one more suggestive laboratory feature: 
absolute lymphocyte count <1.0×109/L, platelet 
count <150×109/L, Hb <92 g/L, Na <135 mmol/L, 
neutropenia (<1.4×109/L neutrophils) or hypo-
albuminemia, an extended laboratory evaluation 
was carried out: high sensitivity (hs) troponin I, 
procalcitonin, ferritin, D-dimer, fibrinogen, LDH, 
IL-6, triglycerides, SARS-CoV-2 serology (IgM, 
IgG), electrocardiography (ECG), echocardiogram. 
The pathological cut-off values were as follows: hs 
troponin I >34.2 pg/mL, procalcitonin >2.0 ng/
mL, ferritin >700 ng/mL, LDH ≥400 U/L, tri-
glycerides ≥150mg/dl, AST ≥100 U/L, D-dimer 
≥1.5μg/mL, IL-6 ≥15pg/mL (6). The following 
echocardiographic findings were considered to in-
dicate pathology: depressed ejection fraction (EF), 
pericarditis, mitral valvular dysfunction, coronary 
dilation, or coronary aneurysm. The ejection frac-
tion <55% and/or, fraction shortening (FS) <45% 
was defined as cardiac dysfunction. The recovery of 
left ventricle (LV) systolic function was defined as 
LVEF >60% or LVFS >55% (11). Acute myocardi-
tis was defined by the presence of elevated hs tropo-
nin I, elevated or depressed ST segment on ECG, 
regional wall motion abnormalities with decreased 
left ventricular function on echocardiography (12). 
Shock was defined as tachycardia with one of the 
signs: arterial systemic hypotension, cold/clammy 
extremities, weak peripheral pulse, capillary refill 
time >3 seconds, and oliguria (13). Acute kidney 
injury (AKI) was defined as an elevation in serum 
creatinine level of ≥1.5 times relative to baseline or 
increase above the age-specific reference value (14). 
The exclusion criteria were the unfulfilled diagnos-
tic criteria for MIS-C associated with SARS-CoV-2 
(6). The following were analyzed: gender, age of 
children, body weight, comorbidities, days of ill-
ness, clinical features, results of laboratory, microbi-
ological, immunological tests, assessment of coagu-
lation status, findings on plain radiography of the 
chest, ultrasound of the lung and abdomen, echo-
cardiogram, ECG, medications, and outcomes. We 
assessed microbiological analysis results (throat and 
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nasal swab, blood and urine culture). Serology tests 
were analyzed with a commercial enzyme linked 
immunosorbent ELISA assay (anti-SARS-CoV-2 
IgM and IgG) (EuroImmun™, Bussy-Saint-Martin, 
France); against Epstein Barr virus (EBV) (cut off 
25 IU/mL), antibody titers (nephelometry) to anti-
streptolysin O (ASO) and anti Deoxyribonuclease 
B (anti DNaseB) with cut off values of 200 IU/mL. 

Ethics Statement 

The study protocol was approved by the Ethics 
Committee of UCC Tuzla, No.: 02-09/2-20/21 

Statistical Analysis 

Statistical data analysis was conducted using the 
biomedical software application “MedCalc for 
Windows, Version 15.11.4” (MedCalc Software, 
Ostend, Belgium). The variables with distorted dis-
tribution were shown with median as a measure of 
the central value. The Spearman’s rank correlation 
was used to test the statistical significance of the 
correlation between the variables. The difference 
was considered significant when P<0.05. 

Results

Initially, there were 16 children suspected of MIS-
C. Three were excluded due to alternative diagno-
ses (septic arthritis, encephalitis, urinary tract in-
fection). The remaining 13 children (8 boys) had 
a median age of 7.2 years (range: 3.1-15.3 years). 
Five MIS-C children (Table 1) were treated at the 
intensive care unit (ICU); three of them were ini-
tially admitted to the ICU [two of them developed 
cardiogenic shock (Patients 3 and 13), one had se-
vere respiratory distress (Patient 3)], clinical dete-
rioration was detected in two children (Patients 4 
and 7) and were transferred to the ICU at the pedi-
atric department on the first day of hospitalization 
(within 16 and 18 hours). The leading symptoms, 
major laboratory findings, treatment and outcome 
are summarized in Table 1. 

Clinical signs suggestive of KD (skin rash, non-
purulent conjunctivitis, oral mucosal changes, and 
cervical lymphadenopathy) were frequent, but none 
of the children met the criteria for the complete 
form of this disease. The median duration from 
onset of disease to hospital admission was 4 days 
(range: 2-7 days). The children had involvement of 
two to five organ systems. The correlation between 
the duration of the disease, up to hospitalization, 
and the number of affected organ systems was 
not significant (rs=0.43, P=0.06; CI: -0.14-0.79). 
Although a moderate correlation was detected, it 
seems that due to small sample size it was not statis-
tically significant at α=0.05. The median diagnos-
tic delay was 2 days (range: 2-4 days). All children 
experienced unremitting fever (>38.5°C); skin rash 
was present in 11/13 (84.6%) children. Common 
symptoms, found in 10/13 (76.9%) children, were 
gastrointestinal (GI) tract symptoms: diarrhea, 
vomiting and abdominal pain in 10, 8 and 10 chil-
dren, respectively. One boy (Patient 9) underwent 
surgery on suspicion of appendicitis, but the patho-
histological results were negative. Eleven of 13 chil-
dren (92.3%) had patchy opacities on chest X-ray 
suggestive of pneumonia, but only one girl (Patient 
3) developed respiratory failure and cardiogenic 
shock requiring invasive mechanical ventilation; 
the girl eventually died. Lung ultrasound was per-
formed in all children and pleural effusion was not-
ed in two (Patients 9 and 13). Computed tomogra-
phy (CT) was not performed. Cardiac involvement 
on ECG and echocardiogram were observed in 7 
of 10 children on the first day of hospitalization 
(the first cardiologist exam), while three children 
(Patients 1, 4 and 12) developed cardiac manifes-
tations in the following days; with a median of 7 
days (minimum to maximum 4 to 14 days). Two 
children had chest pain (Patients 12 and13), while 
valvular dysfunction in the form of mitral regurgi-
tation developed 6/13 (46%) children (Patients 1, 
4, 6, 7, 9, 10); one boy (Patient 11) had mitral and 
tricuspid insufficiency. One boy (Patient13) had 
compromised ejection fraction, hyperechogenicity 
of coronary arteries, first degree mitral regurgita-
tion, and he also developed arrhythmia and tachy-
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cardia 11 days after discharge from hospital. One 
boy (Patient 12) had acute myocarditis, and he also 
developed slight dilatation of coronary arteries on 
the 12th day of hospitalization. Three children (Pa-
tients 6, 9, 13) experienced AKI, one of whom (Pa-
tient 13) required hemoperfusion with “CytoSorb” 
for two days. The altered mental status (confusion, 

unusual behavior, poor regulation of emotions) was 
observed in 9/13 (69.2%) children. One girl (Pa-
tient 8) had severe rhinolalia for 4 days. With the 
improvement of the mental status, the rhinolalia 
disappeared. The clinical signs and symptoms are 
shown in Table 2. 

Table 1. The Leading Symptoms, Major Laboratory Findings, Treatment and Outcome of 13 Children with MIS-C 
Included in the Study

Patients DIA
(days)

Leading 
symptoms

Major laboratory  findings Treatment (day of started anti-
inflammatory treatment)

Day of 
admission 
to ICU

Length of 
treatment 
(days), outcome

Patient 1; 
Female, 
3.1 years

2 Diarrhea,
Abdominal pain, 
Rash

Ferritin 354.9 μg/L;
CRP† 131.6 mg/L;IL-6  290 
pg/mL

MP (2); Prednisolone (7) 
Ceftriaxon; Vancomycin; Aspirin; 
Enoxaparin

- 12, Alive

Patient 2; 
Male,
3.4 years

3 Diarrhea,
Abdominal pain, 
Myalgia

Ferritin 178.6 μg/L; 
CRP 161.8 mg/L;
IL-6 260 pg/mL

MP (3); Prednisolone (9) 
Ceftriaxon; Vancomycin
Aspirin; Enoxaparin

- 15, Alive

Patient 3; 
Female,
3.4 years

3 Difficulty
breathing, Diarrhea, 
Cardiogenic shock

Ferritin 434.18 μg/L;
 CRP 313.2 mg/L;
IL-6 115pg/mL

MP (1); IVIG(2)Ceftriaxon; 
Vancomycin;Aspirin; Enoxaparin;

1 4, Death

Patient 4; 
Female,
5.3 years

6 Abdominal pain,
Vomiting, Rash 

Ferritin 411.5 μg/L; 
CRP 306.2 mg/L;
IL-6 224.1 pg/mL

MP (2); Prednisolone (5);
IVIG (3); Ceftriaxon; 
Vancomycin; Aspirin; Enoxaparin

- 12, Alive

Patient 5; 
Male,
6.1 years

7 Abdominal pain, 
Rash, Myalgia

Ferritin 453.1 μg/L; 
CRP 242 mg/L;
IL-6 217 pg/mL

MP (2); Prednisolone (6);
IVIG (2); Ceftriaxon; 
Vancomycin; Aspirin

- 9, Alive

Patient6; 
Female,
6.9 years

4 Oral 
mucosalchanges, 
Myalgia, AKI

Ferritin 552 μg/L; 
CRP 281 mg/L;
Urea 25.2mmol/L

MP (3): Prednisolone (6);
Ceftriaxon; Vancomycin;
Aspirin

- 11, Alive

Patient 7; 
Male,
7.3 years

5 Diarrhea, Vomiting,
Conjunctivitis 

Ferritin 618.6 μg/L; 
CRP 120.1 mg/L;
IL-6 86.5 pg/mL

MP (2); Prednisolone (6);
Ceftriaxon; Aspirin

1 13, Alive

Patient 8; 
Female,
7.5 years

6 Diarrhea, 
Abdominal pain, 
Altered mental status 

Ferritin 602 μg/L; 
HSTroponin I 285.7 pg/mL; 
IL-6128.6 pg/mL

MP (2);Prednisolone (5);
IVIG (2); Ceftriaxon; 
Vancomycin; Aspirin; Enoxaparin

1 13, Alive

Patient 9; 
Male,
11.9 years

4 Diarrhea, Altered 
mental status, AKI

Ferritin 1890.1 μg/L; 
CRP 145.1 mg/L;
Urea 21.2 mmol/L

MP (2); Prednisolone (6)
Ceftriaxon; Vancomycin; 
Fluconazol; Aspirin; Enoxaparin

- 17, Alive

Patient 10; 
Male,
12 years

4 Diarrhea, Altered 
mental status, 
Arrhythmia

Ferritin 788.4 μg/L; 
CRP 123 mg/L;
IL-6 146 pg/mL

MP (2); Prednisolone (7)
Ceftriaxon; Aspirin; Enoxaparin

- 10, Alive

Patient 11; 
Male,
12.1years

2 Abdominal pain, 
Conjunctivitis, Rash 

Platelets 78´109/L; CRP 193 
mg/L; IL-6 204 pg/mL

MP (2); Prednisolone(6); IVIG 
(2); Ceftriaxon; Aspirin

- 9, Alive

Patient 12; 
Male,
15 years

4 Vomiting, Rash, 
Altered mental 
status 

Ferritin 690.9 μg/L; 
HS Troponin I 428 pg/mL; 
CRP 191.1 mg/L

MP (2); Prednisolone (7); IVIG 
(3); Ceftriaxon; Vancomycin; 
Aspirin; Enoxaparin

1 12, Alive

Patient 13; 
Male,
15.3 years

4 Diarrhea, AKI, 
Cardiogenic shock

HS Troponin I 666.0 pg/mL; 
CRP 424.7 mg/L;
Urea 21.9 mmol/L

MP (2); Prednisolone (7); IVIG 
(2); Dopamin; Ceftriaxon; 
Vancomycin; Aspirin; Enoxaparin

1 17, Alive 

MIS-C=Multisystem inflammatory syndrome in children; DIA=Duration of illness to admission (days); ICU=Intensive care unit; CRP=C-reactive 
protein; IL-6=Interleukin-6; MP=Methilprednisolone; IVIG=Intravenous immunoglobulins; IMV=Invasive mechanical ventilation; AKI=Acute 
kidney injury.
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The blood tests revealed leukopenia in 2/13 
children (15.4%), thrombocytopenia in 5/13 
(38.4%) children, and lymphopenia was observed 
in 6/13 (46.1%) children. The levels of AST and 
ALT were increased in 8 (61.5%) and 9 (69.2%) 
children, respectively. The laboratory findings are 
shown in Table 3. 

All patients had elevated CRP and ferritin val-
ues with a median of 193.5 mg/l and 573.3 ng/mL 
respectively; 11/13 (84.6%) children had elevated 
levels of IL-6 (128.64 μg/mL) and procalcitonin 
(3.2 ng/mL). The correlation was weak but signifi-
cant between ferritin and procalcitonin (rs=0.53, 
P=0.01; CI:-0.23-0.97) between ferritin and IL-6 
(rs=0.52, P=0.02; CI:-0.67-0.90), but strong be-
tween IL-6 and procalcitonin (rs=0.85, P=0.02; 

Table 2. The Clinical Signs and Symptoms of 13 Children 
with MIS-C Included in the Study

Clinical characteristics N (%)

Gender

Male 8 (61.5)

Female 5 (38.5)

Signs and symptoms

Fever 13 (100)

Sore throat 12 (92.3)

Pneumonia 12 (92.3)

 Conjunctivitis 12 (92.3)

Rash 11 (84.6)

Cervical lymphadenopathia 11 (84.6)

Abdominal pain 10 (76.9)

Diarrhea 10 (76.9)

Myalgia 10 (76.9)

CNS manifestation 9 (69.3)

Vomiting 8 (61.6)

Oral mucosal changes 7 (53.8)

Swelling of extremities 4 (30.8)

Acute kidney injury 3 (23.07)

Shock 2 (15.4)

Cough 2 (15.4)

Dyspnea 1 (7.7)

Rhinorrhea 1 (7.7)

MIS-C=Multisystem inflammatory syndrome in children; CNS=Cen- 
tral nervous system.

Table 3. The Summary of Laboratory Findings in 13 
Children with MIS-C Included in the Study 

Laboratory findings Median (range); [IQR]

ESR (mm/h) 82 (64-111); [66-98]

WBC (×109/L) 8.72 (8.73-20.42); [9.4-16.8]

Neutrophils (×109/L ) 6.55 (0.32-19.24); [1.2-13.21]

Lymphocytes (×109/L) 1.25 (0.34-1.55); [0.82-1.1]

RBC (×1012/L) 4.23 (3.49-4.77); [3.92-4.13]]

Hemoglobin (g/ L) 119 (98-137); [101-128]

Platelets (×109/L) 143 (70-546); [101.1-526]

Urea (mmol/L) 5.5 (2.6-25.2); [3.13-19.7]

Creatinine (μmol/ L) 61 (42-442); [56-439]

Sodium (mmol/ L) 134 (126-140); [129-136]

Potasium (mmol/L) 3.8 (2.6-4.1); [3.4-4.6]

Total proteins (g/L) 56 (48-70); [49-68]

Albumin (g/L) 33 (25-42); [26-59]

Globulin (g/ L) 25 (17-36); [19-37]

Glucose (mmol/ L) 5.9 (4.5-10.7); [4.9-5.6]

Fibrinogen (g/L) 3.99 (1.96-7.80); [1.98-5.8]

CK (U/L) 69.5 (28-141); [25.6-139]

CK-MB (U/L ) 16 (10-28); [9-25]

AST†† (U/L) 54 (15-133) [12-128]

ALT (U/L) 57 (12-121); [11-117]

LDH (U/L) 283 (235-479); [228-436]

Triglycerides (mmol/L) 1.94 (1.04-4.16); [1.2-3.9]

Hs-Troponin I (pg/mL) 21.5 (0.2 -666.3); [11-192.5]

Ferritin (μg/L) 573.31 (178.62-1890.1); [172.4-598]

CRP (mg/L) 193.5 (95-424.7); [127.3-293.6]

Prokalcitonin (ng/mL) 3.23 (0.65-200); [1.2-192]

D-dimer (μg/mL) 4.4 (0.7-4.6); [1.1-3.6]

IgG antibody SARS-
CoV-2 (IU/mL) 

16.25 (4.9-25.03); [3.7-22.6]

IgM antibody SARS-
CoV-2 (IU/mL)

6.2 (3.1-6.4); [2.7-5.3]

IL-6 (pg/mL) 128.64 (24.2-789); [22.3-628]

MIS-C=Multisystem inflammatory syndrome in children: IQR= 
Interquartile range; ESR=Erythrocyte sedimentation rate; WBC= 
White blood cells; RBC=Red blood cells; CK=Creatine kinase; CK-
MB=Creatine kinase-MB; AST=Aspartate aminotransferase; ALT= 
Alanine aminotransferase; LDH=Lactate dehydrogenase; CRP=|C-re-
active protein; PCR=Polymerase chain reaction; Ig=Immunoglobulin; 
IL-6=Interleukin-6.

CI: -0.48-0.50) and between CRP and IL-6 values 
(rs=0.70 P=0.015; CI: 0.17-0.91). Within 48 to 
72 hours after the initiation of corticosteroids, all 
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children were afebrile, with a drop in inflammatory 
markers: CRP decreased by 75.19%, hs troponin 
I decreased by 47.44%, procalcitonin by 35.91%, 
ferritin by 32.3% and D-dimer by 78.41%, relative 
to the median value at screening evaluation; the 
same trend and extent of recovery was noticed in 
children who received IVIG in addition to corti-
costeroids. The microbiological results (throat and 
nasal swab, blood and urine culture), PCR tests and 
IgM antibodies against SARS-CoV-2, antibodies 
against EBV, ASO and anti DNaseB, were negative 
in all MIS-C children.. 

All MIS-C children received antibiotics, an-
ticoagulants and supportive therapy. Treatment 
with corticosteroids was started in all children, 
those with a milder form of MIS-C (no vasoac-
tive requirment, no or with minimum respiratory 
support) at a dose of 1mg/kg daily in two divided 
doses. Following the improvement in inflammatory 
markers, they received oral prednisolone. Children 
with severe presentation, who developed cardio-
genic shock, or had abnormalities on echocardio-
gram, severe respiratory distress or AKI, received 
a pulse dose of methilprednisolone 10-30 mg/kg, 
maximum 1gram (1 to 3 days), followed by oral 
prednisolone. IVIG at a dose of 2 g/kg (maximum 
70 g) was administered only to 7/13 children with 
severe MIS-C due to drug shortage.

Discussion 

The data confirmed that MIS-C is a post-infec-
tious condition, a complication that develops sev-
eral weeks after primary infection with the SARS 
CoV-2 virus, usually when the number of infect-
ed people in the community reaches its peak (1, 
15). The first MIS-C cases were reported in mid-
November after the number of new cases of SARS 
CoV-2 reached its peak in October in the Tuzla 
Canton, Bosnia and Herzegovina (3429 new cases 
in 1 month). An association between the disease 
caused by SARS-CoV-2 and late manifestations of 
vasculitis has been increasingly suspected, especial-
ly in asymptomatic and previous healthy children 
(16). MIS-C associated to SARS-CoV-2 infection 

appears to represent a new aspect of vasculitis with 
high systemic inflammation, myocardial involve-
ment and some features of atypical KD (17, 18). 
In comparison to complete KD, the predilection 
for male gender is similar but this syndrome affects 
older children (aged 5 to 14 years) rather than the 
younger age group. Belhadjer et al. (11) reported 
35 patients with MIS-C in France and Switzerland, 
with the median age of 10 years (range: 2-16). 
Whittaker et al. (19) described 58 MIS-C children 
with the median age of 9 years (range: 5.7-14). 

In our study there were more boys than girls, 
the median age was 7.2 years (range: 3.1-15.3). We 
noticed that clinical signs suggestive of KD (skin 
rash, nonpurulent conjunctivitis, oral mucosal 
changes, and cervical lymphadenopathy) were fre-
quent, but none of the children met criteria for the 
complete form of this disease. The most frequent 
symptoms common to MIS-C and KD were skin 
rash (84.6%) and GI tract symptoms in 76.9% of 
our patients. Varied presentation of symptoms and 
different severity of the clinical picture with severe 
inflammatory phenotype, GI symptoms, shock, 
LV systolic dysfunction, liver and kidney dysfunc-
tion, and coagulopathy, as well as clinical features 
that overlapped with KD, in children with MIS-C, 
have also been described by others researchers (1, 
4, 19, 20). Verdoni et al. (21) described 10 pedi-
atric patients with Kawasaki-like disease in Italy. 
Five children had features similar to KD, however, 
while five children presented with fewer than three 
diagnostic criteria of KD, and were older than pa-
tients with typical KD. Gastrointestinal signs and 
symptoms are one of the leading features of MIS-C 
(1, 21, 22). 

In the first published correspondence describing 
MIS-C in 8 patients from the United Kingdom, 
100% presented with GI symptoms (1). Similarly, 
6 of 10 patients from an Italian cohort had GI issues 
(21). Our observations were similar (GI signs and 
symptoms in 11 of 13 patients): we found ascites in 
3 children, 1 had gallbladder calculosis, 6 children 
had hepatosplenomegaly and 1 boy underwent 
surgery on suspicion of acute inflammation of the 
appendix. The data suggest that the vast majority 
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of children present with GI symptoms mimicking 
GI infection or even inflammatory bowel disease. 
MIS-C differs from these conditions in its other as-
sociated clinical characteristics and extremely high 
inflammatory markers. Eleven of thirteen MIS-C 
children (92.3%) had patchy opacities suggesting 
pneumonia on chest X-ray, two children had pleu-
ral effusion, and one girl developed respiratory fail-
ure with fatal outcome. Yasuhara et al. (20) report-
ed that most of the children initially presented with 
no respiratory involvement, but afterwards as much 
as 7 of 8 children in their study required mechani-
cal ventilation and cardiovascular stabilization. 

The development of cardiogenic shock, LV sys-
tolic dysfunction, hypotension in MIS-C children 
and the need for fluid replacement, and inotropic 
support were reported by other researchers (1, 11, 
21, 22). Whittaker et al. (19) reported that out of 
58 patients with MIS-C in their study, 50% devel-
oped shock with myocardial injury and 14% had 
coronary artery aneurysms. Two children in our 
study developed signs of shock, while one boy had 
compromised ejection fraction, hyperechogenicity 
of coronary arteries, first degree mitral regurgitation 
and he also developed arrhythmia and tachycardia 
11 days after discharge from the hospital. The other 
boy had acute myocarditis and slight dilatation of 
coronary arteries; three children had pericardial ef-
fusion. Matsubara et al. (23) noted that coronary 
artery dilatation and ectasia were rare in children; 
however, myocardial dysfunction was more com-
mon. Verdoni et al. (21) observed depressed LV sys-
tolic function in 28%, and EF in 72% of children; 
complete recovery of LVEF was found in 71% of 
patients. Similarly, Cheung et al. (4) reported that 
36% MIS-C patients had moderate or more severe 
LV dysfunction and most patients had an improved 
function on follow-up echocardiography (range: 
2-18 days from admission). A single-center ob-
servational study from the United Kingdom (24) 
reported that 60% of children with MIS-C had 
abnormal findings on ECG, which normalized 
in 40% before hospital discharge. Feldstein et al. 
(5) conducted a multicenter collaboration study 
of 186 pediatric patients diagnosed with MIS-C. 

There was cardiac involvement in 80% of patients: 
8% had coronary-artery aneurysms, 26% had signs 
of pericarditis, and ventricular dysfunction was re-
ported in 38%. The most of MIS-C children had a 
rapid recovery of ventricular function, arrhythmias 
disappeared, but approximately 20% of children 
still had mildly depressed function at the time of 
hospital discharge (25, 26). We found prolonged 
recovery of ventricular function in two boys over 
15 years of age, while in other children recovery oc-
curred by the 10th day of hospitalization. Although 
much of the discussion around MIS-C has centered 
on cardiac manifestations, renal manifestations of 
MIS-C are not an exception. In the existing pediat-
ric literature on MIS-C, AKI has been reported in 
2-8% of children with MIS-C (27). 

Our observations were somewhat different, 
three children (23%) experienced AKI, one of 
whom required hemoperfusion for two days. Blood 
tests revealed leukopenia in two children, anemia 
and lymphopenia in 46.1% of children, and all 
MIS-C children had hyperferritinemia and elevated 
D-dimer values. Bellhadjer et al. (11) and Torres et 
al. (28) showed a similar presentation of biological 
characteristics at baseline, with laboratory signs of 
anemia, neutrophilia, hyperferritinemia, and eleva-
tion of D-dimer. In contrast, in our case-series, the 
mean hs troponin I value was lower, probably due 
to the fact that the children had been hospitalized 
earlier, around the fourth day of illness. All MIS-C 
children presented in a severe inflammatory state 
with significant elevations of D-dimer, IL-6 and 
CRP. The expected correlation between CRP and 
IL-6 values was observed, which enables us to rely 
on monitoring only CRP values if IL-6 assay is not 
at hand. 

Clinical improvement of children and a drop 
in inflammatory markers were seen within the 
first 48 to72 hours after the initiation of cortico-
steroid therapy, as well as in children with severe 
MIS-C (except the girl who died) who in addition 
to corticosteroids received IVIG. Son et al. (29) 
and Ouldali et al. (30) reported that initial MIS-C 
treatment with IVIG plus glucocorticoids was asso-
ciated with a lower risk of new or persistent cardio-
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vascular dysfunction, a reduced need for hemody-
namic support, and lower frequency of adjunctive 
immunomodulatory treatments, than in children 
who received IVIG alone. However, McArdle et al. 
(31) found no significant differences for end points 
of ventilation, inotropic support, and death or for 
improvement on an ordinal clinical-severity scale 
for any of three treatments: IVIG alone, a combi-
nation of IVIG and glucocorticoids, or glucocorti-
coids alone. The same researchers also pointed out 
that the analyses of secondary outcomes showed a 
lower frequency of the need for escalation in im-
munomodulatory treatment in children receiving 
IVIG plus corticosteroides than in those receiving 
either IVIG or corticosteroides alone. They also 
found no evidence for an association between an 
initial treatment with any of the three treatments 
and changes in organ failure, inflammation, or dis-
charge from hospital. 

The Limitation of the Study 

The major limitation of the study was the small 
number of children included in the study and, 
short follow-up time. This can be assessed several 
months later. 

Conslusion

Multisystem inflammatory syndrome associated to 
SARS-CoV-2 infection is a potentially fatal condi-
tion if not recognized in the early stages of disease 
and properly treated. Great responsibility lies with 
pediatricians at different levels of medical care to 
anticipate this condition in the SARS-CoV-2 in-
fection outbreak. The key for a positive outcome 
is early recognition of MIS-C and prompt treat-
ment. IVIG and biologic agents are costly and have 
limited availability in many countries, but corti-
costeroids alone appear to be adequate. More evi-
dence supporting the use of corticosteroids alone 
is needed.
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