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Abstract
Background  The aim of this study was to investigate the clinical and laboratory parameters that can predict the 
severity of Multisystem Inflammatory Syndrome in Children (MIS-C) at admission.

Methods  We conducted a single-center, partly retrospective, partly prospective, observational cohort study between 
November 1, 2020 and December 31, 2021, which included patients aged from 1 month to 19 years, meeting the 
diagnostic criteria of MIS-C. We categorized the patients into three subgroups based on clinical and laboratory 
markers and assessed the predictive value of these factors in terms of ICU administration and cardiac abnormalities.

Results  53 patients were classified in the following subgroups: Kawasaki-like disease (group 1) (47.2%, n = 25), shock 
with or without acute cardiac dysfunction (group 2) (32%, n = 17), fever and inflammation (group 3) (20.8%, n = 11). 
Subgroup analysis revealed that patients with shock and KD at initial presentation had significantly more severe 
manifestation of MIS-C requiring intensive care unit (ICU) treatment. Of the initial laboratory values, only CRP showed 
a significant difference between the 3 clinical groups, being lower in group 3. 52.6% of patients were admitted to the 
ICU. The median length of ICU stay was 3 days (range 3–20). ICU admission was more likely in patients with shortness 
of breath, renal failure (AKI) and patients with significantly increased concentrations of ferritin, D-dimer, INR and 
significantly milder increase concentration of fibrinogen. We found that fibrinogen and ferritin levels are independent 
risk factors for ICU admission. Cardiac abnormalities were found in 56.6% of total (30/53), with the following findings: 
decreased left ventricular function (32%), coronary abnormality (11.3%), pericardial effusion (17%), arrhythmia (32.1%) 
and mitral regurgitation (26.6%). Diarrhea and conjunctivitis at the initial presentation with significantly elevated 
CRP, Pro-BNP and blood pH concentrations were found to be a potential predisposing factor for decreased cardiac 
function while Pro-BNP and pH were independent risk factors for MIS-C. Regardless of the initial symptoms of MIS-C, 
the outcome was generally favorable.

Conclusions  Clinical characteristics and baseline laboratory values ​​may help identify patients at increased risk for 
severe disease outcome, such as need for intensive care, presence of shock and decreased cardiac function.

Trial registration  Participation consent was not reqired and ethical considerations were unnecessary, since we did 
not perform any extra interventions, only the necessary and usual therapeutic and diagnostic methods were used.
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Background
The global pandemic caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which leads to 
COVID-19, has rapidly spread worldwide, and although 
children have been relatively spared, a rare but severe 
hyperinflammatory condition known as multisystem 
inflammatory syndrome in children (MIS-C) or pediatric 
inflammatory multisystem syndrome temporally associ-
ated with SARS-CoV-2 (PIMS-TS) has been observed 
since April 2020 in Europe [1–3]. This condition typically 
occurs four weeks after a mostly asymptomatic or slightly 
symptomatic SARS-CoV-2 infection, and it is character-
ized by a variety of symptoms that overlap with Kawasaki 
disease (KD), toxic shock syndrome (TSS), sepsis, and 
macrophage activation syndrome (MAS) [3–5].

New, mostly overlapping case definitions helped iden-
tify patients with MIS-C [6–8]. For the proper diagnosis 
parallel inflammation in laboratory tests and multiorgan 
involvement have to be confirmed, including cardiac, 
gastrointestinal, haematological, mucocutaneous, neuro-
logical, respiratory, and renal systems. It is important to 
exclude other alternative diseases like TSS, KD or sepsis 
and prove a link to SARS-CoV-2 infection [6–8].

Series of cases and summary reports from around the 
world help determine the most common clinical features 
of MIS-C [9–12]. Gastrointestinal symptoms are com-
mon and prominent, occurring in 60–100% of children 
with MIS-C, which may even lead to laparoscopy due 
to suspicion of appendicitis [13, 14]. Most children with 
MIS-C have cardiovascular complications such as shock, 
decreased cardiac function, and coronary artery dilata-
tion [15]. Approximately 60% of patients are admitted to 
intensive care unit (ICU) and the mortality rate can reach 
2% [11].

The identification of prognostic factors that are associ-
ated with a poor outcome in multisystem inflammatory 
syndrome in children (MIS-C) is crucial for initiating 
early treatment decisions and the use of immunomodu-
latory therapy [16–19]. Despite recent studies that have 
proposed plausible prognostic factors for severe out-
comes, high-level evidence is still lacking [20, 21].

The objective of this study is to provide a comprehen-
sive description of the clinical, laboratory, and radio-
logical characteristics, as well as the outcomes, of a 
larger cohort of children with MIS-C. The study aims to 
facilitate the early identification of critically ill patients 
with MIS-C, with the ultimate goal of improving their 
outcomes.

Materials and methods
Study design and patient selection
This was a single-centre (Department of Pediatrics, Uni-
versity of Debrecen), partly retrospective, partly pro-
spective, observational cohort study conducted between 

November 1, 2020 and December 31, 2021 on patients 
from 1 months to 19 years who met the diagnostic cri-
teria of MIS-C as defined by Centers for Disease Control 
and Preventation (CDC) [7]. The US CDC case definition 
was used to identify patients with MIS-C where all 4 cri-
teria must be met: (I) age: <21 years), (II) Clinical presen-
tation: fever > 38.0 °C for ≥ 24 h AND laboratory evidence 
of inflammation (any of the followings: elevated C-reac-
tive protein (CRP), erythrocyte sedimentation rate (ESR), 
fibrinogen, procalcitonin (PCT), D-dimer, ferritin, lactic 
acid dehydrogenase (LDH), interleukin 6 (IL-6), neutro-
phils, reduced lymphocytes, low albumin) AND severe 
illness requiring hospitalization, with multisystem (2 or 
more than 2) organ involvement (cardiovascular, respira-
tory, renal, neurologic, hematologic, gastrointestinal, der-
matologic) (III) no alternative plausible diagnoses; (IV) 
current or recent SARS-CoV-2 infection diagnosed by a 
positive reverse transcription polymerase chain reaction 
(RT-PCR) or positive antigen test or positive serologi-
cal tests (IgM, IgG or IgA), or exposure to a suspected or 
confirmed COVID-19 case (epidemiologic link) within 
four weeks prior to the onset of symptoms.

In this study, we divided patients into three subgroups, 
with the aim of identifying clinical characteristics at the 
time of admission that could predict severe outcomes 
and searching for prognostic factors among patients 
admitted to the intensive care unit or with cardiac dys-
function. The three subgroups were as follows: Group 
1, KD-like patients were diagnosed using the American 
Heart Association (AHA) definition with or without 
the presence of shock or myocardial dysfunction which 
included classic type (persistent fever ≥ 5 days together 
with at least 4 of the 5 principal clinical features), and 
incomplete type (persistent fever ≥ 5 days together with 
2 or 3 of the 5 principal clinical features plus additional 
laboratory or echocardiographic findings) [22]; Group 2, 
patients with different types of shock (defined as hypo-
tension, reliance on vasoactive agents to maintain nor-
motension, or signs of inadequate tissue perfusion such 
as prolonged capillary refill time, oliguria, metabolic aci-
dosis, or elevated serum lactate), with or without cardiac 
dysfunction (defined as ejection fraction < 55%), who did 
not fulfill KD criteria; and Group 3, patients with fever 
and inflammation, who did not meet either KD criteria or 
symptoms of shock.

Data collection
Demographic, clinical, epidemiological, radiological, 
laboratory and outcome data were partly retrospectively, 
partly prospectively collected including: (1) demographic 
characteristics: age, sex; (2) medical history of comor-
bidity, obesity (body mass index (BMI): according to 
the WHO child growth standards, weight/age ratio); (3) 
main laboratory findings at presentation: platelet count, 
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white blood cell count, lymphocyte count, CRP, PCT, 
IL-6, D-dimer, fibrinogen, cardiac troponin-T, Pro-B 
type natriuretic peptide (pro-BNP), ferritin, blood gas 
values (4) main clinical symptoms at presentation: fever, 
mucocutaneous involvement, nonsuppurative conjuncti-
vitis, gastrointestinal symptoms, respiratory symptoms, 
cardiovascular symptoms, neurologic symptoms, renal 
symptoms; (5) electrocardiogram (ECG) abnormality 
at presentation and during treatment, echocardiogra-
phy within 24  h of admission and subsequently during 
treatment; (6) testing for SARS-CoV-2: RT-PCR using 
oro/nasopharyngeal swabs or tracheal aspirates and/
or antigen test using oro/nasopharyngeal swabs and/
or serological test. COVID-19 serology testing was per-
formed by two immunoassays: Cobas® anti-SARS-CoV-2 
Ig tests were used to quantify total SARS-CoV-2 antibod-
ies against N-protein and S-RBD protein, respectively 
(Roche Diagnostics, Mannheim, Germany). These tests 
consisted of electro-chemiluminescence indirect assay 
(ECLIA) and included recombinant N or S-RBD anti-
gens, which bound serum antibodies in a double-antigen 
sandwich setup. Seropositivity was evaluated based on 
the manufacturer’s cut-off values of 1.0 (COI) and 0.8 U/
mL, respectively. (7) clinical outcome: the length of time 
spent in the intensive care unit, days of oxygen require-
ment, inotropic support, mortality, short-term (6-month 
follow-up studies) consequences.

Data processing and statistical analysis
Demographic, clinical, laboratory and outcome data 
were analyzed in all 3 groups both on the basis of clini-
cal presentation (Kawasaki-like disease, different types 
of shock, fever and inflammation) and the need of ICU 
observation/treatment as well as the lack or presence of 
acute cardiac dysfunction. Continuous variables were 
described as medians and interquartile ranges (IQRs) or 
(mean and ER) and categorical variables as frequencies 
and percentages. Laboratory values ​​were also reported 
as the proportion of aberrant values. Numeric variables 
were compared using unpaired Student’s T-test or one-
way analysis of variance (ANOVA). In case of categori-
cal variables, we performed Chi square (or Fisher’s exact 
test). For the post hoc tests we applied Bonferroni cor-
rection method. We performed univariate regression 
analysis on all the potential risk factors. For multivariate 
logistic regression model we used the variables with a p 
value lower than 0.1 at univariate level. We calculated the 
crude odds ratios (OR) at univariate level, and adjusted 
OR values at multivariate level with 95% confidence 
interval (CI) to demonstrate the differences in regression 
analysis. We used SPSS V.25 program for statistical cal-
culations. Statistical significance was accepted when two-
sided p was < 0.05.

Results
Nationwide, the number of children diagnosed with 
MIS-C has accumulated since October 2020 due to a sig-
nificant increase in the number of acute cases observed 
in the second wave of the SARS-CoV-2 pandemic. Until 
31 December 2021, 53 patients met the MIS-C defini-
tion (CDC, 2020) in our institute [7]. There was no death 
in our patient population. No complications were found 
on the short-term 6-month follow-up studies. We sum-
marized demographic and clinical parameters of the total 
study population in Table 1.

Association with SARS-CoV-2 infection was confirmed 
in 47 patients (88.7%): 12 with positive RT-PCR (22.6%), 
42 with positive serology (42/51, 82.4%). In 7 out of the 
53 patients (13.2%), both tests were positive. In 6 patients 
(11.3%) with negative laboratory tests for both RT-PCR 
and serology, only an epidemiological link was confirmed 
(Table 1).

Retrospectively, patients were divided into 3 groups 
based on the leading clinical symptoms at the first visit. 
The groups were as follows: Kawasaki-like disease 47.2% 
(group 1) (n = 25), shock with or without acute cardiac 
dysfunction 32% (group 2) (n = 17), fever and inflamma-
tory group 20.8% (group 3) (n = 11) (Table 2).

Patients in the KD group (n = 25, 47.2%) had either 
complete (n = 14, 56%) or incomplete KD (n = 11, 44%). 
6 patients out of 25 required vasoactive drugs (24%), 
while 10 needed ICU treatment (40%). In patients with 
KD phenotype, presence of laboratory-confirmed SARS-
CoV-2 infection was almost 100% (24/25) (Table 2). The 
leading symptom in 17 out of 53 patients (32%) was 
shock due to acute cardiac dysfunction (n = 11, 64.7%) 
or toxic shock-like syndrome (n = 6, 35.3%). In the group 
with shock, the median age tends to be higher (9 years), 
but not significantly compared to other groups. Within 
the shock group, the most commonly affected organ sys-
tems were the cardiovascular (100%) and gastrointestinal 
(76.5%). Patients had markedly elevated PCT, ferritin, 
D-dimer and decreased platelet count and albumin level, 
but these were not statistically significant compared to 
other groups. Beyond the need of fluid resuscitation (10 
ml/kg iv. bolus over 5–10  min) in some cases, 70.6% of 
the patients required vasoactive drugs (Table  2). In 11 
patients (20.8%) predominance of fever and inflamma-
tion (did not meet neither KD criteria nor symptoms 
of shock) was observed in association with other organ 
(most commonly renal, neurological) involvement. In 
contrast to the two other groups, COVID-19 RT-PCR 
positivity (36.4%) and the presence of respiratory symp-
toms seemed more common in this group (Table  2). 
Subgroup analysis revealed that patients with shock and 
KD at initial presentation had significantly more severe 
manifestation of MIS-C often requiring ICU treatment. 
However, no significant difference in length of ICU 
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admission was found between patients of either group 
treated in the ICU. Of the initial laboratory values, only 
CRP showed a significant difference between the 3 clini-
cal groups, as it was lower in group 3 (group (I) vs. group 

(II) p = 1; group (I) vs. group III. p = 0.005; group (II) vs. 
group III.p = 0.021).

We found significant differences in the clinical and 
laboratory parameters of the potential ICU and non-ICU 
patients (Table 3).

Table 1  Demographic characteristics, clinical features, laboratory findings and clinical outcome of all MIS-C patients
All patients (n = 53)

Demographic and clinical characteristics at admission, n (%)

Age in years, median (min.-max.) 7 (5 weeks − 17 years)

Male sex 32 (60.4%)

Comorbidities, n (%) 11 (20.8%)

Fever, days at admission, median 5

Gastrointestinal symptoms 38 (71.7%)

Mucocutaneous symptoms 40 (75.5%)

Cardiovascular symptoms 30 (56.6%)

Respiratory symptoms 19 (35.8%)

Neurological symptoms 5 (9.4%)

Renal symptoms 9 (17%)

SARS-CoV-2 test results, n (%)
Positive RT-PCR 12 (22.6%)

Positive serology 42/51 (82.4%)

Laboratory confirmed SARS-CoV-2 infection 47 (88.7%)

Epidemiological link to confirm SARS-CoV-2 infection 20 (37.7%)

Cardiogical disorders, n (%)
Myocardial dysfunction 17 (32%)

Coronary artery abnormalities 6 (11.3%)

Coronary artery aneurysm 0

Mitral valve regurgitation 14 (26.6%)

Pericardial effusion 9 (17%)

Abnormal ECG 17 (32.1%)

Laboratory test at admission (normal range), median (IQR), % of aberrant values
Platelets (150–400 Giga/L) 248 (140–332) 43.40%

White blood cell count (4.5–11.5 Giga/L) 12 (9.23–17.07) 58.49%

Absolute lymphocyte count (0.9-4 Giga/L) 1.43 (0.95–2.84) 28.30%

C-reactive protein (< 2.2 mg/L) 171.91 (103.16-211.74) 98.11%

PCT (< 0.5 ug/L) 1.83(0.72–3.96) 75.47%

Interleukin-6 (< 7 ng/L) 186.8 (70.57-331.45) 92.45%

Cardiac TnT (< 10 ng/L) 19.83 (4.78–35.64) 67.92%

Pro-BNP (< 191.1 ng/L) < 191,1 2609.83 (935.34-9108.19) 79.25%

Ferritin (13–150 ug/L) 420 (230.5-626.9) 84.91%

INR 1.035 (0.96–1.11) 79.25%

D-dimer (< 0.5 mg FEU/L) 2.42 (1.48–4.25) N/A

Albumin (35–52 g/L) 34 (30–36) 92.45%

Urea (1.4–6.8 mmol/L) 4.2 (3.6–6.4) 45.28%

Creatinine (26–88 umol/L) 42 (33–55) 20.75%

GPT (< 40 U/L) 20.5 (14-35.25) 7.55%

Bicarbonate (24 mmol/L) 24.8 (22.82–26.32) 18.87%

Clinical outcome, n (%)
Days of pediatric intensive care unit (median) 3

Oxygen therapy 8 (15.1%)

Non-invasive respiratory support 3 (5.7%)

Invasive mechanical ventilation 2 (3.8%)

Vasoactive drugs 18 (34%)

Death 0
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Table 2  Demographic and clinical characterstics, laboratory test results and outcome data in the three clinical subgroups of MIS-C 
patients based on the leading clinical symptoms at the first visit

Kawasaki-like group (1) 
n = 25 (47.2%) KD: 14, IKD: 
11

Shock group (2) n = 17 
(32%)

Fever, inflammatory 
group (3) n = 11 (20.8%)

p

Demographic and clinical characteristics at admission, n (%)

Age in years, median (min.-max.) 6 (3–10) 9 (3–17) 6 (19 months − 15 years) 0.49

Male sex 11 (44%) 11 (64.7%) 10 (90.9%) 0.027

Comorbidities, n (%) 4 (16%) 3 (17.6%) 4 (36.4%) 0.97

Fever, days at admission, median 6 5 4 0.144

Gastrointestinal symptoms 19 (76%) 13 (76.5%) 6 (54.5%) 0.09

Mucocutaneous symptoms 25 (100%) 12 (70.6%) 2 (18.2%) < 0.001

Cardiovascular symptoms 14 (56%) 13 76.5%) 3 (27.3%) 0.078

Respiratory symptoms 8 (32%) 6 (35.3%) 5 (45.5%) 0.333

Neurological symptoms 1 (4%) 2 (11.8%) 2 (18.2%) 0.547

Renal symptoms 1 (4%) 6 (35.3%) 4 (36.4%) 0.030

SARS-CoV-2 test results, n (%)
Positive RT-PCR 4 (16%) 4 (23.5%) 4 (36.4%) 0.093

Positive serology 21/24 (87.5%) 12 (70.6%) 9 (81.8%) 0.198

Laboratory confirmed SARS-CoV-2 infection 24 (96%) 13 (76.5%) 10 (90.9%) 0.091

Epidemiological link to confirmSARS-CoV-2 
infection

11 (44%) 6 (35.3%) 3 (27.3%) 0.386

Cardiogical disorders, n (%)
Myocardial dysfunction 6 (24%) 11 (64.7%) 0 0.037

Coronary artery abnormalities 3 (12%) 1 (5.9%) 1 (9.1%) 0.80

Coronary artery aneurysm 0 0 0 N.A.

Mitral valve regurgitation 10 (25%) 4 (23.5%) 0 0.151

Pericardial effusion 4 (16%) 4 (23.5%) 1 (9.1%) 0.933

Abnormal ECG 7 (28%) 9 (52.9%) 0 0.182

Laboratory test at admission (normal range), median (IQR), % of aberrant values
Platelets (150–400 Giga/L) 236 (128–330) 52.00% 216 (122–274) 47.06% 275 (250–347) 18.18% 0.683

WBC count (4.5–11.5 Giga/L) 12.84 (9.23–17.15) 68.00% 12 (9.71–14.43) 58.82% 11.31 (9.16–16.87) 36.36% 0.969

Absolute lymphocyte count (0.9-4 Giga/L) 1.395 (0.95–2.84) 36.00% 1.28 (0.9–1.75) 29.41% 2.32 (1.69–3.21) 9.09% 0.185

 C-reactive protein (< 2.2 mg/L) 186.16 
(133.21-243.13)

100.00% 174.12 (115,8-205) 100.00% 43 (28.73-139.14) 90.91% 0.003

PCT (< 0.5 ug/L) 1.91 (0.7–3.77) 80.00% 2.6 (0.87–8.09) 88.24% 0.9 (0.2–2.3) 45.45% 0.272

Interleukin-6 (< 7 ng/L) 211.4 
(124.1-358.37)

100.00% 144.95 
(51.52–299.5)

94.12% 100.21 
(22.89-215.05)

72.73% 0.504

Cardiac TnT (< 10 ng/L) 23.21 (19.05–49.98) 60.00% 21.175 
(14.13–59.79)

82.35% 29.3 (19.24–50.42) 63.64% 0.431

Pro-BNP (< 191.1 ng/L) < 191,1 1634.74 
(829.8-7590.16)

80.00% 2909 
(2400.94-1045.88)

88.24% 3016.61 
(678.17-6425.63)

63.64% 0.803

Ferritin (13–150 ug/L) 396.2 
(262.05-642.75)

80.00% 559.8 (385.9-703.6) 100.00% 188.3 
(124.8-356.1)

45.45% 0.147

INR 1.03 (0.96–1.11) N/A 1.06 (0.97–1.11) N/A 1.04 (0.98–1.08) N/A 0.248

D-dimer (< 0.5 mg FEU/L) 2.42 (1.53–3.84) 88.00% 3.58 (1.7–6.44) 100.00% 1.89 (0.7–3.62) 90.91% 0.258

Albumin (35–52 g/L) 34 (30–38) 44.00% 32.5 (28.75–35.25) 58.82% 36 (34–38) 27.27% 0.307

Urea (1.4–6.8 mmol/L) 4.55 (3.7–7.4) 24.00% 5.15 (3.77–8.02) 29.41% 3.8 (2.55–4.55) 0.00% 0.072

Creatinine (26–88 umol/L) 39.5 (33-52.75) 4.00% 48.5 (37-72.5) 17.65% 40 (28.5–52.5) 0.00% 0.144

GPT (< 40 U/L) 28 (19–60) 24.00% 23 (14-39.75) 23.53% 14 (12-18.5) 0.00% 0.335

Bicarbonate (24 mmol/L) 24.45 (22.97–25.5) 8.00% 25.75 (23.55–27.9) 17.65% 24.1 (22.17–25.92) 18.18% 0.476

Clinical outcome, n (%)
Days of pediatric intensive care unit (median) 0 4 0  N/A

Oxygen therapy 4 (16%) 3 (17.6%) 1 (9.1%) 0.97

Non-invasive respiratory support 0 2 (11.8%) 1 (9.1%) 0.1106

Invasive mechanical ventilation 0 1 (5.9%) 0 0.16

Vasoactive drugs 6 (24%) 12 (70.6%) 0 0.049

Death 0 0 0 N/A
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Table 3  Demographic, clinical characterstics and laboratory test results at admission and outcome data of the ICU and non-ICU 
patients

Patients never admitted to ICU n = 23 
(43.4%)

Patients admitted to ICU
n = 30 (52.6%)

p

Demographic and clinical characteristics at admission, n (%)

Age in years, median (min.-max.) 6.5 (19 months-17 years) 8 (5 weeks-17 years) 0.586

Male sex 12 (52.2%) 20 (66.7%) 0.337

Comorbidities, n (%) 6 (26.1%) 5 (16.7%) 0.501

Fever, days at admission, median 5 5 0.8

Gastrointestinal symptoms 14 (60.9%) 24 (80%) 0.2

Mucocutaneous symptoms 17 (73.9%) 23 (76.7%) 0.922

Cardiovascular symptoms 13 (56.5%) 17 (56.7) 0.528

Respiratory symptoms 4 (17.4%) 15 (50%) 0.085

Neurological symptoms 1 (4.3%) 4 (13.3%) 0.999

Renal symptoms 1 (4.3%) 8 (26.7%) 0.005

SARS-CoV-2 test results, n (%)
Positive RT-PCR 4 (17.4%) 8 (26.7%) 0.613

Positive serology 18/22 (81.8%) 24/29 (82.8%) 0.723

Laboratory confirmed SARS-CoV-2 infection 19 (82.6%) 28 (93.3%) 0.385

Epidemiological link to confirm SARS-CoV-2 infection 9 (39.1%) 11 (36.7%) 0.579

Cardiogical disorders, n (%)
Myocardial dysfunction 13 (56.5%) 17 (56.7%) 0.788

Coronary artery abnormalities 2 (8.7%) 4 (13.3%) 0.687

Coronary artery aneurysm 0 0 N.A.

Mitral valve regurgitation 7 (30.4%) 7 (23.3%) 0,79

Pericardial effusion 3 6 0.715

Abnormal ECG 3 (13%) 6 (20%) 0.715

Laboratory test at admission (normal range), median (IQR), % of aberrant values
Platelets (150–400 Giga/L) 276 (224–365) 34.78% 235 (121.25-273.75) 48.39% 0.284

WBC count (4.5–11.5 Giga/L) 15.3 (9.46–17.51) 0.00% 11.28 (7.97–14.46) 54.84% 0.098

Absolute lymphocyte count (0.9-4 Giga/L) 1.77 (1.23–3.03) 21.74% 1.2 (0.9–1.97) 32.26% 0.993

 C-reactive protein (< 2.2 mg/L) 167.14 (103.32-229.71) 91.30% 170.6 (104.04-205.63) 100.00% 0.813

PCT (< 0.5 ug/L) 1.445 (0.4–3.08) 56.52% 2.6 (0.87–6.27) 87.10% 0.2

Interleukin-6 (< 7 ng/L) 199.15 (109.17-315.25) 82.61% 202.9 (52.78–332.9) 96.77% 0.736

Cardiac TnT (< 10 ng/L) 23.79 (17.14–37.85) 56.52% 20.62 (10.17–54.79) 74.19% 0.666

Pro-BNP (< 191.1 ng/L) < 191.,1 2396.71 (224.53-7320.38) 65.22% 2759.415 (1565.81-9188.5) 87.10% 0.718

Fibrinogen (1.5-4 g/L) 7.97 (6.7–8.65) 78.26% 6.81 (4.53–8.07) 87.10% 0.031

Ferritin (13–150 ug/L) 355.3 (188.3-482.1) 69.57% 546.8 (378.45-762.05) 83.87% 0.034

INR 1.01 (0.96–1.04) N/A 1.09 (0.98–1.14) N/A 0.047

D-dimer (< 0.5 mg FEU/L) 1.615 (1.28–2.29) 82.61% 3.82 (2.28–6.52) 96.77% 0.032

Albumin (35–52 g/L) 36 (31.75-40) 39.13% 32.5 (29-35.75) 48.39% 0.084

Urea (1.4–6.8 mmol/L) 3.85 (3.12–6.1) 13.04% 5 (3.8–6.9) 25.81% 0.127

Creatinine (26–88 umol/L) 38.5 (33-46.75) 0.00% 48 (31–59) 12.90% 0.181

GPT (< 40 U/L) 19.5 (13.75-28) 13.04% 23 (14-39.75) 22.58% 0.413

Bicarbonate (24 mmol/L) 23.35 (22.45–25.5) 4.35% 25.05 (23.62–27.1) 19.35% 0.807

Clinical outcome, n (%)
Days of pediatric intensive care unit (median) 0 5  N/A.

Oxygen therapy 1 (4.3%) 7 (23.3%) 0.118

Respiratory support 0 5 (16.67%) 0.001

Vasoactive drugs 0 18 (60%) N/A

Death 0 0 N/A
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A forward stepwise logistic regression analysis was 
performed to find clinical variables, which predict the 
necessity of ICU hospitalization as an indirect mode to 
quantify the severity of MIS-C. We used the variables in 
which p value was lower than 0.1 at univariate level. We 
found that fibrinogen and ferritin levels are independent 
risk factors for ICU admission. Our model explained 
48.8% (Nagelkerke R2) of the variance and correctly 
classified 64.3% of cases. To demonstrate the predictive 
power of our model we created an ROC curve using the 
predictive probabilities from logistic regression model. 
The area under the ROC was 0.817 indicating a good pre-
diction power (Table 4; Fig. 1).

Cardiac abnormalities were found in 56.6% of the total 
population. Myocardial dysfunction (left ventricular 
systolic function with an ejection fraction below 55%, 
which was calculated based on M-mode measurements) 
was detected in 17 patients (32%). Coronary artery dila-
tation could be detected (Z-score > 2.5) in 4 out of 53 
patients (11.3%), all of which were reversible. Coronary 
artery aneurysm did not develop in our patients. Mitral 
valve regurgitation occurred in a total of 14 cases (26.6%), 

which recovered during follow up. Pericardial effu-
sion was detected in 9 patients (17%), one of whom was 
at risk of tamponade. Arrhythmias such as sinus node 
depression and conduction disturbances were observed 
often as first symptom during the course, with a total 
of 17 patients (32.1%) experiencing ECG abnormalities 
(Table  1). Separate examination of potential predispos-
ing factors for decreased cardiac function revealed that 
diarrhea (15.2% and 40%, respectively) and conjunctivitis 
(45.5% and 75%, respectively) occurred more commonly 
in these patients in parallel with elevated CRP, Pro-BNP 
concentrations, and pH (Table 5).

To determine which factors are predictive for cardiac 
abnormalities in MIS-C we created a multivariate regres-
sion model using variables where p value was lower than 
0.1 at univariate level. Our model showed that Pro-BNP 
and pH are independent risk factors for MIS-C. The 
model explained 62.9% (Nagelkerke R2) of the variance 
and correctly classified 84.1% of cases. To demonstrate 
the predictive power of our model we created a ROC 
curve using the predictive probabilities from the multi-
variate forward stepwise logistic regression model. The 
area under the ROC was 0.908 indicating a good predic-
tion power (Fig. 2; Table 6).

However, a cut-off value for Pro-BNP indicative of car-
diac involvement could not be determined due to the 
small number of cases.

Discussion
We present one of the first series of MIS-C cases from 
Hungary, with 52.6% of patients requiring admission to 
the ICU, which is consistent with other reports [11]. The 
number of reported MIS-C cases increased significantly 
during the second wave of the COVID-19 pandemic in 
Hungary, as seen in Western European countries. The 
rise in MIS-C cases typically occurred three to four 
weeks after the peak of COVID-19 cases within commu-
nities, as observed in most studies [2, 4, 5, 9].

Despite the severe course of the disease requiring 
intensive care in many children, the prognosis for MIS-C 
is generally favorable, with most children achieving com-
plete clinical recovery. None of our patients died, which 
may be attributed to early diagnosis, adequate treat-
ment, and timely preparation for MIS-C cases based on 
alerts from European and American notifications [4, 10, 
11, 23, 24]. Both the median age of our patient cohort (7 
years) and the sex distribution (60.4% male) are similar 
to that of other reports. Although obesity was the most 
common associated disease in most reports, it was not 
observed in our patients, in contrast to the more severe 
disease course seen in acute SARS-CoV-2 infection [4, 
5, 10]. MIS-C related symptoms occurred with a similar 
frequency in our cohort as it was reported in relevant 

Table 4  Independent risk factors for ICU admission based on 
multivariate regression analysis
Independent risk factors for ICU admission

p Adjusted 
OR

95% C.I.

fibrinogen 0.04 0.563 0.325 0.974

ferritin 0.048 1.003 1 1.006

Fig. 1  To demonstrate the predictive power of our regression model, we 
created a ROC curve using the predictive probabilities from the multivari-
ate logistic regression model (Table 4). The area under the ROC curve was 
0.817
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Table 5  Demographic, clinical characteristics and laboratory test results at admission and outcome data of the patients with or 
without decreased cardiac function

Cardiac dysfunction n = 20 
(37.7%)

Without cardiac dysfunction 
n = 33 (62.3%)

p

Demographic and clinical characteristics at admission, n (%)

Age in years, median (min.-max.) 8 6 0.003

Male sex 14 (70%) 18 (54.5%) 0.265

Comorbidities, n (%) 1 (5%) 10 (30.3%) 0.037

Fever, days at admission, median 5.5 5 0.723

Gastrointestinal symptoms 14 (70%) 24 (72.8%) 0.831

Diarrhea 8 (40%) 5 (15.2%) 0.042

Mucocutaneous symptoms 17 (85%) 23 (69.7%) 0.209

Conjunctivitis 15 (75%) 15 (45.5) 0.035

Cardiovascular symptoms 20 (100%) 10 (30.3%) < 0.001

Respiratory symptoms 5 (25%) 14 (42.4%) 0.765

Neurological symptoms 0 5 (15.2%) 0.105

Renal symptoms 3 (15%) 6 (18.2%) 0.765

SARS-CoV-2 test results, n (%)
Positive RT-PCR 4 (20%) 8 (24.2%) 0.721

Positive serology 18 (90%) 24/31 (77.4%) 0.250

Laboratory confirmed SARS-CoV-2 infection 18 (90%) 29 (87.9%) 1.00

Epidemiological link to confirm SARS-CoV-2 infection 8 (40%) 12 (36.4%) 0.95

Cardiogical disorders, n (%)
Myocardial dysfunction 19 (95%) 0  N.A.

Coronary artery abnormalities 2 (10) 4 (12.1%) N.A.

Coronary artery aneurysm 0 0 N.A.

Mitral valve regurgitation 9 (45%) 5 (15.2%) N.A.

Pericardial effusion 3 (15%) 6 (18.2%) N.A.

Abnormal ECG 13 (65%) 4 (12.1%) N.A.

Laboratory test at admission (normal range), median (IQR)
Platelets (150–400 Giga/L) 237.5 (135.5-329.25) 252 (208–343) 0.335

WBC count (4.5–11.5 Giga/L) 13.565 (9.65–17.06) 11.45 (8.87–17.07) 0.335

Absolute lymphocyte count (0.9-4 Giga/L) 1.385 (1-2.26) 1.61 (0.95–2.84) 0.125

 C-reactive protein (< 2.2 mg/L) 188.53 (64.19-232.99) 133.21 (88.76-205.85) 0.176

PCT (< 0.5 ug/L) 1.69 (0.86–5.53) 1.83 (0.51–3.625) 0.349

Interleukin-6 (< 7 ng/L) 174.1 (102.95-286.45) 189.15 (68.17–489.3) 0.005

Cardiac TnT (< 10 ng/L) 26.2 (19.68–88.46) 21.47 (12.82–36.5) 0.002

Pro-BNP (< 191.1 ng/L) < 191.1 9268.875 (2406.22-17237.48)) 1634.74 (701.21-5085.19) 0.006

Ferritin (13–150 ug/L) 500.5 (379.05–692.3) 355.7 (169.47–598.4) 0.651

INR 1 (0.955–1.11) 1.04 (0.98–1.11) 0.309

D-dimer (< 0.5 mg FEU/L) 2.575 (1.53–3.98) 2.16 (1.4–4.88) 0.180

Albumin (35–52 g/L) 32 (29-35.75) 35 (31.75–38.25) 0.517

Urea (1.4–6.8 mmol/L) 5.15 (3.7–6.73) 4.2 (3.45-6) 0.844

Creatinine (26–88 umol/L) 42 (34.5–49) 44 (32-57.5) 0.185

GPT (< 40 U/L) 22 (14.25–29.5) 19.5 (12.25–36.75) 0.149

Bicarbonate (24 mmol/L) 25.75 (23.57–27.45) 24.25 (22.6–25.5) 0.804

pH (7.4) 7.465 (7.45–7.49) 7.42 (7.39–7.45) 0.008

Clinical outcome, n (%)
Days of pediatric intensive care unit (median) 3 (15%) 2 (6.1%) 0.428

Respiratory support 1 (5%) 4 (12.1) 0.721

Vasoactive drugs 11 (55%) 7 (21.2%) 0.027

Death 0 0 N/A
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clinical reports presenting the clinical spectrum of the 
disease [12].

Given the wide range of clinical manifestation and out-
come, the identification of factors associated with more 
severe outcome in patients with MIS-C may help assess 
prognosis and make early treatment decisions [4, 11, 20, 
21]. We demonstrated that higher D-dimer, ferritin, INR 
and lower fibrinogen at admission indicate severe course, 
while higher CRP and Pro-BNP predispose to car-
diac involvement in MIS-C. To identify MIS-C patients 
requiring ICU treatment, several studies and publica-
tions are seeking for prognostic factors at admission [20, 
21, 25]. A meta-analysis of 787 MIS-C patients revealed 
that higher levels of leukocyte, absolute neutrophil count, 
CRP, D-dimer, and ferritin was detected in severe MIS-C 
patients compared with non-severe MIS-C patients [25]. 
In another retrospective surveillance study 1080 patients 
with MIS-C were enrolled. Intensive care was more likely 
to occur in patients with dyspnoea, abdominal pain, and 
elevated CRP, troponin, ferritin, D-dimer, Pro-BNP, or 
IL-6, or decreased platelet or lymphocyte counts [20]. A 
meta-analysis of 1613 patients showed higher levels of 

Pro-BNP indicative of cardiac involvement compared to 
patients with severe MIS-C than in patients with non-
severe MIS-C [21, 26].

According to previous literature data, nearly 50% of 
patients (typically younger patients) belonged to the KD-
like group. However, in contrast to the classic (typical) 
appearance of KD, KD-like MIS-C patients usually had 
more severe condition (40% required intensive care, 24% 
received shock management compared to similar entities 
of the “classic” form of KD, where shock is less common, 
occurs only in 5% of patients). In accordance with lit-
erature data, MIS-C patients tend to be older compared 
with classical KD patients [22]. Similarly to published 
case series, symptoms of gastrointestinal involvement 
were quite common in our cohort (76%), with typically 
elevated inflammatory parameters and lower platelet 
counts (Table 1) [27–30].Coronary heart disease was rare 
among patients with cardiac symptoms which observa-
tion is consistent with data of previous reports [2, 4, 5, 9, 
31, 32].

Although, nearly 100% of patients in the shock group 
required therapy at ICU and 70.6% required vasoactive 
drugs, no statistically significant differences were found 
in this group in the initial laboratory studies (except for 
CRP). The above can be explained not only by the small 
number of cases but also by the large number of severe 
patients in the KD group [11].

In 11 patients (group 3) we observed fever and severe 
inflammation along with other organ involvement, typi-
cally renal or neurological involvement. Comparing to 
the two other groups the presence of respiratory symp-
toms was far more common in this particular group of 
patients (difference is not significant). The overlap with 
acute COVID-19 (36.4% RT-PCR positivity) may be a 
plausible explanation for that (Table 2) [11].

Subgroup analysis based on clinical presentation 
showed that baseline laboratory values (excluding CRP, 
which was significantly lower in group 3), did not differ 
significantly between the 3 groups. Prognostic factors 
for either severity or course alone cannot be determined 
from the initial clinical presentation.

There are several limitations to our study. This study 
was conducted in a single center, a similar multicenter 
study with greater power may help validate our results 
and remove the bias of the study.

Conclusion
Children with MIS-C can present with a variety of clini-
cal manifestations. Our study identified several signs 
and symptoms, including shortness of breath and renal 
symptoms, along with abnormal laboratory markers such 
as elevated ferritin, D-dimer, and INR, and decreased 
fibrinogen at admission that indicate a severe course and 
the need for intensive care in our patient population. 

Table 6  Independent risk factors for cardiac dysfunction based 
on multivariate regression analysis
Independent risk factors for cardiac dysfunction

p Adjusted 
OR

95% C.I.

pH 0.035 1.5*106 12.642 1.78*1029

pro BNP 0.041 1.000 1.000 1.000

Fig. 2  To demonstrate the predictive power of our regression model, we 
created a ROC curve using the predictive probabilities from the multivari-
ate logistic regression model (Table 6). The area under the ROC curve was 
0.953, which indicates good prediction power

 



Page 10 of 11Varga et al. BMC Pediatrics          (2023) 23:190 

Higher levels of CRP and Pro-BNP predispose to cardiac 
involvement in MIS-C. The prognosis of MIS-C is still 
uncertain, given the novelty of this clinical entity and the 
lack of long-term follow-up studies [33, 34]. Our results 
emphasize the importance of rapid diagnostic and thera-
peutic interventions to prevent long-term complications 
in patients with suspected MIS-C. Both clinical and labo-
ratory prognostic factors can aid in identifying high-risk 
patients with a more severe disease course.
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