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Abstract
The purpose of this study is to assess the rate, clinical picture, and management of multisystem inflammatory syndrome in
children (MIS-C) during the different COVID-19 variants of concern (VOC) domination periods. This was a retrospective
analysis of prospectively collected data. The incidence and clinical picture of MIS-C during the original/Alpha (group 1)
and Delta/Omicron (Group 2) variant domination periods were compared. Among 108 eligible patients, 74 (68.5%) were
hospitalized during the group 1 domination period, and 34 (31.5%) were hospitalized during the group 2 domination period.
The median (Me) patient ages were 76 months (interquartile range [IQR] 35-130) and 73 months (IQR 45-118), and 61%
and 65% of patients were male, respectively. There was no significant difference in the presence of positive SARS-CoV 2
antibody test results (IgM or IgG) between the groups (84 vs. 90%; p = 0.54).No differences between groups were observed
in fever duration prior to admission (Me [IQR]: 5 days [3-6] vs. 5 days [4-6]; p = 0.26) or the presence of mucocutaneous
(95 vs. 100%; p = 0.41), circulatory (70.3 vs. 61.8%; p = 0.86), neurological (6.8 vs. 2.9%; p = 0.662), or gastrointestinal
symptoms (84 vs. 79%; p = 0.59). Respiratory symptoms were more common in group 2 (70 vs. 91%; p = 0.015). The need
for intensive care unit admission was similar in both groups (16.2 vs. 17.6%, p = 1.0). No deaths occurred in the entire
cohort. The studied children were characterized by high C-reactive protein and procalcitonin levels, concentrations of ferritin
within normal limits, lymphopenia, moderate hypoalbuminemia, and high B-type natriuretic peptide/brain natriuretic peptide
(NT-proBNP) concentrations; however, there were no differences between the groups. Intravenous immunoglobulins were
administered as a first-line treatment for almost all patients. There was no significant difference in corticosteroid administra-
tion between the groups (87% vs. 74%; p = 0.11); however, the summary dose of methylprednisolone was higher in group
2 (Me [IQR]" 12.6 mg/kg [10.5-17.8] vs. 16.4 mg/kg [13.3-19.5]; p = 0.03). The median length of stay was 11 days [IQR]:
[9-14] and 10 days [8—12], respectively (p = 0.065).

Conclusion: The clinical course of MIS-C is similar in subsequent pandemic waves; however, the incidence of MIS-C
seems to be decreasing.

What is Known:

o The clinical picture of COVID-19 is evolving. Multisystem inflammatory syndrome in children (MIS-C) is a relatively new serious disease con-
nected with SARS-CoV-2 infection, and in subsequent waves of the pandemic, new cases of the disease have been recorded.

What is New:

o The clinical picture of MIS-C is not specific, but the course is still severe.

o The incidence of MIS-C during the different pandemic waves is decreasing and the diagnosis in the period of lower prevalance is challenging.
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CRP C reactive protein The aim of the study
ECMO Extracorporeal membrane oxygenation

GI Gastrointestinal

ICU Intensive care unit

IQR Interquartile range

IVIG Intravenous immunoglobulin

LOS Length of stay

MIS-C Multisystem inflammatory syndrome in
children

NT-proBNP  B-type natriuretic peptide/brain natriuretic
peptide

PCR Polymerase chain reaction

PCT Procalcitonin

SARS-CoV-2 Severe acute respiratory syndrome corona-
virus 2

VOC Variants of concern

WHO World Health Organization

Introduction

In April 2020, during the COVID-19 global pandemic caused
by SARS-CoV-2, a new disease was observed and named
multisystem inflammatory syndrome in children (MIS-C) [1].
The first case of MIS-C in Poland was detected in May 2020
[2]. Observations have shown that 2—4 weeks after SARS-
CoV-2 infection (mostly asymptomatic or mildly sympto-
matic patients), immune dysregulation and an increased
systemic inflammatory response occur [3]. Therefore, the
dominant symptom is fever, but in most patients, mucocuta-
neous, cardiovascular, gastrointestinal, respiratory, and neu-
rological manifestations are observed. The most common
laboratory findings are significantly elevated inflammatory
markers, neutrophilia, hypoalbuminemia, hyponatremia, and
elevated markers of myocardial damage [2, 4-6]. There is no
pathognomonic symptom or marker to confirm the diagnosis.

After 2 years of the pandemic, the clinical picture of
COVID-19, modified by subsequent dominant variants of
concern (VOCs), has changed and become milder but more
transmissible in relation to the entire global population [7,
8], but at the same time, an increasing number of hospitaliza-
tions among children was noticed [9, 10]. Initially, MIS-C,
which required hospitalization in most cases, was a direct
reflection of the wave of COVID-19 with the defined time
delay in between waves. After 2 years, despite the high con-
tagiousness of the dominant variants of SARS-CoV-2 and the
high incidence of COVID-19 cases, the incidence of MIS-C
seems to have significantly decreased [11-13]. There is little
data comparing the course of MIS-C depending on the domi-
nance of specific COVID-19 variants. First of all, the data on
the last variant of Omicron are very scarce. For this reason,
we attempted to compare the clinical course in children with
MISC during the period of dominance of the original variants
and the period of dominance of the new variants.
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To assess the rate, clinical picture, and management of
MIS-C during the different COVID-19 variants of concern
domination periods (including Omicron).

Materials and methods
Patient identification and selection

This was a retrospective analysis of prospectively collected
data. The study included all patients aged from O to 18 years
diagnosed with multisystem inflammatory syndrome who had
been admitted to the Department of Paediatrics University Chil-
dren’s Hospital of Cracow between November 1, 2020, and
June 30, 2022. MIS-C was diagnosed based on the US Cent-
ers for Disease Control and Prevention (CDC) definition [14].
Patients were excluded if any bacterial infection was diagnosed.

For each patient, a defined set of data (demographic charac-
teristics, clinical symptoms, laboratory results, treatment, and
outcome) was analyzed. The body mass index (BMI) of the
patients was transformed to age- and gender-adjusted percen-
tiles using WHO growth charts [15]. Race and ethnicity data
were collected because they are risk factors for severe course
of COVID-19 [16] and could similarly affect outcomes in
MIS-C [5, 6, 17, 18]. Race categories included White, African
American, and others. Ethnicity categories included Hispanic
or Latino and non-Hispanic or Latino. The PCR tests were run
for all patients before admission. According to Polish direc-
tions, the PCR tests for SARS CoV-2 were considered posi-
tive if the detection of two or more SARS-CoV-2 genes was
confirmed (genes: N, E, S, RdRP, or ORF1ab) [19]. Children
included in the analysis were managed according to the rec-
ommended protocols by American College of Rheumatology
protocols [20, 21] by one experienced medical team (including
pediatricians, pediatric pulmonologists, and infectious disease
specialists). Intravenous immunoglobulin (IVIG) dosing was
2 gm/kg based on ideal body weight. In the patients with car-
diac dysfunction, IVIG dose was divided into 2 days. Low-to-
moderate corticosteroid dose was defined as methylpredniso-
lone 1-2 mg/kg/day (if another steroid was used the equivalent
methylprednisolone dose was calculated for the analysis). The
pulses of steroids were defined as methylprednisolone dose of
10-30 mg/kg/day for 3 to 5 days. The cardiology evaluation
was provided by the Cardiology Department. The University
Children’s Hospital of Cracow is the only hospital in the region
with a pediatrics’ intensive care unit (PICU) and a cardiology
department which determined the Department of Paediatrics
as the leading unit to diagnose and treat MIS-C throughout the
analyzed time. According to the hospital policy, the patients
treated with inotropic agents and stable condition were not
transferred to PICU (criteria for PICU admission were defined
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as need for mechanical ventilation or hemodynamic instabil-
ity). The severe MIS-C was defined as 1. PICU admission or 2.
presence of hypotension as defined by systolic and/or diastolic
blood pressure below the 5th percentile for sex, age, and height;
or significant cardiac dysfunction (decreased left ventricular
ejection fraction below 55%; or decreased fractional shortening
below 25%) or shock [22]. The study protocol was approved
by the Jagiellonian University Medical College Ethical Com-
mittee. Written and informed consent was obtained from the
parents. The data has not been published before.
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Fig. 1 a Daily COVID-19 cased in the Malopolska region (based on
https://koronawirusunas.pl/u/wojnowe-malopolskie; access date 21.7.
2022). b Number of children hospitalized due to COVID-19 in the
dedicated infectious disease ward in Krakow, Poland (based on
Stopyra L, Kowalik A, Stala J, Majchrzak I, Szebla J, Jakosz M,
Grzywaczewska K, Kwinta P. Characteristics of Hospitalized Pediat-
ric Patients in the First Five Waves of the COVID-19 Pandemic in

.

The number of confirmed COVID-19 cases in the
Matopolska region during the study period was down-
loaded from www.koronawirusunas.pl/u/malopolskie [23],
provided by the Polish government. The number of chil-
dren hospitalized due to COVID-19 was obtained from a
dedicated infectious disease unit for the region [10]. The
association between SARS-CoV-2 variants and MIS-C
cohorts was assumed based on the Polish sequencing data-
base [24], representing the predominant strain of SARS-
CoV-2 across time periods (Fig. 1).
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283). ¢ Number of children hospitalized due to MIS-C in the Depart-
ment of Pediatrics, Jagiellonian University, Krakow, Poland. d The
proportion of the total number of COVID-19 sequences over time in
Poland (based on www.covariants.org; access date: 21.07.2022)
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Definitions of groups

Based on the distinct VOC periods of SARS-CoV-2, the
following groups were defined:

Group 1 (original/Alpha variants): patients hospitalized
between November 1, 2020, and July 30, 2021—the
period of domination of the original and Alpha variants
in Poland [24].

Group 2 (Delta/Omicron variants): patients hospital-
ized between October 19, 2021, and June 30, 2022—the
period of domination of the Delta and Omicron variants
[24].

Statistical methods

First, the Shapiro—Wilk test was used to assess the normality
of the distribution of the continuous variables. Because this
test indicated that the null hypothesis (normal distribution)
should be rejected for most of the analyzed variables, any
further data were analyzed using the Mann—Whitney U test.
Fisher’s exact test was used to compare the categorical vari-
ables. A p value of 0.05 or less was considered statistically
significant. Statistical analyses were performed using IBM
SPSS Statistics v. 27 software (Armonk, NY, USA).

Results

One hundred eight patients among 110 children admitted
with MIS-C suspicion were included in the final analysis.
Two MIS-C suspected patients, who developed macrophage

activation syndrome and in their further history systemic
juvenile idiopathic arthritis was diagnosed, were excluded.

In the domination period of the original/Alpha variants
in Poland, 74 patients (68.5%) were hospitalized in our unit
due to MIS-C. In the domination period of the Delta/Omi-
cron variants, 34 patients (31.5%) were admitted, of whom
31 (91.2%) were hospitalized during and after 4 weeks of
the Delta variant domination period. Only 3 of them were
hospitalized during the Omicron variant domination period.
All but two patients (98.1%) were non-Hispanic or Latino
White. A comparison of selected demographic and clinical
variables between the studied groups is presented in Table 1.

There were no significant differences between the
groups in terms of age, sex, or body mass index (BMI). The
median (Me) patient ages were 76 (interquartile range [IQR]
35-130) and 73 (IQR 45-118) months, and 61% and 65% of
the patients were male, respectively. Positive SARS CoV-2
PCR tests were noted only in group 1 (11 patients vs. 0,
p=0.017). There was no significant difference in the pres-
ence of positive SARS-CoV 2 antibody test results (IgM or
IgG) between the groups (84 vs. 90%; p=0.54). Only 45%
of the patients in group 1 and 33% of those in group 2 had
confirmed contact with SARS-CoV-2-infected persons. On
the other hand, 27% and 44 %, respectively, had a history of
any type of infection before 8 weeks of admission. None in
both groups were vaccinated against COVID-19.

The number of confirmed COVID-19 cases in the general
population in the Matopolska region (Fig. 1a) corresponded
to the number of hospitalizations among children due to
COVID-19 infection (Fig. 1b) [10]. The hospitalization
rate was higher in children in group 2 (Delta/Omicron vari-
ants), while the total number of diagnosed MIS-C patients

Table 1 The demographic data and COVID-19 status of the studied groups

Group Group 1 original/Alpha  Group 2 Delta/Omicron  p value
[N=74] [N=34]

Male, n (%) 45 (61) 22 (65) 0.83%%*

Age [months], Median (IQR) 76 (35-130) 73 (45-118) 0.82%

Race/ethnicity

White, n [%] 72 (97,29) 34 (100) 1.0%**

African American, n [%] 1(1,35) 0

Hispanic or Latino, n [%] 1(1,35) 0

Weight [kg], median (IQR) 22 (14-36) 20 (16-33) 0.81%*

BMI percentile, median (IQR) 46 (13-70) 42 (8-68) 0.53%*

Positive anti-SARS CoV-2 antibodies, n [%] 62 [84] 28 [90] 0.54%*

Positive SARS CoV-2 PCR test, n [%] 11 [15] 0 0.017%*

Confirmed SARS CoV-2 infection in the patient’s past history or confirmed 33 [45] 11 [33] 0.3%%*
SARS CoV-2 infection in the family, n [%]

Any type of infection in the past 8 weeks before hospitalization, n [%] 20 [27] 15 [44] 0.12%*

Vaccination against COVID-19, n [%] 0 0

IQR interquartile range, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, PCR polymerase chain reaction

*p value for Mann—Whitney U test; **p value for Fisher’s exact test; ***p value for chi-square test
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Ta.bI.e 2 Comparison of the Symptoms Group 1 original/ Group 2 Delta/ p value
Clll’ll.Cal symptoms between the Alpha [N=74] Omicron [N=34]
studied groups
Fever before admission [days], median (IQR) 5 [3-6] 5 [4-6] 0.26*
Conjunctivitis/rush/mucosal involvement (erythema 70 [95] 34 [100] 0.41%*
or fissures, strawberry tongue), n [%]
Edema (or erythema of the hands or feet), n [%] 25 [34] 14 [41] 0.52%*
GI symptoms, n [%] 62 [84] 27 [79] 0.59%*
Respiratory symptoms, n [%] 51 [70] 31 [91] 0.015%*
Circulatory symptoms, n [%] 52 [70.3] 21[61.8] 0.386%*
Systolic or diastolic blood pressure 27 [37] 13 [38.2] 1.0%*
below 5th percentile, n [%]
FS <25%, n [%] 14 [19] 5[15] 0.79%*
EF<55%, n [%] 24 [32.4] 8 [24.2] 0.5%*
Abnormal imaging of the coronary 22 [30] 5[15] 0.15%*
arteries, n [%]
Neurologic symptoms, n [%] 51[6.8] 1[2.9] 0.662%*

Respiratory symptoms: cough, wheezing, dyspnea, auscultatory changes, abnormalities in chest radiogra-
phy or ultrasound (pleural effusion, consolidations)

Mucocutaneous symptoms: conjunctivitis, skin rash, lip swelling or redness, swollen lymph nodes

Neurological symptoms: headache, diplopia, altered mental status, seizure

Cardiovascular symptoms: tachycardia, hypotension, left ventricular ejection fraction (LVEF) <55%, coro-

nary dilatation or aneurysm

GI (gastrointestinal) tract symptoms: nausea, vomiting, diarrhoea, abdominal pain

EF ejection fraction, FS fractional shortening

*p value for Mann—Whitney U test; **p value for Fisher’s exact test

(Fig. 1c) was only one-third of all cases. The proportion
of the total number of COVID-19 sequences over time in
Poland is presented in Fig. 1d.

The clinical symptoms of MIS-C in the studied groups
are presented in Table 2. No differences between groups
were observed in fever duration prior to admission (Me
[IQR]: 5 [3-6] vs. 5 [4—6] days; p=0.26) or the presence of
mucocutaneous (95 vs. 100%; p =0.41), circulatory (70.3
vs. 61.8%; p=0.86), neurological (6.8 vs. 2.9%; p=0.662),
or gastrointestinal symptoms (84 vs. 79%; p =0.59). Only
respiratory symptoms were more common in group 2 (70
vs. 91%; p=0.015). Hypotension was present in 27 (37%
in group 1 and 13 (38.2%) in group 2 (p =1.0). Decreased
ejection fraction (EF) was reported in 24 (32.4%) and 8
(24.2) (p=0.5) and coronary arteries abnormalities in 22
(30%) and 5 (15%) (p=0.15), respectively.

Moreover, the laboratory findings at the beginning of
hospitalization were similar in both time periods (Table 3).

The whole cohort was characterized by high C-reactive
protein and procalcitonin levels, concentrations of ferritin
within normal limits, lymphopenia, moderate hypoalbu-
minemia, and high B-type natriuretic peptide/brain natriu-
retic peptide (NT-proBNP) concentrations.

The management and outcomes are presented in Table 4.

Intravenous immunoglobulins were administered as a
first-line treatment for 96% of the patients in group 1 and

100% of the patients in group 2. There was no significant
difference in the number of patients treated with corticos-
teroid low-moderate dose between the groups (87% vs. 74%;

Table 3 Comparison of selected laboratory results between the stud-
ied groups. Data are presented as the median and interquartile range

Group Group 1 Group 2 Delta/  p value
Original/Alpha ~ Omicron
[N=74] [N=34]
CRP [mg/1] 155 [65-215] 180 [72-208] 0.43
PCT [ng/ml] 2.44[1.14-5.61] 1.69[0.83-4.26] 0.17
Ferritin [ug/1] 250 [136-674] 221 [171-356] 0.39
WBC [x1073] 10.3[7.6-13.1] 10.0[8.2-13.9] 0.71
% neutrophiles 79 [64-87] 79 [72-85] 0.9
% lymphocytes 11.5[7-26.2] 13.8 [8.7-19] 0.73
PLT [103/ul] 201 [122-279] 248 [159-354] 0.12
Serum Na [mmol/l] 134 [131-137] 135 [132-136] 0.57
Albumin [g/1] 32.1[29.4-36.8] 32.6[29.2-35] 0.55
AST [UN] 37.5[31.4-58.2] 34.1[21.9-43.7] 0.068
ALT [UAN] 26.5 [18-54] 34 [15-61] 0.638
NT proBNP [pg/ml] 2901 2727 0.7

CRP C-reactive protein, NT-proBNP N-terminal pro brain natriuretic
peptide, PCT procalcitonin, WBC white blood cells, PLT platelets

p value for Mann—Whitney U test
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Table 4 Comparison of

Group Group 1 Original/  Group 2 Delta/ p value

management and. outcomes Alpha [N=74] Omicron [N=34]

between the studied groups
IVIG, n [%] 71 [96] 34 [100] 0.55%%*
Steroids, n [%] 64 [87] 25 [74] 0.11%*
Steroids—total dose (mg/kg), median (IQR) 12.6 (10.5-17.8) 16.4 (13.3-19.5) 0.03*
Pulses of steroids, n [%] 516.8] 21[5.9] 1.0%*
Milrinone, n [%] 23 [31] 7[21] 0.36%*
Dopamine, n [%] 8[11] 3 9] 1.0%%*
Epinephrine, n [%] 6 [8.1] 4[11.8] 0.72%*
Duration of vasoactive support (days), median (IQR) 7 (6-9) 8 (5-12) 0.71%*
PICU admission, n [%] 12 [16.2] 6[17.6] 1.0%*
PICU LOS (days), median (IQR) 7 (4-9) 6 (3-8) 0.6*
Intubation, n [%] 1[1,35] 2 [5,8] 0.45%*
LOS (days), median (IQR) 11 (9-14) 10 (8-12) 0.065%*

1VIG intravenous immunoglobulin, LOS length of stay, PICU pediatric intensive care unit

*p value for Mann—Whitney U test; **p value for Fisher’s exact test

p=0.11); however, the summary dose of corticosteroids was
higher in group 2 (Me [IQR]" 12.6 mg/kg [10.5-17.8] vs.
16.4 mg/kg 13.3-19.5]; p=0.03).

The need for intensive care unit admission was similar in
both groups (16.2 vs. 17.6%, p=1.0), one of whom from group
1 (1.35%), and two from group 2 (5.8) were mechanically ven-
tilated. None of our patients were treated with ECMO. No
deaths occurred in the entire cohort. The median length of stay
was 11 (9-14) and 10 (8-12) days, respectively (p=0.065).

There was no difference between the groups in terms of
the rate of steroid pulse therapy (6.8% vs. 5.9%; p=1.0). This
therapy was administered in seven patients, one of whom was
African American and one was White Hispanic or Latino.

Discussion

After almost 2 years of observation of MIS-C, during the
changing of the clinical picture of COVID-19 infection and
the popularization of immunization, we observe decreasing
rate of MIS-C cases, but the clinical course of the disease
remains the same and life threatening. The data including
dominant period of Delta and especially Omicron variants
are lacking. Proper prompt diagnosis and avoiding mis- and
overdiagnosis becomes particularly even more demanding.

In 2020, the World Health Organization (WHO) declared
a pandemic of SARS-CoV 2; from that time, except for the
original/wild virus, the most important variants of concern
(VOCs) identified in Poland were the Alpha (B.1.1.7), Delta
(B.1.617.2), and Omicron (B.1.1.529) variants [23].

In the domination period of the original/Alpha variants
(September 2020-June 2021) in Poland, there were 2,779,002
cases of confirmed SARS-CoV-2 infections. During this

@ Springer

period (group 1), educational establishments (universi-
ties, schools, kindergartens, nurseries) were closed. During
domination period of the Delta/Omicron variants (Septem-
ber 2021-June 2022), there were 3,124,773 cases [25]. The
sanitary restrictions were less severe, and for children, they
were practically abolished. From February 2022, for the first
time in Poland, antigen tests were widely available, so new
infections were confirmed at home and not always registered.
Additionally, an upward trend in hospitalization in the group
of pediatric patients was observed at this time [10, 11]. It
can be concluded that the real incidence rate of COVID-19
during the later period (group 2) was much higher than that
of the official statistics. Despite the increasing rate of new
COVID-19 infections or COVID-19 reinfection, a significant
decrease in MIS-C cases was observed. A similar trend is
noted by CDC in the USA [12] or in different studies [11,
13], where the reversal of the proportion between COVID-
19 infections and MIS-C is clearly visible. Firstly, it can be
connected with different VOC occurrence. Secondly, with
an increasing number of children who had COVID-19 at
least once, the risk of recurrence of a dysregulated immune
response following reinfection with SARS-CoV-2 resulting
in MIS-C is still unknown, but seems to be unlikely [26, 27].

Additionally, beginning in May 2021, vaccination
against COVID-19 was available for subsequent pediat-
ric age groups (for ages 16—18 years from May 2021, for
ages 12-16 years from June 2021, and for ages 5—12 years
from December 2021) [28]. Until August 2022 immuniza-
tion status in Poland was 20% in 5- to 9-year-old children
and approximately 55% in 10- to 18-year-old children [29].
The available data confirm that immunizations are not a
risk factor for MIS-C [30-33] and there is strong evidence
that mRNA immunizations decrease the risk of MIS-C [33].
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Our patients also did not receive any vaccination against
COVID 19, but MIS-C is possible and should be included
in differential diagnosis even in vaccinated patients [32]. On
the other hand, rare cases of hyper-inflammatory syndrome
with multi-organ involvement following COVID-19 mRNA
vaccine with no proof of COVID-19 infection have been
described [34].

The demographics were uniform across both groups.
Interestingly, the median age of our cohort was lower than
those in previous reports from Poland (76 and 73 months
compared to 106 months) [35], the UK (98 months) [4], and
the USA (104 months) [5]. In both groups, a predominance
of males was observed (61% and 65%), which is consistent
with previous reports [4, 5, 35]. The majority of patients had
laboratory confirmed SARS-CoV-2 infection. Interestingly,
only the patients in group 1 had a positive SARS-CoV-2
polymerase chain reaction (PCR) test. It can be assumed
that in group 1, the PCR tests were performed in a shorter
period from COVID-19 infection or that the virus elimi-
nation time was longer at that time. Despite many months
of the pandemic, in both groups patients have negative
serology, which is consistent with previous report [6, 17,
35]. This observation can be connected with the serologi-
cal methods limitations [36-39] or possible misdiagnosis.
However, the positive serological tests are not obligatory
to confirm the diagnosis. Most patients had no medical his-
tory of confirmed contact with SARS CoV-2-infected person
or any type of infection before 8 weeks of admission. This
observation may be related to the fact that COVID-19 infec-
tion in children is usually asymptomatic or mild, and tests
are rarely ordered [9, 40—42].

The clinical course and severity were similar in both
groups. The mucocutaneous, GI, circulatory, and neuro-
logical symptoms and laboratory results were consistent
with previous reports [4, 5, 35]. The only difference in our
group was the higher rate of respiratory symptoms in group
2. PICU admission, the use of catecholamines, the need for
intubation, and length of mechanical ventilation were similar
in both time periods. Our results differ from other Polish
data [35], because the MIS-C course in our cohort was more
severe. The main inconsistency is about PICU admission
and cardiac insufficiency which were higher in our group.
It must be highlighted that our hospital is the largest in the
region and includes the PICU, cardiology unit, and cardiac
surgery unit. The PICU admission criteria were very strict
also. Possibly that is the reason why the data from differ-
ent reports showed more frequent admissions to the PICU
and respiratory support during original/Alpha wave than our
data, while the length of hospitalization was shorter [4, 5,
43]. Parag J. et al. retrospectively analyzed patients from
Texas Children’s Hospital (Houston) and concluded a milder
MIS-C course among patients from the Delta variant domi-
nation period. Based on observations, these patients stayed

at the hospital for a shorter time and less often needed res-
piratory or ECMO support. In contrast, no differences in
the symptoms or laboratory test results were shown [44].
We did not confirm these observations. In our opinion, the
less frequent need for mechanical ventilation or ECMO can
be a result of the higher experience of medical personnel
in the second period of the pandemic (Delta/Omicron vari-
ants), especially for obtaining strict fluid balance and pro-
viding bolder and faster administration of steroids. Levy N.
prospective study from 12 Israel hospitals suggests MIS-C
decreasing incidence and less severe outcome during the
Omicron wave of the COVID-19 pandemic. In our study,
we have only three patients after the Omicron wave, which
is compatible, On the other hand, comparing to our study,
in Levy N et al. report the incidence of PICU admission
in all three waves was again higher than in our cohort, but
the use of vasoactive agents during Alpha and Delta wave
was lower [11]. In the study from South Africa no cases of
MIS-C were reported after Omicron outbreak. This finding
could possibly corroborate to the conclusion that incidence
of MIS-C is decreasing, but the observation time period was
only 6 weeks from the first case of Omicron detection [13].

It is not established how race/ethnicity is associated with
the severity of the disease. In several case studies the pre-
dominance of Black, Hispanic, or Latino is described [5, 6,
17, 45]. The predominance of the White race in our cohort
could be considered a possible explanation for the milder
clinical presentation in Poland than in the other studies. This
observation requires further analysis.

Treatment of MIS-C was provided according to the
American College of Rheumatology Guidelines published
in April 2020 and April 2021 [20, 21]. The first-line treat-
ment was IVIG alone or combined with corticosteroids. Cor-
ticosteroids were administered insignificantly less often in
group 2, but simultaneously, the dose prescribed in total was
higher. It refers to the increasing experience of the clinical
team, which allows the administration of steroids to patients
in more severe clinical conditions and sets the starting dose
at 2 mg/kg methylprednisolone. The need to use the second-
line treatment (pulses of intravenous methylprednisolone
therapy) was similar in both groups. The retrospective
analysis by Ouldali N. et al. showed that combined treatment
with methylprednisolone and IVIG versus IVIG alone was
associated with a better course of fever in MIS-C patients
[46]. Additionally, published from 2022, D. Sofia study by
Villacis-Nunez DS. et al. showed that corticosteroid mono-
therapy can be used as the first-line treatment in patients
with mild MIS-C [47]. On the other hand, the international
observation cohort study (BATS Consortium) showed no
evidence of differences in outcomes between treatment
with corticosteroids or IVIG as single agents or between the
single-agent and dual-agent primary treatments [48]. These
observations required further research.
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Our study has some limitations. This was a single-center
study. The sequencing data for SARS-CoV-2 variants were
estimated from the central Polish laboratory; we did not
sequence distinct variants in our laboratory. The CDC guide-
lines were used for the identification of our cohort, but the
overlapping and nondifferentiating clinical presentation of
MIS-C, acute COVID-19, and other acute infectious diseases
can interfere with the clinical judgement [49].

The comparison of the course of MIS-C during differ-
ent pandemic waves in the group of patients treated by one
experienced team using the uniform diagnosis criteria, the
uniform laboratory test protocol, the uniform treatment
approach, and cooperating with one dedicated consulting
clinicians reliably shows that clinical picture of MIS-C is
still the same, only the rate is decreasing.

Conclusion

Despite changing the clinical picture of COVID-19, the clini-
cal course of MIS-C remains the same. However, the MIS-C
prevalence is decreasing. MIS-C remains a serious, life-
threatening condition that has no pathognomonic symptoms
or markers. The diagnosis in the period of lower prevalence
is challenging.

Authors’ contributions All authors contributed to the study conception
and design. Material preparation, data collection, and analysis were
performed by Katarzyna Ptak, Kornelia Kukla, Marta Cisowska, and
Anna Olchawa-Czech. The first draft of the manuscript was written by
Katarzyna Ptak and all authors commented on previous versions of the
manuscript. The supervision of the manuscript was made by Izabela
Szymoriska and Przemko Kwinta. All authors read and approved the
final manuscript.

Declarations

Ethical approval This study was approved by the Ethics Committee of
Jagiellonian University (No 1072.6120.360.2020).

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Riphagen S, Gomez X, Gonzalez-Martinez C et al (2020) Hyperinflam-
matory shock in children during COVID-19 pandemic. The Lancet
395:1607-1608. https://doi.org/10.1016/S0140-6736(20)31094-1

2. Okarska-Napierata M, Ludwikowska KM, Szenborn L et al (2020)
Pediatric inflammatory multisystem syndrome (PIMS) did occur
in poland during months with low COVID-19 prevalence, prelimi-
nary results of a nationwide register. J Clin Med 9:1-14. https://
doi.org/10.3390/JCM9113386

3. (PDF) The present state of understanding of multisystem inflammatory
syndrome in children (MIS-C) associated with SARS-CoV-2 infec-
tion - a comprehensive review of the current literature. https:/www.
researchgate.net/publication/345641583_The_present_state_of
understanding_of_multisystem_inflammatory_syndrome_in_
children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_
comprehensive_review_of_the_current_literature. Accessed 29 Jul
2022

4. Flood J, Shingleton J, Bennett E et al (2021) Paediatric multisystem
inflammatory syndrome temporally associated with SARS-CoV-2
(PIMS-TS): prospective, national surveillance, United Kingdom and
Ireland, 2020. The Lancet Regional Health - Europe 3. https://doi.
org/10.1016/J.LANEPE.2021.100075

5. Son MBF, Murray N, Friedman K et al (2021) Multisystem inflam-
matory syndrome in children — initial therapy and outcomes. N
Engl ] Med 385:23-34. https://doi.org/10.1056/NEIMOA2102605/
SUPPL_FILE/NEIMOA2102605_DISCLOSURES.PDF

6. Feldstein LR, Rose EB, Horwitz SM et al (2020) Multisystem
inflammatory syndrome in U.S. children and adolescents. N Engl
J Med 383:334-346. https://doi.org/10.1056/NEJMOA2021680

7. Esper FP, Adhikari TM, Tu ZJ et al (2022) Alpha to Omicron:
disease severity and clinical outcomes of major SARS-CoV-2
Variants. J Infect Dis. https://doi.org/10.1093/INFDIS/JTAC411

8. Lewnard JA, Hong VX, Patel MM et al (2022) Clinical outcomes asso-
ciated with SARS-CoV-2 Omicron (B.1.1.529) variant and BA.1/
BA.1.1 or BA.2 subvariant infection in Southern California. Nat Med
28:1933-1943. https://doi.org/10.1038/s41591-022-01887-z

9. Garazzino S, Lo Vecchio A, Pierantoni L et al (2021) Epidemiol-
ogy, clinical features and prognostic factors of pediatric SARS-
CoV-2 infection: results from an Italian multicenter study. Front
Pediatr 9. https://doi.org/10.3389/FPED.2021.649358

10. Stopyra L, Kowalik A, Stala J et al (2022) Characteristics of hos-
pitalized pediatric patients in the first five waves of the COVID-19
pandemic in a single center in Poland&mdash;1407 cases. J Clin
Med 11:6806. https://doi.org/10.3390/ICM 11226806

11. Levy N, Koppel JH, Kaplan O et al (2022) Severity and inci-
dence of multisystem inflammatory syndrome in children during
3 SARS-CoV-2 pandemic waves in Israel. JAMA 327:2452-2454.
https://doi.org/10.1001/JAMA.2022.8025

12. CDC COVID Data Tracker: multisystem inflammatory syndrome
in children (MIS-C). https://covid.cdc.gov/covid-data-tracker/#
mis-national-surveillance. Accessed 9 Dec 2022

13. Cloete J, Kruger A, Masha M et al (2022) Paediatric hospitalisations
due to COVID-19 during the first SARS-CoV-2 omicron (B.1.1.529)
variant wave in South Africa: a multicentre observational study. Lan-
cet Child Adolesc Health 6:294-302. https://doi.org/10.1016/S2352-
4642(22)00027-X

14. Information for healthcare providers about multisystem inflam-
matory syndrome in children (MIS-C) | CDC. https://www.cdc.
gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%
2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html. Accessed
29 Jul 2022

15. Standards. https://www.who.int/tools/child-growth-standards/
standards. Accessed 6 Dec 2022


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(20)31094-1
https://doi.org/10.3390/JCM9113386
https://doi.org/10.3390/JCM9113386
https://www.researchgate.net/publication/345641583_The_present_state_of_understanding_of_multisystem_inflammatory_syndrome_in_children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_comprehensive_review_of_the_current_literature
https://www.researchgate.net/publication/345641583_The_present_state_of_understanding_of_multisystem_inflammatory_syndrome_in_children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_comprehensive_review_of_the_current_literature
https://www.researchgate.net/publication/345641583_The_present_state_of_understanding_of_multisystem_inflammatory_syndrome_in_children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_comprehensive_review_of_the_current_literature
https://www.researchgate.net/publication/345641583_The_present_state_of_understanding_of_multisystem_inflammatory_syndrome_in_children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_comprehensive_review_of_the_current_literature
https://www.researchgate.net/publication/345641583_The_present_state_of_understanding_of_multisystem_inflammatory_syndrome_in_children_MIS-C_associated_with_SARS-CoV-2_infection_-_a_comprehensive_review_of_the_current_literature
https://doi.org/10.1016/J.LANEPE.2021.100075
https://doi.org/10.1016/J.LANEPE.2021.100075
https://doi.org/10.1056/NEJMOA2102605/SUPPL_FILE/NEJMOA2102605_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA2102605/SUPPL_FILE/NEJMOA2102605_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA2021680
https://doi.org/10.1093/INFDIS/JIAC411
https://doi.org/10.1038/s41591-022-01887-z
https://doi.org/10.3389/FPED.2021.649358
https://doi.org/10.3390/JCM11226806
https://doi.org/10.1001/JAMA.2022.8025
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://doi.org/10.1016/S2352-4642(22)00027-X
https://doi.org/10.1016/S2352-4642(22)00027-X
https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html
https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html
https://www.cdc.gov/mis/mis-c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html
https://www.who.int/tools/child-growth-standards/standards
https://www.who.int/tools/child-growth-standards/standards

European Journal of Pediatrics (2023) 182:1647-1656

1655

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

Mackey K, Ayers CK, Kondo KK et al (2021) Racial and ethnic dis-
parities in covid-19-related infections, hospitalizations, and deaths a
systematic review. Ann Intern Med 174:362-373. https://doi.org/10.
7326/M20-6306/SUPPL_FILE/M20-6306_SUPPLEMENT.PDF
Whittaker E, Bamford A, Kenny J et al (2020) Clinical characteris-
tics of 58 children with a pediatric inflammatory multisystem syn-
drome temporally associated with SARS-CoV-2. JAMA 324:259.
https://doi.org/10.1001/JAMA.2020.10369

Lee EH, Kepler KL, Geevarughese A et al (2020) Race/ethnicity
among children with COVID-19-associated multisystem inflam-
matory syndrome. JAMA Netw Open 3:¢2030280. https://doi.org/
10.1001/JAMANETWORKOPEN.2020.30280

Wersja organizacji opieki i postgpowania COVID-19: Propozycje
zaleceri w zakresie diagnostyczno-terapeutycznego

Henderson LA, Canna SW, Friedman KG et al (2020) American Col-
lege of Rheumatology clinical guidance for multisystem inflamma-
tory syndrome in children associated with SARS—CoV-2 and hyper-
inflammation in pediatric COVID-19: version 1. Arthritis Rheumatol
72:1791-1805. https://doi.org/10.1002/ART.41454

Henderson LA, Canna SW, Friedman KG. American College of
Rheumatology clinical guidance for pediatric patients with mul-
tisystem inflammatory syndrome in children (MIS-C) associated
with SARS-CoV-2 and hyperinflammation in COVID-19: version
2. Arthritis Rheumatol. 2021 Apr;73(4):e13—e29. https://doi.org/
10.1002/ART.41454

Mol N, Olchawa-Czech A, Szymoriska I et al (2021) Risk factors
of cardiac insufficiency in children with multisystem inflamma-
tory syndrome and COVID-19: a prospective cohort study. Kar-
diologia Polska (Polish Heart Journal) 79:1365-1367. https://doi.
org/10.33963/KP.A2021.0144

Koronawirus matopolskie. https://koronawirusunas.pl/wojewodz-
two-malopolskie. Accessed 29 Jul 2022

CoVariants. https://covariants.org/. Accessed 29 Jul 2022

liczba zakazen w polsce covid - Search. https://www.bing.com/
search?q=liczba+zaka%C5%BCe%C5%84+w+polsce+covid&
cvid=bcf6164383al1485daac3c33d1e782791&aqs=edge..
69157j012j69111004.10024j0j]9&FORM=ANABO1&PC=U531.
Accessed 29 Jul 2022

Buddingh EP, Vossen ACTM, Lamb HJ et al (2021) Reinfection
with severe acute respiratory syndrome coronavirus 2 without
recurrence of multisystem inflammatory syndrome in children.
Pediatr Infect Dis J 40:E491-E492. https://doi.org/10.1097/INF.
0000000000003280

Yori SC, Vazquez JA, Berberian G et al (2022) Reinfection by
SARS-CoV-2 in a child with history of multisystem inflammatory
syndrome: a case report. Arch Argent Pediatr 120:e147-e150.
https://doi.org/10.5546/AAP.2022.E147

Od kiedy mogg si¢ zaszczepié? - Szczepienie przeciwko COVID-
19 - Portal Gov.pl. https://www.gov.pl/web/szczepimysie/od-
kiedy-moge-sie-zaszczepic. Accessed 29 Jul 2022

Share of people with at least one dose of COVID-19 vaccine by
age, Poland. https://ourworldindata.org/grapher/covid-vaccine-by-
age?country=~POL. Accessed 29 Jul 2022

Yousaf AR, Cortese MM, Taylor AW et al (2022) Reported cases
of multisystem inflammatory syndrome in children aged 12-20
years in the USA who received a COVID-19 vaccine, December
2020, through August, 2021: a surveillance investigation. Lan-
cet Child Adolesc Health 6:303. https://doi.org/10.1016/S2352-
4642(22)00028-1

Levy M, Recher M, Hubert H et al (2022) Multisystem inflam-
matory syndrome in children by COVID-19 vaccination status of
adolescents in France. JAMA 327:281. https://doi.org/10.1001/
JAMA.2021.23262

Garcia-Beltran WF, st. Denis KJ, Hoelzemer A et al (2022)
mRNA-based COVID-19 vaccine boosters induce neutralizing

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

immunity against SARS-CoV-2 Omicron variant. Cell 185:457-
466.e4. https://doi.org/10.1016/J.CELL.2021.12.033

Holm M, Espenhain L, Glenthgj J et al (2022) Risk and phenotype
of multisystem inflammatory syndrome in vaccinated and unvac-
cinated Danish children before and during the Omicron wave.
JAMA Pediatr. https://doi.org/10.1001/JAMAPEDIATRICS.2022.
2206

Ouldali N, Bagheri H, Salvo F et al (2022) Hyper inflammatory
syndrome following COVID-19 mRNA vaccine in children: a
national post-authorization pharmacovigilance study. The Lancet
Regional Health Europe 17. https://doi.org/10.1016/J.LANEPE.
2022.100393

Ludwikowska KM, Okarska-Napierata M, Dudek N et al (2021)
Distinct characteristics of multisystem inflammatory syndrome
in children in Poland. Sci Rep 11. https://doi.org/10.1038/
S41598-021-02669-2

Sidiq Z, Hanif M, Dwivedi KK, Chopra KK (2020) Benefits and
limitations of serological assays in COVID-19 infection. Indian J
Tuberc 67:S163. https://doi.org/10.1016/J.1JTB.2020.07.034
Okba NMA, Miiller MA, Li W et al (2020) Severe acute res-
piratory syndrome coronavirus 2—specific antibody responses in
coronavirus disease patients - Volume 26, Number 7—1July 2020
- Emerging Infectious Diseases journal - CDC. Emerg Infect Dis
26:1478-1488. https://doi.org/10.3201/EID2607.200841

Rai P, Ballamoole &, Kumar K et al (2021) Detection technologies
and recent developments in the diagnosis of COVID-19 infection.
https://doi.org/10.1007/s00253-020-11061-5/Published

Lai CKC, Lam W (2021) Laboratory testing for the diagnosis of
COVID-19. Biochem Biophys Res Commun 538:226-230. https://
doi.org/10.1016/J.BBRC.2020.10.069

Mt P, Ghosh U, Rajan RJ et al (2022) Spectrum of COVID-19
disease in children: a retrospective analysis comparing wave 1
and wave 2 from a tertiary hospital in South India. Indian J Pedi-
atr 89:1222-1228. https://doi.org/10.1007/S12098-022-04135-X/
TABLES/2

Brookman S, Cook J, Zucherman M et al (2021) Effect of the
new SARS-CoV-2 variant B.1.1.7 on children and young people.
Lancet Child Adolesc Health 5:€9. https://doi.org/10.1016/52352-
4642(21)00030-4

Swann OV, Holden KA, Turtle L et al (2020) Clinical characteris-
tics of children and young people admitted to hospital with covid-
19 in United Kingdom: prospective multicentre observational
cohort study. BMJ 370:5. https://doi.org/10.1136/BMJ.M3249
Team CM-CR, Godfred-Cato S, Bryant B, Leung J
(2020) COVID-19-associated multisystem inflammatory syn-
drome in children: United States. MMWR Morb Mortal Wkly
Rep 69:1074-1080

Comparison of laboratory and hemodynamic time series
data Ac... : Pediatr Crit Care Med. https://journals.lww.com/
pcecmjournal/Fulltext/9900/Comparison_of_Laboratory_and_
Hemodynamic_Time.25.aspx. Accessed 29 Jul 2022

Lee EH, Kepler KL, Geevarughese A (2020) Race/ethnicity
among children with COVID-19-associated multisystem inflam-
matory syndrome. JAMA Netw Open 3

Ouldali N, Toubiana J, Antona D et al (2021) Association of intrave-
nous immunoglobulins plus methylprednisolone vs immunoglobulins
alone with course of fever in multisystem inflammatory syndrome in
children. JAMA 325:1. https://doi.org/10.1001/JAMA.2021.0694
Villacis-Nunez DS, Jones K, Jabbar A et al (2022) Short-term
outcomes of corticosteroid monotherapy in multisystem inflam-
matory syndrome in children. JAMA Pediatr 176:576. https://doi.
org/10.1001/JAMAPEDIATRICS.2022.0292

McArdle AJ, Vito O, Patel H et al (2021) Treatment of multisys-
tem inflammatory syndrome in children. N Engl J Med 385:11-22.
https://doi.org/10.1056/NEJMOA2102968

@ Springer


https://doi.org/10.7326/M20-6306/SUPPL_FILE/M20-6306_SUPPLEMENT.PDF
https://doi.org/10.7326/M20-6306/SUPPL_FILE/M20-6306_SUPPLEMENT.PDF
https://doi.org/10.1001/JAMA.2020.10369
https://doi.org/10.1001/JAMANETWORKOPEN.2020.30280
https://doi.org/10.1001/JAMANETWORKOPEN.2020.30280
https://doi.org/10.1002/ART.41454
https://doi.org/10.1002/ART.41454
https://doi.org/10.1002/ART.41454
https://doi.org/10.33963/KP.A2021.0144
https://doi.org/10.33963/KP.A2021.0144
https://koronawirusunas.pl/wojewodztwo-malopolskie
https://koronawirusunas.pl/wojewodztwo-malopolskie
https://covariants.org/
https://www.bing.com/search?q=liczba+zaka%C5%BCe%C5%84+w+polsce+covid&cvid=bcf6164383a1485daac3c33d1e782791&aqs=edge..69i57j0l2j69i11004.10024j0j9&FORM=ANAB01&PC=U531
https://www.bing.com/search?q=liczba+zaka%C5%BCe%C5%84+w+polsce+covid&cvid=bcf6164383a1485daac3c33d1e782791&aqs=edge..69i57j0l2j69i11004.10024j0j9&FORM=ANAB01&PC=U531
https://www.bing.com/search?q=liczba+zaka%C5%BCe%C5%84+w+polsce+covid&cvid=bcf6164383a1485daac3c33d1e782791&aqs=edge..69i57j0l2j69i11004.10024j0j9&FORM=ANAB01&PC=U531
https://www.bing.com/search?q=liczba+zaka%C5%BCe%C5%84+w+polsce+covid&cvid=bcf6164383a1485daac3c33d1e782791&aqs=edge..69i57j0l2j69i11004.10024j0j9&FORM=ANAB01&PC=U531
https://doi.org/10.1097/INF.0000000000003280
https://doi.org/10.1097/INF.0000000000003280
https://doi.org/10.5546/AAP.2022.E147
https://www.gov.pl/web/szczepimysie/od-kiedy-moge-sie-zaszczepic
https://www.gov.pl/web/szczepimysie/od-kiedy-moge-sie-zaszczepic
https://ourworldindata.org/grapher/covid-vaccine-by-age?country=~POL
https://ourworldindata.org/grapher/covid-vaccine-by-age?country=~POL
https://doi.org/10.1016/S2352-4642(22)00028-1
https://doi.org/10.1016/S2352-4642(22)00028-1
https://doi.org/10.1001/JAMA.2021.23262
https://doi.org/10.1001/JAMA.2021.23262
https://doi.org/10.1016/J.CELL.2021.12.033
https://doi.org/10.1001/JAMAPEDIATRICS.2022.2206
https://doi.org/10.1001/JAMAPEDIATRICS.2022.2206
https://doi.org/10.1016/J.LANEPE.2022.100393
https://doi.org/10.1016/J.LANEPE.2022.100393
https://doi.org/10.1038/S41598-021-02669-2
https://doi.org/10.1038/S41598-021-02669-2
https://doi.org/10.1016/J.IJTB.2020.07.034
https://doi.org/10.3201/EID2607.200841
https://doi.org/10.1007/s00253-020-11061-5/Published
https://doi.org/10.1016/J.BBRC.2020.10.069
https://doi.org/10.1016/J.BBRC.2020.10.069
https://doi.org/10.1007/S12098-022-04135-X/TABLES/2
https://doi.org/10.1007/S12098-022-04135-X/TABLES/2
https://doi.org/10.1016/S2352-4642(21)00030-4
https://doi.org/10.1016/S2352-4642(21)00030-4
https://doi.org/10.1136/BMJ.M3249
https://journals.lww.com/pccmjournal/Fulltext/9900/Comparison_of_Laboratory_and_Hemodynamic_Time.25.aspx
https://journals.lww.com/pccmjournal/Fulltext/9900/Comparison_of_Laboratory_and_Hemodynamic_Time.25.aspx
https://journals.lww.com/pccmjournal/Fulltext/9900/Comparison_of_Laboratory_and_Hemodynamic_Time.25.aspx
https://doi.org/10.1001/JAMA.2021.0694
https://doi.org/10.1001/JAMAPEDIATRICS.2022.0292
https://doi.org/10.1001/JAMAPEDIATRICS.2022.0292
https://doi.org/10.1056/NEJMOA2102968

1656 European Journal of Pediatrics (2023) 182:1647-1656

49. van der Steen M, Leroy PL, Driessen GJA, Bannier MAGE (2022) Publisher's Note Springer Nature remains neutral with regard to
COVID-19 in children and adolescents: MIS(-C)-taken diagnoses. jurisdictional claims in published maps and institutional affiliations.
Eur J Pediatr 1:1-6. https://doi.org/10.1007/S00431-022-04562-0/
TABLES/2

@ Springer


https://doi.org/10.1007/S00431-022-04562-0/TABLES/2
https://doi.org/10.1007/S00431-022-04562-0/TABLES/2

	Comparison of the course of multisystem inflammatory syndrome in children during different pandemic waves
	Abstract
	Introduction
	The aim of the study
	Materials and methods
	Patient identification and selection
	Definitions of groups
	Statistical methods

	Results
	Discussion
	Conclusion
	References


