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outcomes of multisystem inflammatory
syndrome in children: a prospective
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Abstract

Background Even though the incidence of Multisystem Inflammatory Syndrome in children (MIS-C) is decreasing
cases are still reported across the world. Studying the consequences of MIS-C enhances our understanding of the dis-
ease’s prognosis. The objective of this study was to assess short- and medium-term clinical outcomes of MIS-C.

Methods Prospective observational cohort study at Municipal Children’s Hospital Morozovskaya, Moscow, Russia.
All children meeting the Royal College of Paediatrics and Child Health (RCPCH), Centers for Disease Control and Pre-
vention (CDC), or the World Health Organization (WHO) MIS-C case definition admitted to the hospital between 17
May and 26 October 2020 were included in the study. All survivors were invited to attend a clinic at 2 and 6 weeks
after hospital discharge.

Results 37 children median age 6years (interquartile range [IQR] 3.3-9.4), 59.5% (22/37) boys were included

in the study. 48.6% (18/37) of patients required ICU care. One child died. All children had increased levels of systemic
inflammatory markers during the acute event. Echocardiographic investigations identified abnormal findings in 35.1%
(13/37) of children. 5.6% (2/36) of children were presenting with any symptoms six weeks after discharge. By six weeks
the inflammatory markers were within the reference norms in all children. The echocardiographic evaluation showed
persistent coronary dilatation in one child.
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Conclusions Despite the severity of their acute MIS-C, the majority of children in our cohort fully recovered
with none having elevated laboratory markers of inflammation at 6 weeks, few (< 10%) reporting persistent symptoms
at 6weeks, and only one with persistent echocardiographic abnormalities.

Keywords Children, COVID-19, Multisystem inflammatory syndrome in children, MIS-C, Paediatric inflammatory
multisystem syndrome temporally associated with COVID-19, PIMS-TS, SARS-CoV2, Sequelae

Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) global pandemic has had detrimental
consequences to public health. Data from epidemiologi-
cal and cohort studies suggest that children experience
a milder acute phase of novel coronavirus disease 2019
(COVID-19) than adults [1, 2] and develop long-term
consequences following SARS-CoV-2 less often [3].

In May 2020, a case series in London described chil-
dren presenting with hyperinflammatory shock, which
was described later in additional countries around the
world [4-6] and defined as a Multisystem Inflammatory
Syndrome in children (MIS-C) or paediatric inflamma-
tory multisystem syndrome temporally associated with
COVID-19 (PIMS-TS).

It is considered that MIS-C develops several weeks
after the acute phase of COVID-19 [7, 8]. Recently pub-
lished data from the United States describing clinical
characteristics as well as geographic and temporal dis-
tribution of patients with MIS-C showed that MIS-C
occurred 2—5weeks after SARS-CoV-2 infection [8]. Esti-
mated incidence of MIS-C in 2020-2021 varied among
the studies with some data suggesting that as many as
316 persons per 1,000,000 SARS-CoV-2 infections in
persons younger than 21years may develop MIS-C [9]
and up to 1 per 4000 children with SARS-CoV-2 [10]. A
strong geographical and temporal association between
SARS-CoV-2 infection rates and MIS-C cases was also
described by Flood et al. [11].

Recent data indicates a declining incidence of MIS-C.
During the pre-Delta period, the MIS-C rate was at 13
cases per 10,000 notified SARS-CoV-2 infections among
those aged 0—19years. This rate dropped to 5 per 10,000
during the Delta variant wave and further decreased to
0.8 per 10,000 in the wave of Omicron [12]. Several fac-
tors could explain this decline, such as changes in the
dominant virus strains or widespread vaccination cam-
paigns targeting children [13]. The severity of MIS-C has
also been on a downward trend [14]. However, despite
the reduced risk of MIS-C complications over time, there
are still reports of admissions to intensive care units
(ICU) [15].

Data on MIS-C consequences is growing. A study from
Turkey [16] investigated the short-term sequelae within
2 weeks following discharge, while the data from India

[17] were collected 3—4 months post-discharge in a small
group of patients. A recent UK study showed that organ-
specific consequences were found 6months after the
acute event in a small proportion of children post-SARS-
CoV-2 infection [18], but data on MIS-C sequelae is still
need to be studied in different populations [19-22].

This study aimed to describe short- and medium-term
clinical outcomes of children admitted with MIS-C to a
tertiary paediatric hospital in Moscow, Russia, and inves-
tigate the repercussions of this condition.

Materials and methods

Study design and ethics

This prospective observational cohort study took place at
Municipal Children’s Hospital Morozovskaya, Moscow,
Russian Federation. All patients <18years of age admit-
ted to the hospital with MIS-C between 17 May and 26
October 2020 were included in the study.

We enrolled all patients who met the current MIS-C
case definition by CDC or WHO, or RCPCH clinical
diagnostic criteria (Supplementary, Appendix Table Al)
with evidence of positive Polymerase chain reaction
(PCR) test results and/or IgM/IgG antibodies against
SARS-CoV-2 within 4weeks prior to the MIS-C acute
event or during hospitalisation, as a proof of previous
SARS-CoV-2 exposure. All survivors were offered two
in-hospital follow-up visits at the Rheumatology Depart-
ment of Municipal Children’s Hospital Morozovskaya at
2 and 6 weeks after discharge.

Patients with Kawasaki disease, toxic shock syndrome,
sepsis, macrophage activation syndrome, and the other
causes of inflammation were excluded from the study.
Diagnosis was made by the clinical experts from the
Rheumatology department.

This study was approved by the Moscow City Inde-
pendent Ethics Committee (abb. 1, protocol number 74).

Data collection process

The data were collected from electronic medical records
and hospital notes and included demographics, signs
and symptoms during the acute phase of MIS-C and at
the follow-up assessment, comorbidities, medical his-
tory, computed tomography (CT) imaging, electrocardi-
ography (ECG), echocardiography (ECHO), laboratory
and pathogen test results, supportive care, treatment
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modalities and outcome for all children that met the
inclusion criteria.

Data were extracted by a team of medical students
with previous experience in data extraction using the
case report form (CRF) developed by the International
Severe Acute Respiratory and Emerging Infection Con-
sortium (ISARIC) and the World Health Organization
(WHO) from other COVID-19, post-COVID-19 con-
dition, and MIS-C studies [3, 23-26]. The appointment
for the follow-up visits was set by the hospital staff. Par-
ents were informed of the clinical procedures, laboratory
testing and examinations to be undertaken during the
follow-up hospital visit. If children failed to attend in-
hospital follow-up visits, parents were approached via a
telephone assessment. Non-responders were contacted
by telephone three times before being considered lost to
follow-up.

Baseline characteristics and hospital follow-up data
were collected using the modified ‘Case Record Form for
suspected cases of MIS-C in children and adolescents
temporally related to COVID-19” developed by ISARIC
and WHO and translated into Russian [27]. REDCap
(Research Electronic Data Capture, Vanderbilt Univer-
sity, US, hosted at Sechenov University) was used for data
collection, storage and management.

Outcomes and definitions

The primary outcome of this study was the presence of
symptoms 6weeks after hospital discharge. Secondary
outcomes included dynamics of blood test results and
ECHO changes.

Children meeting MIS-C criteria admitted to
the hospital (n=37)
Acute phase data collection (ISARIC CRF for MIS-C)
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For this study, patients were defined as MIS-C if any of
the following definitions were met: (a) RCPCH, (b) CDC,
or (c) the WHO definitions (Supplementary, Appendix
Table Al).

A fever was defined as a body temperature of 38°C or
higher.

Blood test abnormalities were defined as results higher
or lower than the age-appropriate reference range meas-
urement throughout the hospital stay, in accordance with
the ISARIC/WHO CREF [27].

A detailed definition of ECHO changes is outlined in
Supplementary, Appendix Box A1 [28, 29].

Statistical analysis

Statistical analysis was performed in R v.3.5.1, graphical
images were made in Python using matplotlib [30]. Sta-
tistical significance was set as a =0.05.

Descriptive statistics were calculated for baseline char-
acteristics. Continuous data was summarised as medians
and interquartile ranges, nominal data as absolute counts
and percentages — n (%). Where any data was missing,
valid counts were shown as n/N (%).

Radial map plots were used to present dynamics in
symptom presence during the acute phase and at follow-
ups. Dynamic changes for serum markers were shown as
parallel plots.

Results

A total of 37 children meeting MIS-C criteria were
admitted to the hospital between 17 May and 26 October
2020 (Fig. 1). Out of all admitted individuals, one child
died during the admission, three did not attend the first

\J

Invited to the first in-hospital follow-up
(n=36)
In-person assessment (n=33);
did not respond (n=3)

v

Invited to the second in-hospital follow-up
(n=36)
In-person assessment (n=25);
telephone interview (n=11)

In-hospital death (n=1)

-

Fig. 1 Study flow chart, showing patients with MIS-C admitted to Municipal Children's Hospital Morozovskaya between 17 May and 26 October

2020, recruited into the study and subsequent follow-ups
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follow-up but managed to visit the hospital for the sec-
ond follow-up.

Table 1 summarizes patients’ demographic and clinical
features. The median age at admission was 6years (inter-
quartile range [IQR] 3.3-9.4, range 8 months — 17 years),
59.5% (22/37) were boys. The median time from hospital
admission to discharge or death was 13 (11.8—17.3) days.
Comorbidities were reported in 40.5% (15/37) of chil-
dren, the most common being allergic diseases (18.9%),
chronic neurological disorders (5.4%), chronic kidney
diseases (5.4%) and gastrointestinal conditions (5.4%).

At the time of the hospital admission, 97.3% (36/37)
of children had IgG and 2.7% (1/37) had IgM antibodies
against SARS-CoV-2. 10.8% (4/37) of children had posi-
tive PCR test results within the previous 4weeks prior to
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current illness onset, and 32.4% (12/37) had evidence of
close contact with an individual with COVID-19 within
the same time frame. None of the children had a positive
PCR at the time of the admission.

All patients had a fever (>38°C) at the time of hospi-
tal admission for MIS-C. Other common symptoms
included fatigue/malaise 86.5% (32/37), oral inflamma-
tion 83.8% (31/37), skin rash 70.3% (26/37) and scleritis
62.2% (23/37). There was a substantial overlap between
the top 10 most common symptoms, with 16 (43.2%) of
37 patients having 5 or more symptoms at the time of
admission (Fig. 2).

All children were treated with parenteral antibiot-
ics. Other treatments included anticoagulants 91.9%
(34/37), systemic corticosteroids 89.2% (33/37) and

Table 1 Demographic characteristics of patients admitted to Municipal Children’s Hospital Morozovskaya

Characteristic Total
Age (median, IQR) 6(3.3-9.9)
Age groups (years) Age < 1year 3(8.1%)
Age:l-4 14 (37.8%)
Age: 5-9 10 (27%)
Age:10-14 8(21.6%)
Age:15-18 2 (5.4%)
Sex Female 15 (40.5%)
Duration of hospitalisation, days Median (IQR) 13(12-17)
Time since discharge to the first day of follow-up 1, days Median (IQR) 15(14-18)
Time since discharge to the first day of follow-up 2, days Median (IQR) 47 (41-52)
In-hospital deaths 1(2.7%)
Comorbidities
Allergic diseases 7 (18.9%)
Psoriasis 1(2.7%)
Chronic neurological disorders 2 (5.4%)
Chronic kidney diseases 2 (5.4%)
Heart diseases 1(2.7%)
Gastrointestinal conditions 2 (5.4%)
Acute phase Fellow up 1 Follow up 2
e 2§ 8 5 + 28§ s 2 8§,
L § . v § s © ¢
R v Cgm = ¢ g 2 =y
1”'/4'(/=='.:" R ~ 2 ‘Y o ) No symptoms
i ,/ ¢ wEE ~ N - o 4 i# - 2 === Cutaneous inflammation
%l/"":o" = n \‘\ < " i ,"' - o e === Abdominal pain
w1 'l ll' o= "’.‘:‘\‘\\ o ‘ "0 “\ ‘ === Cervical lymphadenopathy
e "I l":"". A '-‘l‘l‘ll || R i ' = Tachycardia
» = 00 Q0] ~= o e o sz m Scleritis
. |‘|‘|::‘-: " :' " " I'I w04y 019 04 019 00y == \bmiting
B . . 2, . " " A === Rash
w \\\\§~.§ :“‘_ .’:: ,'I, % » .: 4 - w 4 : Oral inflammation
» \\\\\~~ == % ,,/,‘, A" o _: ﬁe,, o "v,, i,
o \\.—-— % = - R — 4 & 2 > === Fatigue
4 & $~#‘==9,% td' ¥ 'ﬁ‘\ E = ® % & é v % === Missing data
fgpet fgant fgast

Fig. 2 Radial plots represent the coexistence of the 10 most common symptoms during the acute MIS-C phase and at ‘Follow-up 1" (2 weeks
after discharge) and ‘Follow-up 2’ (6 weeks after discharge). The symptoms are shown for each patient; each segment represents a single patient
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intravenous fluids 89.2% (33/37), intravenous immu-
noglobulins 86.5% (32/37), and inotropes/vasopressors
37.8% (14/37). 21.6% (8/37) of patients required a blood
transfusion.

Almost half (48.6%; 18/37) of children required ICU
care, 27% (10/37) received oxygen supplementation and
8.1% (3/37) invasive ventilation. Two of the patients on
invasive mechanical ventilation also underwent dialysis.
Details of treatment used during hospital stay are pre-
sented in Supplementary, Appendix Table A2.

Laboratory results showed elevated inflammatory
markers in all children during the hospital stay, with
C-reactive protein (CRP) being elevated in 100% (37/37),
D-dimer in 94.6% (35/37), erythrocyte sedimentation rate
(ESR) in 89.2% (33/37), ferritin in 83.8% (31/37), and lac-
tate dehydrogenase (LDH) in 48.6% (18/37) (Supplemen-
tary, Appendix Table A3). All laboratory parameters data
are presented in Supplementary, Appendix Table A4.
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The majority of children had evidence of a prothrom-
botic state, with elevated fibrinogen found in 75.7%
(28/37), prolongation of international normalised ratio
(INR) in 62.2% (23/37), and prolongation of activated
partial thromboplastin time (aPTT) in 45.9% (17/37).

Full blood count showed neutrophilia in 94.6% (35/37),
anemia in 89.2% (33/37), thrombocytopenia in 78.4%
(29/37) and lymphocytopenia in 62.2% (23/37).

We found hypoalbuminemia in 91.9% (34/37), elevated
alanine aminotransferase (ALT) in 75.5% (28/37) and
raised urea in 43.2% (16/37) during the hospital stay
(Fig. 3).

Signs of cardiac involvement included elevated tro-
ponin, which was present in 74.2% (23/31) of children.
ECHO investigations identified abnormal findings in
35.1% (13/37) of children, with 16.2% (6/37) having
evidence of myocardial dysfunction, 13.5% (5/37) fea-
tures of pericarditis, and 5.4% (2/37) coronary artery

A. CRP level i B. D-dimer level &b C. LDH level
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MIS-C hospitalization Follow up 1 Follow up 2 MIS-C hospitalization Follow up 1 Follow up 2 MIS-C hospitalization Follow up 1 Follow up 2
(n=37) (n=32) (n=25) (n=37) (n=23) (n=18) (n=37) (n=32) (n=24)
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MIS-C hospitalization Follow up 1
(n=37) (n=33)

Follow up 2

(n=25) (n=37)

MIS-C hospitalization Follow up 1

T

0

Follow up 2
(n=25)

MIS-C hospitalization Follow up 1
(n=37) (n=33)

Follow up 2

(n=33) (n=25)

Fig. 3 Box plots and parallel plots representing changes in serum markers over time: during the acute MIS-C phase and at 'Follow-up 1'(2 weeks
after discharge) and ‘Follow-up 2’ (6 weeks after discharge). The horizontal lines in the boxes indicate medians; lower and upper edges of boxes
indicate the interquartile range, and the bars extend to the highest and lowest value within 1.5 times the interquartile ranges
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abnormalities. No children had aneurysms or features of
valvulitis. All diagnostic findings are presented in Supple-
mentary, Appendix Table A5.

Out of 36 survivors, 92% (33/36) attended the first in-
hospital follow-up visit. We could not contact the parents
of three children for the first follow-up, but their condi-
tion was assessed at the second follow-up. The median
duration from the hospital discharge to the first follow-
up was 15 (14-18) days.

21.1% (7/33) of children were still symptomatic at the
time of the first follow-up, of which 9.1% (3/33) pre-
sented with one symptom and 12% (4/33) reported two
symptoms (Fig. 2, Supplementary, Appendix Table A6).
Persistent symptoms included fatigue in 15.2% (5/33),
rash in 6.1% (2/33), and oropharyngeal mucosa inflam-
mation, tachypnoea, headache, and joint pain in 3.0%
(1/33) of the children.

Among laboratory markers of systemic inflammation,
CRP and D-dimer and LDH normalized in more than
80% of children at the time of the first follow-up (2 weeks
after discharge), while ESR and ferritin were still elevated
in 45.2% (14/31) and 22.2% (6/27), respectively although
the levels were substantially lower when compared with
the acute phase. Coagulation profile parameters were
within the reference range for INR in all children. Only
2 of 27 (7.4%) children had elevated fibrinogen levels and
persistent prolongation of aPTT. Lymphocytes were nor-
mal in all patients, whereas thrombocytosis persisted in
45.5% (15/33) children, thrombocytopenia in 6.1% (2/33)
and anemia in 18.2% (6/33).

There was still evidence of hepatic involvement (raised
ALT) in 12.9% (4/31). Available troponin concentrations
(15/37) were normal in 80% of patients. The follow-up
ECHO assessment was normal in all but 2 of 32 (6%) chil-
dren, who showed enlarged coronaries. In one of these
two children, the coronary abnormality was absent dur-
ing the acute MIS-C phase.

Sixty-nine percent (25/36) of survivors attended the
second in-hospital follow-up visit (6weeks after dis-
charge), and 31% (11/36) were assessed via telephone.
The median duration from the hospital discharge to the
second follow-up was 47 (41-52) days.

At the second follow-up (6 weeks after discharge), only
5.6% (2/36) of children reported any symptoms, with
one child having a skin rash and another told of fatigue.
Symptoms requiring medical examination, including,
but not limited to oral cavity inflammation, scleritis,
tachycardia, cervical lymphadenopathy, tachypnoea, pro-
longed capillary refill time, decrease in diuresis, wheeze,
were assessed objectively only in those who managed
to attend hospital for the second follow-up visit. The
inflammatory markers, such as CRP, D-dimer and LDH
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were within the reference norms in more than 95% of
children, whereas ESR and ferritin were above the refer-
ence range in 16.7% (4/24) and 9.1% (2/22), respectively.
Coagulation markers INR and fibrinogen normalized in
all children, whereas prolongation of aPTT persisted in
5.3% (1/19). Thrombocytosis persisted in 80% (20/25)
of children, whereas none had thrombocytopenia. 12%
(3/25) still had anemia. Albumin, urea, ALT and troponin
levels were within the reference range in all children. The
ECHO evaluation showed persistent coronary dilatation
in one child (5.3%; 1/19) who had evidence of this abnor-
mality at the first follow-up assessment (2weeks after
discharge), but not during the acute MIS-C phase. The
dynamics of blood markers over time are shown in Fig. 3
and Supplementary, Appendix Fig. Al.

Discussion

Although knowledge regarding MIS-C is expanding, data
on MIS-C sequelae are still need to be studied. This is
one of the first studies investigating MIS-C short-term
and medium-term consequences using ISARIC/WHO
CRE. In our cohort, all children had features of multisys-
tem involvement at the time of hospital admission and
almost a half of them required ICU care. Despite MIS-C
severity, significant improvements were observed rapidly,
and only one in five children had any remaining sequelae
2 weeks after hospital discharge, while fewer than one in
10 children had any sequelae 1.5months after the acute
event.

Despite interest in the consequences of MIS-C, there
are not enough data coming from some geographi-
cal locations. Major initiatives, such as The National
Heart, Lung, and Blood Institute (NHLBI) Study on
long-term outcomes after the MIS-C (MUSIC) were
launched [31] which may provide solid evidence in the
near future.

There are still cases of children being admitted to the
ICU due to severe course of the disease. The features of
MIS-C are getting often similar to the features of Kawa-
saki disease during the most recent variant periods of
SARS-CoV-2 infection [15]. Knowledge about the course
of MIS-C helps to distinguish it from Kawasaki dis-
ease and decide on the most appropriate management
strategy.

All children in our cohort met CDC, WHO/ISARIC, or
RCPCH criteria for MIS-C and had laboratory confirma-
tion of previous SARS-CoV-2 infection. The clinical fea-
tures of MIS-C patients during the acute phase included
fever, anaemia, elevation of D-dimer, ESR and ALT, and
abnormal levels of ferritin and neutrophils, which is in
agreement with the outcomes of similar cohorts from
other geographical regions [2, 6, 32].
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Our cohort is largely comparable to some others
previously described in the literature. Almost half of
our patients required admission to the ICU, reflecting
the severity of MIS-C. This is slightly lower than in a
cohort from the United States, where 80% of patients
were admitted to the ICU [5], but higher compared to a
recent Turkish study where around a fifth of all patients
required ICU admission [32].

The dynamics of recovery following the acute event
in our cohort were similar to recently published data
from the UK, which assessed sequelae 6 weeks and 6
months after MIS-C. Both studies demonstrated a
reduction of symptoms and significant improvement in
most children [18].

Our data are also comparable with results from a
recent Swedish study demonstrating full recovery
among most patients 8weeks post-MIS-C diagnosis
[22]. The similarity of MIS-C illness course during the
acute phase in patients from different countries may
allow for some extrapolation of the study results.

We found that the normalisation of many laboratory
parameters occurred very rapidly following the acute
event. Elevated levels of CRP, D-dimer and neutrophils,
as well as hypoalbuminemia were found in most of the
included children during the acute phase. However,
2 weeks following hospital discharge improvements
were observed. Similar improvements in the level of
inflammatory markers were shown in the study from
Turkey which also assessed children 2 weeks after dis-
charge [16] and in a study from India with a follow-up
at 3—4months [17]. Most hospital discharge laboratory
parameters normalised in all the children after 6 weeks.

ECHO investigations during the acute phase identi-
fied abnormal findings in more than a quarter of chil-
dren, including features of pericarditis, myocardial
dysfunction and coronary abnormalities. A similar inci-
dence was previously reported in the UK cohort [18].
Despite rapid regression of symptoms and normalisa-
tion of most laboratory parameters, follow-up ECHO
assessment identified coronary abnormalities in two
children, comparable to the results from the UK. Data
on the potential long-term impact of MIS-C on coro-
nary arteries is still very limited. Although the results
of our and other studies are reassuring, further obser-
vation at a longer follow-up period is required.

This study is one of a few research efforts evaluat-
ing short- and medium-term consequences of MIS-C.
The main strength of our study is its prospective nature
alongside harmonised and validated data collection,
using the ISARIC/WHO MIS-C CRE. The follow-up
data was collected during in-depth in-person assess-
ments in the hospital by physicians to provide robust,
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objective data. Some of the children’s parents who were
unable to attend follow-up visit were interviewed by
phone using MIS-C CRE.

This study has several limitations. First, the data were
collected in a single centre, and there are no data on the
features of the course and consequences of MIS-C in
children admitted to other hospitals. However, Municipal
Children’s Hospital Morozovskaya is the primary hospi-
tal for admission of children with MIS-C meaning that
the majority of children with a suspected MIS-C diagno-
sis residing in Moscow were hospitalised in this center.
Second, some data were collected retrospectively from
electronic medical records, which may result in incom-
plete information on some patients. Third, there is a risk
of attrition bias as not all patients were able to attend
clinical facilities in person. Information about the signs
requiring medical assessment (such as tachypnoea, pro-
longed capillary refill time, etc) was not available in these
patients. Nonetheless, the lack of symptoms that alarmed
parents during an exhaustive telephone interview sug-
gested that these children had clinically recovered.
Fourth, the data has not been collected on children 18 to
21years although this age range is included in the CDC
MIS-C case definition and children 18-19years old are
included in the WHO MIS-C case definition.

Conclusions

Although MIS-C is a severe, life-threatening condition
the majority of the children, in our cohort recovered
quickly with nearly all having no symptoms accompanied
by normal laboratory and ECHO findings. This adds to
the reassurance from other published studies. However,
coronary abnormalities were seen in a small number of
children, and long-term monitoring should be consid-
ered. Further research is required to assess long-term
MIS-C in large prospective multinational studies to
include children from different demographics.
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