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ABSTRACT

Multisystem inflammatory syndrome in children (MIS-C) is a newly emerged disease following the outbreak of
COVID-19. The nomenclature is given by WHO. Similar condition is named as paediatric inflammatory multisystem
syndrome-temporally associated with SARS-CoV2 virus (PIMS-TS), by RCPCH. To study the clinical profile and
outcome of MIS-C in 2 months to 18 years old. The 25 children, admitted in PICU and pediatrics ward were included
in the study. The 79% required PICU admission and two required mechanical ventilation. One child expired. Children
presented with conjunctival congestion (53%), diarrhoea (47%), cervical lymphadenopathy (37%), shock (31.5%),
vomiting (36.8%), rashes (36.8%), mucosal erythema (36.8%), cough (10.5%) and headache (10.5%). Inflammatory
markers were elevated in all the children. On initial echocardiography, 4 children (21%) had LV dysfunction with
LVEF <50%. Six children (31.5%) were treated with IVIG and IV methylprednisolone, changed to oral prednisolone
after 3 days and continued for 2 weeks. Three children (18%) were treated with IVIG and oral prednisolone. Two
children (12%) were treated with 1VIG alone. Eight children (47%) were treated with methylprednisolone alone. The
median duration of hospitalisation was 5 days. 18 children (94.7%) were discharged to home within one week of
admission. One 8 months old baby presented with shock, succumbed to death in spite of giving IV methyl
prednisolone and IVIG. In our study we observed that early diagnosis and treatment with IVIG or steroids offers good
outcome for the condition. Of the 19 children studied, 17 children were discharged within one week.

Keywords: Multisystem inflammatory syndrome, Intravenous immunoglobulin, Cytokine storm

INTRODUCTION

Multisystem inflammatory syndrome in children (MIS-C)
is a newly emerged disease following the outbreak of
COVID-19, reported from across the world. The
nomenclature is given by WHO.! Similar condition is
named as paediatric inflammatory = multisystem
syndrome-temporally associated with SARS-CoV virus
(PIMS-TS), by RCPCH.? During the initial phase of the
pandemic children less than 18 years have been reported
to be affected very less and the manifestations were
usually milder illness. This new hyper inflammatory

syndrome shares features of Kawasaki disease, toxic
shock syndrome, macrophage activation syndrome etc.
Treatment with various drugs including intravenous
immunoglobulin  (IVIG), methyl prednisolone and
biologicals like infliximab and tocilizumab have been
tried with varying results.®*

Relevance of the study

Since this is a newly emerging condition, awareness
about the clinical manifestation is important for early
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recognition and instituting prompt treatment which may
improve the outcome.

This study is to describe the clinical features and
treatment of MIS-C and to analyse the outcome.

CASE SERIES

We included children in the age group of 2 months-18
years admitted in pediatric ICU and ward with clinical
and laboratory features satisfying WHO criteria for MIS-
C. Children with autoimmune disease and those who
were not willing to participate in the study were
excluded. A detailed history and examination were done,
observing complete COVID-19 protocol. Investigations
like CBC, ESR, CRP, Urine R/E, LFT, RFT, LDH, serum
ferritin, trop I, BNP (Brain natriuretic peptide), d-dimer,
x-ray chest, USG abdomen, ECG and echo were done.
COVID-19 confirmation was done by using either rapid
antigen test (RAT), real time reverse transcriptase
polymerase chain reaction (RT-PCR). In patients whose
RTPCR /RAT was negative, serological assay was done.
Data entered in a predesigned proforma and analysed.
Details of treatment given were also analysed. Data
collected were entered in Microsoft excel spreadsheet and
analysed. Demographic and clinical features were
described using frequencies/percentages. Measures of
central trends and dispersion were used for continuous
variables. Complete investigations and treatment of
confirmed COVID-19 patients were given free of cost as
per the government protocol. The cost of investigations
not included in government protocol (COVID
immunoglobulin assay) was borne by the investigator.

The 25 children, admitted in pediatrics ICU and
pediatrics ward were included in the study. The median
age of these patients was 5 years (8 months to 14 years)
and 60% of them were boys (n=15). 52% of children
were less than 5 years old. All the children had high
grade fever for >3 days. Children presented with
conjunctival congestion (60%), diarrhoea (52%), cervical
lymphadenopathy (36%), shock (36%), vomiting (40%),
rashes (44%), mucosal erythema (24%), cough (8%) and

headache (24%). One child presented with seizures and
complete heart block.

Inflammatory markers were elevated in all the children.
CRP >50 mg/dl in 88%, ESR >40 mm/hr in 71% of
children. S. Ferritin  was >500 ng/ml in 53%.
Thrombocytopenia was present in 15 children (60%) and
lymphopenia in 16 children (64%). D dimer was done in
18 children, all of them were elevated. S. LDH was
elevated in 14 children (56%). Trop I/BNP was positive
in 12 (48%) children. On initial echocardiography, 5
children (20%) had LV dysfunction with LVEF <50%,
coronary dilatation was present in one child (4%). ECG
was normal in all the children except one who presented
with complete heart block. Chest x-ray was normal in
84%. Mild pleural effusion was noticed in 2 children.
One child had pulmonary oedema. USG abdomen
showed mesenteric lymphadenitis in two children and
gallbladder wall thickness in one child.

COVID antigen was positive in 2 children, RTPCR was
positive in 2. COVID antibody was positive in 15
children. 8 children had high risk contact with positive
patients.

The 11 children (44%) were treated with IVIG and IV
methylprednisolone, changed to oral prednisolone after 3
days and continued for 2 weeks. Three children (12%)
were treated with IVIG and oral prednisolone. Two
children (8%) were treated with IVIG alone. Nine
children (36%) were treated with methylprednisolone
alone. Seven children (28%) required ionotropes. Aspirin
was given for all the children. The 84% (n=21) required
ICU admission. The median duration of hospitalisation
was 6 days. Repeat echo done at 2 weeks were normal for
all the 24 children. One 11-year-old girl was presented
with seizures and complete heart block, required
mechanical ventilation and temporary pacemaker
insertion for 1 week, discharged after 12 days without
any sequel. One 8 months old baby presented with shock,
succumbed to death in-spite of giving IV methyl
prednisolone and IVIG.
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Figure 1: Clinical features of MIS-C.
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Figure 2: Change inflammatory markers in MISC.

DISCUSSION

Pediatric inflammatory ~ multisystem syndrome
temporarily associated with SARS COV2/MIS-C is an
emerging disease in post COVID patients. The first report
on the disease was from UK.® In April 2020 they noted a
cluster of 8 children with features similar to atypical
Kawasaki disease or toxic shock syndrome. All tested
negative for SARS-CoV-2 antigen. Inflammatory
markers including C-reactive protein, procalcitonin,
ferritin, and D-dimers were elevated. No pathological
organism was identified in 7 of them. 4 children had an
epidemiologic link to a COVID-19 case.

We studied 25 patients with MIS-C, of whom 84%
required ICU admission and 2 children required
mechanical ventilation. Children presented herein had
relatively early consultation in our hospital, except for 1
who presented with 8 days of fever. In our study median
age of presentation was 5 years, relatively younger age
group compared to studies conducted in other centres.54
Most common presentation was fever with non-purulent
conjunctivitis and gastrointestinal symptoms similar to
studies conducted by Elizabeth et al and Riphagen et al.”®

In this series cardiac involvement was present in 48% of
patients, of which 36% presented with shock. Coronary
dilatation was present only in one child. A 11 years old
girl presented with complete heart block. She required
temporary pacemaker insertion for 6 days and was on
mechanical ventilator for 6 days. Cardiovascular
complications are common in MIS-C, but cardiac
arrhythmias are rare. In a study by Dionne et al first-
degree atrioventricular block (AVB) was seen in 5 (20%)
patients and second- or third-degree AVB in 4 patients.
No patient required intervention for AVB in their cohort.
QTc prolongation was seen in 7 patients (28%), and
nonspecific ST segment changes were seen in 14 patients
(56%). Ectopic atrial tachycardia was observed in 1

patient, and none developed ventricular arrhythmias.®
Domico et al from California reported a case of MIS-C
with High-grade heart block requiring transvenous
pacing.® ECG monitoring in children with MIS-C is of at
most importance as they are at risk for atrioventricular
conduction disease.

Most children received IVIG and steroids. The 11
children (44%) were treated with IVIG and IV
methylprednisolone 3 children (12%) were treated with
IVIG and oral prednisolone. Two children (8%) were
treated with IVIG alone. Nine children (36%) were
treated with methylprednisolone alone. Rapid response
was observed in 96% of the patients. Similar response
was observed in studies conducted in other centres.01!
Outcome in our series was good, with one death. Median
duration of hospital stay was 6 days. The 84% required
PICU admission. Only two required mechanical
ventilation. Comparable to studies by Kaushik et al and
Riphagen et al.>® No patients needed biological agents in
our cohort. Biologicals were used in the treatment of
MISC in US and UK with successful outcome. The 14
(8%) received interleukin-6 inhibitors (tocilizumab or
siltuximab), and 24 (13%) received an interleukin-1
inhibitor (anakinra) in a US study.*? The 36% of patients
received Tocilizumab in New York study.®

In our cohort, one child presented with high grade fever
and shock died on sixth day of admission. He had
relatively late consultation in our hospital, presented with
history of high-grade fever for 1 week. Child received
IVIG and methylprednisolone and was on mechanical
ventilator for 3 days. This reinforces the need for early
suspicion and treatment of the condition.

One of the initial challenges in diagnosing MIS-C was its
overlapping clinical features with other conditions like
Kawasaki disease, toxic shock syndrome etc. Kawasaki
disease is a vasculitis that typically presents with high
fever and acute mucocutaneous inflammation in children
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<5 years of age.® Toxic shock syndrome is a potentially
lethal disease derived from the release of bacterial
toxins.** In our study 60% of children had clinical
features of incomplete Kawasaki disease. The
overlapping features between these syndromes suggests
that they may share similar pathophysiology.*® An article
published by Whittaker et al describes the overlapping
features of MIS-C and other pediatric inflammatory
syndromes.

It was observed that children could develop MIS-C
despite an asymptomatic course of coronavirus 2019
disease.’” In our study most of the children had
asymptomatic or mildly symptomatic corona virus 2019
disease before the diagnosis of MIS-C.

Studies conducted in other centres suggests that peak
incidence of MIS-C happened at 3-4 weeks after the peak
of COVID-19 disease.*>*® In our study 2 children were
positive for corona virus disease antigen test, suggests
that children had active corona virus disease along with
MIS-C.

MISC is an emerging disease with unknown sequelae.®
Its coronary and neurological outcomes needs to be
monitored on a long term basis. Our study describes
primary analysis of an ongoing hospital study. Small
sample size and limited period of follow up are the major
drawbacks of the study. A multicentre study with larger
sample size can describe the clinical features and
outcome with more accuracy.

CONCLUSION

In conclusion, MIS-C is an inflammatory condition that
progress rapidly over days. Children often presents in
shock and cardiac failure. Most of the children require
emergency medical attention and ICU care in a tertiary
hospital. In our study we observed that early diagnosis
and treatment with IVIG or steroids offers good outcome
for the condition. Follow up echocardiography and other
investigations were normal for all of them.
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