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ABSTRACT

Introduction: Multisystem Inflammatory Syndrome in Children
(MIS-C) is a life-threatening complication of Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) infection.
It can also present with multisystem involvement including
circulatory shock, systemic inflammation, and mucocutaneous
and dermatologic involvement. Children infected with Coronavirus
Disease-2019 (COVID-19) are mostly asymptomatic but those
having co-morbidities are at a greater risk of getting severe
infections.

Aim: To study the clinical profile and outcome of children with
MIS-C.

Materials and Methods: This was a single-centre retrospective
hospital-based observational study conducted at Indira Gandhi
Goverment Medical College, Nagpur, Maharashtra, India. MIS-C
protocol was developed at the Institutional level as per the World
Health Organisation (WHO) and Indian Academy of Paediatrics
(IAP) guidelines. Children admitted with MIS-C upto the age 18
years, were included as per the diagnostic criteria of MIS-C given
by the WHO. The data pertaining to the demographics, clinical
findings, underlying comorbidities, echocardiographic findings,
laboratory investigations, and treatment received including

INTRODUCTION

Multisystem inflammatory syndrome following COVID-19 infection
from the western world was first reported in January 2020 [1-3].
The World Health Organisation (WHO) circulated a preliminary case
definition for multisystem inflammatory disorder temporally associated
with COVID in children and adolescents (MIS-C) for reporting
surveillance and outlining treatment strategies for this disorder [4].

During the second wave of the COVID pandemic, adults were more
affected than children with Severe Acute Respiratory Syndrome-
Coronavirus 2 infection, but in the next wave, children and infants
were found to have more serious consequences of infection [5].
SARS-CoV-2 infection-related multi-system inflammatory syndromes
in children (MIS-C) is a dreaded complication [6]. SARS-CoV-2
infections in most children result in less severe COVID-19 than
infections in adults [7-9]. However, a subset of children present with
severe multisystem inflammation associated with recent SARS-CoV-2
infection or COVID-19 exposure in the weeks before [10-14]. MIS-C
has a strong epidemiological and laboratory association with SARS-
CoV-2 infection [15,186].

In India, the case reported by Rauf A et al., describes the classical
presentation of MIS-C, which shares features similar to Kawasaki
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intensive care interventions and outcomes were obtained from
patient hospital records from 1%t May 2021 to 30" September
2021.These collected data were obtained and statistical analysis
was performed in patients treated for MIS-C.

Results: The study included 18 children, who were diagnosed
with MIS-C, with a median age of six years. Most of them
presented with fever 12 (66.67%), followed by gastrointestinal
symptoms 11 (61.1%). Elevated levels of C-reactive protein were
found in all of them (58.04+34.87 mg/L). The majority of children
needed intensive care admissions 17 (94.45) and vasoactive
medications were given to 8 (44.45%) children. Steroids were
given in all children and Intravenous Immunoglobin (IVIG) in
7 (38.9%), and a combination was used in 10 (55.55%) children.
Co-morbidities were seen in 4 (22.22%) children (two sickle
cell disease, one diabetes mellitus type 1, and one had global
developmental delay. Mortality was noted in 4 (22.22%) children,
and none of them had any co-morbidities.

Conclusion: The majority of the children with MIS-C in this study
presented with acute febrile illness and shock and required
intensive care. In children with pre-existing comorbidities, the
outcome is surprisingly good.

disease [17]. Later it was found in other cities, including Nagpur,
which was one of the adversely affected cities in central India during
the second wave of COVID-19.

Hence, the aim of the study was to assess the clinical profile,
presenting symptoms, laboratory findings, therapy received, and
outcomes among infants and children those meet the WHO case
definition of MIS-C.

MATERIALS AND METHODS

This was a single-centre retrospective hospital-based observational
study conducted at Indira Gandhi Government Medical College,
Nagpur, Maharashtra, India. MIS-C protocol was developed at the
Institutional level as per WHO and IAP guidelines [18]. The data
was collected and analysed during the period December 2021 to
Feb 2022.

Inclusion criteria: Children included in the study were those with
MIS-C, less than 18 years of age, admitted between 15t May 2021
to 30" September 2021.

Exclusion criteria: Children with alternative diagnoses and incomplete
or missing data were excluded. The study was approved by the Institute
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Ethics Committee, IGGMC, Nagpur (IGGMC/Pharmacology/IEC/1033-
34/2022 dated 20/04/2022).

Study Procedure

The COVID-19 Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) and COVID-19 antibody testing was done in all patients.
Information about the demographic features of the children were
collected. Clinical details, underlying co-morbidities, echocardiographic
findings, and laboratory investigations were extracted from the medical
records of each child. Treatment received including intensive care
interventions including a mechanical ventilator, Continuous Positive
Airway Pressure (CPAP), oxygen by nasal cannula, vasoactive support,
intravenous immunoglobin (IVIG), steroids and the treatment outcome
was noted, using a case record form. Additionally, a history of contact
with a COVID-19 positive patient was also considered. The outcome
was classified into discharged or death.

STATISTICAL ANALYSIS

The data was entered in an Excel sheet and results were expressed
in terms of number and percentage.

Respiratory symptoms

Respiratory distress 5 (27.78%)
Neurological symptoms

Headache/irritability/altered mental status 3 (16.67%)

[Table/Fig-1]: Demographic and clinical characteristics of children with

Multisystem inflammatory syndrome (MIS-C).
DM: Diabetes mellitus

C-reactive protein (CRP) was elevated in all children and deranged
coagulopathy was also seen in all children. A 17 (94.45%) children
required intensive care like Paediatrics Intensive Care Unit (PICU) and
Neonatal Intensive Care Unit (NICU) admission. Out of all the admitted
patients, 4 (23.52%) children required ventilator support, 8 (47.05%)
were dependent on oxygen by nasal cannula and five needed CPAP
for respiratory support [Table/Fig-2]. Haemodynamically, 8 (44.45%)
children were started on vasopressors. Steroids were administered
to all the children (100%), Intravenous Immunoglobulin (IVIG) was
started in 7 (38.9%) patients and around 55.55% of the children
were treated with both steroids and IVIG, as per treatment protocol.
Four children (22.22%) died, and none of them had co-morbidities.

Investigations Values
RESULTS cBC
During the aboyfa study pengd, 10 ohlldlren were RT—PF)R p05|.t|ve TLC (/omm) (Median-IQR) 15700
(COVID-1 9lposmve) and agmltted to ded|cateq paed|atr|c§ hospital. Haemoglobin (gm/dl) (Viedian-IQR ) 10
The study included 18 children, who were diagnosed with MIS-C, :
) ) ) : ) Platelets (lakhs/cmm) (Median IQR ) 126000
with a median age of six years. All the 18 children were antibody
positive for COVID-19, 17 were negative for RT-PCR, and only one CRP (mg/L) (Mean and SD) 58.04 and 84.87
child was both RT-PCR and antibody positive. Serum creatinine (mg/dL) (Median IQR) 0.45
) ) o Serum ferritin (hg/mL) (Median IQR 168
QOut of the 18 patients, four had underlying co-morbidities. The most (hg/mb) )
. . . D-dimer (ng/mL) (Median IQR) 2683
common symptoms were fever, myalgia, and fatigue. Four children
(22.22%) were diagnosed to have myocarditis, with features of | -PH (U/L) (Median IQR) 637
left ventricular systolic function and elevated cardiac biomarkers | RT-PCR
along with coronary involvement. Point of care 2D echo could, Positive 1
however, not be done because most of the children were admitted Negative 17
to intensive care units and the facility of 2D echo was not available Serology positive (COVID antibody) 18
at bedside [Table/Fig-1]. Echocardiographic features (%)
Variables Findings Assessment of ventricular dimensions, myocardial 4(22.2%)
— dysfunction, and left ventricular ejection fraction e
Age, median (in years) 6
Treatment Paediatric Intensive Care Unit (PICU) o
Male 12 (66.67%) and Neonatal Intensive Care Unit (NICU) 17 (94.45%)
F | 6 (33.33%
emae (83.:38%) Mechanical ventilation 4 (23.52%)
Co-morbidity 4 (22.22%)
Oxygen by nasal cannula 8 (47.05%)
Sickle cell disease 2
Continuous positive airway pressure (CPAP) 5(29.41%)
Type 1 DM 1
H 0,
Global developmental delay 1 Vasoactive support 8 (44.45%]
History of contact with COVID positive patient Medications
Yes 8 (44.44%) MG 7 (38.9%)
No 10 (55.56%) Steroids 18 (100%)
Constitutional symptoms Steroid and IVIG 10 (55.55%)
Fever, myalgia, and fatigue 12 (66.67%) Outcome
Gastrointestinal (Gl) symptoms 11 (61.11%) Discharged 14 (77.78%)
Abdominal pain 4 Death (None of them had any co-morbidities 4 (22.22%)
Vomiting 6 [Table/Fig-2]: Biochemical echocardiographic parameters, management,
Diarrhoea 1 and outcomes in children with Multisystem inflammatory syndrome (MIS-C).
CBC: Complete blood count; CRP: C-reactive protein; IQR: Interquartile range;
Mucocutaneous symptoms 4 (22.22%) SD: Standard deviation; LDH: Lactate dehydrogenase; IVIG: Intravenous
Rash, conjunctivitis 3 immunoglobulin
Oral r'nucosa involved 1 DlSCUSS|ON
Cardiovascular (CVS) symptoms The cohort study reported 18 cases of MIS-C with clinical features,
Hypotension 8 (44.44%) presenting symptoms, and laboratory findings. The results found that
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elevated CRP, thrombocytopenia, gastrointestinal (Gl) symptoms,
mucocutaneous involvement, and shock at presentation are most
commonly encountered. Regarding the worldwide distribution
of COVID-19, there are relatively fewer cases among children
compared to adults. Children tend to have a milder clinical course,
as compared to adults. However, especially at the end of the COVID-
19 peak after the second wave, paediatricians have started seeing
multisystem inflammatory disorders similar to Kawasaki disease or
toxic shock syndrome [19].

The present study showed that there was a male predominance of
66.67%, similar to other studies, and the median age was noted
as six years, akin to studies done in other parts of the world [6,20-
24]. However, a study done by Whittaker E et al., [21] found the
median age to be 9.4 years. In the present study, constitutional
symptoms like fever, myalgia, and fatigue were seen predominantly.
In this cohort, co-morbidities were noted in 22.22% children. In the
study done by Ahmed M et al., while 71.0% of children (n=470)
were admitted to the intensive care unit, only 11 deaths (1.7%)
were reported [20]. In the study conducted by Bagri NK et al., in All
India Institute of Medical sciences (AlIMS), New Delhi, four children
(12.9%) with multiorgan failure succumbed to illness. All of these
were RT- PCR positive and had pre-existing chronic illnesses (one
each with chronic kidney disease, seizure disorder, Downs syndrome
with Tetralogy of Fallot, rheumatic heart disease) [24].

In the present study, it was found that 94.45% children required
intensive care admission. The study by Ahmed M et al., reported
that 71% (n=470) of the children had history of admission in ICU
[20]. Dhanalakshmi K et al., from Chennai, found that 63% (n=12)
required PICU support [23], and there was 88% ICU admissions in a
study conducted at two tertiary care centres in Kerala [25].

In the present study, elevated levels of CRP were found in all the 18
children. Similar findings were seen by Dufort EM et al., where all the
enrolled children had elevated levels of CRP [11]. Dhanalakshmi K, et
al., also showed high levels of CRP in all their study participants [23].

Mechanical ventilation was needed in 23.52% children, in this
study. Ahmed M et al., found that 147 children (22.2%) required
mechanical ventilation [20]. Bagri NK et al., showed that 22.5%
(n=7) required mechanical ventilation, whereas 13 subjects required
respiratory support, either through a face mask, nasal cannula or
high flow nasal cannula [24]. Tiwari A et al., reported a 20% (n=8)
requirement of mechanical ventilation [25].

Sugunan S et al., found only 16% of the cases needed mechanical
ventilation [6]. This is probably due to timely institution of methyl
prednisolone and IVIg. Notably, this study had zero mortality.
Whittaker E et al., reported that 43.10% of the sample were
dependent on mechanical ventilation [21]. In the mentioned-study
79% of the children were in shock, while in the present study
44.45% children were on vasopressor support. Jain S et al., showed
a dataof39.1% being on a mechanical ventilator in their study [22].

In the present study, 4 (22.22%) children admitted to the hospital in the
intensive care unit died with complaints of acute febrile illness, shock,
cardiac involvement, and deranged coagulation profile on ventilatory
support. Both IVIG and steroids were used for treatment with vasoactive
support. They succumbed to death despite receiving treatment as
per protocol. Interestingly, the outcome was good in children (none
of them had co-morbidities). Timely intervention resulted into a good
outcome. In another study by Ahmed M et al., the mortality was found
to be 1.7% (n=11) [20]. Outcome was good in the study by Jain S et
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al., with 4.34% mortality (n=1) [22]. Two patients died in the study by
Tiwari A et al., (n=2) [25]. Studies done by Sugunan S et al., [6] and
Dhanalakshmi K et al., [23] found no mortality.

Limitation(s)
The present study was limited by its small sample size and nature of
the study being retrospective.

CONCLUSION(S)

The majority of the children with MIS-C in this study presented
with acute febrile illness and shock and required intensive care.
In children with pre-existing co-morbidities, the outcome is
surprisingly good. The MIS-C is a new syndrome that developed
later in the course of SAR-CoV-2 infection in children. This is a
classic example of the cause and effect of SAR-CoV-2 infection,
which results in features of MIS-C in children.
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