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Abstract

Objective To determine the outcomes in children with MIS-C receiving different immunomodulatory treatment.

Methods In this multicentric, retrospective cohort study, data regarding treatment and outcomes of children meeting the
WHO case definition for MIS-C, were collected. The primary composite outcome was the requirement of vasoactive/ino-
tropic support on day 2 or beyond or need of mechanical ventilation on day 2 or beyond after initiation of immunomodula-
tory treatment or death during hospitalization in the treatment groups. Logistic regression and propensity score matching
analyses were used to compare the outcomes in different treatment arms based on the initial immunomodulation, i.e., IVIG
alone, IVIG plus steroids, and steroids alone.

Results The data of 368 children (diagnosed between April 2020 and June 2021) meeting the WHO case definition for MIS-C,
were analyzed. Of the 368 subjects, 28 received IVIG alone, 82 received steroids alone, 237 received IVIG and steroids, and
21 did not receive any immunomodulation. One hundred fifty-six (42.39%) children had the primary outcome. On logistic
regression analysis, the treatment group was not associated with the primary outcome; only the children with shock at diag-
nosis had higher odds for the occurrence of the outcome [OR (95% CI): 11.4 (5.19-25.0), p <0.001]. On propensity score
matching analysis, the primary outcome was comparable in steroid (n=45), and IVIG plus steroid (n=84) groups (p =0.515).
Conclusion While no significant difference was observed in the frequency of occurrence of the primary outcome in different
treatment groups, data from adequately powered RCTs are required for definitive recommendations.

Keywords COVID-19 - IVIG - MIS-C - Outcome - Propensity scoring - Resource-poor setting, Steroids - Treatment
modality

Introduction

Multisystem inflammatory syndrome in children temporally
associated with SARS-CoV-2 (MIS-C) has emerged as a
global child health issue. Various scientific bodies like the
CDC, RCPCH, and WHO released their guidance documents
in this context during April-May 2020 [1-3]. After the early
reports from Italy, documenting a spurt in cases presenting
with Kawasaki disease—like spectrum, hundreds of publi-
cations across the globe including India described similar
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features [4—6]. The novelty of this disease poses many chal-
lenges in formulating the treatment guidelines. Given the
similarity of MIS-C with Kawasaki disease and the mac-
rophage activation syndrome complicating many rheumatic
disorders, intravenous immunoglobulin (IVIG) and steroids
formed the sheet anchor for MIS-C management. Early guid-
ance for management of MIS-C from the American College
of Rheumatology advocated immunomodulation using IVIG
and steroids, and anakinra for refractory cases [7]. However,
there is lack of high-quality evidence to guide the choice
of initial therapy in MIS-C.

Further, the nature of the disease poses a challenge in
conducting randomized controlled trials to generate a high
level of evidence. One pragmatic approach is to analyze
the available data from observational studies using various
statistical techniques such as propensity score matching, as
has been done in recent studies [8—10]. However, these data
are mainly from developed nations. The developing world
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settings are challenged with multiple factors such as cost
constraints with the use of IVIG, non-availability of biolog-
ics like anakinra, and the high background rate of infec-
tions with overlaping features similar to MIS-C.

In the present work, the data of children with MIS-C from
seventeen centers across India were collated and analyzed to
compare the outcome in the different treatment arms (IVIG
alone, IVIG plus steroids, and steroids alone).

Material and Methods

This retrospective cohort study is an analysis of data col-
lected from different participating centers in India. A formal
invitation to participate in the study through email was sent
to 21 centers, of which seventeen sites participated in this
study. The Institute Ethics Committee approved the study of
the coordinating site (IEC-487/02.07.2021). All participat-
ing centers also obtained ethical clearance from their respec-
tive ethics committees.

A data extraction form was developed and shared with
all participating sites and finalized after inputs from all. The
information about the demographic profile, clinical features,
criteria for diagnosis of MIS-C, laboratory investigations,
treatment received (including details of immunomodulatory
treatment: IVIG / steroids / IVIG + steroids / biological, vas-
oactive drugs, and respiratory support) and the outcome was
sought. The data from each center were collected by one of
the treating physicians at each site. The data were entered
in a predesigned form using MS Access or MS Excel, cir-
culated from the coordinating site. Data from one center
were received in hard copy, which was later, filled in the
Excel sheet. Data from various sites were merged; if any
difference in the units of laboratory variables was found,
those were modified to standard units for uniformity. The
outcomes of interest were calculated from the data provided.
The de-identified data of children with MIS-C as per WHO
case definition [3], admitted (between April 2020 and June
2021) at participating centers were eligible for inclusion in
the study. The subjects for whom the data pertaining to the
primary outcome were missing, were excluded from this
study.

Based on the immunomodulatory treatment received, the
patients were categorized into four groups: IVIG alone; ster-
oids alone; IVIG plus steroids; and one group where patients
did not receive immunomodulation.

The primary outcome was the requirement of vasoactive/
inotropic support on day 2 or beyond or need of mechani-
cal ventilation on day 2 or beyond after initiation of immu-
nomodulatory treatment or death during hospitalization
in the treatment groups. The baseline cardiac outcomes
(ejection fraction, coronary dilation/aneurysm) in different
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treatment groups were also compared. The coronary aneu-
rysms were defined as per coronary size estimations using
the standard norms [11].

Data were entered in a Microsoft Access or MS Excel
forms by each of the participating centers. Data were col-
lated by the coordinating center and checked for missing
data and formatting. RL and NKB screened the data for
accuracy and completeness, and the respective sites were
contacted in case of any discrepancies. The cleaned data-
set was analyzed using Stata software (StataCorp, College
Station, TX). Descriptive statistics were used to summarize
parameters in the treatment groups. The outcomes in the
treatment groups were compared. Logistic regression analy-
sis was performed to adjust for the differences in the baseline
features of the subjects for predicting the primary outcome.
A propensity score matching analysis was also performed to
match the possible confounding factors which might influ-
ence the outcome. Given the limited numbers in the IVIG
alone arm, outcomes were compared in the two groups: ster-
oid alone vs. IVIG plus steroid. The details of the methods
for propensity score matching analysis are provided in Sup-
plementary material S1.

The patients or public were not involved in the design, or
conduct, or reporting, or dissemination plans of the present
research.

Results

The seventeen participating sites provided data on children
diagnosed with MIS-C between April 2020 and June 2021.
The data of 368 subjects meeting the WHO case definition
for MIS-C were analyzed for the outcome comparisons.

Of the 368 subjects, 28 received IVIG alone, 82 received
steroids alone, 237 received IVIG and steroids, while 21
did not receive any immunomodulation. Among children
who received steroids in any of the groups, the type of ster-
oid was mentioned in 281 records; 255 (90.4%) received
intravenous methylprednisolone, 18 (6.4%) oral predniso-
lone, while 8 (2.8%) received dexamethasone. Six children
received tocilizumab.

Table 1 summarizes the demographic, laboratory, and
treatment details of the study population categorized by
the immunomodulatory treatment received. The mean (SD)
age of the study population was 80.2 (51.1) mo, majority
(62.9%) being boys. In addition to fever, which was uni-
versal in all subjects, gastrointestinal symptoms, rash, and
shock were the other common presenting features reported
in 70.3%, 58.3%, and 53.5% of the subjects, respectively. In
this cohort, 225 (61.1%) children received vasoactive/ino-
tropic drug support, while 67 (23%) were mechanically ven-
tilated. The median (IQR) duration of hospital stay was 8 (6,
11) d. Patients who received IVIG alone were significantly



Indian Journal of Pediatrics

Table 1 Comparison of demographic characteristics in various treatment groups

IVIG alone Steroids alone IVIG + steroids No immunomodulation  p value
(n=128) (n=82) (n=237) (n=21)
Age (months), median (IQR) 51 (14.5, 84) 80.5 (30, 132) 84 (48,75) 60 (30, 96) 0.03
Height/Length, cm, mean (SD) 110.99 (30.4) 111.72 (30.9) 114.10 (28.3) 105.62 (28.13) 0.43
(n=15) (n=62) (n=190) (n=16)
Gender, males, n (%) 18 (64.3) 45 (54.9) 153 (64.5) 13 (61.9) 0.53
Comorbidity, n (%) 3(10.7) 20 (24.4) 21 (8.9) 6 (28.6) 0.003
SARS-CoV-2 PCR/RAT positive, 8 (28.6) 19 (23.2) 69 (29.1) 8 (38.1) 0.54
n (%)
COVID antibody positive 17 (60.7) 60 (73.2) 18 (79.3) 14 (66.6) 0.22
Rash, n (%) 17 (60.7) 38 (46.3) 150 (63.3) 8 (38.1) 0.03
Gastrointestinal involvement, n (%) 19 (67.85%) 57 (69.5) 166 (70.0) 16 (76.2) 0.94
Shock, n (%) 8 (28.6) 30 (36.6) 140 (59.1) 9 (42.8) 0.02
Altered sensorium, n (%) 7 (25) 20 (8.9) 54 (22.9) 5(23.8) 0.98
Respiratory symptoms, n (%) 14 (50) 28 (34.1) 107 (45.1) 8(38.1) 0.222
Cardiac involvement 18 (64.3) 26 (31.7) 175 (73.8) 3(14.9) <0.001
(either laboratory/ECHO), n (%)
LVEF at baseline, %, mean (SD) 579 4.7) 58.4 (9.1) 51.3(12.4) 61.2 (3.7) 0.02
(n=18) (n=61) (n=156) (n=12)
Duration of fever/illness 6(5,8) 6(5,8) 5,7 5@3,7) 0.10
Duration of hospital stay, median 9 (6, 13) 7 (5, 13.5) 8 (6, 10) 6(4,8) 0.1
(IQR)
Hemoglobin (g/dL), mean (SD) 11.3(3.8) 104 (2.1) 10.1 (2.1) 10.2 (2.4) 0.08
Total leucocyte counts (/mm?), 12400 (6000, 15700) 11800 (6800, 14500) 10900 (7480, 15100) 9970 (6655, 18795) 0.98
median (IQR)
Lymphocyte count (/mm?), median 2639 (970, 3598) 2389 (1343, 4380) 1880 (960, 3705) 2600 (1587, 5300) 0.24
(IQR)
Platelet count (x 10°/mm?), 2.3(1.2,4.3) 1.8 (1.1, 1.8) 1.4 (0.8,2.4) 2.28(1.3,3.5) 0.004
median (IQR)
ESR (mm/h), median (IQR) 53.5 (32, 65) 48 (36, 57) 45 (30, 72) 36 (18, 49) 0.41
CRP (mg/L), median (IQR) 64.15 (21, 162) 65 (20.91, 143) 90 (40, 145) 13.7 (3.4, 37) 0.0001
Serum ferritin ng/mL, median 565.15 (205, 766) 573.95 (172, 1356.5)  657.5 (319, 1201) 249.9 (106.5, 443.1) 0.022
(IQR)
NT-proBNP (pg/mL), median 1200 (120, 1500) 1890 (49, 6023) 1600 (457, 4631) 296.5 (49, 4884.8) 0.57
(IQR)
D-dimer (ng/mL), median (IQR) 1983 (500, 5100) 1687.5 (24.8, 3500) 1481 (500, 3510) 1051 (527, 5056) 0.9

CRP C-reactive protein, ESR Erythrocyte sedimentation route, /QR Interquartile range, /VIG Intravenous immune globulin, LVEF Left ventricu-
lar ejection fraction, NT-proBNP N-terminal pro b-type natriuretic peptide, PCR Polymerase chain reaction, RAT Rapid antigen test, SD Stand-

ard deviation

younger. Those that received both IVIG and steroids had sig-
nificantly lower platelet counts, and higher CRP and ferritin.

Table 2 summarizes the baseline cardiac parameters. The
mean ejection fraction at baseline was significantly lower
in the group receiving both IVIG plus steroids than other
treatment groups. Seven children had coronary dilation at
baseline, while 25 had coronary aneurysms; there was no
difference in the observed frequency of these aneurysms
among the various treatment arms.

Forty (10.9%) children succumbed during the hospital
stay. The primary outcome occurred in 156 (42.4%) chil-
dren. The primary outcome occurred more often in the group
receiving both IVIG plus steroids (p=0.027) (Table 3).

On logistic regression analysis to assess the association
between the treatment groups and the outcome adjusting for
other factors, the treatment groups did not seem to have an
effect on the primary outcome; only children with shock at
diagnosis had higher odds for the occurrence of the com-
posite outcome [OR (95% CI): 11.4 (5.19-25.0), p <0.001]
(Table 4). The results were similar when the outcome was
compared among the three treatment groups after omitting
the ‘no immunomodulatory treatment’ group. There was no
difference in the primary outcome in the steroid, and IVIG
plus steroid groups (p=0.1). When the data were analyzed
using propensity score analysis comparing the primary
outcome in steroid (n=45) and IVIG plus steroid (n=_84)
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Table 2 Baseline cardiac

IVIG alone  Steroids alone  IVIG plus steroids ~ No immu- p value
paramet.ers of the study nomodula-
population tion

LVEF @ baseline, % (SD) 57.9 (4.7) 58.4 (9.1) 51.3(12.4) 61.2 (3.7) 0.0001
(n=288) (n=23) (n=64) (n=189) (n=12)

LCA @ baseline 0.80
Normal coronary, n/N 8/12 18/23 56/79 717

Coronary dilation, n/N 1 1 5 0

Coronary aneurysm, n/N 3 4 18 0

LAD @ baseline 0.50
Normal coronary, n/N 4/6 17/18 38/55 6/6

Coronary dilation, n/N 1/6 0/18 04/55 0/6

Coronary aneurysm, n/N 1/6 1/18 13/55 0/6

RCA @ baseline 0.36
Normal coronary, n/N 7/10 18/22 56/76 6/8

Coronary dilation, n/N 0/10 0/22 10/76 1/8

Coronary aneurysm, n/N 3/10 4/22 10/76 1/8

IVIG Intravenous immune globulin, LAD Left anterior descending artery, LCA Left coronary artery, LVEF
Left ventricular ejection fraction, RCA Right coronary artery, SD Standard deviation

groups, no difference was observed (p=0.515) (Supplemen-
tary material S1).

Discussion

The present multicentric study from a resource-limited set-
ting in children with MIS-C reports the effect of various
therapeutic options (IVIG alone, IVIG plus steroids, and
steroids alone) on the outcome. The choice of initial immu-
nomodulation was not associated with the outcome in the
present study. Children presenting with shock at diagnosis
had higher odds for the occurrence of the primary outcome
[OR (95% CI): 11.4 (5.19-25.0), p <0.001]. The data were
analyzed using propensity score analysis to compare the
primary outcome in steroid and IVIG plus steroid groups.
No discernible difference was observed in the outcomes

(p=0.515). The small number of patients in the IVIG alone
group precluded us from making definitive conclusion about
efficacy of this intervention.

The present findings are similar to that of the study by
McArdle et al., who did not observe any difference in the com-
posite outcome (composite of inotropic support or mechanical
ventilation by day 2 or later or death) in multicentric interna-
tional cohort of 614 children, among IVIG alone, IVIG and
steroids, and steroids alone groups [10]. They did not observe
any difference in the temporal dynamics of disease severity
(inflammatory markers, escalation of immunosuppression)
in the groups. Although the sequential severity of illness was
not analysed in the present study, the trend seems to be unaf-
fected by the initial immunomodulation, as inferred from the

Table 3 Outcomes in different

IVIG alone Steroids alone  IVIG + steroids No immu- p value
treatment groups (n=28) (n=82) (n=237) nomodulation
(n=21)
Primary outcome*, n (%) 12 (42.8) 25 (30.5) 113 (47.7) 6 (28.6) 0.03
Duration of inotropic sup- 4 (2, 5) 3(2,5.9) 32,4 22,4 0.71
port, median (IQR)
Duration of mechanical 2(2,9) 4(3,5) 3(2,5) 2(2,2) 0.63
ventilation, median
(IQR)
Death, n 02 10 27 01 0.82

*Inotropic requirement (requirement of vasoactive/inotropic support on day 2 or beyond or need of
mechanical ventilation on day 2 or beyond after initiation of immunomodulatory treatment or death during

hospitalization)

IQR Interquartile range, /VIG Intravenous immune globulin
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Table 4 Logistic regression analysis for the association between the
treatment group and primary outcome

Odds ratio (95% CI) p value

Treatment group* 0.89 (0.53-1.51) 0.67
Age (months) 1.00 (0.99-1.00) 0.86
Shock at presentation 11.4 (5.19-25.0) <0.0001
Antibody to SARS-CoV-2 0.86 (0.27-2.72) 0.80
LVEF at baseline 0.97 (0.94-1.0) 0.08
Total leucocyte count 1.00 (0.99-1.0) 0.36
Platelet count 1.04 (0.85-1.28) 0.69
CRP 0.99 (0.99-1.0) 0.9
Serum ferritin 1.00 (0.99-1.0) 0.89

*IVIG alone, steroids alone, IVIG plus steroids, no immunomodula-
tion

CRP C-reactive protein, LVEF Left ventricular ejection fraction

comparable mean duration of inotropic support and mechani-
cal ventilation in the different treatment arms.

On the other hand, Son et al. evaluated 518 children with
MIS-C and reported that IVIG plus steroids were associated
with a lower risk of cardiac dysfunction than IVIG alone
[9]. Similarly, a retrospective study in a French cohort with
181 children also showed a favorable outcome in terms of
early defervescence, the requirement of inotropic support,
and duration of intensive care stay in the group receiving both
IVIG and methylprednisolone as compared to IVIG alone [8].
However, there were differences in the predefined primary
outcomes of these studies [10-12]; cardiac dysfunction or
shock on or after day 2 in the study by Son et al. [9]; the per-
sistence of fever 2 d after the introduction of initial therapy
or recrudescence of fever within 7 d in the French cohort [8],
compared to the composite outcome (requirement of vasoac-
tive/inotropic support for>2 d or need of mechanical ventila-
tion > 2 d after initiation of immunomodulatory treatment or
death during hospitalization), in the Best Available Treatment
Study (BATS) by McArdle et al [10]. In the present study,
death was also included as a primary outcome.

No difference in the outcome based on the treatment
groups was observed on logistic regression analysis. Further,
while using propensity score matching analysis, the outcome
was comparable in the group receiving IVIG plus steroids
and steroid alone, even though only two groups could be
matched and that too in small numbers. This observation is
of relevance given the cost and availability of IVIG. Even
the recent WHO living guidance for MIS-C without Kawa-
saki phenotype suggests use of corticosteroids in addition to
supportive care rather than either IVIG plus supportive care

or supportive care alone [13]. These guidelines must, how-
ever, be viewed with the caveat that they are based on obser-
vational studies rather than randomized controlled trials.

The mortality observed in the present study subjects is
strikingly higher than other large series from developed
nations (10.87% vs. 1%-2%). High mortality (27.5%) has
also been reported from a single-center study from India,
which has not participated in the present study [12].

Although the present study was not aimed to study the
predictors of mortality, the authors speculate that the high
mortality in the present study settings may be attributed to
poor access to tertiary care hospitals, delay in seeking care,
and high background infection rates in tropical countries
posing a diagnostic challenge for MIS-C. In addition, nona-
vailability/affordability of biological agents like anakinra
and tocilizumab in resource-limited settings might also have
contributed to these differences; 22/614 (3.5%) and 107/518
(20.6%) children received a biological agent in the studies
by Son et al. and McArdle et al., respectively [9, 10]. In
contrast, only 6 subjects received a biological in the present
study.

The present study has certain limitations; most of these
are due to the retrospective nature of the study. The pro-
pensity score analysis was used but the matching could be
achieved only for a small proportion in two of the treatment
groups. In addition, the factors, which might have influenced
the decision to choose the initial immunomodulation, and
thus, affected the outcome, were not assessed. The variabil-
ity in the services/practices at various participating centers,
such as use of vasoactive agents, tapering strategies, etc. was
not studied; all the participating centers were tertiary care
institutions with pediatric intensive care services. Owing to
a lack of data, the number of children meeting classification
for macrophage activation syndrome and long-term cardiac
and coronary results were not studied. Also, the effect of
different doses of steroids on the outcome was not analyzed.

Conclusion

No difference was observed in the outcomes in children with
MIS-C with different immunomodulation therapies. How-
ever, more extensive studies, including adequately sized
RCTs are needed to establish the best therapeutic option for
managing MIS-C, particularly in resource-limited settings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12098-022-04254-5.
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