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Abstract

To study the clinical, laboratory characteristics and outcomes of multisystem inflammatory syndrome in children (MIS-C) tem-
porally related to coronavirus disease 2019 (COVID-19) in a resource-limited setting. All children meeting the World Health
Organization case definition of MIS-C were prospectively enrolled. Baseline clinical and laboratory parameters were compared
between survivors and non-survivors. Enrolled subjects were followed up for 4-6 weeks for evaluation of cardiac outcomes using
echocardiography. The statistical data were analyzed using the stata-12 software. Thirty-one children with MIS-C were enrolled in
an 11-month period. Twelve children had preexisting chronic systemic comorbidity. Fever was a universal finding; gastrointestinal
and respiratory manifestations were noted in 70.9% and 64.3%, respectively, while 57.1% had a skin rash. Fifty-eight percent of
children presented with shock, and 22.5% required mechanical ventilation. HSP like rash, gangrene and arthritis were uncommon
clinical observations.The median duration of hospital stay was 9 (6.5-18.5) days: four children with preexisting comorbidities suc-
cumbed to the illness. The serum ferritin levels (ng/ml) [median (IQR)] were significantly higher in non-survivors as compared to
survivors [1061 (581, 2750) vs 309.5 (140, 720.08), p value=0.045]. Six patients had coronary artery involvement; five recovered
during follow-up, while one was still admitted. Twenty-six children received immunomodulatory drugs, and five improved without
immunomodulation. The choice of immunomodulation (steroids or intravenous immunoglobulin) did not affect the outcome. Most
children with MIS-C present with acute hemodynamic and respiratory symptoms.The outcome is favorable in children without pre-
existing comorbidities.Raised ferritin level may be a poor prognostic marker. The coronary outcomes at follow-up were reassuring.
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Multisystem inflammatory syndrome following COVID-19

Division of Pediatric Rheumatology, Department infection from various pediatric clusters was first reported in
I(ifeie‘]i)lzgllﬁ’nﬁili India Institute of Medical Sciences, January 2020 from Europe and North America [1-3]. Fol-

lowing these reports, the World Health Organization (WHO)
circulated a preliminary case definition for multisystem
inflammatory disorder temporally associated with COVID
in children and adolescents (MIS-C) for reporting surveil-
lance and outlining treatment strategies for this disorder [4].
This entity is also known as Multisystem inflammatory syn-
drome in children associated with COVID-19and Pediatric
Multisystem inflammatory syndrome temporally associated
with SARS-CoV-2(PIMS-TS) [5, 6].

The clinical spectrum of MIS-C includesmild persistent
febrile illness, Kawasaki diseases like illness and severe
MIS-C presenting with shock and multiorgan involvement
[7]. The severe form of MIS-C is a life-threatening disease,
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with a mortality of 2%, as reported from a large series of 518
children from the US [8]. Its resemblance to Kawasaki dis-
ease also poses a risk of cardiac and coronary involvement
to children with MIS-C, with 8-24% of the cases develop-
ing coronary artery abnormalities [9]. However, there is a
paucity of data on the outcome of MIS-C fromresource-poor
settings. In contrast to the developed world, resource-poor
settings arechallenged withfactors like access to health care
facilities and the availability of costly immunomodulatory
drugs (IVIG and biologicals), which might affect the out-
come in such settings.In addition, the high background rate
of infections in such settings presentsclinical challenges in
differentiating MIS-C from close mimickers like bacterial
sepsis and toxic shock syndrome [10]. Considering these
facts, we conducted a single center prospective longitudinal
study to describe the clinical, laboratory,echocardiographic
findings and follow-up of children with MIS-C in a resource-
limited setting.

Methodology

The present study describes the data from 15-07-2020 to
02-06-2021 of a prospective longitudinal study from a ter-
tiary care teaching hospital: the All India Institute of Medi-
cal Sciences, New Delhi, India. Children (less than 15 years
of age) with fever > 3 days were screened for MIS-C. Those
meeting the surveillance definition as per WHO [4] were
enrolled for this study after receiving written informed con-
sent from parent/guardian. Children with alternative diag-
noses were excluded.All children meeting inclusion criteria
were enrolled for the study after taking informed consent.
The study was approved by the Institute Ethics Committee
(IEC-580/19.06.2020, RP-04/2020).

Evidence of current or preceding SARS-CoV-2 infection
was demonstrated either through positive naso-and oro-phar-
yngeal swab for SARS-CoV-2 nucleic acid using reverse-
transcriptase quantitative PCR (RTPCR)/cartridge-based
nucleic acid amplification test (CBNAAT) assay or positive
serology for antibody (IgG/IgM) using ECLIA (electro-
chemiluminescence) assay on Elecsys anti-SARS-CoV-2on
COBAS 6000 (Roche, Switzerland).

Baseline demographic and clinical data werecollected in
a predesigned proforma incorporating the details of clinical,
laboratory and echocardiography parameters. The enrolled
subjects were managed on broad principles provided by the
American College of Rheumatology [11]. The inflamma-
tory markers, markers of myocardial inflammation (Tro-
ponin/NT-Pro-BNP), cytokine levels (IL- 2,6,18, TNF-a,
INF-y) in addition to the other laboratory parameters were
compared with clinical outcome.The studied cytokines were
assayed in serum with Bead-based Multiplex Fluorescent
Assay (Luminex ™ technology).
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The study subjects were followed up for 4-6 weeks. A
2D- echocardiography was performed at 2 and 4-6 weeks
after enrollment.Coronary artery abnormalities were repre-
sented as z scores [12]. We also estimated the prevalence of
macrophage activation syndrome (MAS) as per the 2016
MAS classification criteria [13].

The data were analyzed using the Stata-12 software.
Descriptive statistics was obtained for all study variables.
Continuous data were expressed as mean (SD) or median and
inter-quartile range [IQR] values. The normality in distribu-
tion of data was assessed using the shapriowilk test. Cat-
egorical data were expressed as proportions. ;(2 test was used
to compare categorical variables. Student ¢-test was used for
comparing normally distributed data, and Mann—Whitney U
test was used for comparing non-parametric data. Receiving
operative curve analysis was used to find the discriminant
ability of serum ferritin and appropriate cutoff for predicting
in-hospital mortality. A p value less than 0.05 was considred
statistically significant.

Results

We enrolled 31children (19 boys) meeting the WHO crite-
ria of MIS-C [4] during thestudy period. The demographic
and laboratory characteristics of the study population has
been depicted in Table 1. The mean duration of symptoms
was 6.25 days. Twelve children (38.7%) had preexisting
chronic comorbidities [systemic lupus erythematosus
(n=1), Down Syndrome with Tetralogy of Fallot (n=1),
Transposition of Great Arteries (n=1), rheumatic heart
disease (n=1), acute lymphoblastic leukemia (n=1),
chronic renal disorder (n=2), and neurological (seizure
disorder (n=4), tubercular meningitis (n=1)]. Fever was
a universal finding, whereas gastrointestinal (pain abdo-
men, vomiting and diarrhea) and respiratory symptoms
were observed in 71% and 64.3%, respectively. Eighteen
children (58.06%) presented with shock, thirteen of whom-
required vasoactive drug support. Seven children (22.5%)
required mechanical ventilation,whereas 13 subjects
required respiratory support either through a face mask,
nasal cannula or high flow nasal cannula. The maculopapu-
lar erythematous rash was the most commonly observed
skin lesion. We also observed palpable purpura akin to
Henoch-Schonlein purpura in a 13-year-girl and gangrene
involving the penis and anterolateral aspect of the left leg
in an 8-year boy (Fig. 1). Arthritis involving bilateral knee
joints was observed in one girl. The inflammatory markers
(ESR, CRP and procalcitonin), serum ferritin, IL-6 and
cardiac biomarkers (NT-pro BNP) were raised in the study
population (Tablel).
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Table 1 Demographic and
laboratory characteristics of
children with MIS-C
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Parameter n=31
Gender, male (%) 19 (61.29)
Age in months, median(IQR), range 96 (60, 131), 3—181
Duration of illness in days, mean (SD) 6.9 (5.7)
Duration of hospital stay in days, median(IQR) 9 (6.5, 18.5)
Rash, n (%) 16 (57.14)
Gastrointestinal symptoms, n (%) 22 (70.96)
Respiratory symptoms, n (%) 21(67.74)
Hypotension, n (%) 18 (58.06)
Non-purulent conjunctivitis, n (%) 8 (25.80)
Mechanical ventilation, n (%) 7(22.5)
Laboratory characteristics

Either RTPCR/ CBNAAT, n (%) 10 (32.26)

Only antibody, n (%) 16 (51.61)

Both RTPCR/ CBNAAT and antibody positive 5(16.13)

Hb (g/dL), median (IQR)

Total leucocyte count (/fmm?), median (IQR)
Neutrophils %, median (IQR)

Lymphocytes %, median (IQR)

Platelet count(x 10°/mm?>), median (IQR)
ESR (mm/h), median (IQR)

CRP(mg/dl), median (IQR)

Serum procalcitonin (ng/ml), median (IQR)
Serum ferritin(ng/ml), median (IQR)
D-dimer (ng/ml), median (IQR)

Serum fibrinogen (mg/dL), median (IQR)
Serum triglycerides (mg/dL), median (IQR)
SGOT (U/L), median (IQR)

SGPT (U/L), median (IQR)

Blood urea (mg/dL), median (IQR)

Serum creatinine (mg/dL), median (IQR)
NT-pro BNP (pg/mL), median (IQR) (normal < 125 pg/mL)

Cytokine profile
IL-6 (pg/mL),median (IQR) (0.02-10 pg/mL)

IL-18 (pg/mL), median (IQR) (9-812 pg/mL)
IL-2 (pg/mL), median (IQR) (0.03-90 pg/mL)
INF-y(pg/mL), median (IQR) (0.6-124 pg/mL)

TNF-a (pg/mL),median (IQR) (0.10-98 pg/mL)

9.31 (8.1, 10.9)

12,920 (8760, 22,400)
68 (46.3, 84.8),

23 (9.3, 35)

3.48 (1.8,2.6)

47 (36, 90)

12.8 (3.0, 25.9)

8.39 (1.49, 31.89)
411.05 (195.47-1031.93)
3100 (500, 5250)
411.45 (311.16, 466.63)
218 (125, 406)

41 (26, 59)

28 (15, 51)

38 (19, 68)

0.5 (0.3, 1.06)

296.52 (24.66, 4631.31)
(n=15)

59.52 (12.9, 194)
(n=23)

7.59 (0.87, 94.89)
(n=12)

8.92 (4.21, 53.38)
(n=12)
7(7,29.93)
(n=12)
2.5(2.5,36.25)
(n=12)

Four children (12.9%) with multiorgan failure in our
cohort succumbed to illness. All of these were RT- PCR
positive and had preexisting chronic illnesses [chronic kid-
ney disease (n=1), seizure disorder (n=1), Downs syn-
drome with Tetralogy of Fallot (n=1), rheumatic heart
disease(n=1)]. Twenty-five children were discharged, and
twowere still admitted at the time of drafting this manuscript.

Table 2 compares the various clinical and laboratory param-
eters in survivors versus those deceased.The serum ferritin
levels[median (IQR)] were significantly higher in non-sur-
vivors as compared to survivors [1061 (581, 2750) vs 309.5
(140, 720.08) ng/mL, p value=0.045]. The area under the
receiver operator characteristic curve for serum ferritin for
in-hospital mortality was 0.82 (95%CI 0.64-0.99) (Online
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Fig. 1 a Bilateral non-purulent
conjunctivitis seen in a 6-year-
old boy. b Generalized ery-
thematous rash noted over the
abdomen in a 7-year-old boy. ¢
Henoch Schonlein purpura-like
non-blanchable palpable pur-
pura seen over bilateral lower
limbs in a 13-year-old girl, d, e
Gangrene involving penis and
anterolateral aspect of left leg in
an 8-year-old boy

Table 2 Comparison of clinical,laboratory parameters and treatment modalities based on mortality in children with MIS-C

Survivors (n=27) Non-survivors (n=4) p value

Age, Age in months, median(IQR) 96 (60, 120) 130.5 (72, 161) 0.26
Shock, n (%) 14 (51.85) 4 (100) 0.12
Gastrointestinal symptoms, 1 (%) 18 (66.66) 4 (100) 0.29
Respiratory symptoms, n (%) 17 (62.96) 4 (100) 0.29
Skin rash, n (%) 17 (62.96) 0 0.032
Pre-existing comorbidity, n (%) 8127 4/4 0.189
Laboratory parameters

Total leucocyte count, median (IQR) 13,240 (7700, 20,000) 19,685 (12,450, 27,285) 0.51

Platelet count (x 10°/mm?), median (IQR) 2.05 (1.5, 3.46) 0.46 (0.17, 2.56) 0.098

Serum IL-6 (5.00-15.0 pg/mL), median (IQR) 41.84 (12.9, 194) (n=19) 55.06 (27.06, 328.76) (n=4) 0.21

Serum ferritin (12-300 ng/ml), median (IQR) 309.5 (140, 720.08) 1061 (581, 2750) 0.045

NT-ProBNP (pg/mL), median (IQR) (< 125 pg/ml)
D-dimer (ng/ml), median (IQR) (0.00-255.00 ng/ml)
Immunomodulation therapy

Supportive care only (n=15) 5
Only IVIG (n=6) 5
Only steroids (n=5) 4
Steroid plus tocilizumab (n=1) 0
IVIG plus steroids (n=14) 13

248.63 (24.66, 3189.7) (n=13)
1050 (741.05, 5056) (n=17)

6078.29 (1500.04, 10656.5) (n=2) 1.46
4285 (385, 14,035) (n=4) 0.16

0.137

_ e = = O

Bold represents a statistically significant value (p < 0.05)

resource 1). At a cutoff value of > 622 ng/ml, the sensitivity
and specificity were 75% and 74.1%, respectively. Among
the 28 children for whom all laboratory parameters for MAS
were available, 5 (17.9%) met the classification for MAS; 2
out of 5 children with MAS succumbed to illness.

Table 3 summarizes the available echocardiography
findings of the study population. Coronary artery abnor-
malities were detected in six children (19.4%); all, except
one, resolved at the last follow-up.In our cohort, 8 (25.8%)
children met the classification criteria for Kawasaki disease
[classical (n=1), atypical (n=7)].

@ Springer

The various immunomodulatory drugs used in the
study population are depicted in Table 2. Two children
were referred to us after receiving immunomodulation [only
steroids (n = 1), intravenous immunoglobulins (IVIG), plus
steroids (n=1)]. IVIG was administered at a dose of 2 g/
kg. The infusion was withheld midway after 1 g/kg due to a
transfusion reaction in one child. High dose pulse methyl-
prednisolone (10-30 mg/kg/day for 3 days) followed by oral
steroids was administered to 4 subjects.Oral steroids (pred-
nisolone @ dose of 2 mg/kg/day) were gradually tapered
over 2-3 weeks. Two children required a prolonged course
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Table 3 Baseline and follow-up echocardiography in children with MIS-C

Echo parameter Baseline Echo at 2-week follow-up Echo at 4 to
6-week follow-up
Number of children with low ejection 13/29 1/16 4/12
fraction (EF<55%), n

Ejection fraction, mean (SD) 55.75 (9.24) 59.18 (7.97) 57.75(4.45)

Coronary artery abnormalities, n RCA*:2/19 RCA: 0/14 RCA: 0/12
LMCA:0/20 LMCAS:1/12 LMCA:0/12
LAD*:1/11 LAD®:1/10LCx%:1/12 LAD:0/4

Any other LCx wall thickening (n=1)

Peri-vascular brightness (n=1)
Mild MR and TR:3/28

Mild MR: 1/28

Mild TR:1

Mild (n=1)

Valvular regurgitation

Pericardial effusion, n
Any other abnormality

Peri-vascular brightness (n=1)

Mild MR and TR (n=1) Mild TR (n=2)

0
Mild PAH (n=1)

Z-score

One child had RCA z score of #2.15

One child had z scores of RCA and LAD 3.17 and * 2.53 respectively
$Same child, LAD: 5.2, LMCA and LCx dilated

Dilation or Aneurysm based on Z scores

Dilation (z score 2-2.5)

Small (z score 2.5-5)

Medium (z score 5-10)

Giant (z score > 10)

LAD Left Anterior Descending artery, LMCA Left Main Coronary artery, LCx Left Circumflex artery, TR Tricuspid Regurgitation, MR Mitral

Regurgitation, PAH Pulmonary Arterial Hypertension

(>3 months) of oral prednisolone due to the possibility
of evolving rheumatic disorder. There was no statistically
significant difference in mortality based on the choice of
immunomodulatory agent (p value=0.137). Twelve subjects
received aspirin in antiplatelet doses for 4—-6 weeks. In addi-
tion, two children required enoxaparin: one with low ejection
fraction received it for a week while the other with penile
gangrene and venous thrombosis (involving right saphe-
nofemoral junction and deep veins of the calf in bilateral
lower limbs) was still on enoxaparin at the last follow-up at
12 week. All children also received empirical broad-spec-
trum antibiotics; however, the blood cultures were sterile
in all subjects.

Discussion

This study reports the clinical, laboratory profile and out-
comes at short-term follow-up of children with MIS-C from
India. During the study period, 31 children with MIS-C were
enrolled. In addition to the usual clinical features, HSP like
rash, penile gangrene and arthritis were few uncommon find-
ings in our cohort. Baseline coronary artery abnormalities
were observed in 6 (19.4%) subjects, which resolved in all

except one at the last follow-up. Four children (12.9%) with
underlying chronic comorbidities succumbed to the illness.

All our subjects were either RTPCR/ CBNAAT posi-
tive or antibody positive, unlike other series from tropical
countries wherein children with a history of contact (without
laboratory evidence to support an association with SARS-
CoV-2) were also enrolled (27% in Dhanalakshmi et al. and
34% in Jain et al. series) [14, 15]. In the authors’ opinion,
laboratory evidence of SARS-CoV-2 infection adds strength
to the inclusion criteria while classifying febrile children
as MIS-C and may avoid over-diagnosis of MIS-C. This is
more relevant to tropical countries where the background
infections mimicking MIS-C are widely prevalent.

Similar to the existing literature,the spectrum of ill-
ness in our series varied from non-life-threatening febrile
episodes to severe illness resulting in cardiovascular col-
lapse and shock [16]. Nearly 60% of our study population
presented with shock, comparable to various series from
different parts of the globe [3, 17]. In 64% of children,
respiratory symptoms were seen, two-thirds of whom
required non-invasive oxygen support, while a third of
these required mechanical ventilation. Gastrointestinal
symptoms (mild to moderate severity) were seen in around
71% of children. Twelve of the 31 children had underlying
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systemic comorbidity. Ahmad et al. in their systematic
review reported a significant proportion of comorbidities
with obesity accounting for half of the associated comor-
bidities [18], which is in contrast to our series where only
2/31 (6.45%) were obese (results not shown).

We also observed few peculiar findings in our series.
A 13-year-old girl presented with a rash similar to IgA
vasculitis. She also had pain abdomen but did not have
other features consistent with IgA vasculitis; neither did
she develop recurrence of symptoms or renal involvement
during 6 months of follow-up. Allez et al. have previously
reported the association of IgA vasculitis with COVID-19
in a young adult with Crohn’s disease on anti-TNF [19].
Although we couldn’t contemplate skin biopsy in our
case, the palpable purpura was clinically similar to HSP.
Another girl with an underlying seizure disorder presented
with arthritis of bilateral knee joints. The workup for the
evolution of other rheumatic diseases, such as lupus, was
non-contributory till the last follow-up. These observa-
tions are in sync with the emerging evidence of other
vasculitis and rheumatic disorders in association with
COVID-19 [18], and thus, it is imperative to note such
clinical findings and follow these children for the evolution
of immune manifestations. An 8-year-old boy developed
penile gangrene with deep vein thrombosis requiring pro-
longed anticoagulation. Thrombosis is frequently reported
in adults with COVID-19 but is an uncommon finding in
children [20]. Feldstein et al. have reported one child
with imaging confirmed symptomatic venous thromboem-
bolism [21]. The index child in our series was aptly man-
aged with immunosuppression and anticoagulants. These
gangrenous changes may result from ischemic changes,
resulting from vascular insult and necrosis of SARS-
CoV-2 infected endothelial cells. Kabeerdosset al. have
proposed this mechanism for COVID associated chillbains
or COVID toes [10].Timely recognition and management
of such organ/limb-threatening thrombotic complications
are warranted for a successful outcome.

The median values of laboratory markers of cardiac
involvement (NT-pro-BNP) were elevated in the study pop-
ulation (Table 1). Markers of cardiac injury like Troponin
and BNP are elevated in 64-95% of children with MIS-C in
various series [17]. Aliased et al. in their review, reported
wide variability in left ventricular dysfunction, ranging from
20% to nearly all, in various series [17]. Coronary artery
abnormalities have been reported in 8—24% of cases in other
series [9]. In our series, six patients (19.3%) had coronary
involvement. There is a scarcity of data about follow-up
outcomes. Echocardiography demonstrated a low ejection
fraction (< 55%) in 44.8% of the subjects, which decreased
to 33.3% at 4-6 weeks follow-up.The short-term outcome for
coronaries was reassuring in our series; the coronary artery
abnormalities resolved in 5 out of 6 children.
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Among the clinical and laboratory factors studied in
our series, serum ferritin levels were significantly higher
in those who succumbed. Fifty percent of the children who
succumbed to illness had MAS. This finding is consistent
with a large retrospective study from the US by Abrams et al.
[22], comprising 1080 children wherein ferritin was found
to be an indicator of shock and cardiovascular compromise.
Serum ferritin may also help in differentiating MIS-C from
its close mimicker Kawaski disease; Yener et al. reported
higher serum ferritin levels in children with MIS-C as com-
pared to KD [440 ng/ml versus 170 ng/ml in MISC and KD
respectively] in a multicentric Turkish study, enrolling 154
children with MIS-C and 59 children with KD [23]. Similar
to Yener et al. study, we also obsereved an elevated serum
ferritin levels [median 411.45 (311.16, 466.63) ng/ml)] in
our cohort.

We also observed raised levels of IL-6 in the mortality
group as compared to survivors; however, the difference
was not statistically significant, unlike Abrams et al. series
describing an association of increased risk of hemodynamic
compromisewith IL-6 levels;the small sample size in the
present series might have resulted in varying observations.

The high mortality rate (12.9%) observed in the present
series is in stark contrast to that reported from multi-hospital
data from US [8, 21]. The reported mortality in Indian series
ranges from 0 to 27.5% [14, 15, 24]. All children who suc-
cumbed to illness in our series had underlying comorbidi-
ties, which might have contributed to poor outcomes. The
only series reporting higher mortality (27.5%) than ours,
by Maheshwari et al. didn’t mention about the underlying
comorbidities. The other speculated factors contributing
toincreased mortality in resource-poor settings include
delayed referral to tertiary care centers and delay in institut-
ing timely immunomodulation [24].

Our study has certain limitations, including a small sam-
ple size, which precludes us from undertaking a subgroup
analysis in children receiving various immunomodula-
tory drugs. In addition, our center, a tertiary care referral
hospital, may not reflect the overall spectrum of MIS-C, and
the results may not be generalizable. Although the mortal-
ity is high compared to other series, the absolute number is
small to make meaningful conclusions on the predictors of
mortality.

Conclusion

The underlying hyper-inflammation in MIS-C causes acute
hemodynamic deterioration in most children.Children with
MIS-C can present with unusual findings such as HSP like
rash, gangrene and arthritis. In children without any premor-
bid conditions, the outcome is usually optimistic.Raised fer-
ritin level may be a poor prognostic marker. The follow-up at
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4-6 weeks for coronary artery outcomes is reassuring.Large
multi-centric follow-up studies are required to delineate the
best therapeutic modalities and predictors of outcome; par-
ticulary in resource-limited settings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00296-021-05030-y.
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