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Case Report

Multisystem inflammatory syndrome in children-associated with severe acute 
respiratory syndrome coronavirus 2: A case report and brief review of literature
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As of August 31, 2020, more than 25.1 million confirmed 
cases of coronavirus disease (COVID-19) including 
more than 844,000 deaths have been reported 

worldwide [1]. Limited data describe clinical manifestations of 
COVID-19 generally milder in children compared with adults 
but also show that some children do require hospitalization and 
intensive care support. Recently, a limited number of children 
with exposure to COVID-19 virus who developed significant 
systemic inflammatory response syndrome with clinical features 
overlapping with Kawasaki disease (KD) and toxic shock 
syndrome have been identified from Europe, North America, 
and various parts of the world [2]. This syndrome has been 
described in children after 2–4 weeks of exposure to COVID-19 
virus suggesting aberrant cellular and humoral immune response 
to the virus [3]. This syndrome has been labeled by different 
terminologies such as multisystem inflammatory syndrome 
in children (MIS-C) associated with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) [4], pediatric multisystem 
inflammatory syndrome temporally associated with SARS-CoV-2 
(PIM-TS) [5], and hyperinflammatory shock during COVID-19 
pandemic [6].

Clinical and laboratory manifestations of MIS-C have been 
attributed to the antibodies produced against SARS-CoV-2. It has 

been postulated that these antibodies enhance the severity of infection 
by triggering inflammation or mediating organ damage [3]. Clinical 
similarity between KD and MIS-C implies a related underlying 
genetic architecture, supporting the hypothesis that the new disorder 
arises from aberrant T- or B-cell responses to SARS-CoV-2 [7].

MIS-C shares overlapping clinical features with KD such 
as conjunctival injection, oropharyngeal findings (red and/
or cracked lips and strawberry tongue), rash, swollen and/or 
erythematous hands and feet, and cervical lymphadenopathy. 
However, some notable differences from KD include broader 
age range of presentation, more prominent gastrointestinal and 
neurological symptoms, more frequent presentation with shock, 
and more likely to display cardiac dysfunction (arrhythmias 
and ventricular dysfunction) [8]. Here, we report a case of 
a previously well 4-year-old female child who presented to 
us with MIS-C following exposure to SARS-CoV-2 and was 
successfully managed with intravenous immunoglobulin (IVIG) 
and intravenous (IV) steroids.

CASE REPORT

A 4-year-old female child who was previously well was brought 
with complaints of high- grade fever (>39°C), vomiting, and 
loose motions for 4 days. She developed a non-itchy, generalized 
rash all over the body 2 days before admission. It initially started 
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over the trunk and then spread to involve limbs and face. At the 
time of admission, she was alert, with heart rate of 124/min, 
respiratory rate of 40/min, her blood pressure was 74/30mm 
Hg and she had features of warm shock. Her body mass index 
(BMI) was 27 kg/m2. On physical examination, it was noticed 
that she had generalized maculopapular, erythematous rash all 
over the body predominantly over the trunk (Fig. 1). She also 
had hepatomegaly, cracked lips, and edema of the limbs. She was 
initially managed with isotonic fluid boluses and IV antibiotics. 
However, in view of repeated episodes of hypotension, decreased 
urine output along with a drop in Glasgow Coma Scale (GCS) to 
10/15 she was shifted to pediatric intensive care unit (PICU) for 
further care.

Initial investigations done revealed neutrophilic leukocytosis 
(total leukocyte count [TLC] 15400/μL, N 88.8%, L 7.5%) with 
thrombocytopenia 61,000/μL. Her acute phase reactants were 
elevated (C-reactive protein [CRP] 139 mg/L, serum ferritin 
667 ng/mL, procalcitonin test [PCT] 88 ng/mL, and D-dimer 
3446 ng/mL) and liver function was deranged with serum 
bilirubin 41 umol/L (direct: 33 umol/L, and indirect: 8 umol/L), 
and elevated liver enzymes (SGOT 130 IU/L, SGPT 76 IU/L) with 
hypoalbuminemia (2.8 g/dL). Her coagulation profile revealed 
deranged international normalized ratio (INR) 1.7 and other 
coagulation parameters including activated partial thromboplastin 
time (APTT) (29.8 s), serum fibrinogen (4.54 g/L), and thrombin 
time (14.1 s) were normal. Renal function test was normal except 
hyponatremia (serum sodium 131 meq/L) and INR was 1.7. Her 
serum triglyceride level was increased (457mg/dL), while serum 
troponin-I level was normal. Blood and urine culture were sterile. 
Transthoracic echocardiography was normal. Real-time reverse-
transcriptase polymerase chain reaction (RT-PCR) for COVID-19 
was negative twice.

Nasopharyngeal swabs for streptococcus, influenza A, and 
influenza B were negative. Ultrasound abdomen was suggestive of 
non-calculous cholecystitis. Chest X-ray was suggestive of ground 
glass appearance in both lung fields with patchy opacities in the right 
infra hilar region. There was a history of exposure to COVID-19 
patient in the family nearly 2 weeks before (maternal uncle).

She was started on broad spectrum antibiotics (Inj. 
meropenem and Inj. vancomycin), inopressors (Inj adrenaline 
and noradrenaline infusion). Later, Inj. hydrocortisone was added 
in view of fluid and catecholamine refractory shock. With these 
measures, her blood pressure improved. IVIG 2 g/kg was given 
over 24 h. Her fever spikes subsided within 16 h of administration 
of IVIG and inopressors were tapered and stopped over next 36 h. 
Her inflammatory markers started showing improvement in the 
next 48 h (Table 1).

Her TLC remained elevated till discharge (20400/μL, N 68.5, 
L 25.4). However, she was clinically improving and on follow-up 
1-week post-discharge TLC was documented as normal (11500/μL 
N 58.4, L 36.7). Her platelet count became normal 96 h post-
IVIg infusion (224,000/ μL). After 48 h of IVIg administration, 
her other inflammatory markers showed declining trend and at 
96 h post-IVIg it was significantly low (CRP 17mg/dL, D-Dimer 
1943 ng/dL, and serum ferritin 683 ng/dL) and was documented 
as normal on follow-up 1 week later (CRP 10 mg/dL, serum 
ferritin 28 ng/dL, and D-dimer 150 ng/dL). Her serum bilirubin, 
liver enzymes and INR rapidly improved within 48 h post-ICU 
admission (Total serum bilirubin 7.6 umol/L, direct 3.7 umol/L, 
SGOT 58 IU/L, SGPT 44 IU/L, and INR 1.3). However, it took 
96 h to normalize total serum protein (7.6gm/dL) and serum 
albumin (3.7gm/dL) levels.

As blood and urine cultures were sterile, antibiotics were 
de-escalated. Her total ICU stay was for 5 days and on 7th day of 
hospitalization she was discharged.

DISCUSSION

The COVID-19 pandemic has caused catastrophic disease 
worldwide, although children have been relatively spared [4]. 
Respiratory system involvement causing acute respiratory 
distress syndrome is the most common complication of SARS-
CoV-2 in adults; however, children often have milder respiratory 
symptoms [9]. It seems other systems are also susceptible to SARS-
CoV-2 infection. Increasing evidence suggests that tissue damage 
in COVID-19 is mostly mediated by the cytokine storm [10].

MIS-C has been defined by certain clinical and laboratory 
criteria. The case definition of MIS-C included six criteria: Serious 
illness leading to hospitalization, an age of <21 years, fever (body 
temperature, >38.0°C) or report of subjective fever lasting at 
least 24 h, laboratory evidence of inflammation, multisystem 
organ involvement (i.e., involving at least two systems), and 
laboratory confirmed SARS-CoV-2 infection (positive SARS 
CoV-2 RT-PCR or antibody test during hospitalization) or an 
epidemiologic link to a person with COVID-19 [4].

The index case fulfilled all the above-mentioned criteria. 
In a recently published study involving 186 patients from the 
USA, [4] the most commonly involved organ systems were 
the gastrointestinal (171 [92%]), cardiovascular (149 [80%]), 
hematologic (142 [76%]), mucocutaneous (137 [74%]), 
and respiratory (131 [70%]) systems. Our index patient had 
involvement of gastrointestinal (diarrhea and vomiting), 
cardiovascular (warm shock), hematological (thrombocytopenia), 

Figure 1: Generalized, maculopapular, erythematous rash all over 
the body predominantly over the trunk with cracked lips
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mucocutaneous (cracking of lips), and neurological (low GCS) 
involvement which was quite similar to the previously reported 
case.

In the same study, 92% patients had four or more laboratory 
biomarkers indicating inflammation [4]. Our patient’s 
inflammatory markers were also high (Table 1). Although her 
COVID-19 RT-PCR was negative twice, there was a history of 
exposure to COVID-19 patient (maternal uncle) approximately 2 
weeks before symptom onset. We could not perform COVID-19 
antibodies due to unavailability of the test in our region.

In a case series reported by Riphagen et al., out of 
eight children, seven tested negative for SARS-CoV-2 on 
bronchoalveolar lavage or nasopharyngeal aspirate and one child 
tested positive for SARS-CoV-19 on postmortem examination 
[6]. Work up for other etiology in our patient, including blood 
and urine culture along with respiratory viral panel PCR were 
non-contributory which further supported our diagnosis.

In the same case series by Riphagen et al., all patients were 
treated with IVIG along with other immunomodulatory drugs 
which included methylprednisolone (four patients), aspirin (three 
patients), hydrocortisone (one patient), and infliximab (one 
patient) [6]. Our patient responded promptly to IVIG infusion 
(2 gm/kg) and Inj. hydrocortisone. Initially, we started Inj. 

hydrocortisone to achieve hemodynamic stability but in view 
of dramatic response to IVIG and steroids, we continued Inj. 
hydrocortisone for 1 week. We also started low dose aspirin once 
her platelet count started improving.

In all other publications, IVIG was used as a first line agent 
and other immunomodulatory drugs were used if there was 
no or poor response to IVIG [4-6,10,11]. In one of the studies 
conducted in the United Kingdom, it was observed that nearly 
22% patients with MIS-C recovered with supportive care alone; 
therefore, watchful expectancy can be considered as an option 
in stable children with mild symptoms [12]. Based on recent 
recommendations by American College of Rheumatology, 
we have formulated flowchart and tables for approach and 
management of a child with suspected MIS-C (Tables 2-4 and 
Flowchart 1) [8].

A team of researchers from Children’s Hospital of Geneva 
revealed the case of three adolescents who developed septic shock 
secondary to the corona virus infection. All three patients were 
obese with a BMI higher than the 97th percentile for age [13]. 
Our patient’s BMI was also >97th percentile (27 kg/m2). Hence, 
obesity may be an important risk factor for severe COVID-19 
related illness apart from chronic kidney disease undergoing 
dialysis, chronic liver diseases, and endocrine disorders (e.g., 
diabetes mellitus) [13]. Overall, ICU stay in all these studies 
has been approximately 4–5 days which is very similar to our 
case [4,6,9].

Table 1: Investigations of the patient
Investigation At admission 24 h post IVIG 48 h post IVIG 72 h post IVIG 96 h post IVIG 1 week post discharge
Total WBC (1000/μL) 15.4 29.3 25.7 21.2 20.4 11.5
Neutrophil % 88.8 82.2 68.5 68.1 68.5 58.4
Lymphocytes % 7.5 12.1 27.8 26.4 25.4 36.7
Platelet count (1000/μL) 61000 55000 56000 88000 254 557
CRP (mg/L) 139 138 71 25 17 10
D-Dimer (ng/dL) 3446 3889 3917 2871 1943 150
Ferritin (ng/dL) 627 1016 1047 683 28

Table 3: Immunomodulatory treatment recommended
Therapy Agent Comments 
First tier 
therapy 

IVIG and/or 
glucocorticoids

•  IVIG 1 to 2 gm/kg
•  Glucocorticoids: Low-moderate dose 

glucocorticoids 1–2 mg/kg/day.
•  High dose/pulse steroids considered 

in presence of life-threatening 
complications, such as shock, and 
specifically, if a patient requires high 
dose or multiple inotropes and/or 
vasopressors.

•  Tapering of steroid done over 2–3 
weeks to avoid rebound inflammation.

Second tier 
therapy

Anakinra Considered for treatment of MIS-C 
refractory to IVIG and glucocorticoids 
or in patients with contraindications to 
these treatments.
Dose: 4 mg/kg/day (IV or 
subcutaneous).

Table 2: Recommended Investigations
Tier Indication Investigations 
Tier I 1. Fever>38℃

2. Epidemiological link to 
SARS-CoV-2
3. At least 2 suggestive clinical 
features
• Rash
• Gastrointestinal symptoms
• Edema of hands/feet
• Oral mucosal changes
• Conjunctivitis
• Lymphadenopathy
• Neurological symptoms 

CBC, CRP, ESR, Serum 
electrolytes, glucose, 
calcium, Liver function 
test, Renal function test, 
SARS-CoV2-PCR and/
or serologies

Tier 2 Tier 1 investigations showing 
All of the following
1. CRP ≥ 5 mg/dL (more than 
or equal to)
2. Absolute lymphocyte count 
<1000/μL 
3. Platelet count <150,000/μL 
4. Na< 135 mmol/L
5. Neutrophilia
6. Hypoalbuminemia

BNP, Troponin T, 
Procalcitonin, ferritin, 
PT, PTT, D-dimer, 
Fibrinogen, LDH, 
Cytokine panel, 
triglycerides, ECG, 
ECHO, SARS-CoV-2 
serology if not done 
already.
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Early recognition and aggressive intensive care support 
have led to low mortality in all these studies [4,6,10]. In one 
of the largest studies involving 186 children with MIS-C only 
four children died out of which two had underlying comorbid 
conditions [4].

Finally, in the USA and Europe, this entity was observed 
more frequently during the descent of epidemic rather than 
during the community transmission phase [4,14]. Therefore, we 
hypothesize that in the forthcoming days countries like India 
where COVID-19 cases are still rising might observe a surge in 
cases of MIS-C.e

CONCLUSION

MIS-C is an increasingly recognized entity in various parts of the 
world and pediatricians should be vigilant about such presentation. 

Early treatment with IVIG and other immunomodulatory drugs 
can drastically improve the outcomes.
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