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Multisystem inflammatory syndrome in a neonate,
temporally associated with prenatal exposure to

SARS-CoV-2: a case report

Mahesh Kappanayil, Suma Balan, Sujata Alawani, Satish Mohanty, Sreelakshmi P Leeladharan, Sreja Gangadharan, Jessin P Jayashankar,

Soumya Jagadeesan, Anil Kumar, Atul Gupta, Raman Krishna Kumar

A 24-day-old female neonate was admitted to the
paediatric cardiac intensive care unit with features of
cardiogenic shock. She was born at term with a birth-
weight of 3.75 kg to a mother with a history of RT-
PCR-positive, mild COVID-19 at 31 weeks gestation,
which was managed with symptomatic and supportive
measures. There were no fetal complications during
the illness. The mother was RT-PCR-negative at de-
livery. Following an uncomplicated vaginal delivery,
the neonate required supportive care for 5 days in a
neonatal intensive care unit for mild tachypnoea
and was subsequently discharged home with normal
clinical, radiological, and laboratory parameters; RT-
PCR for SARS-CoV-2 was not done. She stayed well at
home until day 22 of life when she required admission
to a local hospital with heart failure and systemic
hypoperfusion. There was no preceding history of fever,
rash, loose stools, abdominal distention, lethargy, or
seizures. Following inadequate response to treatment,
she was referred to our department (the Department of
Pediatric Cardiology at the Amrita Institute of Medical
Sciences and Research Centre, Kochi, India), with
suspicion of a critical congenital heart disease.

At presentation (day 0) she was afebrile, drowsy,
tachycardic (heart rate: 160 beats per minute), hypo-
tensive (mean blood pressure: 25 mm Hg), and
tachypnoeic (respiratory rate: 55 breaths per minute),
with chest retractions, oxygen saturation of 97% on
supplemental oxygen, cool peripheries, and delayed
capillary refill. The precordium was hyperdynamic, with
no cardiac murmurs; the chest was clear. Hepatomegaly
was present. Neither neurological or musculoskeletal
abnormalities nor dysmorphisms were noted. Erythema
was noted at pressure points—over the occiput and at
bilateral gluteal regions; no other skin or mucosal
lesions were present. The patient had metabolic acidosis
with an arterial pH of 7-173 and lactate concentration
of 22 mmol/L. The electrocardiogram showed sinus
rhythm and the chest x-ray showed cardiomegaly, with
normal lung fields. The point-of-care echocardiogram
showed severe biventricular dysfunction with a left
ventricular ejection fraction of 10% and global hypo-
kinesia. Coronary arteries were normal in origin and
luminal dimensions, but appeared prominent and
hyperechoic. Major congenital heart disease, including
outflow tract obstructions, was ruled out. Features of
primary cardiomyopathies or storage disorders were
absent.

Initial management included mechanical ventilation,
inotropic support (intravenous infusions of epinephrine
[0-04 pg/kg per min] and milrinone [0-5 pg/kg per
min]), diuretic (intravenous infusion of frusemide
[2-0 mg/kg per day]), antimicrobial cover (intravenous
infusion of parenteral cefoperazone plus sulbactam
[50-0 mg/kg every 8 hJ), and appropriate fluid and
electrolyte management.

Cardiac markers were substantially elevated, with an
N-terminal-pro-B-type natriuretic peptide concentration
of 157000 pg/mL, a creatine kinase myocardial band
concentration of 14-7 ng/mlL, and a troponin T concen-
tration of 1-23 ng/mL (figure 1). The aspartate amino-
transferase concentration was 2240 IU/L and the alanine
aminotransferase concentration 866 [U/L, whereas the
blood urea concentration was 75 mg/dL and the serum
creatinine concentration 0-9 mg/dL. Inflammatory
markers were also markedly elevated: the serum ferritin
concentration was 56400 ng/mL (reference range
12-327 ng/ml) and the serum lactate dehydrogenase
concentration 6280 U/L (0451 U/L). The C-reactive
protein concentration was 6-5 mg/L and the D-Dimer
concentration 20 pg/mL. There was mild leucocytosis:
total leucocyte count was 16400 cells per microlitre
(75% neutrophils) and platelet count was 185000 cells per
microlitre. Serum electrolytes, thyroid hormones, and
vitamin D concentrations were within normal ranges.
Two blood cultures—at admission, and 5 days later—were
sterile. Qualitative antibody assay (VIDAS, Biomerieux,
Marcy-I'Etoile, France) detected IgG antibodies against
SARS-CoV-2 spike protein in both maternal and neonatal
serum samples, with a titre of 20-11 in the maternal
serum sample and a titre of 10-00 in the neonatal serum
sample; no IgM antibodies were detected. Nasopharyngeal
swabs and rectal swab were negative for SARS-CoV-2 on
RT-PCR. Cerebrospinal fluid was not tested. Qualitative
RT-PCR panel of the nasal swab for common respiratory
viruses detected human rhinovirus; none of the other
viruses on the panel were detected.

Figure 1: Timeline of clinical course and laboratory markers

The timeline from the point of diagnosis of COVID-19 in the mother through the
presentation and clinical course of the patient, with trends of inflammatory
markers (serum ferritin, serum dehydrogenase concentration), coagulopathy
marker (D-Dimer), cardiac markers (NT-Pro BNP, CK-MB, troponinT),

hepatic marker (SGOT), and renal parameters (blood urea, serum creatinine).
CK-MB=creatine kinase myocardial band. IVIG=intravenous immune globulin.
LDH=lactate dehydrogenase. NT-Pro BNP=N-terminal brain natriuretic peptide.
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See Online for appendix

This clinical presentation with severe acute myocardial
injury, multiorgan dysfunction, elevated inflammatory
markers, temporal association with prenatal exposure
to COVID-19, and laboratory evidence of IgG antibodies
to SARS-CoV-2, in the absence of other plausible
explanations, led us to consider the possibility of a
hyperinflammatory response to prenatal exposure to
COVID-19.

Immunomodulatory therapy was instituted on day 1
of hospitalisation, with a single dose of intravenous
immunoglobulin (2 g/kg; slow infusion) as well as an
injection of methylprednisolone once daily for 3 days
(5 mg/kg; slow infusion). Continuous heparin infusion
was added in a dose of 10 U/kg per h and titrated for
optimal anticoagulation. Calcium (calcium gluconate
intravenous infusion of 4mg/kg per day), vitamin C (50 mg
once daily, orally), vitamin D (400 IU once daily, orally),
and zinc (10 mg once daily, orally) were supplemented.
No antiviral agents were prescribed.

Clinical stability was attained within the next 48 h.
Laboratory markers of inflaimmation and end-organ
functions showed improvements starting 24 h after the
initiation of treatment. Serial echocardiograms showed
progressive improvement in ventricular systolic function.
The dose of methylprednisolone was halved to 2-5 mg/kg
per day on days 4 and 5. Following an unsuccessful
attempt at extubation on day 5, mechanical ventilation
and inotropic support were electively continued for the
next 5 days. Oral prednisolone (2 mg/kg per day) was
added after stopping methylprednisolone on day 6.

The patient was successfully extubated to non-invasive
ventilation on day 11 of admission and to oxygen by nasal
cannula on day 14. Inotropes were tapered off by day 13,
and intravenous diuretic and heparin were stopped by
day 15. Enalapril (initiated at 0-25 mg and gradually
stepped up to 0-75 mg twice daily, orally), frusemide
(1 mg/kg twice daily, orally) and aspirin (3 mg/kg once
daily, orally) were added. Figure 1 shows the trends of the
laboratory markers of inflammation, myocardial injury,
and hepatic and renal functions during the clinical
course. The trends for leucocyte counts, platelet counts,
and C-reactive protein concentrations are depicted in the
appendix (p 1).

Erythema over the scalp (figure 2A) spontaneously
resolved. Gluteal skin lesions progressed into symmetrical,
well demarcated purple patches by day 2 of admission
(figure 2B). Superficial layers subsequently underwent
necrosis, scab formation, and sloughing, leaving behind
sharply marginated ulcers that finally healed with
epithelialisation (figures 2B-2H). These ulcers were con-
servatively managed with topical antibiotic (mupirocin
ointment [2-15%, twice daily]), zinc oxide ointment (15%,
twice daily), and posture care.

Neurological status remained normal throughout
the clinical course. In view of the modest fall in platelet
counts, the elevated D-Dimer concentration, and the
bruise-like gluteal skin lesion, point-of-care cranial

ultrasound was done on day 3 of hospitalisation, which
excluded intracranial bleed; no other neuroimaging was
done. Patient was successfully transitioned out of the
intensive care unit to the wards on day 20 of admission
and discharged home on day 29. The echocardiogram
at discharge showed a left ventricular ejection fraction
of 58%, with mild dyskinesia of the apical-septal
regions; coronaries appeared less hyperechoic than at
presentation. Discharge medications included oral
enalapril, aspirin, tapering doses of tablet prednisolone,
and oral supplements (calcium, vitamin D, vitamin C,
and zinc).

Acute COVID-19 is significantly less common and
less severe in children, with few reports of neonates
being affected.”” This optimistic outlook has been
altered by reports of multisystem inflammatory syn-
drome in children (MIS-C; also known as paediatric
multisystem inflammatory syndrome temporally associ-
ated with SARS-CoV-2 [PIMS-TS]), a rare but potentially
fatal hyperinflammatory response that can occur in
children 2-6 weeks after SARS-CoV-2 exposure, with
a median age of occurrence between 7 and 9 years.”*
Immunomodulatory therapy—particularly intravenous
immunoglobulin, corticosteroids, and interleukin-1-
receptor antagonist (anakinra)—have been successfully
used for treatment. Molecular mechanisms underlying
MIS-C are not fully understood. Consiglio and col-
leagues® showed that the pathophysiology of MIS-C
is distinct from the cytokine storm of severe acute
COVID-19 as well as from the inflammatory response
of Kawasaki disease, in addition to finding evidence of
autoantibody-mediated pathology.

There is debate on the possibility and effect of
vertical transmission of SARS-CoV-2 infection to the
fetus.”™ A systematic review and meta-analysis found no
conclusive evidence for in-utero transmission among
1316 pregnant women across 39 studies.’ Isolated case
reports from China have supported the possibility of
vertical transmission.”" Vivanti and colleagues® provided
virological and pathological evidence for late-gestational
maternal-fetal transmission of SARS-CoV-2 in one case.
In a study on transplacental transfer of SARS-CoV-2 anti-
bodies involving a cohort of 1471 mother-newborn dyads,
Flannery and colleagues” showed efficient transplacental
transfer of IgG antibodies in 72 (87%) of 83 seropositive
mothers. There is little information regarding the pro-
tection offered by maternal antibodies, as well as the
possibility of hyperinflammatory responses in fetuses and
neonates following antenatal exposure to SARS-CoV-2.
One previous report indicated that potential MIS-C
was suspected in a neonate presenting with persistent
pulmonary hypertension, elevated inflammatory markers,
and anti-SARS-CoV-2 IgG antibodies.*

To the best of our knowledge, this Case Report is the
first description of severe hyperinflammatory syndrome
in a neonate presenting catastrophically with myo-
carditis, shock, and multiorgan dysfunction following
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Day 17 i Day 24

Figure 2: Skin manifestations in the patient

Day 35

(A) Erythema (inside the box) over the occipital scalp region, noted at initial presentation. (B-H) Evolution of skin lesions over the buttocks during the course of

illness.

proven prenatal exposure to COVID-19. The diagnosis
is supported by presence of anti-SARS-CoV-2 IgG
antibodies and the excellent response to immuno-
modulatory therapy. Detection of human rhinovirus in
nasal-swab RT-PCR is likely to be incidental because it
has not been reported to be associated with such
presentation in neonates. Additional clinical clues in
our case were the coronary findings (appendix p 2) and
skin manifestations. Coronary vasculitis has been
described in association with MIS-C, although neither
specific nor diagnostic. The morphology and evolution
of the skin lesions over the buttocks might indicate
acro-ischaemia analogous to so-called COVID toes seen
in older children in association with the coagulopathy
and microangiopathy of severe COVID-19." Young
and colleagues” have described three adult patients
presenting with ulcerations on the buttocks in the
setting of COVID-19 coagulopathy.

MIS-C can occur in a neonate following in-utero
exposure to SARS-CoV-2, resulting in multiple organ
injury. This case highlights the need to better under-
stand the effect of COVID-19 on the maternal-fetal
dyad. It might have important implications for health-
care professionals looking after peripartum women and

www.thelancet.com/child-adolescent Vol 5 April 2021

their neonates, and also for the postnatal counselling
and care of infants born with antenatal exposure to
COVID-19. With pregnant women, globally, becoming
more vulnerable to COVID-19 exposure because of
relaxation of restrictions and setting in of pandemic
fatigue, protecting the maternal-fetal dyad from SARS-
CoV-2 through appropriate vaccination strategies and
other measures might become an important public
health need.
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