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Abstract
Multisystem inflammatory syndrome in neonates (MIS-N) is hypothesised to be caused either following transplacental transfer of
SARS-CoV2 antibodies or antibodies developed in the neonate after infection with SARS-CoV-2. In this paper, we aim to discuss
the clinical manifestations, laboratory features, and management of neonates diagnosed with MIS-N. We collated information
from five participating hospitals in western India. A cohort of newborn infants presenting with multi-system involvement, along
with the presence of SARS-CoV2 antibodies, was identified. Current proposed international diagnostic criteria for MIS-N were
used to group the cases into three categories of Most likely, Possible, and Unlikely MIS-N. A total of 20 cases were reported with
a diagnosis of MIS-N, all having high titres of SARS CoV2 IgG antibodies and negative for SARS CoV2 antigens. Most likely
MIS (n=>5) cases presented with respiratory distress (4/5), hypotension and shock (4/5), and encephalopathy (2/5). Inflammatory
markers like CRP (1/5), Procalcitonin (1/5), Ferritin (3/5), D-dimer (4/5), and LDH (2/5) were found to be elevated, and four of
them had significantly high levels of proBNP. The majority of them (4/5) responded to immunomodulators, three neonates were
discharged home, and two died. Possible MIS infants (n=9) presented with fever (7/9), respiratory distress (4/9), refusal to feed (6/9),
lethargy (5/9), and tachycardia (3/9). ProBNP as a marker of cardiac dysfunction was noted to be elevated in four (4/9) infants,
correlating with abnormal echocardiography findings in two. In the Unlikely MIS (n=6) category, three (3/6) infants presented
with respiratory distress, one (1/6) with shock and cardiac dysfunction, and only one (1/6) with fever. All of them had elevated inflammatory
markers. However, there were other potential diagnoses that could have been responsible for the clinical scenarios in these six cases.
Conclusion: MIS-N requires a high index of suspicion and should be considered in a neonate presenting with two or more
systems involvement, in the presence of SARS-CoV2 antibodies, along with elevated inflammatory markers, once other
common neonatal conditions have been ruled out.

What is Known:

e Severe acute respiratory syndrome coronavirus-2 (SARS-CoV2) associated multisystem inflammatory syndrome in children (MIS-C) is
widely reported in paediatric population, however only few reports of newborn affection.

o MIS-C is known to cause by virus-induced post-infective antibody mediated immune dysregulation with severe multi-system affection.

What is New:

o MIS-N may present with varied clinical manifestations with multi-system involvement of variable severity with milder disease in term and
severe disease with cardiac dysfunction in preterm newborns.

o Multisystem inflammatory syndrome in newborns (MIS-N) is postulated to occur following immune dysregulation associated with transpla-
cental transfer of SARS-CoV2 antibodies or antibodies developed in the neonate after infection with SARS-CoV-2.
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ESR Erythrocyte sedimentation rate
IL-6 Interleukin 6

1G Immunoglobulins

LDH Lactate dehydrogenase

LMWH Low molecular weight heparin

MIS-N Multisystem inflammatory syndrome in
neonates

PCT Procalcitonin

Pro-BNNP Pro B-type natriuretic peptide

RT-PCR Reverse transcriptase-polymerase chain
reaction

SARS-CoV2 Severe acute respiratory syndrome
coronavirus-2

TLC Total Leucocyte count

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV?2) associated with multisystem inflammatory syndrome
in children (MIS-C) has been increasingly reported world-
wide with the spread of Coronavirus Disease 2019 (COVID-
19) infection [1, 2]. The exact pathogenesis for MIS-C
remains elusive. Virus-induced post-infective immune
dysregulation appears to play a predominant role [3]. The
neonatal immune system is immature and may not produce
sufficient SARS-CoV-2 antibodies. However, a large study
cohort has recently demonstrated efficient transplacental
transfer of immunoglobulins (IG-G) antibodies from mother
to fetus [4]. These immunoglobulins are generally thought
to be protective against SARS-CoV-2 infection, but the
transplacental transfer of immunoglobulins along with in-
utero transfer of other inflammatory cytokines may mimic
a process similar to MIS-C, potentially causing immune
activation and manifesting as a multisystem inflammatory
syndrome in neonates (MIS-N) [5]. Seroconversion response
to SARS-CoV-2 infection has been seen within 2-3 weeks of
symptomatic infection, with both immunoglobulin-M (IG-
M) and IG-G levels detected in plasma [6, 7]. Newborns
acquiring perinatal SARS-CoV-2 can also mount an anti-
body response, and there is the possibility that there may
be a late manifestation with a presentation similar to MIS-C
seen in children [8]. This condition has been reported anec-
dotally in the newborn population, presenting with fever and
multi-site inflammation, especially myocarditis manifesting
clinically or with raised biomarkers such as Troponin and
ProB-type natriuretic peptide(proBNP) [9].

MIS-C in the paediatric population is now better
described; however, the spectrum of possible manifesta-
tions in neonates presenting with MIS-N has only been
reported in a small number of cases [5, 10-16]. Authors of
this case series (KM and PK) were involved in formally col-
lecting data for the national Indian registry of SARS-CoV2
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in newborns, up to August 2020 which was presented at
national neonatal conferences and subsequently published
[17]. MIS-N as a clinical condition was unrecognised at this
stage and therefore not suspected by clinicians in this par-
ticular cohort. Later, as the pandemic evolved, some tertiary
centres from Western India contacted the authors to report
on newborn infants presenting with clinical features sugges-
tive of MIS-N syndrome. In this article, we describe clinical
features, variety of presentations, and diagnostic criteria for
MIS-N in a cohort of neonates exposed to SARS-CoV-2
antenatally, perinatally, and postnatally.

Methods

Cases reported by clinicians from five tertiary centres from
Western India, between October 2020 and March 2021, were
collated and analysed. Treating clinicians followed clinical
protocols and management guidelines published by joint rec-
ommendation from the Federation of Obstetric and Gynae-
cological Societies of India (FOGSI), National Neonatology
Forum of India (NNF), and Indian Academy of Paediat-
rics (IAP) [18, 19]. These guidelines were adapted from
Indian Council of Medical Research (ICMR) protocol June
2020 which were based on the World Health Organisation
(WHO)/Centre for Disease Control (CDC)guidelines (see
Appendix). SARS-CoV2 antigens were tested using the real-
time polymerase chain reaction (RTPCR) method in naso-
pharyngeal swabs, whereas SARS-CoV?2 immunoglobulins
were tested on Roche Cobas e411 by ECLIA method in both
maternal and neonatal serum samples. This method detects
total antibodies against SARS-CoV-2, and levels> 1.00 S/
CO index were considered reactive or positive. In all cases,
the baseline investigations included complete blood count
(CBC), C-reactive protein (CRP), procalcitonin (PCT),
D-dimer, Creatinine Kinase (CK-MB), or Troponin (TropT),
and coagulation profile. In addition, Ferritin and Interleukin
(IL6) levels were monitored when a cytokine storm was sus-
pected. In cases with suspected cardiac involvement, lactate
dehydrogenase (LDH), Troponin, and Pro B-type natriuretic
peptide(proBNP) were done to assess myocardial involve-
ment/dysfunction, and also echocardiography (ECHO) was
performed as and when feasible. Inmunomodulator therapy
was based on the above guidelines and recommendations
with choices and doses used as described in Appendix.

Inclusion criteria

There are defined clinical criteria for MIS-C in children
[20]; however, for newborns, there is no clear agreed defi-
nition of MIS-N. Therefore, we decided to extrapolate the
definition of MIS-N from CDC criteria, as used in a similar
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case series, [5] along with published definitions for neonatal
SARS-CoV-2 infection, [21, 22] and agreed upon certain
inclusion criteria.

Once common neonatal conditions mimicking multi-
system presentations (e.g. sepsis, birth asphyxia, pneumo-
nia, or any other common condition) were ruled out by the
responsible clinician, MIS-N was considered in neonates
meeting the following criteria:

(i) Symptoms presenting from birth to the first four

weeks of life

(i1)) Fever along with two or more systems involvement
(fever, if present, is suggestive but not mandatory for
diagnosis in the newborn)

(iii) Evidence of raised inflammatory markers such as
CRP, PCT, D Dimer, Ferritin, and IL-6

(iv) Evidence of SARS-CoV-2 antibodies in the neonate
(considered mandatory for a diagnosis of MIS) and
SARS-CoV-2 antigen should be negative during the
presentation to rule out active SARS-CoV-2 infection
to support the immunological process

AND

Associated evidence of maternal SARS-CoV-2 infection,
defined as either supporting history or laboratory (positive
SARS-CoV-2 quantitative RT-PCR test in a nasopharyngeal
sample during the peripartum period) or epidemiological evi-
dence of infection in the form of SARS-CoV-2 antibodies (for
confirming the transplacental mechanism of MIS-N)

OR

History of prior confirmed neonatal SARS-CoV-2 infection
(for confirming mechanism of MIS-N due autoantibodies sec-
ondary to SARS-CoV-2 infection) which can be classified based
on the type of SARS-CoV-2 transmission in neonates as per
WHO criteria as follows-

(a) In utero transmission — nasopharyngeal swab at age
<24 h positive for SARS-CoV-2 and positive serol-
ogy for SARS-CoV-2 IGM and IG G. (b) Intrapartum
transmission — at least one test obtained at age <24 h
negative for SARS-CoV-2 with Negative serology (IgM
or IgA) followed by positive RT-PCR at 24—48 h or
positive serology (IgM or IgA) at age 7—14 days that
is corroborated by a positive serology test on a second
sample obtained within 10 days of the first positive
test. (c) Postpartum transmission — at least one test
obtained at age <48 h was performed and negative for
SARS-CoV-2 with Negative serology (IgM or IgA) at
age <14 days followed by positive RT-PCR at age >48
h OR positive serology (IgM or 1gA) at age >14 days
that is corroborated by a second positive serology test
obtained within 10 days of the first positive test at age
>14 days.

Based on our inclusion criteria, we classified cases into
the following categories:

a) Most likely MIS — where the clinical picture meets all
defined criteria.

b) Possible MIS — where there is an unusual clinical presen-
tation, suspicious of MIS, but may not meet all specified
criteria but no other alternative diagnosis was indicated. The
presence of fever in newborns is considered unusual so fever
with one more system affection along with supportive bio-
chemical markers was also considered as possible MIS.

¢) Unlikely MIS — where there is an unusual clinical presenta-
tion, suspicious of MIS, but does not meet all specified cri-
teria and there was associated possible alternative diagnosis.

Exclusion criteria

Those cases where SARS-CoV-2 antibodies were present
but the clinical presentation was neither unusual nor of a
multisystem nature were excluded.

We also subdivided the MISN cases based on the timing
of presentation, to differentiate the possible source of SARS-
CoV-2 antibodies:

(1) Early MISN (within first 72 h of life) — hypothesised
as presenting due to transplacental transfer of maternal
SARS-CoV-2 antibodies.

(2) Late MISN (beyond 72 h of life) — hypothesised as
occurring either due to antibodies produced secondary to
SARS-CoV-2 infection in the newborn or transplacental
transfer of maternal SARS-CoV-2 antibodies (depending
on lag period needed for antibody production)

The following data was collected for all reported cases:

(a) Demographics: birth gestation, weight, etc. along with
maternal history for SARS-CoV-2 infection

(b) Serology: maternal and neonatal Serology for SARS-
CoV-2 — both antigen and antibodies to ascertain the
mode of transmission

(c) Clinical features and laboratory results

(d) Management and outcomes

Age-specific normal ranges were used for interpreting labo-
ratory parameters. Abnormal values were defined as serum
ferritin values of > 260 ng/ml in term newborn and > 200 ng/ml
in preterm [23], D-dimer> 200 ng/ml, Pro B-type natriuretic
peptide (proBNP) >700 pg/ml, and serum lactate dehydroge-
nase >450 U/1 [24]. Where indicated, echocardiogram (ECHO)
was performed by a paediatric cardiologist to assess cardiac
function and to look for abnormal coronary dilatation. Cardiac
dysfunction or myocarditis on ECHO was defined as decreased
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left ventricular (LV) ejection fraction (EF) <55% and fractional
shortening (FS) <26% on functional echocardiography [25].

Parental consent was obtained from each case, and per-
mission from local hospital authorities was obtained for data
sharing. Ethics committee approval was obtained from the
primary site. We followed the CARE guidelines [26] for
reporting this case series, and a checklist for the same is
provided as a supplement.

Summary of cases

A total of 26 neonates were reported to be diagnosed and
treated for MIS-N. We analysed all 26 cases. Six were
excluded as they had positive antibodies but no multisystem
affection. Twenty cases were therefore analysed as shown in
case selection flow diagram (Fig. 1).

Table 1 summarises the clinical characteristics and man-
agement of all 20 cases.

Clinical findings

Most likely MIS (n=5) The majority (4/5) presented within
the first week of life, with two neonates presenting on day
1, one on day 2, and another on day 5. One presented late,
on day 30 of life. Figure 2 summarises the clinical and

laboratory profile of all cases in this group. The most com-
mon clinical findings noted in these neonates were two sys-
tem involvement, i.e. respiratory distress (4/5) and shock
with hypotension (4/5), whereas two babies in addition,
also had encephalopathy (2/5). Fever and seizures were
noted only in one neonate. Most likely cases are summa-
rised in Fig. 2.

Possible MIS (n=9) Of the nine infants, four presented
within the first week of life and the remaining five from
the second to the fourth week. The most common clinical
findings noted in these infants were fever (7/9), respiratory
distress (4/9), refusal of feeds (6/9), lethargy (5/9), and tach-
ycardia (3/9). One infant (case 6) had severe multi-system
manifestation; however, SARS-CoV-2 IG-M was positive
with negative SARS-CoV-2 RTPCR, so intrauterine or peri-
natally acquired SARS-CoV-2 infection could not be ruled
out.

Unlikely MIS (n=6) Category, three (3/6) infants presented
with respiratory distress, one (1/6) with shock and cardiac
dysfunction, and one (1/6) with fever. All the neonates in
this category had a strong alternative diagnosis in the form
of sepsis, respiratory distress syndrome, necrotising entero-
colitis, and parotitis, which could also explain the clinical
presentation in the infant.

Fig.1 Flow diagram of case [
selection and distribution

Figure 1: Flow Diagram of Cases selection and distribution ]

Six excluded: SARS-
CoV-2 antibodies
positive but no
unusual presentation
or involving more

i than 2 systems

Total number of cases
reported as MIS-N from [
five centers: N =26

20 cases meeting inclusion
criteria and included as potential

MIS-N
Most Likely MIS Possible MIS Unlikely MIS
(n=5) n=9) (n=16)

!

| !

RDS and hypotension- 4
Seizures and cardiac
dysfunction- 1

Possible alternative
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Gram Neg sepsis-1
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Fig.2 Summary of clinical and
laboratory findings of Most
likely MIS-N cases
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Diagnostic assessment

All 20 neonates had positive serology in the form of high
titres of SARS CoV 2 IgG antibodies and negative SARS
CoV 2 antigen during the presentation of MIS. SARS CoV
2 IgG antibodies were positive in 8/20 mothers, whereas
SARS CoV 2 antigen was positive on RTPCR in 9/10. His-
tory of previous maternal SARS CoV 2 infection was pre-
sents in remaining 10.

Most likely MIS Inflammatory markers were found to be
elevated in these neonates with raised CRP (1/5), Procal-
citonin (1/5), Ferritin (3/5), D-dimer (4/5), and LDH (2/5).
In addition, four of them had significantly high levels of
proBNP, and one had high levels of Troponin T. All of them
had cardiac dysfunction on echo, and only one neonate had
dilated coronaries with pericardial effusion.

Possible MIS Elevated CRP was documented in five neo-
nates and procalcitonin (PCT) in three infants. The inflam-
matory markers associated with SARS-CoV-2 infection
were markedly elevated D-dimer (6/9) and Ferritin (5/9).
Interleukin-6 was measured and found to be elevated in one
infant, whereas ESR levels were not measured in any patient.
ProBNP as a marker of cardiac dysfunction was noted to be
elevated in five infants. Haematological abnormalities noted
in this cohort were leucocytosis in two, thrombocytopenia in
two, and thrombocytosis in three infants. Echocardiography
was performed in seven neonates, two of them had cardiac
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dysfunction, and one had PPHN. Coronary vessels were
found to be borderline abnormal in only one.

Unlikely MIS These newborns also had elevated inflamma-
tory markers, with one newborn having LV dysfunction and
significantly elevated ProBNP.

Therapeutic interventions

Most likely MIS The majority of them (4/5) required immu-
nomodulators in the form of steroids and IVIG. All the neo-
nates required respiratory support in the form of oxygen or
ventilation and cardiac support in the form of inotropes.

Possible MIS Immunomodulators were given to seven
infants in the form of steroids (5/7) or steroids along with
IVIG (2/7).

Unlikely MIS The majority of newborns in this group were
also treated with immunomodulators, mainly steroids(5/6),
and 2/6 were also additionally treated with IVIG.

Outcome

In the Most likely MIS group, three infants were discharged
home, and two neonates succumbed to the illness. All infants
in the Possible and Unlikely MIS groups were discharged
home.
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Using medical records all the patient families were chased
telephonically to obtain follow up information at 6 to 12 months
of age (variable due to the different time points that they pre-
sented at). Out of 18 survivors, clinicians had no concerns with
respect to the development or long-term morbidities for any of
them except for two who were lost to follow up.

Comparative analysis We compared clinical presentation
and outcomes of all these 20 cases based on the timing
of presentation correlating with the possible mechanism
of MIS-N. The summary of this comparison is enlisted in
Table 2.

Ten cases presented early within 72 h, whereas the
remaining 10 presented beyond 72 h. Preterm infants tend to
present early compared to term infants (p <0.01). Respira-
tory distress (70%) and cardiac dysfunction (60%) tend to
be more common during the early presentation (p-value not
significant), whereas fever (70%) and sepsis-like symptoms
(lethargy, poor feeding) (60%) tends to be more common in
late presentation (p =0.02). There was no difference in inves-
tigations, management, or outcomes between the two groups.

Discussion

MIS-C in the paediatric population presents a new challenge
in the COVID-19 pandemic, with few cases reported world-
wide [27]. As MIS-C generally occurs after a lag period
following SARS-CoV-2 infection, correlating with the tim-
ing of developing anti-spike antibodies (IgG), it is hypoth-
esised to be caused by aberrant cellular or humoral adaptive
immune responses triggering inflammation or mediating
organ damage [3, 27, 28]. In newborns, SARS-CoV-2 infec-
tion can present either as an early-onset infection, likely due
to vertical or intrapartum transmission [29] of SARS-CoV-2
or late-onset SARS-CoV-2 infection, more than 72 h after
birth, which may be acquired through close contacts [21].
Transplacental transmission of SARS-CoV-2 is less com-
mon in term babies due to lack of expression of angiotensin-
converting enzyme (ACE) 2 and transmembrane protease
serine 2 (TMPRSS2) by trophoblasts, which are two main
host membrane receptors for SARS-CoV-2 entry; however,
this raises concerns in preterm [30]. Maternal SARS-CoV2
infection results in the development of protective ant-spike
IgG antibodies which cross the placenta and may offer pro-
tection to newborns along with secretory IG-A which are
secreted in breast milk [31]. However, it is postulated that
in certain genetically susceptible newborns, these antibod-
ies may bind to receptors on neutrophils and macrophages
causing activation of cytokines leading to various manifes-
tations of MIS-N. It is also postulated that some newborns
may develop MIS-N due to a mechanism similar to MIS-C,

caused by autoantibody-mediated immune dysregulation in
response to perinatally acquired SARS-CoV2 infection [30]
(Fig. 3).

It was speculated that neonates might have less inflam-
mation, milder COVID-19 illness, and faster recovery com-
pared to older children and adults due to passive transfer of
protective maternal IgG antibodies, immature immune sys-
tem, presence of fetal haemoglobin, and lower angiotensin-
converting enzyme-2 (ACE-2) expression [32, 33]. MIS-N
is emerging as a new disease with a few cases being reported
globally [34]. We report a case series of a variety of clinical
manifestations of MIS-N, which is hypothesised to be caused
by either transplacental transfer of SARS-CoV?2 antibodies
or antibodies developed in the neonate after infection with
SARS-CoV-2.

The diagnosis of SARS-CoV-2 infection in neonates due
to vertical transmission not only requires positive SARS-
CoV?2 antigen in respiratory secretions for both the mother
and neonate but also demonstration of the virus in amniotic
fluid/placenta and cord blood along with the presentation of
neonatal disease attributable to COVID-19 [35]. Diagnos-
ing MIS-N in neonates is even more challenging. MIS-N is
proposed to be a disease manifestation of antibody-mediated
immune activation affecting various organs rather than the
infection itself [3]. Hence, to differentiate neonatal SARS-
CoV2 infection from MIS-N, the neonate should be nega-
tive for SARS-CoV?2 antigen but positive for SARS-CoV2
antibodies, either trans-placentally transmitted from the
mother or produced by self after an interval of recovery from
SARS-CoV?2 infection. Moreover, the clinical manifestations
of MIS-N are very similar to sepsis-like illnesses and other
conditions associated with prematurity, making it difficult to
differentiate between them on clinical grounds alone.

In our cohort, we scrutinised the cases that were treated as
MIS-N by clinicians and categorised them into Most likely
and Possible MIS on the basis of pre-defined clinical crite-
ria and also reviewed indications for commencing immu-
nomodulatory therapies. Cases that were treated as MIS by
their clinicians but did not fit specified criteria and had other
possible explanations for the clinical presentation were clas-
sified as Unlikely MIS. We specifically included these cases
to highlight how the presence of antibodies and some of the
biochemical parameters can be confusing, leading to a risk
of overdiagnosis and potentially incorrect treatment during
the pandemic.

In our cohort, preterm infants tend to present early
compared to term infants with the more severe disease
commonly presenting as respiratory distress and cardiac
dysfunction, similar to the observation by Lima et al. [10].
Fever was a striking feature in late presenting neonates
and in term neonates leading to suspicion of possible
postnatally acquired MIS-N, but skin manifestations and
gastrointestinal symptoms were not common, in contrast
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Table 2 Clinical parameters and outcomes based on timing of presentation

Clinical parameters and outcomes Early MISN (within 72 h) Late MISN (beyond 72 h) P value
Number of cases 10/20 (50%) 10/20 (50%) 1
2 Gestation: Preterm (P) <37 weeks P=6/10 (60%) P=1/10 (10%) 0.01
Term (T)> 37 weeks
3 Age of presentation Day 1=8 (80%) Week 1=3 -
Day 2=2 (20%) Week 2=1
Week 3=2
Week 4=4
4 Clinical Presentation
RDS 7 (710%) 4 (40%) 0.17
Cardiac dysfunction 6 (60%) 3 (30%) 0.18
PPHN 2 (20%) 0 -
Fever 2 (20%) 7 (70%) 0.02
Seizures 2 (20%) 0 -
Encephalopathy 1(10%) 0 -
Sepsis like 1 (10%) 6 (60%) 0.02
Hypoglycemia 0 1(10%) -
Parotitis 0 1 (10%) -
5 Abnormal Lab parameters:
Inflammatory: CRP 3(30%) 7 (70%) 0.08
PCT 2 (20%) 4 (40%) 0.34
D-Dimer 7 (70%) 5 (50%) 0.37
Ferritin 3 (30%) 7 (70%) 0.08
Cardiac biomarkers:
BNP 6 (60%) 4 (40%) 0.38
TropT 0 1 (10%) -
LDH 3 (30%) 2 (20%) 0.61
Hematological: -
Leukocytosis 0 2 (20%) 1
Leukocytopenia 1 (10%) 1 (10%) 0.27
Thrombocytopenia 1 (10%) 3 (30%) -
Thrombocytosis 0 3(30%) 0.27
Coagulation 1 (10%) 3 (30%)
6 ECHO parameters
LV dysfunction 5 (50%) 2 (20%) 0.17
Dilated coronaries 0 2 (20%) -
PPHN 2 (20%) 1 (10%) 0.54
Pericardial effusion 0 1 (10%) -
7 Management
Respiratory support:
Oxygen 1 (10%) 2 (20%) 0.54
Non-invasive 2 (20%) 1 (10%) 0.54
Ventilation 4 (40%) 1 (10%) 0.13
Cardiac support:
Inotropes 5 (50%) 2 (20%) 0.17
Sildenafil 1 (10%) 0 -
Immunomodulator therapy:
Steroids 10 (100%) 7 (70%) 0.06
IVIG 6 (60%) 2 (20%) 0.07
Aspirin 1 (10%) 2 (20%) 0.54
Antibacterial therapy: 10 (100%) 10 (100%) 1
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Table 2 (continued)
Clinical parameters and outcomes Early MISN (within 72 h) Late MISN (beyond 72 h) P value
8 Outcome:
Death 1 (10%) 1 (10%) 1
Discharge home 9 (90%) 9 (90%)

to frequent reports in older children [7, 36]. Similar to the
MIS-N case reported by Borkotoky et al. [12], one of the
preterm infants, born at 34 weeks (case 3), presented at
birth with manifestations of severe cytokine storm, with
features of severe myocardial dysfunction, severe pul-
monary hypertension, and elevated biomarkers suggest-
ing severe disease. We observed, in addition, a few term

Fig.3 Proposed pathogenesis
of MIS-N
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likely and Probable MIS demonstrated elevations of inflam-
matory markers. Although Ferritin and D-Dimer are acute
phase reactants and levels may be elevated in sepsis-like
illnesses, a diagnosis of MIS-N was made in the clinical
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context with other elevated relevant markers and negative
blood cultures. Moreover, ProBNP, as a marker of cardiac
dysfunction, was elevated significantly in all neonates with
cardiac dysfunction, suggesting immune-mediated myocar-
ditis, similar to a case report of a 24-day-old neonate by
Kappanayil et al. [11]. Cardiac biomarker, ProBNP, can be
raised in premature infants [37] with patent ductus arterio-
sus, but levels noted in this preterm cohort were exponen-
tially high, suggesting myocarditis. Troponin T was done in
only one case and was elevated, supporting the diagnosis.
ProBNP and Troponin may be helpful as early predictors of
cardiac dysfunction in MIS-N; this, however, needs further
study in larger cohorts. We did not find coronary aneurysm
in any patient as reported in the paediatric population [26]
except one baby who had marginally dilated coronaries.
There was also no report of cardiac arrhythmia similar to
that reported in a published neonatal cohort [5].

SARS-CoV2 IgG antibodies were positive in all, suggest-
ing possible transplacental transmission of IgG. However,
we could not confirm this in some infants presenting late
who may have developed these antibodies due to perinatally
acquired infection.

Clinicians managing our cohort of MIS-N cases used ster-
oids (methylprednisolone or prednisolone) either alone or in
combination with IVIG as per recommendations by ICMR
2020 (Appendix). In the term group, fever in two babies
responded only after commencing steroids. In the severely
affected infants with associated cardiac dysfunction, most
babies showed improvement in clinical and biochemical
parameters after both steroids and IV IG administration.
However, the use of immunomodulator therapy in unlikely
MIS cohort may not be justified, especially in the presence
of possible other diagnoses and thus clinicians should refrain
from routine use of steroids in such cases. All neonates in our
cohort, except two, recovered completely, with no need for
prolonged ventilation or extracorporeal membrane oxygena-
tion (ECMO). Generally, environmentally acquired SARS-
CoV?2 infection in newborns seems to be a more severe dis-
ease [21]; however, we did not find any significant difference
in morbidity or outcomes between early and late presenters.

In the current rapidly spreading pandemic, we would like
to caution clinicians regarding the increasing number of
pregnant mothers who are either exposed to SARS-CoV-2
during pregnancy or have received a COVID vaccine or, less
commonly, may have acquired antibodies via transfusion of
any blood product. Transfer of these antibodies to the new-
born may or may not cause MIS-N in the infant. It could
however result in overdiagnosis of MIS by treating clinicians
if these antibodies are incidentally detected during another
illness. Thus, typing antibodies for anti-nucleoprotein anti-
bodies suggesting past infection rather than anti-spike protein

@ Springer

antibodies suggesting vaccination status can be considered
to avoid confusion in situations where there is no definite
evidence of present and past maternal SARS-CoV2 infection.

Limitations

This is a small case series with self-reported data and there-
fore has its limitations. However, various clinical presenta-
tions are described, and this preliminary data may add to
the growing evidence on MIS-N. Not all currently recom-
mended parameters and inflammatory markers, including
COVID testing of infants at birth, were uniformly tested
in all patients, leading to difficulty in confirming the diag-
nosis in some cases. There was also no routine testing for
other viruses, and therefore, we cannot rule out other viral
illnesses with certainty, which may present and respond
to treatment similarly. This may be because MIS-N is still
evolving as a disease entity with no specific clear guidance
on diagnosis and management, combined with a general lack
of awareness amongst clinicians.

Conclusions

MIS-N presents as a syndrome occurring post-exposure to
SARS-CoV2, manifesting with a variety of clinical pres-
entations. The diagnosis of MIS-N can be challenging and
needs a high index of suspicion, after all other potential
aetiologies have been ruled out. MIS-N can be considered
in a neonate presenting with two or more systems involve-
ment, in the presence of SARS-CoV?2 antibodies, along
with elevated inflammatory markers. Where suspected,
neonatologists should perform specific investigations
such as SARS-CoV?2 antigen and antibodies, inflamma-
tory markers routinely along with cardiac biomarkers like
ProBNP, LDH, Troponin, and early ECHO screening to
assess myocardial dysfunction when indicated. Immu-
nomodulator therapy should be reserved for severe cases
only where definitive criteria of MIS-N are met. There
is a need for a more systematic process of registration
of cases nationally and clear management guidelines for
suspected MIS-N. Further studies are required to iden-
tify risk factors for MIS-N and also predictors of disease
severity.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-022-04377-z.
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