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One inborn COVID-19 negative neonate born to a
COVID-19 positive mother died of severe birth
asphyxia due to meconium-stained liquor. One inborn COVID-19 negative neonate born to a COVID19 positive mother required 27 days of ventilator
support due to meconium stained liquor. All other
neonates, except two with risk factors, remained
clinically stable requiring no specific treatment
during hospital stay and follow-up.

Abstract
Introduction: Data on COVID-19 transmission,
manifestations and outcome for the neonatal
population is scarce, particularly from developing
country settings.
Objectives: To assess the transmission risk of
SARS-CoV-2 in the mother-infant dyad and to
describe the clinical profile of neonates born to
COVID-19 positive mothers in a tertiary care centre
in Northern India.

Conclusions: With standard infection prevention
and control practices, potential of infection
transmission in neonates exists though they had less
severe disease and needed no specific treatment
except supportive care.

Method: An observational cohort study was
conducted in the neonatal COVID-19 unit of All
India Institute of Medical Sciences Patna, India. All
neonates delivered by COVID-19 positive mothers
at this hospital were admitted. During the pandemic,
admissions were also allowed for out-born neonates
positive for SARS-CoV-2. COVID-19 RT-PCR on
nasopharyngeal swab of neonate at 24 and 48-72
hours was the primary outcome variable. Clinicolaboratory variables were collected during the
hospital stay and follow up. An inferential analysis
was done using SPSS version 22.0.
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Introduction
Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by now has affected more than 166
million population1. Data regarding vertical or
horizontal transmission of corona virus disease 2019
(COVID-19) in neonates are scarce2-5. In a recent
study from the United States of America, it was
concluded that perinatal transmission of COVID-19
is unlikely, if correct hygienic precautions are
taken6. However, this conclusion may not be valid
for other settings and could be an underestimate of
transmission potential of this novel virus as neonatal
COVID-19 infection has been reported from UK,
Italy and China2-5,7-9. Data on COVID-19
transmission, manifestations and outcome for the
neonatal population is scarce, particularly from
developing country settings4,8.

Results: Fifty-one out of 145 (142 delivered at our
institute and 3 at other institutes) pregnant women
tested positive for COVID-19. Two in-born
neonates and two out-born neonates also tested
positive. They had a significantly higher respiratory
rate (p=0.0006) as compared to COVID-19 negative
new-borns. COVID-19 RT-PCR done on breast milk
samples of twenty-five mothers, tested negative.
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Method
Study design and participants: This is an
observational study of the cohort of neonates
admitted at neonatal COVID-19 unit of All India
Institute of Medical Sciences Patna, India between
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1st June and 15th December 2020. Our tertiary care
hospital is declared as a centre of excellence for
COVID-19 care. All neonates delivered by COVID19 positive mothers at this hospital were eligible for
admission. During the pandemic, admissions were
also allowed for out-born neonates who were real
time polymerase chain reaction (RT-PCR) positive
for SARS-CoV-2. Before declaration of the hospital
as a dedicated COVID-19 hospital, all pregnant
women suspected with influenza-like illness or
severe acute respiratory infection were tested for
COVID-19 RT-PCR before delivery. In emergency
situations the test was done as soon as possible but
not necessarily before delivery. Once the hospital
was labelled as a dedicated COVID-19 hospital,
only COVID-19 positive pregnant women were
allowed admission to this hospital. The demographic
and clinical profile, laboratory tests, nasopharyngeal
COVID-19 RT-PCR results and treatment variables
of the newborns were collected from the case sheets.
Two to four hourly clinical observations of
temperature, heart rate (HR), respiratory rate (RR)
and oxygen saturation (SpO2), recorded in the first
48 hours of admission, were captured. Initial
laboratory tests, including haemoglobin level, white
blood cell (WBC) count, platelet count, C-reactive
protein (CRP), prothrombin time (PT), activated
partial thromboplastin time (aPTT), international
normalizing ratio (INR) and serum ferritin were
done as per clinical protocol and repeated as needed
during the hospital stay. Results of COVID-19 RTPCR on nasopharyngeal swabs of neonates at 24
hours and 48-72 hours were taken as primary
outcome variables and neonates with positive test at
any point were compared with the group with
negative result. They were screened for signs and
symptoms suggestive of COVID-19 within the first
24 hours, at the time of discharge, and at two-week
follow-up after discharge. List of variables for
clinical screening included fever, cough, respiratory
distress, feeding intolerance, altered bowel
movements and change in behaviour or activity. On
follow-up, parents of COVID-19 positive babies
were given the choice for repeat COVID-19 RTPCR test. Mothers were also screened for symptoms
of fever, cough, shortness of breath, sore throat,
runny nose, anosmia, ageusia, myalgias, vomiting,
and diarrhoea as per Indian Council of Medical
Research (ICMR) clinical screening criteria. Due to
restricted transport and clinical services during
COVID-19 pandemic, primary follow-up was done
through telemedicine with advice to visit hospital for
un-resolved issues. Mothers were contacted again
for any information missed during follow-up calls.

personnel were allowed to attend the code, wearing
a full set of personal protective equipment including
N-95 mask. The umbilical cord was clamped
promptly and skin to skin contact was avoided.
Neonatal
resuscitation
followed
standard
resuscitation guidelines with safety precautions. If
mother was COVID-19 positive, baby was separated
from the mother and kept in designated neonatal
COVID-19 isolation and nursed on expressed breast
milk (EBM). Mothers were advised to maintain hand
hygiene, use of face masks while expressing breast
milk and breast hygiene just before and after manual
expression of breast milk. The collected EBM was
transported to the dedicated neonatal isolation unit
through dedicated hospital staff. Visitors were not
allowed inside the COVID-19 isolation area.
Infected staff members were not allowed to handle
the baby or mother. All COVID-19 positive mothers
were kept at minimum distance of 6 feet from each
other in a COVID-19 ward dedicated for mothers as
per institutional protocol.
All the babies were tested for COVID-19 at 24 hours
and after 48-72 hours. For stable babies, early
discharge, home care, and telemedicine follow-up
were advised11. If both results were negative,
clinically stable babies were discharged home. If the
newborn was COVID-19 positive and sick, care
continued. Once the baby was discharged home,
rooming-in was allowed maintaining distance of six
feet if mother was still COVID-19 positive and
preferably nursed on EBM with the assistance of a
COVID-19 negative parent or family member. If
that was not feasible, mother was advised to ensure
washing her hands before breastfeeding and wearing
a mask during breastfeeding. Mother and neonate
dyad, still positive for COVID-19, were advised to
repeat nasopharyngeal RT-PCR test for COVID-19
at 2 weeks.
COVID-19
RT-PCR
testing
protocol:
Nasopharyngeal swab was collected, kept inside a
vial containing viral transport media (Hi Media lab
Pvt ltd) and sent under cold chain to in-house
COVID-19 testing laboratory recognized by ICMR.
RNA was extracted by silica column based
technology (Qiagen viral RNA mini kit) and was
subjected to one step multiplex RT-PCR in Biorad
CFX 96 using PCR kits (TRUPCR SARS-COV-2
RT qPCRkit V- 2.0 (I), 3B BlackBio Biotech India
Limited) approved by ICMR for detection of SARSCoV-2. Result was interpreted as per manufacturer’s
instructions.
Ethical issues: Ethical clearance was granted by the
Institutional Ethics Committee of the All India
Institute of Medical Sciences, Patna, India under
approval
number
AIIMS/Pat/IEC/2020/535.
Informed written consent was obtained from the
parents of the neonates enrolled in the study.

Clinical protocol: All neonates received standard
and uniform treatment during the pandemic as per
institutional neonatal COVID-19 protocol10.
Resuscitation of neonate was done in a physically
separate adjacent room where a minimum number of
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24 hours of life. Two neonates tested positive on
repeat test during 48-72 hours of life. Two out-born
neonates were referred to us with a positive COVID19 RT-PCR test done on the fifth day of life. Mother
of the first out-born neonate tested positive before
and after delivery while the father of the second outborn baby tested positive and mother tested negative
on family screening. In both cases, no other
household member tested positive. There was no
domestic aid available during the lockdown period
in both cases. Mode of delivery was lower segment
caesarian section (LSCS) in 38 of 47 deliveries
including both COVID-19 positive neonates. Three
out-born neonates also had a history of delivery
through LSCS. One out-born neonate born by
normal vaginal delivery (NVD) tested positive. One
COVID-19 positive mother had severe ARDS with
multi-organ failure and succumbed to her illness
though her baby tested negative for COVID-19 RTPCR throughout his NICU stay and during followup. Direct breast feeding was not allowed but
expressed breast milk was given in all cases except
one whose mother was too sick and hence received
formula feed.

Statistical analysis: An inferential analysis was
done with results presented as proportions for
categorical variables. For parametric continuous
variables, mean and 95% confidence interval were
calculated and compared using student t-test. For
non-parametric continuous variables, median with
interquartile range was compared using MannWhitney U test. For categorical variables exact
Fisher test was used. p value less than 0.05 was
considered significant. Missed values were excluded
from analysis. Data analysis was done using SPSS
version 22.0 (IBM).
Results
A total of 142 pregnant women were admitted
during the study period. Three COVID-19 positive
mothers who delivered outside were also admitted.
As part of universal screening, all of them were
tested for COVID-19 by RT-PCR of nasopharyngeal
swab and 51/145 (35.2%) mothers were positive.
Two out of 51 COVID-19 positive mothers had
singleton non-viable product of conception, one had
twin non-viable product of conception and one had
a live twin delivery. Forty-seven inborn and 7 outborn babies were admitted to neonatal COVID-19
unit during the study period. Thus a total of 54 newborns were included in the study (Figure 1). All inborn neonates tested negative for SARS-CoV-2 on
their first nasopharyngeal swab sample sent within

Figure 1 is the patient enrolment flow chart. A
summary of the 54 babies included in this cohort is
given in Tables 1 and 2.
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Table 1: Comparative summary of neonates delivered by COVID-19 positive mothers
Variable
Gestation (weeks)
Birth weight (kg)
Mode of delivery
Apgar 1 minute
Apgar 5 minutes
COVID-19 RT PCR
at 24 hrs of birth
COVID-19 RT PCR
at 48-72 hrs of birth
Cough
Fever
Shortness of breath
Ventilatory support
Inotropic support
Comorbidities

Covid-19 negative
(n=50)
37 + 3/7 (37-39 +5/7)
2.805 (2.52-3.07)
LSCS (38), NVD (12)
8 (8-9)
9 (9-10)
Negative

Covid-19 positive
Case 1
38
2.51
LSCS
8
8
Negative

Covid-19 positive
Case 2
39+3/7
3.08
LSCS
9
9
Negative

Covid-19 positive
Case 3
38
3.5
LSCS
9
9
Not Known

Covid-19 positive
Case 4
36
2.3
NVD
9
10
Not known

Negative (46)
Positive
Positive
Positive
Positive
Not done (4)
None
No
No
No
No
01
No
No
No
No
08
No
No
No
No
NIV- 7, IV- 7
No
No
No
No
05
No
No
No
No
Congenital
No
No
Neonatal
Imperforate anus /
hydronephrosis with
hyperbilirubinemia
common cloaca
mesenteric cyst-1
Delayed cry-5
Early onset sepsis-1
HIE :2
Hospital stay (days)
6 (5-7)
7
7
6
5
Status on discharge
Alive:47, Dead:03
Alive & stable
Alive & stable
Alive & stable
Alive & stable
7 days follow up
All live babies stable
Stable
Stable
Stable
Stable
14 days follow up
All live babies stable
Stable
Stable
Stable
Stable
COVID-19: Corona virus disease 2019, LSCS: lower segment caesarean section, NVD: normal vaginal delivery, RT-PCR: reverse
transcriptase polymerase chain reaction, HIE: hypoxic ischaemic encephalopathy

Table 2: Comparative summary of clinical and laboratory observations of neonates
Variable

Covid-19 negative (n=50)

Covid-19 positive (n=4)

P value

Temperature (°F)
(97.7-99.3)
Heart rate (per min)
(110-160)
Respiratory rate (per min)
(30-60)
Pulse oxygen saturation (%)
(94-99 %)
Haemoglobin (g/dl)
(15-24)
White blood cell count (x103/mm3)
(9.1-34)
Platelet count (x103/mm3)
(0.84-4.78 in 1st week)
C-reactive protein (mg/l)
(0-5)
Prothrombin time (seconds)
(14.4-16.4)
Activated partial thromboplastin time (seconds)
(34.3-44.8)
International normalized ratio
(1.15-1.35)
Serum ferritin (ng/l)
(25-200)

98.2 (97.8-98.4) (n=1186)

98.2 (97.9-98.4) (n=100)

0.1588

132 (124-140) (n=1205)

130 (126-138) (n=100)

0.9139

44 (42-46) (n=1204)

44 (42-48) (n=100)

0.0006

97 (96-98) (n=1204)

96 (95-97.5) (n=100)

0.9024

17.6 (14.3-20.6) (n=77)

16.6 (14.1-17.5) (n=8)

0.379

16.38 (12.505-21.5) (n=77)

0.3727

2.45 (1.735-2.87) (n=77)

13.395 (12.175-17.87)
(n=8)
3.08 (2.6-3.31) (n=8)

0.0427

2.8 (2.8-6) (n=61)

6.69(3.84-9.7) (n=7)

0.9329

17.03 (15.48-19.12) (n=52)

15.24(14.51-16.97) (n=4)

0.4672

33.42 (27.6-38.38) (n=52)

31.76 (30.87-36.44) (n=4)

0.7354

1.31 (1.16-1.48) (n=52)

1.14 (1.08-1.28) (n=4)

0.46

304.22 (207.24-515.51 (n=33)

307.5 (n=2)

0.7036

All values in median followed by interquartile range (IQR); n= number of observations
Among clinical variables recorded in the first 48
hours, COVID-19 positive neonates had a
significantly higher respiratory rate (p =0.0006) as
compared to COVID-19 negative new-borns. All of
them remained clinically stable requiring no specific
treatment or additional hospital stay, attributable to
COVID-19 positivity. All live babies remained
stable at home and none reported COVID-19 related

symptoms during follow-up. Case 1 tested negative
on repeat RT-PCR done on the 15th day of life;
parents of case 2 did not opt for repeat test of baby
and as case 3 and 4 had already tested negative
before discharge, a further test was not done. We
could not detect viral RNA in twenty-five breast
milk samples collected from mothers positive for
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Many theories have been postulated to explain the
lower severity of COVID-19 in infants and children.
In addition to absence of co-morbidities and lifestyle
factors, immature inflammatory response, protective
role of fetal haemoglobin against dissociation into
porphyrin, and more efficient T-cells are other
specific factors that might limit disease progression
following SARS-CoV-2 infection in this age
group18. Disease severity in mothers or mode of
delivery does not seem to correlate with infection
transmission risk in neonates in this study, though
sample size is not sufficient to make statistical
inference. High rate of LSCS could be due to
preferred approach by the obstetricians in view of
the COVID pandemic or because of the fact that only
high risk cases are booked here for delivery19.

SARS-CoV-2. The placenta was not checked for
vertical transmission.
Discussion
With standard infection prevention and control
practices, four neonates of fifty-four COVID-19
positive mothers (7.4%) tested positive in our study
suggesting a reasonable potential of infection
transmission to neonates in the developing country
setting. In a large observational cohort study from
New York, out of 1481 deliveries, 116 (8%) mothers
were COVID-19 positive6. The high percentage of
COVID-19 positive mothers in our study (35.2%) is
due to fact that our hospital was declared a dedicated
COVID-19 hospital in the later part of the study and
only positive patients were admitted during this
time. In the above study, none of the neonates had
symptoms of COVID-19 and all were negative for
SARS-CoV-2 at 24 hours (120), 5–7 days (82), and
14 days (72) of life. Hence, it was suggested that
perinatal transmission of COVID-19 is unlikely to
occur if correct hygiene precautions were
undertaken, and that allowing neonates to room-in
with their mothers and direct breastfeeding are safe
procedures when paired with effective parental
education of infant protective strategies6. However,
there are many reports of neonatal COVID-19
infection from other countries such as UK, Italy and
China confirming our findings2-5,7-9. Variable test
positivity in neonates could be due to variable
compliance to correct hygiene precautions during
and immediately after birth by healthcare workers
(HCWs) and parents, sample contamination, surface
contamination or variable sampling technique by
HCWs4,8.

Most of the studies have suggested horizontal
transmission of SARS-CoV-2 in neonates but there
are some case reports suggesting vertical
transmission,
particularly in early onset
infection3,9,20-23. Two out-born neonates in our study
had positive SARS-CoV-2 on 5th day of life, one of
whose mother tested positive before and after
delivery; the other mother tested negative before and
after delivery; however, the family was screened as
part of contact tracing due to father’s exposure to a
positive case at work place, suggesting horizontal
transmission.
Vertical transmission may be possible through
placenta in-utero or through breast milk during the
neonatal period. In a study by Patane L, et al, two
cases of suspected vertical transmission of COVID19 were reported. In this study, SARS-CoV-2 RNA
was found in placental tissue but no evidence of
positive dots to suggest viable virus was seen in the
placenta24. Evidence is still inconclusive whether
this is a mere presence of genetic material or an
infective virus. Dong L, et al speculated on the
possibility of the maternal-fetal transmission of the
virus due to the presence of virus-specific IgG and
IgM antibody in a baby delivered by COVID-19
positive mother25. Caution is advised in interpreting
the results as only the finding of specific IgM in the
newborn is not enough and the overall risk of
COVID-19 infection due to in-utero exposure for
infants remains to be determined26. In a systemic
review of WHO, the available data were not
sufficient to conclude vertical transmission of
COVID-19 through breastfeeding27. In our study
viral RNA was not detected in 25 breastmilk
samples collected from COVID-19 positive
mothers. Some studies have shown SARS-CoV-2 in
faecal matter and hence the chance of incidental
exposure during childbirth also cannot be ruled
out28.

Similar to other reports, we found no severe clinical
complications or deaths in COVID-19 positive
neonates as compared to fatality rates of 4-15% in
adults7,12-14. In one case series, one out of 22 babies
had mild distress and in other reports, three patients
developed disseminated intravascular coagulation
(DIC) possibly because of suspected sepsis3,4,5. In
our study, COVID-19 babies had high respiratory
rate, lower pulse oxygen saturation (SpO2), low
haemoglobin, high platelet count and high CRP with
limited clinical relevance as none of them needed
additional treatment and none of them developed
respiratory failure, DIC or other complications.
Other studies have also found lower haemoglobin
and red blood cell counts in COVID-19 patients and
it was more obvious in severe and critically ill
patients15,16. Pathophysiology of anaemia in SARSCoV-2 is still unclear but evidence suggests
inhibited haematopoiesis in the bone marrow and
triggered haemophagocytosis in pulmonary hilar/
mediastinal lymph nodes15-17. Variables in affected
neonates also indicate similar mechanism triggering
inflammation but it seems to be self-controlled
without manifesting into disease.

In infants, the risk of COVID-19 infection is low and
the infection is typically mild or asymptomatic,
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while the consequences of not breastfeeding and
separation between mother and child can be
significant. Hence, the WHO endorses the practice
of initiation and continued breastfeeding of infants
born to mothers with suspected or confirmed
COVID-19 infection27. In our study, both in-born
neonates were initially COVID negative but turned
positive at 48-72 hours of birth with the possibility
of vertical transmission or horizontal transmission
either at the time of birth or during care of the baby
in neonatal isolation. Vertical transmission could not
be ruled out as we did not test placental tissue.
Asymptomatic healthcare workers could also be a
potential source of infection, as during the pandemic
only symptomatic healthcare workers were tested as
per our institutional protocol. Further studies to
document the presence of replicative COVID-19
virus in cell culture from amniotic fluid, placenta,
and breast milk and their infectivity in animal
models will help in understanding possible routes of
transmission in neonates.
The limitation of our study is the small number of
cases. Although all neonates were tested with
COVID-19 RT-PCR at least twice during the
hospital stay, we primarily relied on clinical
symptoms, and as repeat test was not done during
follow-up, asymptomatic but infected neonates,
were likely to be missed. As we did not do amniotic
fluid, placental, and cord sampling, a definite route
of transmission could not be determined.
This study focuses on the pattern of neonatal
COVID-19 infection from India, conducted during
the peak of the pandemic in a developing country
setting. Neonates are also vulnerable to SARS-CoV2 infection from the community. The findings can be
generalized to most of the developing countries
where the pandemic is going on. Although breast
milk was negative, the placenta can still be the route
of transmission and further studies are needed to
evaluate the same
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