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Abstract
This observational study done during April–December 2020 at a tertiary-care hospital in Haryana (India) enrolled 152 
SARS-CoV-2-exposed neonates. Among them, 150 neonates had perinatal SARS-CoV-2 exposure and 2 neonates had late 
postnatal exposure. Stable infant-mother dyads were roomed-in with precautions to support breastfeeding. Nasopharyngeal 
swabs collected from neonates were tested for SARS-CoV-2 by reverse transcriptase–polymerase chain reaction (RT-PCR) 
test. There was a high incidence of prematurity (23%), low birth weight (31%), intrauterine fetal distress (16%), perinatal 
asphyxia (6%), admission to neonatal intensive care unit (24%), and mortality (1.3%) among neonates with perinatal SARS-
CoV-2 exposure. In this sub-group, 20 neonates tested positive for SARS-CoV-2 in nasopharyngeal swab sample(s). A recent 
official publication by the World Health Organization emphasizes that the perinatal SARS-CoV-2-exposed neonates found 
RT-PCR positive once in upper respiratory (non-sterile) sample must document viral persistence in another non-sterile sample 
for confirmation of mother-to-child virus transmission. With this approach, only one neonate was confirmed intrapartum 
transmission. A telephonic follow-up in discharged neonates at 1 month of age or 1 month postexposure recorded them all 
to be asymptomatic and doing well.

Conclusion: Neonates with perinatal SARS-CoV-2 exposure constitute a high-risk group and it is not uncommon to get 
a positive RT-PCR report in upper respiratory sample(s) from these babies. Majority of them do not demonstrate viral per-
sistence. Clinical outcomes are favorable in breastfed infants roomed-in with their asymptomatic-mild symptomatic SARS-
CoV-2-infected mothers following appropriate safety protocols.

What is Known:
• Neonates with perinatal exposure suffer a high burden of morbidities and mortality.
• Still, an uncertainty exists about rooming-in and breastfeeding among neonates born to SARS-CoV-2 positive mothers.
What is New:
• With the policy of mother-infant rooming-in and supporting breastfeeding, none of the neonate suffered clinical illness compatible with post-

natal SARS-CoV-2 transmission and infection.
• Around 13% perinatal exposed neonates demonstrated SARS-CoV-2 RNA in nasopharyngeal swab samples but the majority of them did not 

demonstrate viral persistence.
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SARS-CoV-2	� Severe acute respiratory syndrome 
coronavirus-2

WHO	� World Health Organization

Introduction

Few studies have demonstrated the presence of virus ribo-
nucleic acid (RNA) material in breast milk samples col-
lected from the mothers infected with SARS-CoV-2 but 
this seems unlikely to be a mode of mother-to-child trans-
mission because no replication-competent virus has been 
detected in breast milk samples till date [1–4]. On the other 
hand, SARS-CoV-2-specific immunoglobulins in breast 
milk might be protective against infection and sympto-
matic-severe disease [5, 6]. Unprotected close contact dur-
ing breastfeeding and other aspects of baby care is still an 
important route for postnatal virus transmission without 
any debate. Majority of national and regional guidelines 
advocates supporting direct breastfeeding among mothers 
infected with SARS-CoV-2, very few prohibiting any breast 
milk, and a few restricting direct breastfeeding but allow-
ing expressed breast milk (EBM) feeding [7]. There had 
always been an uncertainty over rooming-in neonates with 
their SARS-CoV-2-infected mothers. Majority of guidelines 
including that given by academic organizations in India rec-
ommends keeping stable mother-infant dyads together but 
some still suggest their separation for variable periods of 
time after birth [7–9].  

Mother-infant isolation demands a lot of logistic support. 
On the other hand, one cannot guarantee postnatal contact 
of neonate with another infected caregiver or hospital staff 
after separation from their own mother. During the early 
phase of coronavirus pandemic in India, it was a challenge 
to let go of norm of breastfeeding in neonates without any 
conclusive evidence, and thus, we allowed rooming-in stable 
neonates with their stable SARS-CoV-2-infected mothers 
following a safety protocol so that the babies could be pro-
vided benefits of mother’s own milk effectively [8, 9]. There 
is limited published data about neonatal outcome and risk of 
mother-to-child virus transmission following such clinical 
management protocols. The present study attempts to fill 
this knowledge gap.

Material and methods

Study design, setting, and objectives

This observational study did not interfere with the depart-
mental management protocols and was done with approval 
of Institutional Ethics Committee between April and Decem-
ber 2020 at Employees State Insurance Corporation Medical 

College and Hospital, Faridabad (Haryana, India) which 
served as a referral center and dedicated COVID-19 hospital 
during the study period.

Participant eligibility criteria

All SARS-CoV-2-exposed neonates (< 1  month age) 
admitted in the Department of Paediatrics (Neonatology) 
during the study period were enrolled after informed con-
sent of parent(s). Neonates were defined to have “perinatal 
SARS-CoV-2 exposure” if born to a mother with confirmed 
SARS-CoV-2 infection diagnosed 14 days prior to 2 days 
after childbirth [9–11]. Exposure of neonate to infected 
mother beyond this time period or a close contact (< 1 m 
for > 15 min or living in the same household) with someone 
else infected with SARS-CoV-2 was defined as “late post-
natal SARS-CoV-2 exposure” (Fig. 1).

Clinical case management

The mode of delivery was guided by obstetric-fetal assess-
ment, intranatal cardiotocographic (CTG) monitoring, and 
hemodynamic status of the mother. No mother-infant sepa-
ration was done in well babies with asymptomatic or mild 
symptomatic mothers, i.e., those without any shortness of 
breath or hypoxia. Direct breastfeeding was initiated as early 
as possible within 1 h of birth. Mothers were advised to wear 
a triple-layered surgical mask all the time and being more 
careful during breastfeeding and handling the neonate. They 
were advised to change and discard the mask every 6 h. An 
easy access to soap and water, as well as alcohol-based hand 
sanitizers, was provided to maintain hand hygiene. Dedi-
cated nurses trained in essential newborn care and lacta-
tion management were stationed for constant supervision. 
Very low birth weight, high risk, and sick neonates were 
transferred to a designated NICU (neonatal intensive care 
unit) in the COVID block. During such periods of temporary 
mother-infant separation, the mothers were encouraged to 
visit their baby for feeding with EBM and being involved 
in baby care (like diapering) taking respiratory and hand 
hygiene precautions. Formula milk was used only when the 
EBM provided was inadequate known as “partial breastfeed-
ing or mixed feeding.”

Screening for SARS‑CoV‑2 infection in neonates 
and interpretation of results

Nasopharyngeal (NP) swabs for detection of SARS-CoV-2 
ribonucleic acid (RNA) by reverse transcription–polymerase 
chain reaction (RT-PCR) test were collected by trained staff 
or pediatric residents. Three genes of SARS-CoV-2, i.e., 
E-gene (envelope coding gene), RdRP-gene (RNA-depend-
ent RNA polymerase gene), and N-gene (nucleocapsid 
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encoding gene) were tested using Allplex™ 2019-nCoV 
Assay kit (Seegene Inc). Cycle threshold (Ct) value ≤ 35 was 
considered RT-PCR positive and > 35 as negative.

With an early discharge policy, first NP swab sample 
was collected at birth (< 24 h of age) after drying and ini-
tial stabilization among intramural births. Rooming-in and 
breastfeeding was not postponed for the sake of collection 
of NP swab sample. First NP swab sampling in extramural 
neonates and those with late postnatal exposure was done 
immediately at the time of admission. Second NP swab sam-
ple was collected on day 2 (between 24 and 48 h of life) and 
the third NP swab sample collected after day 5 by day 14 of 
life or exposure. Additional NP swab samples were tested 
in case of any new symptom(s). Examination of placental 
tissue, amniotic fluid, cord blood, neonatal blood, lower res-
piratory sample, or stool were not the part of study protocol.

Discharge policy and follow‑up

Asymptomatic or mild-moderate ill SARS-CoV-2-positive 
neonates (whose symptoms and need of oxygen abate within 
3 days) stayed in the hospital for minimum of 10 days and 
were discharged after documentation of at least one nega-
tive RT-PCR report. An early discharge policy was followed 
among stable mother-infant dyads. Mothers were advised to 
continue exclusive breastfeeding for 6 months and follow 
above mentioned COVID-19 safety protocols for at least 2 
more weeks. At the time of discharge, she was explained 
about all danger signs. All neonates were followed-up tel-
ephonically at 1 month of age or SARS-CoV-2 exposure 
by the investigators from neonatology team. They were 

asked about their general well-being and if they had any 
concerns such as fever, poor feeding, respiratory symptoms, 
gastrointestinal symptoms, and/or any healthcare visit since 
discharge.

Variables recorded

Demographic details, severity of COVID-19 illness in the 
mother, medical-obstetric complications, and labor events 
were recorded. The variables recorded for the neonates were 
the gestational age and weight at birth, adverse events at the 
time of birth, details of feeding, morbidities and mortality 
suffered, and the results of SARS-CoV-2 testing.

Statistical analysis

Anonymized data was compiled in the Microsoft Excel Soft-
ware and analyzed by Epi Info Version 7. Descriptive statis-
tics, namely, frequencies, proportions, and mean ± standard 
deviation, were applied to summarize the data.

Results

Participants

Among 152 SARS-CoV-2-exposed neonates, 138 were intra-
mural births from mothers infected with SARS-CoV-2 at 
the time of childbirth, 12 were extramural neonates born 
to SARS-CoV-2-infected mothers and referred from other 
non-COVID hospitals, and 2 neonates were admitted after 

Total ‘SARS-CoV-2 exposed’ neonates enrolled in the study: n - 152

Intramural births: n - 138

Perinatal exposure (neonates born to RT-PCR 
confirmed SARS-CoV-2 positive mothers 
diagnosed near the time of childbirth from 14 
days prior to 2 days after birth): n - 150

Late postnatal exposure 
(neonates exposed to RT-PCR 
confirmed SARS-CoV-2 positive 
mothers diagnosed >2 days after 
birth): n - 2

Extramural births: n – 12
Admission at <24 hours of age- 4; 

24-48 hours of age- 1; beyond 48 hours of age- 7
17 neonates SARS-CoV-2
positive in ≥1 NP swab(s) 

collected between age 0 - 14 days
3 neonates SARS-CoV-2

positive in ≥1 NP swab(s) 
collected between age 0 - 14 days

Both neonates SARS-CoV-2
negative in ≥1 NP swab(s) 

collected between day- 6 - 10
post-exposure

Fig. 1   Characteristics of SARS-CoV-2 exposure and screening among study participants
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their mothers were diagnosed with mild COVID-19 illness 
day 10 and day 12 postpartum (Fig. 1).

Gestational risk factors, severity of COVID‑19 
in mother, and adverse intranatal events

Among 150 mothers diagnosed with SARS-CoV-2 infec-
tion around the time of childbirth, 50 (33.3%) were primi-
gravidae, 65 (43.3%) were second gravidae, and the remain-
ing were gravida ≥ 3. Their age ranged from 17 to 39 years 
(mean ± SD; 26.07 ± 4.43). Co-morbid medical and/or 
obstetric complications like anemia, gestational hyperten-
sion, diabetes, and oligohydramnios were present in 63 
(42%) mothers. One mother had severe pneumonia requiring 
respiratory support for 2 days, 15 (10%) had mild symptoms, 
and 134 (89.3%) mothers were asymptomatic for SARS-
CoV-2 infection. Both mothers diagnosed of SARS-CoV-2 
infection during postpartum period had mild symptoms. 
CTG recordings were abnormal in 24 (16%) and amniotic 
fluid was meconium stained in 29 (19.3%) mothers. Cesar-
ean section was performed for various fetal-maternal indica-
tions in 98 (65.3%) mothers.

Clinical outcome in SARS‑CoV‑2‑exposed neonates

Among 150 neonates with perinatal exposure, the ges-
tational maturity at birth ranged from 29 to 42  weeks 
(mean ± SD, 37.85 ± 1.93) and the birth weight ranged from 
1100 to 3900 g (mean ± SD, 2642.57 ± 503.24). There was 
a high incidence of prematurity (22.7%), low birth weight 
(31.3%), and being small for gestational age (38%). Total 
34 (22.7%) neonates required some assistance for breathing 
at birth, majority (25/34) responding to initial steps alone. 
Overall, 9 (6%) neonates suffered perinatal asphyxia (Apgar 
score < 7 at 1 min of age) among which 4 (2.7%) suffered 
severe perinatal asphyxia (Apgar score < 3 at 1 min of age). 
Some respiratory support was required in 18 (12%) neonates. 
All neonates on respiratory support could be completely 
weaned off oxygen within 3 days. There was a high bur-
den of neonatal morbidities and 36 (24%) neonates required 
NICU care (Table 1).

Two neonates with perinatal SARS-CoV-2 exposure suf-
fered mortality during early neonatal period. One female 
neonate was born vaginally at 39 weeks with birth weight 
2500 g. Her mother was asymptomatic for SARS-COV-2 
infection, young 17-year-old, primigravida, and anemic with 
gestational hypertension. The history of being handled by 
traditional birth attendant prior to admission posed a risk for 
neonatal sepsis, though initially this history was concealed 
by the family. Baby required oro-nasal suction at birth to 
clear the airway of secretions, no other resuscitation support 
was required, and the Apgar scores were normal. The initial 
sepsis screen including total leucocyte count, differential 

leucocyte count, µESR, peripheral smear findings, and 
C-reactive protein were normal, and the blood culture was 
sterile. Baby was roomed-in with her mother and was par-
tial breastfed. Clinical course was uneventful on day 1 and 
day 2 of life. On day 3, there were acute symptoms (axil-
lary temperature 39.9 °C and neonatal encephalopathy) with 
rapid deterioration and the baby could not be revived. The 
NP swab collected at birth for SARS-CoV-2 was positive. 
Other test for reliable evidence of in-utero SARS-CoV-2 
exposure, imaging, cerebrospinal fluid analysis, postmor-
tem autopsy, or sampling(s) could not be done due to lack 
of consent (Table 2—Case no. 1). The other baby boy was 
preterm 29 weeks with birth weight 1140 g born to mother 
with asymptomatic SARS-CoV-2 infection but having ges-
tational and intranatal risk factors including gestational dia-
betes, oligohydramnios, prelabor rupture of membranes, and 
intrauterine fetal distress. His NP swab collected at birth was 
negative for SARS-CoV-2. Sepsis screen was positive and 
blood culture was sterile. This baby had been on mechani-
cal ventilation since birth after suffering severe perinatal 
asphyxia (Apgar score 1, 3) and could not sustain life beyond 
8 h of life.

Both neonates with late postnatal exposure to SARS-
CoV-2 were asymptomatic at the time of admission and 
remained so during hospital stay.

Acceptance of breastfeeding

Overall, 98% (149/152) neonates were breastfed. Exclusive 
(and direct) breastfeeding was done in 67% (102/152) neo-
nates. Another 31% (47/152) neonates were partial/mixed 
breastfed. Most common reason for partial breastfeeding was 
temporary mother-infant isolation among neonates admitted 
to NICU where they were fed with EBM as well as formula 
milk whenever EBM provided was not adequate. There were 
only three neonates who were never breastfed, one who did 
not get opportunity to receive any milk due to being on ven-
tilator since birth and demise within few hours of birth and 
the other two who were replacement-fed (only formula milk 
fed) as their mothers refused to feed them with any breast 
milk. No mother-infant separation was done among these 
two replacement-fed babies. 

Results and interpretation of SARS‑CoV‑2 testing 
in neonates

Total 288 NP swab samples were collected for RT-PCR 
testing from 150 perinatal SARS-CoV-2-exposed neonates. 
Single NP swab testing could be done in 54 neonates, 51 
neonates underwent two tests, and ≥ 3 tests were done in 
42 neonates. Three neonates could never be tested. Twenty 
(13.3%) neonates tested SARS-CoV-2 RNA positive in ≥ 1 
NP swab sample(s). The interpretation of NP swab results 
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Table 1   Clinical profile and outcome in perinatal SARS-CoV-2-exposed neonates

* Multicystic kidney
^ Sepsis screen positive, blood culture negative—10; sepsis screen positive, blood culture positive—2
# Hypoxic-Ischemic-Encephalopathy stage II

Morbidities/mortality 
N = 150
(males = 90, females = 60)

n %

Preterm birth  < 37 weeks 34 22.7
 < 34 weeks 3 2.0

Low birth weight  < 2500 g 47 31.3
 < 1500 g 2 1.3

Small for gestational age (birth weight < 10th percentile for gestational age) 57 38.0
Large for gestational age (birth weight > 90th percentile for gestational age) 2 1.3
Meconium-stained amniotic fluid 29 19.3
Pathological CTG tracings (intrauterine fetal distress) 24 16.0
Requirement for some resuscitation measures at birth Total 34 22.7

Initial steps (oro-nasal suction and/or tactile stimulation) 25 16.7
Positive pressure ventilation (PPV) 8 5.3
PPV and chest compressions 0 0.0
PPV and chest compressions and medications 1 0.7

Low Apgar score at 1 min of age Apgar score 0–7 9 6.0
Apgar score 0–3 4 2.7

Low Apgar score at 5 min of age Apgar score 0–7 4 2.7
Apgar score 0–3 1 0.7

Requirement of NICU care 36 24.0
Requirement of respiratory support Total 18 12.0

Low-flow oxygen therapy 13 8.7
Non-invasive ventilation 3 2.0
Invasive ventilation 2 1.3

Indications for respiratory support Postresuscitation care (perinatal asphyxia) 9 6.0
Transient tachypnea of newborn 4 2.7
Prematurity 3 2.0
Pneumonia (early onset sepsis) 5 3.3
Hyperpyrexia and encephalopathy 1 0.7

Morbidities Congenital anomalies 1* 0.7
Early onset sepsis 12^ 8.0
Late onset sepsis 0 0.0
Perinatal asphyxia 9 6.0
Neonatal hyperbilirubinemia 17 11.3
Neonatal seizures 1# 0.7
Moderate/severe thrombocytopenia 3 2.0
Coagulopathy 1 0.7
Shock (requiring ionotropic support) 1 0.7
Hypoglycemia 1 0.7
Hyperkalemia 1 0.7
Hyponatremia 1 0.7
Hypernatremia 1 0.7

Mortality 2 1.3
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using the classification scheme proposed by World Health 
Organization (WHO) [10] is provided in Table 2 and Fig. 2.

Eleven neonates were RT-PCR positive in NP swab sam-
ple collected < 24 h of age among which 10 were negative 
on repeat testing on day 2. These 10 neonates without viral 
persistence were categorized as transient superficial con-
tamination or virus fragments. No retesting could be done 
in one neonate, categorized as indeterminate for in-utero 
transmission (Table 2—Case no. 1). Four neonates were 
positive in NP swab collected on day 2. Three did not docu-
ment viral persistence at age > 48–7 days and unlikely to be 
intrapartum transmission and the one who documented viral 
persistence in NP swabs (days 6, 10, and 12) was categorized 
as confirmed intrapartum SARS-CoV-2 transmission. Total 
5 neonates were positive in NP swabs collected ≥ 48 h of 
age (3 on day 5, 1 on day 6, and 1 on day 12 of life). All 
were negative on retesting, unlikely to be early postnatal 
transmission (Fig. 2).

One neonate with late postnatal SARS-CoV-2 exposure 
was tested once on day 6 of exposure and the other neonate 
with late postnatal SARS-CoV-2 exposure was tested twice 
on day 7 and day 10 of exposure. All NP swab results were 
negative in this sub-group (Fig. 1).

Clinical outcome in SARS‑CoV‑2‑positive neonates

The clinical details of 20 neonates who tested positive for 
SARS-CoV-2 RNA in ≥ 1 NP swab sample(s) are provided 
in Table 2. Among them, 14 (70%) were asymptomatic. 

Respiratory symptoms were most common among the symp-
tomatic ones (Table 2).

Duration of hospital stay and telephonic follow‑up

The duration of hospital stay in SARS-CoV-2-exposed neo-
nates ranged from 8 h to 32 days (mean ± SD, 5.49 ± 3.92) 
guided by many factors such as the gestational maturity 
at birth, weight, clinical course, and the results of SARS-
CoV-2 testing. All 148 perinatal exposed neonates who sur-
vived early neonatal period fared well by 1 month of age 
without any new symptoms or concerns after discharge. 
Both neonates with late postnatal exposure had an asymp-
tomatic clinical course throughout 1-month postexposure 
time period.

Discussion

Worldwide published literature describes a high incidence of 
operative delivery, preterm birth, low birth weight, intrau-
terine fetal distress, perinatal asphyxia, and NICU admis-
sion rates among neonates born to SARS-CoV-2-infected 
mothers [12–29]. The present study confirms these findings 
in our region although a high prevalence of gestational risk 
factors among SARS-CoV-2-infected mothers could be co-
modifying the neonatal outcome. NICU care was required 
by 24% neonates, and 12% neonates required respiratory 
support. These data are relevant as an approximate guide to 

Neonates with positive SARS-CoV-2 RT-PCR in ≥1 NP swab(s) collected between age 0-14 days: n - 20

Unlikely to be Intrapartum

transmission (positive 24-48

hours of age but absence of

viral persistence): n - 3

Transient superficial 

contamination/ Virus 

fragments (positive <24 

hours of age but absence of 

viral persistence): n - 10

Confirmed Intrapartum 

transmission (positive 24-48

hours of age with documented 

viral persistence): n - 1

Unlikely to be Early Postnatal 

transmission (positive ≥48 

hours of age but absence of 

viral persistence): n - 5

Intramural-10

Extramural-0

Intramural-2

Extramural-1

Intramural-1

Extramural-0
Intramural-3

Extramural-2

Indeterminate for in-utero 

transmission (positive <24 

hours of age without any 

retesting for viral 

persistence): n - 1

Intramural-1

Extramural-0

Fig. 2   Interpretation of SARS-CoV-2 RT-PCR in nasopharyngeal swab samples
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plan and channelize resources for dedicated isolation-NICUs 
amidst ongoing COVID-19 pandemic.

Most of the reports describe SARS-CoV-2 infection and 
vertical transmission in neonates based on single positive RT-
PCR in upper respiratory sample. A simple approach is to clas- 
sify neonatal SARS-CoV-2 infection as perinatal transmission 
(which includes intrauterine and intrapartum transmission) if 
there is a positive RT-PCR in NP swab ≤ 72 h after birth, and 
horizontal transmission if there is a negative RT-PCR ≤ 72 h 
after birth subsequently testing positive any time > 72 h of age  
[9, 11]. Neonatology Forum India COVID-19 Registry group 
[11] described 8.4% risk of perinatal SARS-CoV-2 transmis-
sion and 3.1% risk of horizontal transmission among neonates 
born to SARS-CoV-2-infected mothers. The risk of horizontal  
transmission was higher (22.1%) among extramural neonates.  
Applying this approach on the data from present study, perinatal  
SARS-CoV-2 transmission was present in 15 (10%) neonates 
and horizontal transmission in 5 (3.3%) neonates. However, these 
estimates based on single positive upper respiratory (non-sterile) 
sample may over-estimate the true risk of vertical transmission.

Classification systems to define the timing of vertical 
mother-to-child SARS-CoV-2 transmission have been pro-
posed by few groups of authors and also by the WHO [10, 
30, 31] which are elaborate and difficult to implement in 
daily clinical practice but useful from epidemiological point 
of view. The WHO classification scheme [10] guides that 
for confirmation of in-utero SARS-CoV-2 transmission, 
positive RT-PCR in sterile specimen(s) like the amniotic 
fluid sample collected with sterile technique during cesar-
ean section prior to the rupture of membranes or amnio-
centesis, neonatal blood (not cord blood), lower respiratory 
tract specimens, or cerebrospinal fluid collected < 24 h of 
age with documentation of viral persistence in repeat sterile 
sample(s) taken at age 24–48 h is required. Such an evalu-
ation to confirm in-utero transmission could not be done in 
the present study, and thus, in-utero transmission could not 
be confirmed in the neonate who was SARS-CoV-2 positive 
in NP swab sample collected at birth and suffered mortality. 
In the absence of repeat NP swab testing, this neonate was 
categorized as indeterminate for in-utero transmission. The 
non-specific sign and symptoms of varying severity tend 
to overlap with other non-infective and infective illnesses 
of newborn [32–42]. Clinical symptoms and signs are not 
included in the WHO classification system [10].

Neonates with positive RT-PCR in non-sterile samples (upper 
respiratory tract sample or stool) collected < 24 h, if RT-PCR 
positive again 24–48 h of age, suggest possible in-utero trans-
mission. Otherwise, a single positive RT-PCR in upper respira-
tory sample < 24 h of age could even be virus fragments acquired 
during passage through the birth canal or transient superficial 
contamination not resulting in actual infection [10]. This has 
been reported that around 1.6–5.2% NP swabs collected < 24 h 
of age from neonates born to SARS-CoV-2-infected collected 

are positive [11, 17, 18, 43]. In the present study also, 7.3% 
neonates were RT-PCR positive for SARS-CoV-2 RNA in NP 
sample collected < 24 h of age but most of them (10/11) were 
negative on retesting. Non-sterile samples positive for SARS-
CoV-2 at age 24–48 h also need confirmation with positive 
RT-PCR on a second non-sterile sample at age > 48 h–7 days 
to consider the possibility of intrapartum transmission [10]. 
Four neonates RT-PCR positive on day 2 seemed to acquire the 
infection intrapartum but only one of them had viral persistence, 
confirmed as intrapartum transmission.

Salvatore et al. [29] described that all breastfed neonates 
born to SARS-CoV-2-positive mothers who were tested by 
RT-PCR in NP swab sample(s) between days 5–7 and day 
14 of life were negative and no one developed symptoms of 
COVID-19. Reviewing the two datasets from India, around 
8–10% breastfed neonates born to SARS-CoV-2-positive 
mothers tested positive for SARS-CoV-2 in NP swab sam-
ple collected at age ≥ 48 h [17, 18]. Positive RT-PCR for 
SARS-CoV-2 in non-sterile samples at age ≥ 48 h also need 
confirmation in second non-sterile sample obtained within 
10 days of first positive test to consider the possibility of 
early postnatal transmission [10]. In the present study, 5 
(3.3%) neonates seemed to acquire infection postnatal but 
in the absence of viral persistence, they represented early 
postnatal exposure, not transmission and true infection. This 
risk was more apparent among extramural (2/12—16.6%) 
than intramural neonates (3/138—2.2%), suggesting that the 
adequacy of precautions taken by mothers and their constant 
supervision during early neonatal period plays a role.

The present study suffers certain limitations. Reliable tests  
for the evidence of in-utero exposure could not be included in  
the study protocol, and thus, virological confirmation of in- 
utero transmission could not be done. With an early discharge 
policy among stable mother-infant dyads, many neonates could  
not be tested beyond 48 h of age for early postnatal transmis-
sion. There were ethical concerns, also reluctance of the fam-
ily to bring back a well-baby for follow-up and testing during  
restricted travel conditions. With few recorded outcomes, sub- 
group analyses to identify risk factors could not be done.

Despite these limitations, the study affirms some important 
findings. Among neonates born to SARS-CoV-2-positive moth-
ers, one may be tempted to consider a positive RT-PCR in upper 
respiratory sample as evidence of vertical transmission but most 
of these neonates do not demonstrate viral persistence. Postnatal  
transmission seems to be rare in breastfed infants roomed-in 
with their clinically stable SARS-CoV-2-infected mothers fol-
lowing appropriate respiratory and hand hygiene practices and 
the clinical neonatal outcomes are decent when such protocols 
are implemented. However, one cannot exclude mother-to-child  
SARS-CoV-2 transmission by screening upper respiratory sam- 
ples till 2 weeks of age. For example, the neonate may have been  
in close contact with his/her SARS-CoV-2-infected mother at 
day 10 and asymptomatic infected at day 19 of life. A prolonged 
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systematic follow-up with serologic assessments may provide 
more data on mother-to-child SARS-CoV-2 transmission. Irre-
spective of the initial screening results, this would be safer to 
isolate these SARS-CoV-2-exposed neonates till 4 weeks of age 
to prevent accidental spread of infection.

The natural history of SARS-CoV-2 infection in neonates 
is still unknown, and as of now the learning experience from 
other congenital infections such as cytomegalovirus infection  
may be utilized [44, 45]. Routine follow-up for 1 month seems  
inadequate, and a long-term comprehensive surveillance till 
school age for neuromotor, intellectual, audio-visual, respira- 
tory and cardiovascular outcomes is warranted among neo-
nates with perinatal SARS-CoV-2 exposure.
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