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Abstract

Purpose COVID-19 pandemic remains a serious public health threat worldwide. In view of the limited data on the risk
of perinatal transmission of SARS-CoV-2 and transfer of maternal anti-SARS-CoV-2 antibodies, the present study was
undertaken.

Methods A prospective study including 57 pregnant women with a positive SARS-CoV-2 RNA test (SARS-CoV-2-RNA+)
and 59 neonates born to them was conducted at Pune, India. 39 viral RNA negative (SARS-CoV-2-RNA-negative) pregnant
women and their 39 neonates were included as controls. Neonatal nasal swab/cord blood samples were subjected to SARS-
CoV-2 RNA detection by RT-PCR for investigation of perinatal transmission. Transfer of maternal antibodies was studied
using ELISA and PRNT.

Results 10/57 SARS-CoV-2-RNA+ mothers were symptomatic. The duration between COVID-19 diagnosis and delivery
was <7 days for 82.4%. Perinatal transmission as evidenced by viral RNA in the neonatal nasal swab/cord blood (CB) was
3.6%. IgG-anti-SARS-CoV-2 positivity was 21.6%. Of the 39 neonates born to SARS-CoV-2-RNA-negative mothers, 20
(51%) and none, respectively, were positive for [gG-anti-SARS-CoV-2 and viral RNA. Preterm deliveries were higher in
SARS-CoV-2-RNA+ (18.6%) than SARS-CoV-2 RNA-negative (0/39) mothers (p < 0.005). Respiratory distress at birth
(<4 h) was higher among neonates of SARS-CoV-2-RNA+ (20/59, 33.9%) than SARS-CoV-2-RNA-negative mothers (3/39,
7.7%; p<0.001). ~75% IgG-positives exhibited neutralization potential with mean PRNT titers of 42.4 +24 (SARS-CoV-2-
RNA+) and 72.3 +46.7 (SARS-CoV-2 RNA-negative); higher in the latter (p <0.05).

Conclusion The rate of perinatal transmission was low. Transfer of maternal antibodies was lower among SARS-CoV-2-
RNA+ mothers than SARS-CoV-2-RNA-negative mothers with subclinical infection during pregnancy. Presence of neutral-
izing antibodies in majority of IgG-positives suggests protection from SARS-CoV-2 in early life.
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Introduction

COVID-19 pandemic has entered in the second year and
continues to affect global population and economies. In view
of the importance, SARS-CoV-2 infections among pregnant
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different populations. Transfer of maternal antibodies is a
function of corresponding antibody titers in the mothers at
the time of delivery. It is well recognized that COVID-19
patients with severe disease develop early and higher titers
of IgG and neutralizing antibodies [6-9, our unpublished
observations]. Whether dynamics of anti-SARS-CoV-2
antibodies in pregnant women is influenced by pregnancy
associated immunomodulation is not yet clear.

The first COVID-19 case in India was diagnosed on 30th
January 2020 while the first case in Pune wherein this study
was carried out was identified on 19th March 2020. In view
of the importance of understanding the risk of perinatal
transmission of SARS-CoV-2, a study was initiated in June
2020 when ~ 8000 cases/week were reported and concluded
at the end of September with 82,867 cases/week. We esti-
mated the risk of perinatal transmission, IgG-anti-SARS-
CoV-2 antibody positivity in the neonates and neutralizing
antibody titers among the antibody positives.

Materials and methods
Study population and clinical specimens

This prospective cohort study was conducted during
June—September 2020 at Bharati Vidyapeeth (Deemed to
be University) hospital, a tertiary care hospital at Pune, a
Metropolitan city in western India. Because of the state-
of-art facilities and a 60-bedded neonatal ICU, the hospital
caters to a large number of high-risk pregnancies. The con-
trols were recruited in the month of December 2020. The
study was approved by the Human Ethics Committee of the
hospital.

A total of 57 pregnant women who tested positive for
SARS-CoV-2 RNA within 0-3 weeks before delivery at
the hospital and consented for participation were included
in the study. Neonates (n=59) of these women were sepa-
rated immediately after birth and received mother’s pumped
breastmilk whenever possible. Respiratory distress was
monitored in the neonates, defined as respiratory rate > 60
per minute (counting for 1 min) accompanied by subcostal
or intercostal retractions. After initial follow-up of 2 days
at the hospital, telephonic follow-up was done till 30 days
of age. Nasopharyngeal swabs (NPS) (n=56) and umbili-
cal cord blood (CB) samples (n=51) were obtained from
these neonates within a day of birth. CB was available for
the neonate from whom NPS could not be collected. In
addition, two mothers with symptomatic disease 2 months
prior to delivery, and 39 pregnant women without a positive
PCR test (control mothers) were also studied. NPS speci-
mens were not collected while CB samples (n=39) were
collected from the neonates born to control mothers. Blood
samples could be collected from 9 mothers with confirmed

@ Springer

COVID-19 while blood samples were not collected from the
control mothers.

Serology

For the detection of IgG and IgM antibodies, SCoV-2
Detect IgG ELISA and SCoV-2 Detect IgM ELISA were
used (Inbios IgG ELISA, Inbios International, Inc., USA).
The presence and titers of anti-SARS-CoV-2 neutralizing
antibodies were determined using plaque reduction neutrali-
zation test (PRNT) as per the protocol described earlier [8].

SARS-CoV-2 RNA detection

Extraction of viral RNA from neonatal NPS or CB was con-
ducted using QIAamp viral RNA extraction kit (Qiagen,
Germany) and screening for SARS-CoV-2 RNA was per-
formed by Real time PCR (PathoDetect Covid-19 Test Kit,
Mylab Discovery, India) as per the manufacturer’s protocol.

Results

From June—September 2020, 345 women delivered at the
hospital giving birth to 347 babies. Among these, SARS-
CoV-2 RNA positivity could be detected in the NPS speci-
mens from 58 mothers (16.7%). One neonate born by lower
segment cesarean section (LSCS) to one COVID-19 positive
mother with HELLP syndrome died of perinatal asphyxia,
was not tested for the virus and excluded from analysis.
Fifty-nine neonates born to the remaining 57 mothers were
included in this study and completed full follow-up till
30 days of age. All the neonates were separated from their
mothers immediately after birth as none of the parents were
willing for rooming-in. Majority of the babies (58/59; 98%)
were discharged from the hospital after 2 days of delivery.
Two neonates born to mothers with symptomatic COVID-
19, 60 days before delivery were also included to understand
transfer of maternal antibodies. During this time, recruit-
ment of SARS-CoV-2 negative mothers was not possible and
hence when the cases in Pune showed a downward trend in
December, 39 pregnant women negative for SARS-CoV-2
RNA within one week of delivery were included as controls.
NPS was not collected from the neonates of these mothers.
None of these women gave history of (H/O) COVID-19 or
related symptoms during pregnancy.

Participant characteristics

Table 1 provides details of the participants. The study
included 96 pregnant women with (n=57) or without
(n=39, controls) SARS-CoV-2 RNA positivity at/< 3 weeks
before delivery. Among the patient group, 10 (17.5%) were
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Table 1 Characteristics of the

: Parameter SARS-CoV-2 RNA positives SARS-CoV-2
study population RNA negatives
Duration of recruitment June-September 2020 December 2020
Mothers:
Number of mothers 57 39
Age (years, mean +SD) 28.1+4.9 27.4+4.1
COVID-19 symptoms at delivery 10 (17.5%) 0
Type of delivery-LSCS 44 (77.2%) 33 (84.6%)
Type of delivery-vaginal 13 3
Type of delivery-instrument assisted 2 0
Neonates:
No of neonates 59 39
Preterm birth 11 (18.6%) 0
Gestational age (weeks, mean + SD) 37.5+2.1 383+1.6
Birth weight (grams, mean + SD) 2699 +530 2995 +92
Respiratory distress at birth 20 (33.9%) 3(7.7%)

LSCS lower segment cesarean section

symptomatic with fever (n=6), breathlessness (n=2), sore
throat (n=2), cough (n=1) and diarrhea (n=1). One of
these patients required admission in the intensive care unit,
recovered and was discharged. Of note, 47/57 (82.4%) infec-
tions in the pregnant women were asymptomatic, the ratio
of symptomatic: asymptomatic infections being 1:4.7. Thus,
though immunocompromised, a large proportion of pregnant
women do develop asymptomatic infection.

Of the 59 neonates born to SARS-CoV-2-RNA posi-
tive mothers, 11 (18.6%) were preterm while all the
SARS-CoV-2 RNA negative women delivered full term
(p <0.005) (Table 1, Fig. 1). Preterm deliveries among
symptomatic mothers (6/10, 60%) were significantly

(a)
57 SARS-CoV-2
positive mothers
(10 symptomatic,
47 asymptomatic)

59 neonates*

I
| } |
Respiratory || SARS-CoV-2
distress at RNA

birth: 20/59 positive:
(33.9%) 2/56 (3.6%)

Anti-SARS-
CoV-2 igG
positive:
11/51 (21.6%)

Pre-term
birth: 11/59
(18.6%)

*Includes 2 pairs of twins

higher than those with asymptomatic infection (5/47,
10.6%, p <0.001). The mother requiring hospitalization in
an ICU delivered full term. No differences in the propor-
tion of preterm deliveries were found when primigravida
(5/27, 18.5%) and multigravida mothers (4/25, 16%) were
compared (p>0.1). For 5 mothers, the gravida data were
not available. Twelve neonates required respiratory sup-
port; meconium aspiration (n=23), transient tachypnea (8)
and pneumonia (1). Prolonged respiratory support was
required for one neonate with Schwartz Jampel syndrome
and not for COVID-19. Importantly, respiratory distress at
delivery that lasted for < 4 h, was higher among neonates
born to mothers with SARS-CoV-2 RNA (20/59, 33.9%)

(b)
39 SARS-CoV-2
negative mothers
(Controls)

39 neonates

| !

Respiratory || SARS-CoV-2 %nt{;SZP;R(S;-
Pre-term distress at RNA ov-2 9_
birth: 0/39 birth: 3/39 positive: positive:
(7.7%) 0/39 20/39
(51.3%)

Fig.1 Summary of clinical characteristics and laboratory investigations for neonates born to SARS-CoV-2 positive (a) and negative (b) mothers
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than the control mothers (3/39, 7.7%; p <0.001) (Table 1;
Fig. 1).

SARS-CoV-2 RNA and IgG/neutralizing
anti-SARS-CoV-2 antibodies in the neonates

Majority of the pregnant women (36/57, 63.1%) were
screened for viral RNA within 3 days of delivery while
47/57 (82.4%) were within 7 days of childbirth (Table 2).
SARS-CoV-2 RNA was detected in 1/56 (1.8%) NPS and
1/51 (1.9%) CB specimens obtained from the neonates born
to SARS-CoV-2 RNA positive mothers. These neonates
were born 9 days and 2 days, respectively after the mother’s
COVID-19 diagnosis. Both the neonates showing viral RNA
positivity were born to symptomatic mothers. Overall, the
risk of perinatal transmission was 3.6% (2/56). All the 39
CB samples collected from the control mothers were viral
RNA negative (Fig. 1.).

IgG-anti-SARS-CoV-2 positivity among neonates born
to SARS-CoV-2 RNA positive mothers was 21.6% (11/51,
Table 2) suggestive of lack/lower levels of antibodies in
majority of these mothers. Of the 9 IgG positives subjected
to PRNT, 2 with OD values < 0.8 were negative, while the
remaining were positive, with mean PRNTj titer being
42.4 +24. Both the neonates born to mothers with COVID-
19 disease 60 days prior to delivery were positive for both
IgG and neutralizing antibodies (Tables 2, 3). Surprisingly,
very high proportion of neonates born to the control moth-
ers were positive for IgG-anti-SARS-CoV-2 antibodies
(20/39, 51.3%, p <0.005) revealing prevalent asymptomatic
infection. Since the first case of COVID-19 in Pune, India
was detected on 29th March 2020, all these women were
infected during pregnancy. Of the 20 ELISA positives, 15
showed presence of neutralizing antibodies (Nabs) with
mean PRNTj, titer 72.3 +46.7. Five samples showing low
OD values in ELISA (4 <0.7 and one 1.53) were negative

for neutralizing antibodies (PRNTS5, < 10). One sample with
OD of 1.1 did show Nabs at a titer of 19.

Antibody patterns among mother-infant pairs

We could study nine mother-infant pairs (Table 3). Of these,
four mothers delivering after 1-5 days of COVID-19 diag-
nosis and their neonates were negative in ELISA and PRNT.
Four mothers were positive in both ELISA and PRNT. Of
these, three women with symptomatic infection 17 days,
2 months and 2 months before delivery were circulating
neutralizing antibodies and transferred these antibodies to
the neonates; the ratio of antibody titers in the mothers and
neonates were: 0.07, 0.3 and 0.27. The neonate of the fourth
mother (ELISA+, PRNT+) with neutralizing antibody titer
of 106 was IgG-positive but lacked neutralizing antibodies.
One mother was IgG-positive but lacked neutralizing anti-
bodies (ELISA+, PRNT-), and the neonate of this mother
was antibody-negative. Four of the mothers were IgM posi-
tive while their neonates lacked these antibodies.

Discussion

Our study confirms earlier reports of lower risk of peri-
natal transmission of SARS-CoV-2 [1]. We and others
[10] demonstrate that SARS-CoV-2 infection during the
third trimester is predominantly asymptomatic. Immu-
nomodulation to protect fetus during entire pregnancy
enhances susceptibility of a pregnant woman to various
pathogens. Despite this immunocompromised condition,
a large proportion of pregnant women do develop asymp-
tomatic infection; in our series, asymptomatic infections
were 4.7-fold higher than the symptomatic disease. In the
same setting, the ratio of subclinical and clinical SARS-
CoV-2 infection was estimated to be 1:7.8 in males and

Table 2 Relationship of duration between COVID-19 diagnosis and delivery with the detection of SARS-CoV-2 RNA and IgG-anti-SARS-

CoV-2 antibodies in the cord blood samples

Mothers

Infants

Duration between viral RNA detection and  No. of SARS-CoV-2

SARS-CoV-2 RNA IgG-anti-SARS-

delivery (No. of days)* RNA positives No. positive/No. tested (%) CoV-2 antibod-

ies
Nasopharyngeal swab Cord blood No. positive/no.

tested (%)

0-3 36 0/36 1/34 (2.9) 8/34 (23.5)

4-7 11 0/10 0/8 1/8

8-14 06 1/6 0/6 0/6

15-21 04 0/4 0/3 2/3

Total 57 1/56 (1.8) 1/51 (1.9) 11/51 (21.6)

RNA negative at delivery (controls) 0 Not tested 0/39 20/39 (51.3)

*In addition, 2 neonates born to mothers with COVID-19 60 days before delivery were positive in IgG ELISA and PRNT
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Table 3 SARS-CoV-2 RNA and antibodies in the mother-infant pairs examined

Infant

Mother

S. no

SARS-CoV-2

SARS-CoV-2 1gG

Nasal swab  Cord blood

PCR result

SARS-CoV-2 COVID-19

PRNTj, titer

SARS-CoV-2 1gG

COVID-19 Duration between COVID-19

Age (years)

(IgM) ELISA result PRNTj, titer

PCR result

Symptoms

(IgM) ELISA result

diagnosis and delivery (No. of
days)

symptoms

Negative

Negative (negative)

Negative No Negative Negative

Positive (negative)

No

27
21

Negative

Negative (negative)

Negative

Negative

Yes
TTMB

No

Negative

Negative (negative)

No

Negative

Negative (negative)

Negative

Negative

Negative

Negative (negative)

No

42
34
32
24
30
33
27

321

Negative
65

Negative (negative)

No Negative Negative

No

Negative
897

Negative (negative)

No

Positive (negative)

Negative

Not tested

Positive (positive)

17
16

Yes

Positive (negative) ~ Negative

Negative

Not tested
Negative

No

106

Positive (positive)

No

Negative
54

Negative (negative)

Negative

No

No

Negative

179

Negative (negative)

No

Positive (negative)

Negative

Not tested
Not tested

Positive (positive)

60
60

Yes

85.7

Positive (negative)

No Negative

322

Positive (positive)

No

2Delivered twins; same results for both the infants

1:1 in non-pregnant females when 82 male and 27 female
patients were studied [9]. Though significant, the differ-
ential clinical presentations in pregnant and non-pregnant
women need to be confirmed in a larger cohort. In hepatitis
E, a viral disease with high mortality in pregnant women,
the ratio of clinical and subclinical infections in the later
trimesters was found to be 1:13 [11]. For majority of the
pregnant women, duration between COVID-19 diagnosis
and delivery was <3 (36/57, 63.1%) or <7 (47/57, 82.4%)
days. Perinatal transmission was evident in one neonate
born on 2nd day (CB positivity) and another born on day
9 (NPS positivity) post-diagnosis (2/56, 3.6%). Of note,
both the mothers were symptomatic and the babies did not
develop symptoms and could be diagnosed only because
of the presence of viral RNA.

Two important observations emerged from this study.
First, the proportion of preterm deliveries was higher in the
mothers with SARS-CoV-2 infection than the control moth-
ers without viral RNA at the time of delivery (p <0.005).
Significant association of clinical disease with higher pre-
term deliveries (6/10, 60%, p <0.001) is noteworthy. A
recent study reported two to threefold increase in the risk of
preterm birth among women with symptomatic COVID-19
[12]. This was mainly attributed to medical recommenda-
tion to deliver early to improve maternal oxygenation [13].
The influence of clinical presentations on preterm delivery
needs to be carefully analyzed. Second, ~34% babies born
to infected mothers developed respiratory distress for <4 h
as against 7.7% among those born to the control mothers. In-
depth studies with larger cohorts are required to confirm this
observation and understand basis for the observed respira-
tory distress. For women with symptomatic SARS-CoV-2 in
the third trimester, a modest but significantly increased risk
of preterm delivery and intrapartum stress was recorded in
Italy [10]. Of the estimated 14.9 million preterm infants born
every year globally, India contributes to> 3.5 million with
13% annual preterm births [14]. In view of the long-term
effects of preterm birth, it would be necessary to protect
pregnant women from SARS-CoV-2 infection. Pregnant
women were not included in the clinical trials of COVID-19
vaccines. However, it is heartening to note that administra-
tion of mRNA vaccines to 84 pregnant women led to robust
humoral immunity that was comparable to non-pregnant
counterparts [15].

While writing this manuscript, an online version of a
large study conducted employing National Neonatology
Forum (NNF) of India registry, wherein various hospitals
voluntarily provide information became available [16].
Based on viral RNA positivity in the NPS specimens, peri-
natal transmission was reported in 106 (8%) and horizontal
transmission in 21 (1.5%) neonates. Amongst symptomatic
neonates, most morbidities were related to prematurity and
perinatal events.
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Another important issue is the transfer of maternal anti-
bodies that can protect the infants from SARS-CoV-2 infec-
tion. Our data revealed that when the duration between
infection and delivery was < 1 week, the transfer of maternal
antibodies was less frequent (21.4%, Table 2). Unfortunately,
we could collect blood samples from only four mothers in
this category (Table 3) and all were antibody negative. It
seems that most infants born to mothers early during disease
will remain susceptible to SARS-CoV-2 infection. However,
if the duration is 2-3 weeks (n=3) or more (60 days, n=2),
IgG and neutralizing antibodies are transferred (Table 2).
The absence of IgM in all the 4 samples tested is indica-
tive of lack of active SARS-CoV-2 infection in these neo-
nates. Transfer of vaccine-induced antibodies has also been
recently reported [15].

Our study included 39 pregnant women with negative
RT-PCR test and without history of COVID-19 as controls
for perinatal transmission. However, serologic testing of CB
samples revealed widespread asymptomatic SARS-CoV-2
infection in these women earlier during pregnancy and
extensive transfer of maternal antibodies (51.3% IgG posi-
tivity). Of note, neutralizing antibodies were present in 75%
of these ELISA positives (15/20) and their PRNTsj, titers
were higher than those among the neonates born to mothers
within 3 weeks of COVID-19 diagnosis (p < 0.05), although
the number of samples in the latter group was small. Clearly,
SARS-CoV-2 infection was highly prevalent in this popula-
tion leading to effective transfer of neutralizing antibodies
to the neonates. It seems that majority of these women were
infected much earlier before delivery and hence an efficient
transfer of antibodies was possible. Taken together, with
increased number of infections with substantial subclinical
presentation in Pune population, a significant proportion of
neonates may have neutralizing maternal antibodies. Cur-
rently correlates of protection are not known for SARS-
CoV-2. In the absence of data on the persistence of these
antibodies, one would expect at least short-term protection
against the infection. So far, maternal transfer of neutralizing
antibodies has not been reported.

A recent study based on 22 mother-cord pairs from
USA documented inefficient transfer of maternal SARS-
CoV-2-specific antibodies when compared to influenza
and pertussis [17]. ELISA was used for antibody quanti-
tation. Our study confirms this observation and extends
to neutralizing antibodies, though we could study only 5
antibody positive mother-cord pairs (Table 3). A reduction
of 3.3-13.8-fold was recorded. Transfer was evident when
maternal Nab titers were > 100. A larger cohort needs to be
studied to verify this observation.

COVID-19 remains a rare disease among infants. Chil-
dren were usually spared when the original Wuhan strain
was prevalent [2—5]. When the present study was conducted,
original SARS-CoV-2 was prevalent [18, 19]. During the

@ Springer

current second wave, increased infections among pediatric
population are being reported and mutant viruses are pre-
dominant [20-23, our unpublished observations]. It would
be necessary to examine the effect of the mutated viruses on
neonate COVID-19.

In conclusion, our results confirm increased preterm
deliveries in SARS-CoV-2 infection, clinical disease favor-
ing this outcome. Further, perinatal SARS-CoV-2 transmis-
sion was 3.6% with only 21.6% neonates receiving maternal
antibodies. Predominant asymptomatic SARS-CoV-2 infec-
tion during pregnancy led to effective transfer of antibod-
ies in 51% neonates. ~75% of the IgG positives exhibited
neutralizing potential suggestive of protection in early life.
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