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Ab s t r Ac t
Aim and objective: To establish the presence or absence of vertical transmission of SARS-CoV-2 in patients who delivered during the study period.
Study design: Cross-sectional study was conducted from May 2020 to October 2020 at dedicated COVID hospital. During the study period, 
all SARS-CoV-2-positive patients who delivered at the study institution were studied to find SARS-CoV-2 infection in newborn by intrauterine 
transmission. Newborns were screened within 60 minutes of delivery for vertical transmission of SARS-CoV-2 infection by nasopharyngeal 
swab test for RT-PCR.
Results: Two hundred one COVID positive pregnant women enrolled in the study. Two newborns tested SARS-CoV-2 positive by RT-PCR test: 
One was delivered by vaginal route and other by caesarian section. Both babies who were tested SARS-CoV-2 positive by RT-PCR test were born 
after EDD (>40 weeks) to low-risk mothers. Time interval between maternal test positivity and delivery interval was 7–14 days.
Conclusion: The rate of VT is 0.99% in our study. The possibility of vertical transmission is more in postdated pregnancy. There was no relation 
seen in our study with the severity of disease or symptoms of infection at the time of admission and vertical transmission, but it needs to be 
further studied. We did not notice the association of high-risk obstetrics conditions and vertical transmission.
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In t r o d u c t I o n
Vertical transmission (VT) of acute severe respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is of great concern for the management 
of infected antenatal patients. Systematic reviews with sample 
size ranging from 11 to 114 concluded that there is no vertical 
transmission of COVID-19.1–4 With regard to vertical transmission, 
there is emerging evidence to suggest that vertical transmission 
is possible;5 however, there are serious limitations to the available 
evidence.6 COVID-19 virus is detected in amniotic fluid, suggesting 
possible transplacental or transamniotic membrane transfer of 
infection to newborn.7 RT-PCR at birth should be able to detect 
the former mode of transmission.

Although multiple infectious vectors have been shown to 
be capable of vertical transmission, the possibility of vertical 
transmission of SARS-CoV-2 from the infected mother to the 
fetus or neonate has been a point of a recent debate. This study 
is an endeavor to find out the presence or absence of vertical 
transmission of SARS-CoV-2 in antenatal women.

MAt e r I A l s A n d Me t h o d s
Cross-sectional study was conducted from May 2020 to October 
2020 at Postgraduate Institute and YCM Hospital Pimpri, Pune 
(Maharashtra), which was declared as dedicated COVID hospital 
during the COVID pandemic. During the study period, all SARS-CoV-
2-positive (by RT-PCR/rapid antigen test/IgM antibodies) patients 
who delivered at the study institution were enrolled for the study. 

Aims
To establish the presence or absence of vertical transmission 
of SARS-CoV-2 among newborns delivered to mothers having 
antenatal SARS-CoV-2 infection. 
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Objectives
Primary: To utilize RT-PCR test in newborn for the diagnosis of 
vertical transmission 

Secondary: (1) To study the clinical profile of SARS-CoV-2-positive 
patients who delivered during the study period. (2) To find out 
vertical transmission rate among the SARS-CoV-2-positive deliveries 
if VT is present.

Inclusion Criteria
• All antenatal women delivered during the study period at our 

center who were diagnosed to have SARS-CoV-2 infection by 
appropriate test within the last 28 days of delivery. 
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re s u lts
Two hundred one COVID positive pregnant women enrolled in the 
study who fulfilled inclusion criteria. We had 64 pregnant women 
admitted as suspect for SARS-CoV-2 at the time of admission; 
however, SARS-CoV-2 test results were not available till delivery; 
these patients are excluded from the study, irrespective of their 
test result due to strict inclusion criteria of SARS-CoV-2 test 
positive before labor, for enrollment. Total SARS-CoV-2-positive 
pregnant patient treated at our center is 265, out of which 201 
fulfilled inclusion criteria. All these 201 SARS-CoV-2-positive women 
delivered 201 newborns. These newborns were screened for vertical 
transmission of SARS-CoV-2 by nasopharyngeal swab test by RT-PCR 
for SARS-CoV-2 (Table 1).

Table 2 shows that most patients were in the age-group of 
25–30 (40.2%), followed by 21–24 (34.8%). Most patients were 
from lower socioeconomic class, 110 (55%). Ninety-four (46.7%) 
patients were para 1, followed by 77 (38.3%) nullipara and 30 
(14.9%) were multipara. Out of 201 enrolled antenatal patients, 
172 (85%) women detected SARS-CoV-2 positive by RT-PCR, 27 
(13%) by rapid antigen test, and 2 (0.99%) by IgM (Table 2). Most 
patients were asymptomatic (Category A) 93.1%, while we did 
not come across severe infection requiring ventilator/BiPAP, etc., 
in our study.

Table 3 shows that out of 201 patients, 113 (56.2%) underwent 
LSCS and 85 (42.2%) were FTND, while 3 (1.4%) had instrumental 
delivery. Out of two newborns who tested SARS-CoV-2 positive 
by RT-PCR test, one was delivered by vaginal route and other by 
caesarean section. Preterm deliveries <37 weeks were 26 (12.9%), 
while rest were term deliveries 37 weeks onward. Both babies who 
were tested SARS-CoV-2 positive by RT-PCR test were born after 
EDD (>40 weeks).

Overall, two newborns were tested SARS-CoV-2 positive 
by RT-PCR after birth, which showed the possibility of vertical 
transmission of SARS-CoV-2 and vertical transmission rate in our 
study was 0.99 (%)

Obstetric high risks and other comorbidities in the mothers 
were noted. One hundred forty-eight mothers did not have any 
high-risk or comorbid conditions, while 53 patients showed high-
risk factors as mentioned in Table 4. Both babies who were tested 
positive for RT-PCR were born to low-risk mothers. Our study also 
had 10 cases of premature rupture of membrane; however, none 
of the cases showed vertical transmission. For both babies who 
were positive for SARS-CoV-2 RT-PCR test, time interval between 
maternal test positivity and delivery was 7–14 days (Table 5), while 
all babies delivered before 7 days of maternal test for SARS-CoV-2 
positivity had negative test for RT-PCR.

• Gestational age more than 28 weeks at the time of delivery is 
included in the study.

Exclusion Criteria
• Patients delivered in emergency as suspect for SARS-CoV-2; 

however, reports of the patient (positive/negative) came after 
delivery are excluded from the study.

• Refusal of consent for participation in the study.
• Gestational age less than 28 weeks 

Technique/Methodology
We conducted a prospective, single-center, cross-sectional study 
at PCMC’S PGI and YCM Hospital, Pune (tertiary teaching hospital), 
which was dedicated COVID hospital from May 2020 to October 
2020. Sample size was all pregnant women diagnosed to have 
SARS-CoV-2 infection with gestational age more than 28  weeks 
admitted and delivered during the study period of 6 months. An 
informed consent of the admitted pregnant women was taken for 
participation in the study. Data were collected in standard format, 
which included history, demographic profile, and investigations 
such as complete blood count, coagulation profile, serum ferritin, 
C-reactive protein, neutrophil lymphocyte ratio, renal function test, 
and liver function test.

Nasopharyngeal swab of newborn is collected, irrespective 
of status of newborn like live/fresh stillbirth/macerated stillbirth. 
Screening protocol for newborn is described in Flowchart 1 and  
Table 1.

Newborns were daily assessed for signs of SARS-CoV-2 infection 
till discharge. Postnatal maternal management was continued as 
per ICMR guidelines and neonatal postnatal management was as 
per MOHFW and ICMR guidelines.

Ethical Aspect
Institutional Ethics Committee approval was obtained and 
confidentiality of the data maintained throughout the study. 

Statistical Analysis
Statistical analysis was done using Epi Info7 software.

Data Collection
Data were collected in uniform, consistent, and reliable manner 
by trained qualified doctors with the use of standard proforma. 
Key variables such as age, parity, duration of gestation, physical 
examination, results of routine laboratory and profile for  
COVID-19, mode of delivery, antepartum high risk, neonatal 
RT-PCR swab reports and complications and intrapartum events 
were recorded.

Flowchart 1: Flow diagram of study participants
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dI s c u s s I o n
Vertical transmission is the passage of a disease-causing agent 
(pathogen) from mother to baby during the period immediately 
before and/or after birth.8 Transmission might occur across the 
placenta, in the breast milk, or through direct contact during or 
after birth. Vertical transmission can occur through transplacental, 
transamniotic and ascending through vaginal contaminations. 
Perinatal transmission may occur due to close contact with mother 
and through milk. Definitions for vertical transmission of COVID-19 
were given by Blumberg et al.9

Possibility of vertical transmission of SARS-CoV-2 has been 
proposed in previous studies; timing and rate of transmission 
need to be determined.10 Information about diagnosis of 
vertical transmission was limited and also controversial views 
noted in the literature regarding the possibility of vertical 
transmission. According to a systematic review by Lamouroux, 
there was no evidence of vertical transmission.5 The relative 
risks and proportions of neonatal infection made by intrauterine 
transmission of SARS-CoV-2 from either transplacental or 
ascending infection, acquiring infection during labor and delivery, 
or following delivery from the mother, other individuals or the 
environment remain unknown.11

The f irst case of vertical transmission from mother to 
newborn was reported on March 26, 2020, in Wuhan China.10 
They had detected IgM antibodies in the newborn within 2 hours 

Table 1: Neonatal testing protocol

Place In operation theatre/labor room
Site Newborn nasopharynx
Time Within 60 minutes of delivery
Collection By pediatric resident doctor wearing full PPE and 

trained in swab collection

Table 2: Demographic and clinical profile of COVID-19 positive mothers

 Number Percentage
Age-group
<20 16   7.9
21–24 70 34.8
25–30 81 40.2
31–35 26 12.9
>36 8   3.9
Socioeconomic status
High 27 13.4
Middle 64 31.8
Lower 110 55.7 
Parity score
0 77 38.3
1 94 46.7
2 or more 30 14.9
Test used for diagnosis of maternal infection
RT-PCR 172 85.5
Rapid antigen 27 13.4
IgM 2   9.9
COVID severity in mothers as per ICMR classification
Asymptomatic 187 93.1
Mild 14   6.9
Moderate 0 0
Severe 0 0

Clinical management protocol: COVID-19 Government of India Ministry 
of Health and Family Welfare Directorate General of Health Services (EMR  
Division) Version 5 03.07.20

Table 3: Obstetric outcome and neonatal COVID test results

Mode of delivery (N = 201) Newborn positive 
LSCS  113* (56.2%) 1
FTND      85* (42.2%) 1
Instrumental     3 (1.4%) 0
Gestational age at the time of delivery 
(N = 201)
28–34.6 weeks     6 (2.9%) 0
35–36.6 weeks    20 (9.9%) 0
37–39.6 weeks    157 (78.1%) 0
>40 weeks 18** (8.9%) 2
No. of newborns screened and RT-PCR positive test results
Newborns screened RT-PCR positive Overall RT-PCR  

positivity rate 0.99%201 2
*Out of two newborns tested positive by RT-PCR test, one was delivered 
by LSCS and other had full-term normal delivery; **Two newborns tested 
positive by RT-PCR test were delivered after EDD (G. age >40 weeks)

Table 4: Associated obstetric high-risk condition

Condition Number

Newborn test

Negative Positive
Preeclampsia 7 7 0
Abruptio placenta 2 2 0
Diabetes/gestational diabetes 1 1 0
PROM/PPROM 10 10 0
Previous LSCS 14 14 0
Oligohydramnios 5 5 0
Anemia 14 14 0
No high risks/comorbidities 148 146 2

N  ≥201 as one patient can have more than one comorbidity/ 
high-risk condition

Table 5: Date of test mother and time of delivery*

Days from test result Number of patients 

Newborn test

Negative Positive 
1 35 35 0
2 13 13 0
3 18 18 0
4 15 15 0
5 12 12 0
6 13 13 0
7 11 10 1
8–14 45 44 1
15–21 17 17 0
21–28 22 22 0

*Time interval between maternal diagnosis of COVID infection and time till 
delivery and test of newborn
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transmission in the first trimester than in the second and third 
trimester on the basis of ACE2 receptor expression. Expressed 
ACE2 receptors in maternal–fetal tissues may cause transmission, 
maternal viremia exposes virus to syncytiotrophoblast and 
cytotrophoblast receptors favoring transmission. Fetal capillary 
endothelium and erythroid cells ACE2 will need to be exposed 
to viruses to infect the fetus. This indicates that placenta, even if 
infected with SARS-CoV-2 in normal physiological state, effectively 
acts as a barrier for SARS-CoV-2.22 So, VT by hematogenous 
route is less likely to occur in early pregnancy where the natural 
fetoplacental barrier is fully functional. 

Transamniotic mode is possible as COVID-19 is detected in 
amniotic fluid infecting mucous membrane of fetus.7 There may 
be possible transmission by ascending mode due to breach 
of natural placental barriers by infection or ruptured amniotic 
membrane exposing maternal vaginal secretions, which contain 
virus.23

The SARS-CoV-2 genome is found in umbilical cord blood, the 
vaginal mucosa of a pregnant woman, and in at-term placenta.24 
Evidence of SARS-CoV-2 RNA is found in milk specimens.7,24 Data 
indicate that in utero vertical transmission is possible in SARS-CoV-
2-positive pregnant women.

In addition, weeks of gestation may have an effect on vertical 
transmission. Our two cases of VT were delivered after crossing the 
expected date of delivery. There may be aging of natural placental 
barrier in postdated pregnancy or amniotic fluid leakage having 
the virus particle is a possible route of transmission, however needs 
detailed evaluation.

Both the mothers having newborns infected through VT did 
not have any high-risk conditions like preeclampsia, gestational 
diabetes, PROM, and chronic hypertension. So, these high-
risk obstetrics conditions may not be influencing the vertical 
transmission. 

Neonatal course was uneventful for non-COVID as well as  
COVID positive newborn in our study. Review by Di Mascio et al. 
found that early gestational age at infection, maternal ventilatory 
supports, and low birthweight are the main determinants of adverse 
perinatal outcomes in fetuses with maternal COVID-19.25,26

In our study, we have documented only one mode of vertical 
transmission that is intrauterine transmission; other modes 
of transmission like intrapartum and immediate postnatal 
transmission require repeated nasopharyngeal swab of newborns 
taken at regular interval after delivery. This study may initiate 
further hypothesis for other researchers to correlate vertical 
transmission with the severity of diseases and other modes 
of vertical transmission by larger sample size or carrying out 
multicenter study.

co n c lu s I o n
We conclude that vertical mode of transmission exists in SARS-
CoV-2 in pregnancy and vertical transmission rate of 0.99% is 
observed in our study. Vertical transmission was more common 
in postdated pregnancy; we could not find association with other 
obstetric high risks such as premature rupture of membrane with 
vertical transmission. 

Strength of Study
Our study is carried out in the COVID dedicated hospital where 
facilities for COVID positive patients’ delivery, NICU and ICU as 
well as laboratory facilities were available within campus 24 by 7 
by qualified professionals.

of birth. Studies before these case reports did not find the proof 
of vertical transmission.5,12,13 In systematic review by Yang in 33 
studies involving 83 neonates delivered to SARS-CoV-2 infected 
mothers, 3 neonates were positive by RT-PCR at 16, 36, 72 hours 
of birth and another 6 had elevated virus-specific antibodies. 
Zeng et al. reported 3 out of 33 neonatal COVID infections due 
to possible vertical transmission.13 In a review by Pettirosso E of 
60 articles, 19 neonates were reported to be SARS-CoV-2 positive 
after birth confirmed by reverse transcription polymerase chain 
reaction of nasopharyngeal swabs.14 In another review of 21 
articles studying 86 neonates tested for vertical transmission 
by Ashraf et al., 4 newborns were positive for RT-PCR COVID, 3 
were tested by nasopharyngeal swab, and 1 by amniotic fluid 
positive.15

In our study, SARS-CoV-2 infection was predominantly seen in 
25–30 years age-group (40.2%) and most were primipara (46.1%); 
findings were similar to study by Nayak et  al.16 Maternal COVID 
infection was diagnosed mainly by RT-PCR test as it was the only test 
available in India at the beginning of pandemic and IgM antibody 
and rapid antigen test were subsequently available and were 
utilized for maternal COVID-19 infection diagnosis. Majority of our 
patients were asymptomatic (93.1%), and few had mild symptoms 
(6.1%); these findings are in contrast with the review of SARS-CoV-
2-positive antennal women by Yang et al., where majority had fever 
(87.5%) as presenting symptoms.3

Most of our patients (113 patients that is 56.2%) delivered by 
caesarean section for obstetric indication, finding similar to other 
studies.2,16 A large number of patients were full term at the time 
of diagnosis of SARS-CoV-2, similar to study by Nayak et al. This 
may be due to initial government guidelines to screen only full-
term antenatal women for SARS-CoV-2 infection at beginning of 
the pandemic. Testing was also performed for all symptomatic 
antenatal women, irrespective of gestational age. RT-PCR of the 
nasopharyngeal swab of the newborn was utilized throughout 
the study for uniformity in protocol (Table 1). In our study, two 
newborns detected SARS-CoV-2 positive were delivered after 
40 weeks of gestation. The rate of VT is 0.99% in our study. Preterm 
deliveries contributed to (12.9%) of total deliveries, and all preterm 
newborns showed negative RT-PCR test for SARS-CoV-2. Our study 
had sufficiently large sample size as compared to previous studies 
in the literature. Similar study with small sample size also showed 
the positive newborn nasopharyngeal swabs taken within hours 
of birth.17,18 We have collected nasopharyngeal swabs immediately 
after birth or at least within 1 hour of birth so as to avoid false-
positive results by the colonization of virus from environmental 
(nosocomial source). RT-PCR is considered the gold standard for 
diagnosis of COVID-19 as per available literature. 

To confirm the mechanism of vertical transmission by 
transplacental route will require immunohistochemistry of placenta 
for the confirmation of the presence of viral antigen by in situ 
hybridization.11 For hematogenous spread prolonged and intense 
viremia in maternal blood is must. One study showed 15% viremia 
in adults COVID patients.19

As per published data for SARS-CoV-2 infection to occur, 
ACE 2 receptor is essential to get infection to establish. As per 
Lamouroux, vertical transmission is not possible in the first 
trimester due to non-expression of angiotensin-converting 
enzyme receptor 2 (AEC2) expression in maternal–fetal interface.5 
Between 6 and 16 weeks, ACE 2 receptor expression is detected.20 
However, its expression is seen in later trimesters including in 
placenta and fetal organs.21 So, there is less possibility of vertical 
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Weakness of the Study
This being hospital-based study, our results are based on the 
cases which are admitted to the hospital, while community-based 
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protocol in this study. 
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