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ABSTRACT 

Introduction: The pandemic caused by coronavirus disease 2019 
has adversely affected the health of all individuals including 
pregnant women. The susceptibility of pregnant women and their 
foetuses to severe acute respiratory syndrome coronavirus 2 
infection is not clearly known. The objective of this review is to 
summarise the available evidence on foetal and neonatal outcomes 
of pregnant women with confirmed coronavirus disease 2019. 
Methods: The review was conduced by searching the PubMed and 
MedRxiv databases for studies reporting outcome of pregnancy with 
confirmed coronavirus disease from December 2019 to April 2020 
using combination of terms "pregnancy", "coronavirus disease 
2019", "foetal outcome" and "neonatal outcome". Only peer 
reviewed articles reporting outcome of pregnancy with confirmed 
coronavirus disease 2019 were included in the review irrespective of 
language. Ongoing pregnancies, induced abortion, and pregnancies 
without outcome were excluded from analysis. Variables extracted 
and analysed included gestational age at delivery, mode of delivery, 
foetal and neonatal outcome.  
Results: In total, 21 studies consisting 230 pregnant women 
including three twin pregnancies were enrolled in the study. Fever 
and cough were the most common symptoms reported in pregnant 
women. One hundred and sixty-two (70.4%) pregnant women 
underwent cesarean section and there were 68 (29.6%) preterm 
deliveries. Eight babies tested positive out of 161 newborns that 
were tested for coronavirus infection. Among adverse outcomes 
reported, there were two miscarriages, two still births and only one 
neonatal death. 
Conclusions: Outcome of pregnancy with coronavirus disease 2019 
in late trimester appears to be favourable. Occurrence of preterm 
delivery and cesarean section appear higher among infected 
pregnant women in comparison to general population. There was no 
conclusive evidence of vertical transmission. 
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INTRODUCTION 
The growing pandemic of coronavirus disease 2019 
(COVID-19) has posed a new threat to all humans 
worldwide with naive immune system to fight 
against it. COVID-19, which was first reported in 
Wuhan, China in December 2019, is caused by 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) belonging to the coronavirus genus. 
Coronaviruses (CoV) are enveloped, non-
segmented, positive sense single stranded 
ribonucleic acid (RNA) virus surrounded by a 
protein envelope, belonging to the family 
Coronaviridae.1 Clinical spectrum of COVID-19 
ranges from asymptomatic and cold like symptoms 
to severe pneumonia, even causing multi-organ 
failure and death especially in elderly population 
and those with co-morbidities.  

Pregnant women consist of typically vulnerable 
group to infectious diseases, not only because they 
have exaggerated disease manifestations but also 
due to detrimental impact on their obstetric and 
neonatal outcome.2 Altered cell-mediated immune 
functions make pregnant women more susceptible 
to infections. The physiological and anatomical 
changes leading to cardiopulmonary alternations in 
pregnant women further attenuate their ability to 
compensate for respiratory disorders.3 Moreover, 
infection in mother put their unborn foetus at high 
risk, particularly due to the immature innate and 
adaptive immune system. SARS (Severe Acute 
Respiratory Syndrome) and MERS (Middle East 
Respiratory Syndrome) caused by other viruses 
from the coronavirus family were associated with 
poorer outcomes during pregnancy like abortion, 
intrauterine foetal growth restriction, preterm 
delivery and maternal mortality.4 However, 
information about the outcome of pregnancy with 
COVID-19 is limited. Result is based on handful of 
case reports and series, with diverse findings. 
Definite evidence of vertical transmission of this 
infection has not been confirmed yet. There is also 
concern regarding role of neonates in transmission 
of infection to others. Understanding the 
implication of neonatal COVID-19 infection is 
critical in the development of guideline for this 
population.  

The main objective of this review is to analyse the 
published literature reporting foetal and neonatal 
outcome of pregnant women with confirmed 
COVID-19 and provide the scientific information 
in a concise manner to guide the management and 
preventive care of COVID-19 in newborns.  

METHODS 
We conducted literature search using PubMed and 
MedRxiv from December 2019 to April 2020 using 
the following search items: "pregnancy", 
"coronavirus disease 2019", "foetal outcome" and 
"neonatal outcome". Among identified studies, peer 
reviewed full-text articles including original data 
were retrieved for inclusion criteria. Additional 
relevant studies were searched manually. Eligibility 
criteria included laboratory confirmed COVID-19 
pregnant women with availability of information on 
pregnancy outcome: foetal and / or neonatal. 
Laboratory-confirmed case of COVID 19 was 
defined as a positive result on reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) on maternal 
respiratory tract specimen. No restriction regarding 
the publication language or date was applied. 
Exclusion criteria were: pregnancies with suspected 
COVID-19 that were not confirmed by the 
laboratory test, ongoing pregnancy, unreported 
foetal and neonatal outcomes, induced abortions. 
Review articles, recommendations, narratives, and 
study suspicious of duplicate reporting were 
excluded for analysis. 

Articles were independently screened by authors 
for validity of inclusion criteria. All the shortlisted 
articles were read thoroughly by all three authors 
and inclusion of the article for the review was 
based on the consensus among the authors. 
Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) guidelines were 
considered but not strictly adhered to. 

Data on gestational age at delivery, mode of 
delivery, neonatal birth weight, Apgar scores, 
ve r t i ca l t r ansmiss ion , newborn c l in ica l 
presentations, foetal and neonatal outcome, 
neonatal intensive care unit (NICU) admissions and 
diagnostic tests was collected. To evaluate the 
degree of vertical transmission of COVID-19, 
subgroup analysis was carried out by compiling the 
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data describing SARS-CoV-2 testing by RT-PCR in 
different maternal and neonatal samples.  

Statistical analysis was done with SPSS version, 
20. Variables were expressed as number of cases 
and percentages (%). 

RESULTS 
Twenty-one articles published from December 
2019 through April 2020 reporting outcome on 230 
pregnant women with COVID-19 including three 
twin pregnancies were selected for full-text review 
after screening and assessment of eligibility. The 

articles were composed of case reports (n = 7), case 
series (n = 8), cohort studies (n = 3) and case-
control studies (n = 3). The majority of the studies 
were conducted in China (n = 13),5-17 but reports 
from United States (n = 3),2,18,19 Spain (n = 1),20 
Italy (n = 1),21 Portugal (n = 1),22 Switzerland (n = 
1),23 and Canada (n = 1)24 were also included. 
About half (50.9%) of the total pregnant women 
with COVID-19 were from China.  

The flow diagram of study selection process and 
foetal and neonatal outcome is summarised in 
Figure 1. 
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Figure 1. An outline of foetal and neonatal outcome 
* excluded from the study 
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Maternal characteristics and mode of delivery: 
Maternal age of included cases ranged from 18 to 
44 years. Of 230 pregnant women with COVID-19, 
48 had severe (n = 23) and critical (n = 25) disease. 
Fever and cough were the two most common 
symptoms reported by pregnant women. A three-
tiered disease severity category defined by Wu and 
McGooganet et al.25 was used as follows: mild ("no 
pneumonia and mild pneumonia"), severe 
("dyspnea, respiratory rate > 30/min, blood oxygen 
saturation < 93%, partial pressure of arterial 
oxygen to fraction of inspired oxygen ratio < 300, 
and/or lung infiltrates > 50% within 24 to 48 
hours"), and critical ("respiratory failure, septic 
shock, and/or multiple organ dysfunction or 
failure"). 

All except two pregnant women were in their third 
trimester. Laboratory diagnosis of COVID-19 in 
225 pregnant women was made before the delivery 
and remaining five were diagnosed within 36 hours 
after delivery. Amongst all deliveries, 163 (70.9%) 
deliveries were full term and 67 (29.1%) were 
delivered prematurely (< 37 weeks of gestation). 
Among preterm deliveries, nine were associated 
with premature rupture of membrane (PROM). 
Placental abnormality included placental abruptio 
in three and placenta previa in one. Intrauterine 
foetal distress was seen in nine pregnant women. 
Of all the pregnant women with COVID-19 who 
gave birth, 70.4% (n = 162) had gone through 

cesarean section and the rest (n = 68) were vaginal 
delivery.       

Adverse fetal and neonatal outcomes:  
Out of 230 pregnancies with COVID-19 including 
three twin sets (babies, n = 233), there were 229 
live births, two still births and two miscarriages. 
Apgar score information was available for 120 live 
newborns with score being > 7 in 95% of the cases. 
Thirteen out of 74 newborns, with birth weight 
record, weighed less than 2500 gm. Adverse 
outcome reported is summarised in table 1. Thirty-
four babies out of 229 live births were admitted and 
treated in NICU.18-21,24 Reasons for NICU 
admission were prematurity (n = 21), RDS of 
prematurity (n = 8), TTN (n = 1), RDS (n = 1), 
pneumonia (n = 1), haemolytic anaemia (n = 1), 
and recurrent hypoglycaemia (n = 1). Among all the 
neonates admitted to NICU, seven (RDS of 
prematurity = 6 and pneumonia = 1) were 
mechanically ventilated. 

Baud et al.23 reported a spontaneous miscarriage in 
a symptomatic primigravidae at 19 week's gestation 
that appeared related to placental SARS-CoV-2 
infection. Similarly, Wu et al.14 reported a case of 
missed abortion in a primigravidae with mild 
symptoms at 5+1 weeks of gestation. Two papers2,11 
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Table 1. Adverse outcome reported in pregnant 
women with COVID-19 

Adverse outcome Number (n)

Miscarriage 2

Still birth 2

Preterm neonate delivery 69

NICU admission 34

Neonatal pneumonia 14

Respiratory distress syndrome 11

Birth asphyxia 2

Transient tachypnea of newborn 1

Mechanical ventilation 7

Neonatal death 1

Table 2. Maternal and neonatal samples tested for 
SARS-CoV-2 and their result 

Type of specimen Total no. 
tested

Positive 
result

% of 
positive 
result

Neonatal naso/
oropharyngeal swab

160 8 5%

Maternal vaginal 
swab

16 1 6.3%

Placenta 13 2 15.4%
Breast milk 12 2 16.7%
Maternal stool 9 1 11.1%
Cord blood 8 0 0
Amniotic fluid 8 0 0
Neonatal anal swab/
stool

8 1 12.5%

Neonatal blood 4 2 50%
Fetal tissue 2 0 0
Umbilical cord 
tissue

1 0 0



! !
Review Outcome in Pregnant Women with COVID-19; Shrestha R et al.

reported one case of still birth in each. One study11 
reported a case of still birth in a 31 years old 
symptomatic mother at 34+ week's gestation who 
required admission in intensive care unit (ICU) 
with multiple organ dysfunction syndrome 
(MODS) including acute respiratory distress 
syndrome (ARDS) prompting mechanical 
ventilation, acute hepatic failure, acute renal 
failure, and septic shock. Another study reported 
one still birth at 38+ weeks of gestation of unknown 
etiology.2 Two cases of birth asphyxia were 
reported. One case of neonatal death following 
birth asphyxia was reported by Li et al.9 The 
mother of this neonate developed acute respiratory 
distress syndrome (ARDS) and septic shock and 
was admitted in intensive care unit (ICU) for 
mechanical ventilation. The neonate was delivered 
by emergency cesarean section at 35+ weeks of 
gestation with birth asphyxia (APGAR of 1 at one 
minute, five minute, and 10 minute). The baby was 
mechanically ventilated and died at two hours of 
life. Respiratory distress syndrome was reported in 
11 newborns by four studies.15,19-21 Ten out of 11 
newborns with respiratory distress were delivered 
prematurely. One of the neonates born prematurely 
was diagnosed as a case of TTN.19 There was one 
case each of hypoglycaemia24 and haemolytic    
anaemia.20 

Six out of 21 studies reported pneumonia in 
newborn babies. Amongst 14 cases7,8,14,16,17,21 of 
neonatal pneumonia, three newborns tested positive 
for SARS-CoV-2 infection in their nasopharyngeal 
swabs taken one to three days after the birth. Lu et 
al.17 stated that three newborns were diagnosed 
with bacterial pneumonia based on history, 
laboratory investigations, and imaging studies. Fan 
and colleagues7 reported pneumonia in two 
neonates. One of them developed low grade fever, 
abdominal distension, and lymphopenia on third 
day. Chest x-ray revealed bilateral diffuse haziness. 
The other neonates also developed mild pneumonia 
and lymphopenia. Wu et al.14 reported two cases of 
pneumonia in premature neonates diagnosed by 
chest x-ray. Yu et al.16 reported a case of neonatal 
pneumonia that developed mild shortness of breath 
after 36 hours of birth and chest x-ray revealed 
pulmonary infection. Ferrazzi et al.21 reported a 
case of severe neonatal pneumonia that had 

respiratory symptoms after three days and had to be 
mechanically ventilated for 24 hours before 
recovery. One study reported five cases of neonatal 
pneumonia without any information on clinical 
presentation.8 All the newborns with pneumonia 
recovered after treatment. 

Details of type and number of samples tested and 
their result are described in table 2. Site of 
sampling of specimen for SARS-CoV-2 testing was 
not mentioned in two studies involving 24 
neonates13,18 and these samples were presumed to 
be neonatal throat swabs. In two studies, foetal 
tissue was tested.2,23 Of the two cases with positive 
breast milk testing, one of them tested negative on 
repeat testing after two days. In both the cases  
probable respiratory contamination of breast milk 
from the mother could not be ruled out. 

In five studies,8,16,18,21,24 eight newborn babies 
tested positive for SARS-CoV-2 in their 
nasopharyngeal samples by RT-PCR. Of all 
positive neonates, five tested positive on first day, 
one at 36 hours, one at 48 hours and one after three 
days of delivery. Three papers16,21,24 among those 
newborns who tested positive reported clinical 
manifestations. Yu et al.16 reported one newborn 
that developed mild shortness of breath on second 
day of life. Ferrazzi et al.21 reported a neonate with 
gastrointestinal symptoms few hours after birth and 
respiratory symptoms after three days requiring 
mechanical ventilation for 24 hours. Kirtsman et    
al.24 reported a newborn with mild hypothermia, 
feeding difficulty and intermittent hypoglycemic 
episodes admitted to NICU at 37 hours for 
intravenous glucose, thermoregulation and 
supportive oral feeding. One study reported 
pneumonia in a neonate with no information on 
symptomatology whereas a case reported by 
Pierce-Williams et al.18 was asymptomatic. All 
symptomatic neonates had full recovery after 
treatment.  

DISCUSSION 
In this review we analysed foetal and neonatal 
outcome of 230 pregnant women with COVID-19. 
Data retrieved from these studies showed that 
infected pregnant women had higher incidence of 
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cesarean delivery. More than two thirds (70.4%) of 
pregnant women underwent cesarean section. 

Respiratory virus infection during pregnancy seems 
to be associated with unfavourable outcomes like 
increased early trimester pregnancy loss, foetal 
growth restrictions, and foetal distress.26 In our 
review, it was not clear whether the first trimester 
missed abortion was related to maternal SARS-
CoV-2 infection or numerous other causes. 
However, the second trimester abortion was 
attributed to placental SARS-CoV-2 infection based 
on positive placental nucleic acid test for the virus 
and placental histology. 

Preterm delivery was the most common adverse 
outcome reported followed by neonatal pneumonia. 
Also, prematurity was the most common cause for 
NICU admission. The percentage of preterm birth 
observed in pregnant women with COVID-19 is 
relatively higher (29.6%) compared to 5% to 18% 
preterm birth in general population.27 Out of 48 
pregnant women with severe and critical illness, 30 
(62.5%) delivered prematurely whereas rate of 
preterm delivery in asymptomatic and mildly 
symptomatic pregnant women was only 20.3% (37 
out of 182). Hence the incidence of preterm 
delivery seems to be significantly higher in 
pregnant women with severe infection and critical 
illness. 

Available studies did not find any significant 
difference in the rate of SARS-CoV-2 positivity 
among neonates born to COVID-19 confirmed 
mother with respect to mode of delivery. However, 
only small percentage of newborns were SARS-
CoV-2 positive in the study. In addition, one mother 
tested positive for the virus in vaginal secretion that 
would increase the chance of vertical transmission 
via ingestion or aspiration during vaginal delivery. 
So, studies with large number of neonates are 
needed to confirm or refute this preliminary 
finding. 

The present studies estimate that 6.1% of all live 
born neonates delivered to COVID-19 mothers had 
pneumonia. The proportion of newborns with 
neonatal pneumonia in this review is comparable to 
that of general population with incidence of 1-10% 
including preterm.28 Except one, all cases of 

respiratory distress were associated with premature 
birth. Prematurity appears plausible explanation for 
RDS rather than the effect of maternal SARS-
CoV-2 infection. There was one neonatal death 
following birth asphyxia in critically ill mother 
with MODS and is attributed to rapidly 
deteriorating maternal condition and maternal 
infection associated inflammatory storm attacking 
on the foetal organs.  

Only eight out of 161 neonates tested positive. Of 
these positive results, samples from five neonates 
were collected within first 24 hours of birth. The 
rest were tested between two to four days so the 
possibility of horizontal transmission could not be 
ruled out with certainty in them. Likewise, of the 
five neonates who tested positive on first day of 
life, two neonates were breast fed by their SARS-
CoV-2 positive mothers without using face mask. 
In the remaining three neonates who tested positive 
on first day, all were separated from their mother 
immediately after delivery and had not contacted 
their mother prior to sample collection. However, 
only one neonate was evaluated for other 
supporting evidence of vertical transmission in the 
case reported by Kirtsman et al.24 Samples tested 
with positive result for the virus included maternal 
vaginal swab, breast milk, placenta and neonatal 
serum and stool specimen. It was described as a 
probable case as opposed to confirmed case 
because of lack of detection of SARS-CoV-2 gene 
in the umbilical cord tissue and absence of cord 
blood testing for the virus. There was one more 
report of placental positivity in second trimester 
abortion reported by Baud et al.23 that could 
suggest vertical transmission. However, other foetal 
samples including mouth swab, meconium, foetal 
blood and tissues were negative for SARS-CoV-2 
ruling out vertical transmission. One neonate born 
to COVID-19 mother in the study by Wu and 
colleagues was separately reported by Dong et al.29 
as a case of possible vertical transmission. The 
newborn had elevated IgM and IgG antibodies 
against SARS-CoV-2 in a blood sample drawn two 
hours after birth. On the contrary, the neonate's 
nasopharyngeal swab repeatedly tested negative for 
the virus on RT-PCR. PCR testing of amniotic fluid 
and placenta was not performed. Thus, definite 
evidence supporting vertical transmission of 
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COVID-19 is still lacking. However, the possibility 
of vertical transmission cannot be refuted until it is 
evaluated in larger population. 

Vertical transmission is a key concern for pregnant 
women with SARS-CoV-2 infection. Vertical 
transmission of infection usually occurs in utero by 
transfer of causative agent across the placenta or by 
ingestion or aspiration of maternal genital tract 
secretions during delivery, and in the postpartum 
period via breast milk.30 In these studies, samples 
such as placenta, amniotic fluid, cord blood, 
maternal vaginal secretions, breast milk, neonatal 
throat swab and anal swab, foetal tissue and 
umbilical cord tissue were tested for evidence of 
SARS-CoV-2 infection. These articles suggested 
that the possibility of vertical transmission of 
infection in pregnant women with COVID-19 in 
late pregnancy is trivial. However, these results 
might have been affected by small sample size, and 
gestational age at the time of infection. 

One of the strengths of our analysis is that it 
includes one of largest number of cases of 
laboratory confirmed pregnant mothers with 
COVID-19. Good proportion of severe and critical 
cases of COVID-19 pregnant women included in 
this review is our next strength. One limitation of 
our study is that, we included half data on pregnant 
women with COVID-19 from China, where the 
obstetric and neonatal management decisions 

would differ. Another limitation is that availability 
of information regarding clinical manifestations 
was sparse among newborns delivered to SARS-
CoV-2 infected pregnant mothers.  

CONCLUSIONS 
Our review concludes that the majority of the 
adverse outcomes may be related to increased 
preterm delivery and cesarean section rates, both of 
which could have occurred in usual circumstances 
depending upon maternal medical or obstetric co-
morbidities. The current evidence suggests low rate 
of morbidity and much less mortality in neonates 
born to mothers with COVID-19. Due to the lack of 
complete set of evidence and difficulty in ruling out 
maternal contamination of foetal and neonatal 
samples in very limited SARS-CoV-2 positive 
neonates born to COVID-19 positive mothers who 
were evaluated for congenital infection, vertical 
transmission has not been proven till now. 
Possibility of vertical transmission still remains the 
area for active research as it can’t be ruled out with 
certainty. With limited evidence regarding vertical 
transmission and viral shedding in genital 
secretions, vaginal delivery can be considered in 
stable patients. Furthermore, more data from larger 
studies across wide range of patients, population, 
and health care settings are needed to better assess 
the foetal and neonatal outcomes.  
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