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Abstract
Objective. This study aimed to perform a systematic review of existing literature to assess the outcomes of
pregnancy in women with COVID-19 infection and their newborns while estimating the possibility of vertical
transmission.
Materials and methods. We conducted a systematic literature research using Pubmed and Google Scholar covering the period from December 2019 to 20th of November 2020. The review was conducted in accordance with PRISMA guidelines.
Outcomes. We included 16 studies – systematic reviews and meta-analyses published between May 2020
and November 2020 – which focused on perinatal outcomes of pregnant women with COVID-19 and 7 case
reports of neonates with congenital transmission of COVID-19. Overall, the rate of COVID-19 cases in neonates of COVID-19 positive mothers was 3% with 95% CI [1.86, 4.24]). The preterm birth rate was 16.4%
with 95% CI [10.5, 22.3] and the rate of stillbirths and foetal deaths was 1.4% (11 studies, 0 to 4.8%). From
the 7 newborns with proved vertical transmission, majority were born preterm, with good birth weight and
APGAR score and heterogenous symptoms; 4 developed severe symptoms. Overall progress and evolution
for both mother and newborn was good.
Conclusions. COVID-19 impact on pregnancy outcome is similar to general population in regard to preterm
rate and stillbirth rate. Vertical transmission is possible and it seems to occur in about 3% of cases. Overall
maternal and perinatal outcome is favourable and clinical presentation of in utero transmission of SARSCoV-2 in newborns is heterogenous.
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INTRODUCTION
On 11th of March 2020 the new coronavirus infection was declared a global pandemic by World Health
Organization (WHO). Cumulatively as of 15 November 2020, 53.7 million confirmed cases and 1.3 million deaths have been reported to WHO (1).
Worldwide, there are about 210 million pregnancies annually with an estimated number of 170 million births (2).

It is well known that the physiological changes
that occur during pregnancy make the woman vulnerable to severe infections and the pregnant women
have been considered a delicate group during the
novel pandemic, as little information has been available, especially early in the pandemic.
Data on maternal and neonatal outcomes of pregnant women infected with SARS-CoV-2 are scarce,
mainly limited to case reports, case series or reviews.
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Clinical management guidelines are continuously
evolving and any piece of information is valuable.
However, as publications are coming from all over
the world as soon as possible, it is understandable
that the data is not systematised, thus making it difficult to interpret and questioning the reliability.

Relevant clinical information about neonates and
pregnant women was extracted from studies included
and was summarized in separate tables. The outcomes of pregnancies in women SARS-CoV-2 positive were pulled. The mother was considered to have
COVID-19 infection if the RT-PCR from nasopharyngeal swab was positive. Neonate was considered to have COVID-19 infection if the RT-PCR
from nasopharyngeal/oropharyngeal swab of the infant, blood/umbilical cord or amniotic fluid or placental biopsy was positive.

OBJECTIVE
We conducted a systematic review of available
published papers on SARS-CoV-2 outcomes in pregnancy, with focus on neonatal effects and vertical
transmission.

METHODS
Search strategy and study selection
We conducted a systematic literature research using Pubmed and Google Scholar covering the period
from December 2019 to 20th of November 2020. We
used the following terms for search: COVID-19,
pregnancy, congenital, perinatal, neonates/neonatal,
vertical transmission. The titles and abstracts were
reviewed by the authors in order to determine their
relevance. Inclusion criteria were: articles written in
English, laboratory confirmed COVID-19 infection
in either pregnant woman or neonate with information regarding neonatal and maternal outcomes.
Quality assessment on the included articles was not
performed in order not to limit the data available
even too scarce in the literature. Exclusion criteria
included: cases not confirmed COVID-19, unreported maternal or neonatal outcomes. The systematic
reviews found in the literature have already included
the case reports and case series available, therefore
we did not analyse individually each case series or
case reports, but pooled all the reviews data. In regard to vertical transmission, we gathered all reports
available and analysed each one.

Data extraction and synthesis
The review was conducted in accordance with
PRISMA guidelines. The literature search returned
474 papers which were screened by title and abstract
initially followed by retrieving full text where appropriate. Duplicates were identified through an independent manual screening. As the studies are very
heterogenous, statistical analysis was not attempted,
but the authors chose a narrative approach for reliable report of data available.

RESULTS
Rates of COVID-19 in neonates of women
COVID-19 positive
We included 16 studies – systematic reviews and
meta-analyses published between May 2020 and
November 2020 which focused on perinatal outcomes of pregnant women with COVID-19. The
number of studies analysed by each of the systematic
reviews that we included ranged from 11 to 77. The
number of pregnant women included in the studies
was between 68 and 11,432, with a total number of
27,546 (two studies did not report the number of
pregnant women included, as the aim was to determine neonatal outcome, not maternal outcome).
The total number of neonates tested for COVID-19
was 5,906; according to each study analysed, it
ranged between 46 and 1,992. The total number of
COVID-19 positive neonates was 209. Overall, the
rate of COVID-19 cases in neonates of COVID-19
positive mothers was 3% with 95% CI [1.86, 4.24]);
this was reported by 15 studies, and rates were ranging from 0 to 7%. Data is summarised in Table 1.

Outcomes of pregnancy in COVID-19 positive
women
Data on gestational age at birth was reported by 9
of the 16 studies included. Overall preterm birth rate
was 16.4% with 95% CI [10.5, 22.3].
In pregnant women who tested positive for COVID-19, the overall rate of stillbirths and foetal deaths
was 1.4% (11 studies, 0 to 4.8%).
The overall rate of neonatal deaths was 0.5% (12
studies, 0 to 2%).
Data on maternal deaths was only reported by 2
studies – rate 0.4% and 4.1%.
All informations are detailed in Table 1.
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Characteristics of neonates with vertically
transmitted COVID-19
We included in our review 7 case reports of neonates with vertical transmission of COVID-19. In
total, 7 neonates with evidence of transplacental
transmission were reported between March and September 2020 in: China, Iran, Canada, France, Germany, Saudi Arabia, USA. The sex ratio is 5:2 female to
male newborns. The majority of newborns n = 5/7
were born by caesarean section. Preterm birth occurred in n = 6/7 cases, at a gestational age of 32
weeks to 35 weeks, with a median of 34 weeks. Birth
weight was appropriate for gestational age for all
newborns, ranging between 2,350 g and 3,280 g.
APGAR score was on the highest side for six newborns, respectively between 7 and 9 at 1 minute and 8
and 10 at 5 minutes. One baby received an APGAR
score of 4 at 1 minute followed by 2 at 5 minutes.
Majority of newborns (n = 6 out of 7) were admitted
toneonatal intensive care unit (NICU) shortly after
birth, respiratory support (n = 1), neonatal resuscitation (n = 1), encephalitic symptoms (n = 1), hypoglycaemic episodes (n = 1), management of prematurity
(n = 2). All these informations are presented in Table 2.
The symptoms of neonates with transplacental
COVID-19 transmission are quite heterogenous.
Three newborns had none/mild symptoms as follows:
asymptomatic presentation (n=1), fever as only
symptom (n = 1) and fever plus minor respiratory
symptoms (n = 1). Four newborns had a severe presentation: one had severe respiratory distress with persistent pulmonary hypertension, one had persistent
hypoglycaemia, hypothermia and feeding difficulties
and two developed neurologic symptoms – in one
case encephalitic signs started at 24 hours of life followed by respiratory distress at 80 hours of life while
in the other case reported, neurologic signs (irritability, poor feeding, axial hypertonia, opisthotonus)
started at 72 hours of life and MRI showed bilateral
gliosis of the deep white periventricular and subcortical matter.
In regard to diagnosing vertical transmission of
COVID-19, four of the cases had PCR positive for
COVID-19 from amniotic fluid, placenta and nasopharyngeal swab at 24 hours, one case had placental
swab and nasopharyngeal swab positive; in one case
nasopharyngeal and rectal swab were positive. One
case had repeated nasopharyngeal aspirate negative
but positive IgM COVID-19 at 2 hours of life and
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TABLE 2. Characteristics of neonates with vertically transmitted COVID-19
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Neonatal EarlyOnset Infection With
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Newborn Presenting
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Symptoms
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persistent; PCR of placenta/amniotic fluid were not
performed.
Neonatal outcome was good in majority of cases,
six newborns being discharged home in less than one
month. One newborn who suffered from respiratory
distress syndrome, cardiorespiratory failure, persistent pulmonary hypertension died on day 11.
Analysing the characteristics of the mothers of the
cases reported, we found that the age range was 22
years to 40 years, with three women aged < 30 years
old, three women aged > 35 years old and in one case
the age was not reported. Four mothers experienced
minor symptoms: fever, mild respiratory symptoms
along with loss of smell and taste in one of the cases
and diarrhoea in another case. Three of the pregnant
women presented with respiratory distress and fever
and among them, one case associated vaginal bleeding. Six mothers recovered and were discharged
home with their babies. One of the women who presented with respiratory distress deteriorated and died
on day 19.

APGAR score and weight at birth. The symptoms
were very heterogenous, with three newborns having
mild symptoms (fever/minor respiratory symptoms)
and four newborns developing severe symptoms.
Interestingly, only one case exhibited severe respiratory picture with pneumonia and pulmonary hypertension, which is the usual presentation for severe
COVID-19 in adults. In a study by Zhu et al. (28), 6
out of 10 infants born to COVID-19 mothers experienced respiratory symptoms, although all their PCR
test were negative. Two of the newborns presented
neurologic symptoms with onset at more than 24
hours of life and imaging evidence of brain changes
in one case – bilateral gliosis of the deep white
periventricular and subcortical matter.
In regard to assessing the modalities of diagnosing in utero transmission, we noted that according to
availability of tests in each centre the data is variable.
Most of the infants described in this review demonstrated SARS-CoV-2 virus in placenta and amniotic
fluid along with nasopharyngeal swabs from neonates. One of the studies reported histologic findings
of cytoplasmic staining for the SARS-CoV-2 nucleocapsid protein by immunohistochemistry and demonstrated viral particles by electron microscopy in
the syncyiotrophoblastic cells strongly suggesting in
utero transmission (25). In this particular case report
the pregnant woman experienced premature rupture
of membranes and the baby was born by vaginal delivery. Therefore, transmission could have occurred
due to ascending infection and primary involvement
of maternal gastrointestinal tract or by hematogenous
spread during viremia caused by initial infection.
Shanes et al. analysed 16 placentas of COVID-19
women who gave birth and found an increased rate of
maternal vascular malperfusion, most prominently
decidual arteriopathy including atherosis and fibrinoid necrosis and mural hyperthrophy of membrane
arterioles. These changes have been associated with
oligohydramnios, fetal growth restriction, preterm
birth and stillbirth. However, none of the placentas in
Shanes et al. study were tested for SARS-CoV-2 viral
RNA and all infants have had a PCR swab test negative (29).
Four out of seven cases in our review had placental PCR, amniotic fluid and NPA of newborn positive. One case report published early in March 2020
did not have PCR of placenta/amniotic fluid performed but IgM antibodies were positive at 2 hours
of life and on multiple repeated samples (19).

DISCUSSION
Our comprehensive review of studies describing
SARS-CoV-2 infection in pregnancy, maternal and
neonatal outcomes had analysed a high number of
pregnant women COVID-19 positive and showed
that the incidence of vertical transmission of COVID-19 was 3%.
The outcomes were similar to general population.
Preterm rate in pregnant women with COVID-19 infection was 16.4%, comparable with the global incidence of 5-18% in the general pregnant population
(26).
The rate of stillbirths was 1.4%, lower to the one
in general population – 1.8%; although, majority of
stillbirths are reported in low-income countries,
while the studies included our review have come
mainly from developed countries (26). However,
these rates should be validated in bigger samples, and
it is arguable that insufficient information about the
causes of preterm or stillbirth is provided in order to
draw definite conclusions. General worldwide
screening and matched control studies should be performed to strengthen the findings (27).
Analysing the case reports of proved vertical
transmission of SARS-CoV-2 virus, we found that
although majority of neonates were born preterm,
they were late preterm (> 34 weeks GA) with good
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The evolution of newborns was good, 6 out of 7
recovered and were discharged in 3-21 days. One
death was reported and it was likely caused by the
severe respiratory symptoms associated with pulmonary hypertension. In this case, prematurity could
have contributed to the respiratory distress; however,
the contribution of SARS-CoV-2 to lung pathology
through angiotensin-converting enzyme 2 receptors
is a plausible option.
Interestingly, 4 out of 7 pregnant women experienced mild symptoms (fever, cough or diarrhoea)
while the other 3 presented with respiratory distress,
one of them associating vaginal bleeding. The progress and outcome was good in 6 out of 7 cases,
mothers being discharged home. In one case – a 22
years old pregnant woman which presented with
acute respiratory distress death was reported; this
was attributed to severe respiratory disease requiring
ventilation and also to late presentation to the hospital, on day 4 of symptoms. World Association of Perinatal Medicine (30) reported a death rate of 0.4%
among pregnant women with COVID-19 while Allotey et al. (3) found that increasing maternal age,
high body mass index and pre-existing comorbidities
are risk factors for severe COVID-19 in pregnant
women – conditions similar to risk for severe disease
in general population.
Vertical transmission is estimated at 3% and it can
by hypothesised that this is compatible with recent
data reporting that placental cells coexpressing ACE2
and TMPRSS2 proteins required for SARS-CoV-2
cell entry are rare (31).
However, multiple questions remain unanswered
at this point, such as what is the relation between se-

vere COVID-19 disease in pregnancy and vertical
transmission, long term effects of COVID-19 in newborns.

Strengths and limitations
Firstly, our review addresses very important clinical and research questions while there are uncertainties in regard to maternal and neonatal outcome of
pregnancy in COVID-19 positive women, and equally important if vertical transmission is possible and
what is the outcome.
We acknowledge that at the moment the scientific
and medical world are keen to learn more about effect of COVID-19 as soon as possible in order to prevent and prepare for severe consequences. In light of
this, many papers papers published on fast track and
some might duplicate the information or mis-interpret. Hence, our review is looking at summarising
and analysing reliable data from quality studies, only
laboratory confirmed cases in order to provide some
reliable answers.
One limitation is that not all studies have assessed
same variables, therefore some results will be based
on limited numbers of reports.

CONCLUSIONS
COVID-19 impact on pregnancy outcome is similar to general population in regard to preterm rate and
stillbirth rate. Vertical transmission is possible and it
seems to occur in about 3% of cases. Overall maternal and perinatal outcome is favourable and clinical
presentation of in utero transmission of SARS-CoV-2
in newborns is heterogenous.
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