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Novel coronavirus severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) and its pandemic disease (corona-
virus disease-2019 [COVID-19]) led the medical community
to face the risk of infection by a virus with new character-
istics of pathogenicity and diffusion. In the area of maternal–

fetal–neonatal medicine, many questions have arisen.
Among them are: how to manage neonates tested positive
for SARS-COV-2, how tomanagemotherswith COVID-19 due
for delivery and neonatal care, whether there is a maternal–
fetal transmission of the virus, whether to allow
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Abstract In spite of the increasing, accumulating knowledge on the novel pandemic coronavirus
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), questions on the corona-
virus disease-2019 (COVID-19) infection transmission frommothers to fetuses or neonates
during pregnancy and peripartum period remain pending and have not been addressed so
far. SARS-CoV-2, a RNA single-stranded virus, has been detected in the amniotic fluid, in the
cord blood and in the placentas of the infected women. In the light of these findings, the
theoretical risk of intrauterine infection for fetuses, or of peripartum infection occurring
during delivery for neonates, has a biological plausibility. The extent of this putative risk
might, however, vary during the different stages of pregnancy, owing to several variables
(physiologicalmodifications of the placenta, virus receptors’ expression, or delivery route).
This brief review provides an overview of the current evidence in this area. Further data,
based on national and international multicenter registries, are needed not only to clearly
assess the extent of the risk for vertical transmission, but also to ultimately establish solid
guidelines and consistent recommendations.

Key Points
• Questions on the COVID-19 infection transmission from mothers to fetuses or neonates during pregnancy and

peripartum period remain pending so far.
• The theoretical risk of intrauterine infection for fetuses, or of neonatal infection during delivery for neonates, has

a biological plausibility.
• A caution is recommended in the interpretation of clinical and laboratory data in neonates.
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breastfeeding or not, and what can be the preventive meas-
ures to be adopted in the neonatology wards.

Despite thepublicationofat least21,167scientificarticleson
thesubject so far availableonPubMedat thetimeofwriting this
article, awidenumberofpending issues relatedto thebiologyof
the virus, its pathogenesis and the pathophysiology of the
infection—as well as treatment options—remain unaddressed.

SARS CoV-2 is a single stranded RNA virus, with different
structural proteins. Transmission occurs primarily via drop-
lets within a range of approximately 1.8m (6 feet),1 but other
transmission routes could add, since the virus has been found
in many biological liquids (saliva, feces, and blood) and at
least 1% of the adult population has a transient viremia with
a low level of viral copies.2

The risk of fetal infection due to maternal–fetal transmis-
sion of the virus is one of themost debated aspects, implying
how infection in neonates could be prevented in the peri-
partum period.

With theaimtoaddress this area,weperformeda literature
search using key electronic database PubMed. A list of search
terms andphraseswas compiled to focus on the general topics
of “neonates” or “newborns” or “vertical transmission” or
“maternal–fetal transmission” or “pregnancy” or “pregnant
women” and “COVID-19” or “SARS-CoV-2,”without imposing
restrictions on date or year, locations, study design, study aim,
or inclusion/exclusion criteria.We reviewedarticlespublished
until June 2, 2021 (n¼ 2,256). Studies not written in English or
Italian were withdrawn (n¼ 86). The potentially relevant
articles were fully evaluated by two reviewers (C.A. and D.U.
D.R.). Case reports on neonates who were discharged home
and then readmitted were excluded.

Positive Maternal–Infant Dyads

The hypothesis that the virus may be present in the amniotic
fluid, in the cord blood, and in the placenta during maternal
infection in pregnancy, consequently infecting the fetus or
the neonate at delivery, has a biological plausibility. None-
theless a caution is recommended in the interpretation of
clinical and laboratory data.

Thefirst data fromChina related tomaternal–infant dyads
tested with reverse transcriptase-polymerase chain reaction
(RT-PCR), performed on nasopharyngeal exudate samples,
suggested that intrauterine transmission of the virus was
unlikely, although not impossible.3,4 It should be noted that
the sensitivity of the RT-PCR is 63% in the nasal swab, 93% in
the bronchoalveolar lavage liquid, and 29% in the feces of
infected subjects.2 In addition, a single nasopharyngeal swab
could not be sufficient for diagnosis, but the samples should
be taken from more than one site to improve diagnostic
accuracy and reduce the number of false negatives.5 Chen
et al first reported the data of a retrospective cohort of nine
pregnant women with an ongoing infection, in which the
virus was searched by RT-PCR in the amniotic fluid, in
the umbilical cord, in the nasopharyngeal exudate of six of
the neonates, and in breast milk, with always negative
results.3 At the Policlinico “San Matteo” in Pavia (Italy), 15
pregnant women (among them, five were symptomatic)

tested positive for SARS-CoV-2, but no neonates had positive
nasopharyngeal swabs at birth and at 5 days of life, despite
infants were breastfed and shared the room with their
mothers [unpublished data].

To date, it is unclear whether the vertical transmission of
SARS-CoV-2 frommother to fetus occurs or not. The current-
ly published literature describes only infants with positive
nasopharyngeal swab after birth, which could be related to
the horizontal transmission immediately in postpartum, by
the contact with infected mothers or with positive health
care personnel providing care at the time of delivery.
►Table 1 summarizes the main publications supporting
the possibility of a maternal–fetal transmission of SARS-
CoV-2 virus: most authors described no positive cord blood
samples. Costa et al reported nomaternal–fetal transmission
in an infant, although cord blood and placental tissue sam-
ples tested positive.6►Table 2 shows themain articles which
exclude or consider insufficient data available to support the
maternal–fetal transmission of SARS-CoV-2 virus during the
first week of life.

SARS-CoV-2 and Serological Tests

New questions have arisen with the implementation of tests
for antibodies detection in serum,7 available only from
February 2020. The presence of specific immunoglobulin
M (IgM) antibodies against SARS-CoV-2 in the cord blood of
few hours-old neonates, described by some authors, has
generated some concern.8,9

High values of specific IgM at 2 hours of life were reported
in a neonate born from caesarean section, who at birth was
immediately separated from the mother (she was positive
since 23 days before delivery) and isolated. However, the
nasopharyngeal swab of this neonate was always negative in
five samples and symptoms of SARS-CoV-2 virus infection
never appeared.8 Zeng et al described six additional infants
from six women with COVID-19, diagnosed on the basis of
clinical, radiological symptoms, and positive nasopharyngeal
swab. These infants underwent blood sampling, RT-PCR
nasopharyngeal swab, serum immunoglobulin G (IgG), and
IgM assay immediately after birth. All neonates tested nega-
tive for RT-PCR-SARS-CoV-2 on blood and nasopharyngeal
exudate. Three among these six infants showed elevated
SARS-CoV-2 specific IgG and IgM levels, with their mothers
having positive IgG and IgM values, while the remaining
three showed high IgG but not IgM antibodies, whereas
mothers tested positive for IgG but not for IgM.9

The fetusproduces IgGand IgMantibodies approximatively
since the 20th week of gestation. As mother’s IgG antibodies
are continuously transferred to the fetus during pregnancy,
most of IgG is of maternal origin. IgM antibodies do not cross
the placenta, therefore their presence in the fetus or neonate
suggests fetal or neonatal production in response to an intra-
uterine infection.10 However, considering the lack of data
about sensitivity and specificity of SARS-CoV-2 antibodies,
the interpretation of serological tests in COVID-19 infection
diagnosis requires further studies. A cautious awareness about
these uncertainties should bemaintained to correctly evaluate
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the somewhatcontrastingdata reported so far about apossible
maternal–fetal transmission of SARS-CoV-2.

SARS-CoV-2 and Placenta

The SARS-CoV-2 virus has never been found so far in the
umbilical cord blood of neonates and in the amniotic fluid of
most COVID-19 positive pregnant women,3,11,12 but testing of
all intrauterine tissue samplesmaybe important. Todetect viral
RNA in the placenta is a crucial point to understand the
mechanisms of the maternal–fetal transmission. In the cohort
of 32 positive pregnant women described by Penfield et al,13

none of their neonates showed symptoms of COVID-19 infec-
tion, despite three out of 11 mother’s placentas resulted SARS-
CoV-2positivebyRT-PCR.No infant tested SARS-CoV-2positive
on day one of life through repeated nasopharyngeal swabs. No
dataare reportedon the results of SARS-CoV-2RT-PCRonblood
samples from neonates born to womenwith positive placental
tests. Placental samples were obtained between amnion and
chorion after manual separation of the membranes: their
positivity supported the theoretical possibility of an intrapar-
tum transmission of the virus to the neonate.

Patanè et al from Bergamo, the epicenter of viral spread in
Italy, described 22 symptomatic COVID-19women, with two
neonates tested positive on nasopharyngeal swabs, despite
the protective equipment used by themother and health care
workers.14 Neonates had only mild symptoms, such as poor
feeding. The analysis of the fetal side of these mothers’
placentas showed chronic intervillositis, with macrophages
CD68þ infiltration, associated with viral RNA in both cases.
On the contrary, this histological picture of placental inflam-
mation was not detected in placentas of all COVID-19 posi-
tive women who delivered infants with negative swabs. The
presence of SARS-CoV-2 RNA in the syncytiothrophoblast
supports the possibility of vertical transmission frommother
to the baby in utero, but again no data are reported on the
results of SARS-CoV-2 RT-PCR on newborns’ blood samples.

Perinatal Outcomes and Mechanisms of
Infection

Most case reports described infections contracted by moth-
ers in the last trimester of pregnancy or in the peripartum,
when the fetus has matured and many of the physiological
phenomena of pregnancy have come to an end.15 There are
no case reports on infections contracted early in pregnancy,
with teratogenic effect on the neonate. No autopsy reports
have been published on fetuses aborted during maternal
COVID-19 infection in pregnancy.

As in other viral diseases that may complicate pregnancy,
the susceptibility to infection could vary according to gesta-
tional age, due to the physiological changes in immune-
hormonal responses and in maternal tissues structure. The
risk of transplacental passage of the SARS-CoV-2 virus could
therefore varywith the progress of gestation. Another critical
factor conditioning viral transmission could be the associa-
tion of maternal infection with underlying diseases, such as
diabetes or other chronic diseases.

One of the most common hypotheses of the infection
mechanism considers the receptor of the angiotensin-2
converting enzyme (ACE-2-R) as target of SARS-CoV-2,16 to
which the virus would attach itself through a structural
protein (spike), and in particular through a specific protein
site, the receptor binding domain. ACE-2-R is expressed on
themembrane of many host cells, in particular of respiratory
and intestinal tract (hence the respiratory transmission, and
also—as recently described—the possibility of orofecal trans-
mission),17 but it is also expressedwidely in placenta, uterus,
ovaries, and vagina18 (►Fig. 1). The placental expression of
this receptor seems extremely low between 6 and 14 weeks
of pregnancy, whichwouldmake unlikely the infection in the
first trimester.We also know that, in addition to bindingwith
the ACE-2 receptor, a transmembrane protease serine type 2
seems essential for the entry and fusion of the virus into the
host cell. The expression of this protein in maternal–fetal
interface as well as in multiple fetal organs increases as
gestational age progresses, as shown by matching different
assessments performed at 8 and 24 weeks . This phenome-
non could meaningfully add to the list of factors that influ-
ence the timing of the infection in pregnancy, by limiting the
frequency of early infections.19

Angiotensin II and ACE-2 seem to play a role in the
development of the follicle and in ovulation, modulating
angiogenesis and luteal degeneration, changes in endometrial
tissue, and the development of the embryo. Cases of abortion
and preterm birth have been described in women infected
with SARS-CoV-2 virus. In a large series of 295 SARS-CoV-2
positive women, four abortion cases were reported (1.4%).20

Up to 75% of infants born to critically positive mothers were
premature babies.21 Furthermore, approximately 28.3% of
those born to positive mothers required hospitalization in
neonatal intensive care unit, for prematurity and/or infection
and the observedneonatalmortalitywas 0.5% (only one of 221
neonates).20 Therefore, the hypothesis of possible negative
effects of theCOVID-19 infection on thephysiological progres-
sionof pregnancyat any stage of gestation andchildbirth is not
unjustified.18

Methods of Delivery

The first published data had mainly reported neonates born
via caesarean section (76.8%), with CS performed to reduce
the risk of vertical transmission and decrease putative risks
among staff members.15 Many infants born via caesarean
section could have had a decreased length of exposure to
infected tissues, whichmight be associated with a decreased
likelihood of infection.13

From the data of a multicentric study performed in 12
hospitals in Northern Italy (Lombardy, Veneto, and Emilia-
Romagna), two neonates of the group of vaginal deliveries
and one neonate of the group of elective caesarean section,
performed for reasons unrelated to COVID-19 infection,
tested positive while no positive neonates were observed
in the group of elective caesarean sections due to COVID-19.
The authors concluded that the risk of intrapartum trans-
mission during vaginal delivery cannot be ruled out,
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although it is difficult to exclude that positive babies ac-
quired the infection in the postpartum.22

The current evidence-based approach, however, is to
support vaginal birth in all women, also when tested
SARS-CoV-2 positive, if mothers’ clinical conditions are
good. Caesarean section should be reserved for women
affected by COVID-19 featuring severe respiratorymorbidity.

Breastfeeding

Breastfeeding by positive COVID-19 mothers has been since
ever a broadly debated topic within the scientific community.

Possible transmission throughmaternalmilk should require
not only detection of the virus in fresh breastmilk samples, but
also actual onset of infection in neonates’ breastfed from

Fig. 1 The difficult-to-solve puzzle of maternal–fetal transmission of SARS-CoV-2 and expression of receptor of the angiotensin-2 converting
enzyme (ACE-2-R). SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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positive mother whose milk has been tested positive for the
virus. None of these evidences has been demonstrated so far.

SARS-CoV-2 virus has not been detected in human milk
samples inmost reports—thus excluding the transmission by
this route23,24—with the exception of scattered reports
describing SARS-CoV-2 RNA detection in maternal milk
samples.6,25–27 Notably, the same authors stated that the
risk of the milk contamination by maternal respiratory
secretions could not be ruled out.25 Costa et al reported
that the excretion of the virus in breastmilk was intermit-
tent: only three of the six analyzed breast-milk samples
(50%) were positive for SARS-CoV-2 RNA.6

In the light of the available evidence, the Italian Society of
Neonatology recommends commencement of breastfeeding
in all women with suspected or confirmed SARS-CoV-2
infection if they are in good clinical conditions. It is also
recommended that this option should be discussed with the
father, with clear indications of the associated benefits, risks,
and correct hygiene rules to be mandatorily applied.28

Conclusion

Further studies on large population samples are needed to
fully understand whether maternal–fetal transmission of
SARS-CoV-2 virus occurs, and whether vertically acquired
neonatal COVID-19 infection occurs.

In this view, initiatives of multicenter registries on infants
born to SARS-CoV-2 positive mothers and infants with
acquired COVID-19 should be encouraged, such as the na-
tional registry promoted by Italian Society of Neonatology
and the international “Pregnancy and Neonatal outcomes for
women with COVID-19” Registry (PAN-COVID study).29
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