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A B S T R A C T

While SARS-CoV-2 infection has spread rapidly worldwide, data remains scarce about the natural history of
infection in pregnant women and the risk of mother-to-fetal transmission. Current data indicates that viral RNA
levels in maternal blood are low and there is no evidence of placental infection with SARS-CoV-2. Published
reports to date suggest that perinatal transmission of SARSCoV- 2 can occur but is rare. Among 179 newborns
tested for SARS-CoV2 at birth from mothers with COVID-19, transmission was suspected in 8 cases, 5 with
positive nasopharyngeal SARS-CoV-2 RT-PCR and 3 with SARS-CoV-2 IgM. However, these cases arise from
maternal infection close to childbirth and there are no information about exposition during first or second
trimester of pregnancy. Welldesigned prospective cohort studies with rigorous judgement criteria are needed to
determine the incidence and risk factors for perinatal transmission of SARS-CoV-2.

1. Introduction

The pandemic due to the emerging coronavirus named SARS-CoV-2
started in China in late 2019 and quickly spread around the world. This
virus follows two previous epidemics of severe acute pneumonitis as-
sociated with the coronavirus SARS-CoV-1 and MERS-CoV [1]. The
purpose of this review is to report and comment from virologists’ and
obstetricians’ points of view the existing data concerning a possible
mother to child transmission of SARS-CoV-2 and its potential con-
sequences on the perinatal and subsequent outcomes.

2. Maternal viremia

During a primary infection, the passage of virus in the blood even
for a short time, is an essential prerequisite for maternal-fetal trans-
mission to occur by the trans-placental route.

In previous epidemics of severe acute respiratory syndrome asso-
ciated with SARS-CoV-1, ± 78% of patients had detectable viral RNA in
blood within the week of onset of symptoms. The viremia was de-
termined using a quantitative PCR test specific for the SARS-CoV-1
genome, with a detection limit of 74 copies / ml in plasma. The plasma
viral load found in patients with so-called “moderate” symptoms was

low with an average concentration of 140 copies / mL, close to the
detection threshold [2,3]. These SARS-1 studies were carried out with
optimized methods, while the optimization of methods to detect vir-
emia is still underway for the SARS-CoV-2 studies [4].

In patients with COVID-19, the SARS-CoV-2 virus may be un-
detectable by PCR tests on oropharyngeal samples. In two cohort stu-
dies of 205 and 40 patients, the presence of plasma viral RNA was
detected in only 1% and 15% of patients, respectively [5,6]. Finally,
German researchers recently reported the failure to isolate infectious
viruses from the blood of infected patients [7]. The use of more sensi-
tive SARS-CoV-2 PCR tests such as like a recently described assay that
detected positive viremia in 11/80 samples from 15 previously negative
(0/80) patients should increase the detection rate of the virus in blood
as was observed in nasopharyngeal samples [8]. This new test allowed
to establish in vitro the relationship between infectious virus and
number of copies that is now estimated to be 1.8 TCID50 (approxi-
mately 4 infectious particles for 11 copies (95% confidence interval:
7.2–52.6 copies). A very recent submitted article shown that in a cohort
of 50 COVID patient, but 78% male, the detection of viremia, using the
WHO RT-qPCR protocol, rise significantly from 60% to 88% according
to the severity of the disease [9]. In this article, the median of plasma
viral load was from 100 to 500 copies/mL respectively. However, one
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patient shown viral load upper than 104 copies/mL. These plasma viral
load data will be invaluable in assessing the risk of in utero virus
transmission when the test becomes available and can be applied to
pregnant women blood samples.

Of note, using deep sequencing methods the presence of viral RNA
has been recently been shown in the mononuclear cells of the bronch-
oalveolar lavage, but not in those of peripheral blood mononuclear cell
(PBMC), in 2 of 3 patients studied [10]. Furthermore, it has been shown
in lymphoid lines (MT2 and A3.01) that the virus was able to enter
lymphocytes, but these infections were not productive [11].

Thus, with regards to SARS-CoV-2, the presence of viral RNA in the
blood therefore does exist, but at low levels, and its ability to transmit
infection is still uncertain. Another study failed to demonstrate viral
production following direct infection of blood monocytes with high
infectious doses of SARS-CoV-2 virus (MOI 10, i.e. 10 infectious parti-
cles / cells) [12,11]. Conversely, the authors described a gradual de-
crease in the intracellular amount of RNA over time. These results
should however be put into perspective if we consider the experience of
Chikungunya for which there is no infection of PBMC in vitro but for
which we have been able to repeatedly show the transient presence in
monocytes and lymphocytes B in the blood of patients and during ex
vivo infection of whole blood in humans, as well as in the macaque
model [13]. These data suggest that the frequency and titers of
RNAemia in SARS-CoV-2 infected patients may be lower or at most
equivalent to that seen in SARS-CoV-1 infected patients. In addition, the
virus does not seem capable of developing a productive infection in the
circulating monocytes, or at a very low level, in line with previous
observations on SARS-CoV-1 [14]. These results remain to be confirmed
once the detection tests in plasma have been optimized.

In comparison, another virus of interest in obstetrics, ZIKV is de-
tectable repeatedly or even continuously in the blood of pregnant
women (or in animal models) while its presence can only be detected in
an acute manner (less than one week) in a non-pregnant woman [15].

3. Does placental transmission of SARS-CoV-2 occur? (Fig. 1)

The second element that might be necessary for a maternal-fetal
infection is a placental tropism of the virus i.e. the virus will infect the
placental cells and thus be transmitted to the fetal side. To date, no case
of placental infection with SARS-CoV-2, has been reported in published
study. In five publications, a total of 7 placentas delivered from COVID-
19 patients were studied using RT-PCR ; SARS-CoV-2 was not found in
any of them [16,17,12,18,19]. Furthermore, histopathological analysis
of three placentas did not reveal any significant lesion [16].

The hypothesis of a lack of placental infection is reinforced by the
fact that the receptor for SARS-CoV-2, the angiotensin 2 converting
enzyme (ACE2) necessary for its cell integration, is present only at very
low levels in the human placenta during the first third trimester of
pregnancy [20], while there are no data on the expression of this re-
ceptor in 2nd and 3rd trimester) placentas. However, in a hypertensive
rat model induced by a saline diet, expression (mRNA) and significant
enzymatic activity of the ACE2 receptor was observed in the uterus and
the placenta in late gestation (day 19–20). Thus, the possibility of
placental infection near delivery and therefore a potential passage to
the fetus infection required further investigation. [21].

Therefore, two studies reported detection of the virus within the
placenta membranes of critical cases within the third trimester by PCR
[22] and more interestingly by electron microscopy [23] but any of the
babies were found infected during the first week of life.

Another way for the virus to cross the barrier is to be carried by an
infected blood cell. However, SARS-CoV-2, if able to enter into PBMCs
does not seem to be replicative in these cells, like SARS-CoV-1 [24]. On
the other hand, the resident macrophages of the lymph nodes or the
spleen would express the ACE2 receptor (ACE2 +, CD169 + or CD68
+ cells) and in terminally ill patients, the virus is found in these cells
(Immunohistochemistry, nucleocapsid) but not in T or B lymphocytes

[25]. SARS-CoV-1, which also uses the ACE2 receptor, is also found in
alveolar macrophages [26].

Although no replication or transport of infectious viruses by mac-
rophage monocytes has been demonstrated, nonetheless lymph node
and spleen macrophages can harbor the virus. This underlines the need
to analyze Hofbauer cells, the macrophages residing in the decidua and
the placenta.

Another mechanism for viral transmission through the placenta is
transcytosis of opsonized or free virus as has been shown for HIV, but
this remains very hypothetical in view of the low viremia mentioned
above [27].

Finally, transmission of some viruses, such as herpes simplex virus,
HPV and HIV, may occur via the ascending route, from virus or infected
cells in the cervicovaginal compartment. This type of transmission
concerns sexually transmitted infections in particular. Only one study
evaluate the presence of SARS-CoV-2 by RT-PCR in the vaginal fluid
from 10 women, and all samples tested negative for the virus [28].

4. Fetal and neonatal infection: direct (PCR) and indirect
(serology) detection

Very little data is available yet on neonatal infection with SARS-
CoV-2, with conflicting results. The studies published to date have very
small numbers. While some teams do not find an infected newborn by
testing for the virus in samples of placenta, amniotic fluid, cord blood
and neonatal throat swabs. Other publications suggest a possible ver-
tical transmission due to the presence of IgM in certain newborns born
to mothers infected with SARS-CoV-2.

There are 179 cases of newborns tested for SARS-CoV-2 at birth
from pregnant women infected in the third trimester of pregnancy de-
scribed in the literature [17,12,18,19,29,30–37]. All of the patients
were infected in late pregnancy and delivered within a few days of
infection (mean: 3 days, range: 0 to 25 days). PCRs were performed on
amniotic fluid and on cord blood during respectively 37 and 48 of these
deliveries, all of which were negative (Table 1).

Among the 179 newborns, SARS-CoV-2 was detected in nasophar-
yngeal samples from six of them, one at 16 h of life, two at 36 h of life
and three at 48 h of life. Thus, the timing of transmission cannot be
determined in these cases. Transmission may have occurred after birth
via the inhalation of droplets produced by contaminated parents or
professionals, or via breastfeeding. The authors state that the infants
were delivered by cesarean section and immediately separated from
their mothers and placed in isolation, suggesting that postnatal trans-
mission by the mother was unlikely (Tables 2 and 3). To date, breast
milk has been analyzed in 26 cases, without evidence of SARS-CoV-2
[17,19,33,35,36,37]. Thus, transplacental transmission cannot be
completely excluded in these cases, and intrapartum transmission could
have occurred as well, during the passage in the genital tract via ma-
ternal secretions [38].

Zeng et al. and Dong et al., described three cases of newborns with
positive anti-SARS-CoV-2 IgM and IgG serologies at birth from mothers
infected with SARS-CoV-2 [33,33]. While maternal IgG antibodies cross
the placenta, IgM are of fetal origin, thus suggesting in utero exposure
to the SARS-CoV-2 virus [39]. However, whether this is evidence of in
utero transmission has been disputed [40]. The sensitivity / specificity
of IgM detection would be 88.2% / 96.2% and 70.2% / 99% according
to these same studies and thus much higher than that observed for other
viral infections. Furthermore, none of this children had a positive RT-
PCR in nasopharyngeal samples [32,33] nor in the blood [32]. In ad-
dition, the decrease in IgM is very rapid in the Dong L study, going from
45.83 AU / mL to 2 h of life compared to 11.75 AU / mL on the 14th day
of life (for a positivity threshold of 10 AU / mL), which seems surprising
in the case of a congenital infection.

Although the majority of children born to infected mothers did not
seem to have any symptoms, three of them nevertheless presented with
severe pneumonia linked to SARS-CoV-2 [30]. In these three children
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the possibility of perinatal or postnatal transmission is unlikely since
they were born by cesarean section and were separated from their
mother from birth. In the perinatal period, maternal SARS-CoV-2 in-
fection can have harmful consequences on obstetric outcomes and on
newborns, resulting in particular in respiratory distress, biological ab-
normalities, premature deliveries and even fetal death in utero [41].
The authors hypothesize that hypoxemia in the mother may be re-
sponsible for fetal hypoxia at birth and premature delivery. Finally, rare
cases of very severe infection have been described in very young chil-
dren [42], suggesting that infants may not be very susceptible to
COVID-19.

There are still no data on a maternal SARS-CoV-2 infection in the 1
st and 2nd trimester of pregnancy, including the risk of early mis-
carriage, fetal death in utero and growth retardation. A single study do
not find viral RNA in amniotic fluid in mid-pregnancy on two patients
exposed in the first trimester [43]. A study published in 2004 during the
SARS epidemic found a higher rate of miscarriage, premature delivery
and stunting, but no argument for vertical transmission [44]. In addi-
tion, abnormally high mortality was not observed in pregnant women
infected with SARS-CoV-2, compared to what had been observed during
the epidemics SARS-CoV-1 and MERS-CoV [45]. No fetopathy has been
described to date in fetuses or neonates whose mothers had COVID-19.

5. Conclusion

In summary, current data demonstrate very rare maternal-fetal
transmission, but are largely incomplete. According to these data, the
transmission risk is probably very low, possibly under 1% following
maternal SARS-CoV-1 infection during pregnancy. However, taking in
account only the severe or critical form of COVID end of pregnancy, it
was shown that the virus can be found in the placenta. Thus, as shown
by one of us, in a single case of vertical in utero transmission, is asso-
ciated with syncitiotrophoblast then in amniotic fluid and fetal blood
[46]. The available studies concerned patients infected at the end of

pregnancy, and in these studies, it should be noted that the time be-
tween maternal infection and delivery was often very short (of the
order of a few days), which may not be sufficient for transplacental
passage to occur.

We lack a clear understanding of the natural history of SARS-CoV-2
infection in pregnant women and the risk of in utero transmission.
Prospective cohort studies should be able to answer the following im-
portant questions:

- What is the impact of SARS CoV-2 on maternal and pregnancy
outcomes according to the period of infection in pregnancy, the
severity and management, including therapies?

- What are the proportions with viral replication and its duration in
the nasopharyngeal tract, intestine and maternal blood?

- What are the risks of mother-to-child during the pregnancy, during
labor and vaginal delivery and postnatally, in children who are not
separated from the mother, as is common practice in most settings
outside of China.

In parallel, in vitro or ex vivo studies are needed to determine
whether the virus infects and is produced by decidual or placental cells.

The answers to these questions will determine how to revise current
recommendations [47] for the care of COVID-19 pregnant women and
their neonates in the future.

Financial support

Charles Egloff was supported by a grant from ARS-Ile-de-France.

Summary main points

Only 180 neonates born to women with COVID-19 have been re-
ported, among which 6 were diagnosed with SARS-CoV-2. We reviewed
the potential mechanisms of perinatal SARS-CoV-2 transmission and the

Fig. 1. Different mechanism of viral infection and vertical transmission in placenta.
a) Placental tropism (as Hofbauer cells) and replication
b) transcytosis of opsonized or free virus
c)virus carried by an infected blood cell.
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