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A B S T R A C T   

Vertical transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and possible induction of 
pregnancy complications, including miscarriage, fetal malformations, fetal growth restriction and/or stillbirth, 
are serious concerns for pregnant individuals with COVID-19. According to clinical information, the incidence of 
vertical transmission of SARS-CoV-2 is limited to date. However, even if a neonate tests negative for SARS-CoV-2, 
frequent abnormal findings, including fetal and maternal vascular malperfusion, have been reported in cases of 
COVID-19-positive mothers. Primary receptor of SARS-CoV-2 is estimated as angiotensin-converting enzyme 2 
(ACE2). It is highly expressed in maternal-fetal interface cells, such as syncytiotrophoblasts, cytotrophoblasts, 
endothelial cells, and the vascular smooth muscle cells of primary and secondary villi. However other route of 
transplacental infection cannot be ruled out. Pathological examinations have demonstrated that syncytio-
trophoblasts are often infected with SARS-CoV-2, but fetuses are not always infected. These findings suggest the 
presence of a placental barrier, even if it is not completely effective. As the frequency and molecular mechanisms 
of intrauterine vertical transmission of SARS-CoV-2 have not been determined to date, intensive clinical ex-
aminations by repeated ultrasound and fetal heart rate monitoring are strongly recommended for pregnant 
women infected with COVID-19. In addition, careful investigation of placental samples after delivery by both 
morphological and molecular methods is also strongly recommended.   

1. Introduction 

The outbreak of COVID-19 caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection has emerged as the most 
critical global public health problem in 2020. For pregnant individuals 
infected with SARS-CoV-2, vertical transmission and subsequent preg-
nancy complications, such as miscarriage, fetal malformations, fetal 
growth restriction and/or stillbirth, are serious concerns. 

It is well known that some viral species can cause congenital viral 
infections and affect the health status of the fetus [1]. For instance, 
rubella virus infection during pregnancy causes congenital rubella syn-
drome, which includes cataracts, cardiac abnormalities and sensori-
neural deafness, and genital herpes simplex virus infection during 
vaginal delivery presents a risk of neonatal herpes simplex virus (HSV) 
infections. The transmission route of a virus to the feto-maternal unit 
depends on the viral species. Diverse viruses can infect several compo-
nents of the feto-maternal unit, including syncytiotrophoblasts, cyto-
trophoblasts, endothelial cells, hematopoietic cells, and the fetal 
membrane. 

From the limited information, the incidence of vertical transmission 
of SARS-CoV-2 has been considered rare; however, some cases have 
been reported [2–4]. At this time, we do not have specific medicines or 
effective vaccines for COVID-19. Therefore, to reduce the incidence of 
vertical transmission of COVID-19, it is important to understand the 
mechanisms of SARS-CoV-2 intrauterine infection. In this review, we 
discuss the possibility of vertical transmission of COVID-19, particularly 
regarding the placental barrier. 

2. Placental pathology in COVID-19-positive mothers 

The establishment of vertical transmission of COVID-19 is limited to 
date. According to a systematic review by Lamouroux, 4 neonates 
among 68 deliveries and 71 neonates were positive for COVID-19 [5]. A 
systematic review by Yang showed that among 83 neonates, 9 had evi-
dence of SARS-CoV-2 infection [6]. Zaigham et al. reviewed 18 articles 
reporting data from 108 pregnancies and found one neonatal death and 
one intrauterine fetal demise (IUFD), in which vertical transmission 
could not be ruled out [7]. 
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However, frequent abnormal findings in placental pathology have 
been reported among COVID-19-positive mothers (Table 1). The most 
common finding is vascular malperfusion. Mulvey et al. investigated five 
placentas from COVID-19 patients who delivered at term [8]. All five 
placentas showed fetal vascular malperfusion (FVM) with multiple 
thromboses [8]. Similarly, Baergen et al. reported that among 20 cases, 
FVM was observed in 9 cases [9]. Shanes et al. examined 16 placentas 
from patients with COVID-19, including a second-trimester placenta 
after IUFD at 16 weeks of gestation [10]. Among 15 third-trimester 
placentas, FVM and maternal vascular malperfusion were present in 
12 cases [10]. The placenta from the patient with IUFD showed villous 
edema and a retroplacental hematoma [10]. Findings such as throm-
bosis, intramural fibrin deposition, villous stromal-vascular karyor-
rhexis, and villous infarction were commonly observed [8–10]. 
Interestingly, acute and chronic inflammatory reactions were rarely 
observed [8–10]. This finding could be explained by the presence of 
regulatory cytokines produced by placental and decidual immune cells. 
Furthermore, the active replication and release of the SARS-CoV-2 cause 
pyroptosis [11], which is a highly inflammatory pathway in the infected 
cells. In human trophoblast, pyroptosis also reported as a critical in-
flammatory form to induce adverse pregnant outcomes [12]. One 
possible hypothesis is SARS-CoV-2 can infect and replicate in the 
trophoblast cells but cannot be released. Therefore, inflammatory find-
ings might be hardly observed in the placenta with SARS-CoV-2. How-
ever, the placentas of SARS-CoV-2-positive neonates showed chronic 
intervillositis with the presence of macrophages [3]. 

3. Detection of SARS-CoV-2 antigens in the placental tissue of 
COVID-19 positive mothers 

The placenta functions as a physical barrier between a mother and a 
fetus. Specifically, syncytiotrophoblasts are the front line of defense 
against vertical transmission because maternal and fetal tissues are 
separated by syncytiotrophoblast layers. Currently, there are several 

reports suggesting placental infection with SARS-CoV-2 (Table 2). 
Patane et al. reported two cases of COVID-19 vertical transmission with 
placental pathological findings [3]. Through in situ hybridization, 
SARS-CoV-2 spike protein mRNA was observed in the syncytiotropho-
blasts of placentas obtained from mothers with COVID-19-positive ne-
onates, while no SARS-CoV-2 spike protein mRNA was observed in the 
positive mother’s placenta with a COVID-19-negative neonate [3]. 
Algarroba et al. presented electron microscopy findings of the placenta 
of a COVID-19-positive patient. They suggested the localization of 
coronaviral virions in the cytoplasm of syncytiotrophoblasts despite the 
neonate testing negative for COVID-19 [13]. Penfield et al. reported that 
three of 11 COVID-19-positive placental swabs were positive according 
to SARS-CoV-2 PCR testing; however, all of the neonates were negative 
according to SARS-CoV-2 RNA testing, and none demonstrated clinical 
symptoms of COVID-19 infection [14]. Mulvey et al. reported that viral 
spike protein and viral RNA staining within COVID-19-positive placental 
tissue was rare [8]. These reports suggest that even though SARS-CoV-2 
was present in the placenta, the incidence of vertical transmission may 
be limited. We need to investigate the maternal-fetal interface in 
SARS-CoV-2 infection cases in more detail. 

4. The expression of angiotensin-converting enzyme 2 (ACE2) in 
the feto-placental unit 

ACE2 is a zinc metalloprotease attached to the cell membrane. The 
main function of ACE2 is the regulation of blood pressure by catalyzing 
the hydrolysis of angiotensin I to angiotensin II. In addition, ACE2 works 
as a SARS-CoV-2 receptor for cell entry [15,16]. The expression of ACE2 
is observed in various cells, including alveolar epithelial cells, endo-
thelial cells, nephrocytes, and intestinal epithelial cells. Moreover, ACE2 
is widely expressed in cells in the female genital tract and feto-placental 
unit, such as syncytiotrophoblasts, cytotrophoblasts, endothelial cells, 
and the vascular smooth muscles of primary and secondary villi [17]. A 
single-cell transcriptome study revealed ACE2 expression at the 
maternal-fetal interface and in fetal organs [18]. According to RefEx, 
which is the reference expression dataset, the expression of ACE2 in the 
reproductive tract is greater than that detected in the lung. Despite the 
finding that the mRNA expression level of ACE2 was higher in the early 
gestation placenta than the term placenta [19], clinical data suggest no 
evidence of an increase in spontaneous abortion cases in patients 
infected with SARS-CoV-2 in early pregnancy. The aberrant expression 
of ACE2 is associated with pregnancy complications. For instance, the 
expression of ACE2 in the arterial endothelium of the umbilical cord was 
increased in preeclamptic placentas compared with normal placentas 
[17]. This finding suggests that preeclampsia patients might be a 
high-risk group of COVID-19 vertical transmission. The expression levels 
of ACE2 are variable between trophoblast types and differentiation [19], 
further it can be influenced by pathophysiological conditions such as 
gestational diabetes mellitus (GDM) and preeclampsia. These changes 
must be examined carefully to evaluate possible risks of vertical 
transmission. 

ACE2 is also expressed in the vaginal mucosa; however, SARS-CoV-2 
was not detectable in the vaginal fluid of women with severe COVID-19 
infections in several studies [20–22]. 

5. Mechanisms of vertical transmission 

Although the precise mechanisms employed by SARS-CoV-2 to cross 
the placental barrier are unknown so far, the following possibilities have 
been considered: (i) direct infection of syncytiotrophoblasts and breach 
through the syncytial layers via ACE2 and Fc receptor (FcR), (ii) passage 
through the maternal circulation to extravillous trophoblasts or other 
placental cells, (iii) passage through maternal immune cells, and (iv) 
ascending infection via the maternal vaginal tract (Fig. 1). According to 
recent reports, SARS-CoV-2 mRNA or virions were detected in syncy-
tiotrophoblasts [3,13], and transplacental infection of SARS-CoV-2 is 

Table 1 
Placental pathology in COVID-19 positive mothers.   

Study N GA COVID- 
19 

Histological findings 

FVM Other findings 

1 Mulvey 
et al. 
[7] 

5 38w–40w 0 Thrombosis, 
Intrauterine 
fibrin 
deposition, 
Villous 
stromal- 
vascular 
karyorrhexis 

Focal increase in 
perivillous 
fibrin 
chorangiosis, 
Meconium 

2 Bargen 
et al. 
[8] 

20 33w–40w 0 Thrombosis, 
Intrauterine 
fibrin 
deposition, 
Villous 
stromal- 
vascular 
karyorrhexis, 

Focal increase in 
fibrin, 
Intervillous 
thrombus, Focal 
chorangiosis 
Meconium, 
Maternal 
vascular 
malperfusion 

3 Shanes 
et al. 
[9] 

16 33w–40w 0 Fetal vessel- 
mural fibrin, 
Clustered 
avascular villi, 
Delayed 
villous 
maturation, 
Chorangiosis 

Maternal 
vascular 
malperfusion 

16w 
(IUFD)  

Villous edema, 
Retroplacental 
hematoma 

N, total number of placentas; GA, weeks of gestation; COVID-19, number of 
COVID-19-positive neonates; FVM, fetal vascular malperfusion. 
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strongly suggested. However, direct infection of syncytiotrophoblasts by 
SARS-CoV-2 must be rare because the incidence of viremia in symp-
tomatic SARS-CoV-2-positive adults was approximately 1% [23]. In 
addition, the susceptibility and kinetics of SARS-CoV-2 in trophoblasts 
are not well known. We should continue careful observation of pregnant 
women with COVID-19 and promote in vitro studies with a trophoblast 
cell line or primary trophoblast. 

Transmission during vaginal delivery is another possible route of 
SARS-CoV-2 infection of the neonate. Recent systematic reviews showed 
that 9.6% [6] to 21.9% [24] of COVID-19 pregnant patients delivered 
vaginally. A report from Italy concluded that vaginal delivery may be 
associated with a low risk of intrapartum SARS-CoV-2 transmission to 
the neonate [25]. In Italy, some researchers recommend routine 
SARS-CoV-2 PCR assay testing with nasopharyngeal, vaginal and rectal 
swabs in each pregnant patient before delivery to determine the indi-
cation of safe vaginal delivery for patients with negative PCR test results 
for vaginal and rectal samples [26]. However, the low sensitivity of PCR 
examination, as well as the financial cost, and limited medical resources 
make this approach impractical. 

Another possible mechanism of vertical transmission is via maternal 
immune cells. SARS-CoV-2 was reported to infect T lymphocytes 

through spike protein-mediated membrane fusion [27], and maternal 
lymphocytes occasionally migrate into the fetal circulation, which is 
observed as microchimerism. 

6. Diagnosis of vertical transmission 

There have been several reports of vertical COVID-19 transmission 
based on positive IgM antibodies in cord blood samples collected at the 
time of delivery [22]. Due to its large molecular size, IgM cannot pass 
the placental barrier. Thus, the presence of specific anti-SARS-CoV-2 
IgM antibodies suggests intrauterine infection [22]. However, due to 
the high false positive rates of antibody testing, we must be careful to 
correctly diagnose intrauterine infection for neonates without any 
symptoms or positive PCR test results. The detection of viral genomes or 
viral antigens in neonatal samples is stronger evidence of vertical 
transmission. However, the site of sampling is an important issue 
because neonates might be infected with SARS-CoV-2 via the maternal 
bloodstream. They are not expected to secrete viruses in the sputum, 
saliva or stools in high copy numbers without prominent inflammation. 

Table 2 
Detection of SARS-CoV-2 antigens in the placental tissue of COVID-19 positive mothers.   

Study N COVID-19 GA Histological findings Histological findings SARS-CoV-2 detection method and findings 

1 Patane et al. [3] 22 2 37w6da 

35w1da 
Chronic intervillosits with macrophages Single-molecule RNA in situ hybridization 

SARS-CoV-2 spike antigen in villous syncytiotrophoblasts 
2 Algarroba et al. [10] 1 0 28w4d Focal villous edema 

Decidual vasculopathy 
Transmission electron microscopy 
Virions were visible in syncytiotrophoblasts and villi 

3 Penfield et al. [11] 11 0 26w–41w NA PCR 
Three of 11 COVID-19 positive placental swabs were positive 

N, total number of placentas; GA, weeks of gestation; COVID-19, number of COVID-19-positive neonates. 
a GA indicates the gestational weeks for COVID-19-positive neonates only. 

Fig. 1. Possible mechanisms of SARS-CoV-2 vertical transmission. (i) Direct infection of syncytiotrophoblasts and breach through the syncytial layers, (ii) 
passage through the maternal circulation to extravillous trophoblasts or other placental cells, (iii) passage through maternal immune cells, and (iv) ascending 
infection via the maternal vaginal tract. 
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7. Possible harms of COVID-19 infection in the early pregnancy 

Fortunately, there have been little reports of COVID-19-induced 
early pregnancy losses, which was reported with SARS [28]. However, 
we have no information about the effects of SARS-CoV-2 on early 
embryogenesis and organogenesis. In the Zika virus (ZKV) endemic in 
2015, an increase in neural malformations, including microcephaly, was 
reported several months after the local endemic in Brazil. In this sense, 
clinicians are requested to perform intensive ultrasound monitoring of 
the fetuses of mothers infected with COVID-19 in early and 
mid-pregnancy. Placental investigation after delivery by both morpho-
logical and molecular methods is also strongly recommended. 

8. Viral and host immune factors that might affect vertical 
transmission 

From its emergence in December 2019, SARS-CoV-2 has constantly 
mutated [29,30]. There have been several subtypes with different 
virulence and tropism [31]. These mutations possibly explain different 
clinical outcomes and rates of mortality between Asian and Caucasian 
people. In addition, several HLA haplotypes and polymorphisms of 
immunoregulatory genes, including Toll-like receptor (TLR) promoters 
and interferon response genes, might affect the susceptibility of the 
patients, severity of the infection, and rates of vertical transmission. We 
reported an association between the vertical transmission rates of HIV 
and several mutations in the viral genome [32]. The role of decidual and 
intervillous lymphocytes to control local viral transmission is unknown 
so far. Natural killer cells and cytotoxic T cells are expected to destroy 
virus-infected cells, but several studies have suggested harmful roles of 
the cellular immune response and subsequent tissue damage [33,34]. 
Antibody production might be another double edged sword because 
some antibodies neutralize viral particles, while others do not inactivate 
them and are easily captured by Fc receptor-rich target cells, such as 
endothelial cells and syncytiotrophoblasts, as pointed out in ZKV 
infection [35]. 

9. Conclusion 

To date, the clinical importance of vertical transmission of SARS- 
CoV-2 through the placenta remains controversial. The low incidence 
of COVID-19 vertical transmission may suggest that the placenta func-
tions as a barrier even if it does not completely separate the maternal 
and fetal circulation. In addition, we have no information about viral 
factors that might affect the rates of in utero transmission. To confirm 
the mechanisms of vertical transmission and the placental barrier, 
extensive investigations are required. 
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