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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a dreadful

novel coronavirus with global health concerns among pregnant women.

To date, the vertical transmission of SARS-CoV-2 during pregnancy remains

controversial. We briefly report recent findings of placental response to SARS-

CoV-2 infection and updates on vertical transmission. We systematically

searched PubMed and Google Scholar databases according to PRISMA

guidelines for studies reporting the effects of SARS-CoV-2 infection on the

placenta and possibility of vertical transmission. We identified 45 studies

reporting 1,280 human placentas that were analyzed by molecular pathology

methods and 11,112 placenta-derived cells from a publicly available database

that was analyzed using bioinformatics tools. The main finding of this study

is that the SARS-CoV-2 canonical entry receptors (ACE2 and TMPRSS2)

are abundantly expressed on the placenta during the first trimester, and

this expression diminishes across gestational age. Out of 45 eligible studies

identified, 24 (53.34%) showed no evidence of vertical transmission, 15

(33.33%) supported the hypothesis of very rare, low possibility of vertical

transmission and 6 (13.33%) were indecisive and had no comment on

vertical transmission. Furthermore, 433 placentas from 12 studies were also

identified for placental pathology investigation. There was evidence of at

least one form of maternal vascular malperfusion (MVM), 57/433 (13.1%), fetal

vascular malperfusion (FVM), 81/433 (18.7%) and placental inflammation with

excessive infiltration of CD3+ CD8+ lymphocytes, CD68+ macrophages and

CD20+ lymphocytes in most of the eligible studies. Decidual vasculopathy

(3.2%), infarction (3.2%), chronic histiocytic intervillositis (6.0%), thrombi

vasculopathy (5.1%) were also observed in most of the MVM and FVM reported
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cases. The results indicated that SARS-CoV-2 induces placenta inflammation,

and placenta susceptibility to SARS-CoV-2 decreases across the pregnancy

window. Thus, SARS-CoV-2 infection in early pregnancy may adversely affect

the developing fetus.
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SARS-CoV-2, placenta, vertical transmission, COVID-19, maternal-child

Introduction

The first case of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection was reported in Wuhan,
China in December 2019, and since March 2020, the World
Health Organization declared COVID-19 as a global pandemic
(1, 2). Numerous studies have highlighted SARS-CoV-2
infection during pregnancy outcomes such as miscarriages and
preterm birth (3–7).

The concern about the possibility of fetoplacental
transmission remains an open question. There is controversy
about this topic in literature. To begin with, vertical
transmission is simply the possible transmission of an
infectious pathogen from the maternal side to the developing
fetus during the antepartum and intrapartum period, or to the
neonate during postpartum via the placenta, in utero, body
fluid contact during delivery or through breastfeeding (8).
The placenta is an essential organ that provides protection
and nutrients for the developing fetus, and it happens to be a
potent target for viral infection during pregnancy. For example,
several studies have also shown that Zika virus infected placenta
during pregnancy can induce fetoplacental transmission, which
is associated with fetal demise (9–11). In the first quarter of
2021, the World Health Organization released set of criteria
for timing of possible vertical transmission of SARS-CoV-2
from mother to child. These criteria were based on three
fundamental elements: time of maternal infection, test to
evaluate in utero and intrapartum exposure and finally test
to identify later exposure after neonatal birth (12). Several
literature as discussed in this review supports such possibility.
One of the few studies that uses these criteria reported positive
cases relating to intrauterine transmission of SARS-CoV-2 in
neonates (13). Certain respiratory virus have also been seen in
vertical transmission to the offspring during pregnancy [see
ref (14)], though whether this is a local or systemic effect, still
requires further investigation.

To date, findings on fetoplacental transmission of SARS-
CoV-2 remain controversial and inconsistent. Therefore, this
study summarizes evidence from available literature on the
placenta response to SARS-CoV-2 infection and fetoplacental
transmission. Our finding will add to the knowledge that SARS-
CoV-2 infection might have an adverse effect on the placenta in

the first trimester and that more research is required to ascertain
the possibility of the occurrence of fetoplacental transmission.

Materials and methods

Search strategy

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify relevant literature
(15). The search mainly focused on the mapping of existing
literature in placenta response to SARS-CoV-2 infection. We
conducted a literature search on articles published from 1st
March 2020 to 14th April 2022 on PubMed and Google Scholar
databases using Boolean search tools on the following keywords:
((("SARS-CoV-2") AND ("Placenta")) AND ("COVID-19")).
Article titles containing the keywords were identified on
PUBMED and Google Scholar.

Study selection and criteria

Using PRISMA format, the results from the database were
exported into a CSV file, and initial screening was performed
by reading through the titles and abstracts of all the identified
studies. Duplicates and studies not meeting the inclusion criteria
were excluded. See Figure 1 for details of data search results.

Inclusion criteria
Articles were selected and assessed only if they met

the following criteria: (1) studies reporting placenta
response to SARS-CoV-2 infection. (2) Studies reporting
the immunopathological status of the placenta in COVID-19
patients. (3) Studies on whether there is vertical transmission of
SARS-CoV-2 infection during pregnancy. (4) Studies must be a
research article published in English and indexed in MEDLINE.

Exclusion criteria
Studies excluded in this study were narrative literature

reviews, meta-analysis reviews, systematic reviews, letters
to the editor, abstracts without full text, clinical trials,
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FIGURE 1

PRISMA flow chart for study selection, eligibility and inclusion.

observational studies, conference proceedings, and studies
published before March 2020.

Data collection process and data items

Data from the full text was collected using an excel
spreadsheet. Repeated assessment was performed independently
to confirm the accuracy of the extracted data. All discrepancies
and disagreements were resolved by consensus. OA and HE
review each selected study independently according to the
selection criteria until all discrepancies were resolved. JS
also review the selection steps at a later time to minimize
publication bias.

Data extraction, strategy for data synthesis, risk
of bias assessment and data analysis

The following parameters were collected: authors name,
publication year, number of placenta, SARS-CoV-2 entry
receptors, method of SARS-CoV-2 entry receptor detection
[PCR, immunohistochemistry (IHC), in situ hybridization
(ISH)], time (or stage) of pregnancy, and pathological
features of SARS-CoV-2 infected placenta. These pathological
features include maternal vascular malperfusion (MVM), fetal
vascular malperfusion (FVM), status on vertical transmission,
and placenta inflammatory response such as Hofbauer cells
infiltration and cytokine secretion. The data synthesis was
based on the inclusion criteria, which includes a narrative

synthesis of the evidence and summary tables showing the
findings. We assessed each eligible study for risk of bias based
on: (1) randomization of sample collection and selection, (2)
homogeneity of the samples, (3) method of detection, (4)
incomplete or omission on data outcome, (5) selective reporting
of only statistically significant data (16) (Table 2). We presented
the risk of bias as follows: High (+), low (–), and unclear (?).

Using fixed and random effects models, we presented the
prevalence of maternal-fetal transmission from each study and
pooled estimates with associated 95% confidence intervals (CIs).
We used the I2 statistic to assess the heterogeneity of the
findings. The results were presented as forest plots. The analysis
was implemented in R version 4.01.

Results and discussion

Literature review of what is known
based on eligible studies

To begin with, Shanes et al. (17) analyzed 16 placentas from
pregnant women infected with SARS-CoV-2. Fourteen were
delivered at term (37–40 weeks), one was born at 34 weeks,
and the last was a 16-week intrauterine fetal demise. Several
features of MVM and FVM were common in all 12 out of
15 cases, such as fetal chorangiosis, villous infarction, and
decidual arteriopathy. Interestingly, none of the placentae in
their study was positive for SARS-CoV-2, and there was no
account of maternal or neonatal death, and likewise, all infants’
nasopharyngeal and throat swabs were negative for SARS-CoV-
2 (17). One possibility is that at term, placenta expression
for angiotensin-converting enzyme 2 receptor (ACE2) and
transmembrane serine protease 2 (TMPRSS2) is low, and the
placental inflammation might be systemic rather than local.

It is worth noting that the expression of ACE2 protein
and TMPRSS2 are prerequisites for the SARS-CoV-2 entry.
Taglauer et al. (18) reported that both ACE2 and SARS-CoV-2
spike (S) glycoprotein co-localize the outer syncytiotrophoblast
(STB) layer of placenta villi that juxtaposed at the maternal-
fetal interface, however, when compared to the non-infected
group, ACE2 expression was downregulated. This could be on
account of the placentas included in Taglauer et al. (18) study
consist of a placenta cohort from the third trimester COVID-19
positive pregnancies. The finding of decreasing ACE2 receptors
at the third trimester is consistent with other eligible studies
found in our search (19, 20). This might suggest that SARS-
CoV-2 – placenta infection might have an alternative route,
or placenta at term provides a remarkable protective role
in developing fetus against SARS-CoV-2 infection. However,
further validation is required with more literature/report cases
before a solid conclusion can be drawn.

Likewise, Pique-Rogue et al. (21) investigated whether
ACE2 and TMPRSS2 were expressed in human placenta
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throughout the pregnancy windows (i.e., first, second, and third
trimesters), including the chorioamniotic membranes in the
third trimester by using a publicly available single-cell RNA-
sequencing (scRNA-seq) data. They found that both ACE2 and
TMPRSS2 were minimally expressed on the placenta in the first
trimester and chorioamniotic membrane (21). One limitation
of using scRNA-seq is the difficulty of generating high-quality
single-cell suspension containing multinucleated cells such as
STB, affecting the scRNA-seq analysis output. STB comprises
cells that participate in fetal-placenta circulation (21, 22). To
address this, the authors prepared single-nuclear suspension
from frozen placenta tissue and performed a single-nuclear
RNAseq. As expected, snRNA-seq revealed that co-expression
of placenta ACE2 and TMPRSS2 was improbable. Similarly,
mining two microarray datasets obtained from previous studies
revealed that the co-expression of the two proteins was
negligible in the third trimester (21).

Beesley et al. (20) analyzed the expression of ACE2
and TMPRSS2 on fetal samples at both transcriptional and
translation levels; only two sample types (kidney and intestine)
manifested co-expression of both proteins from the second-
to-third trimester. These findings were comparable to the
conclusion of using publicly available scRNA-seq data. It is
plausible that fetal SARS-CoV-2 infection might occur via
the gastrointestinal tract since the fetal intestine is directly
exposed to amniotic fluid via fetal swallowing (20). This can
be possible only if there is a presence of SARS-CoV-2 in
the amniotic fluid. However, few studies did not detected
SARS-CoV-2 in the amniotic fluid (23, 24). Therefore, this
path might be rare as well. Furthermore, there was no
evidence of ACE2 and TMPRSS2 proteins co-expression in
the placenta in the second trimester to term (20). The lack
of evidence for ACE2 and TMPRSS2 co-expression in single-
cell and single-nuclei transcriptomic analysis in these studies
indicates a low likelihood of placenta infection and vertical
transmission at term.

In their study, Bloise et al. (25) investigated the expression
pattern of ACE2 and TMPRSS2 in the placenta across pregnancy
trimesters. The key finding was that the expression of ACE2
and TMPRSS2 decreases as gestation progresses, suggesting
differential susceptibility to placenta SARS-CoV-2 infection
during the trimester of pregnancy. Similarly, Colson et al. (26)
isolated trophoblast from non-pathologic human placenta, and
infected the culture with SARS-CoV-2, they found that after
4 days post-infection, viral particles were not detected in the
supernatant or within the trophoblast. A similar result was
observed in TMPRSS2 transfected STB infected with SARS-
CoV-2, highlighting that TMPRSS2 alone was insufficient to
induce SARS-CoV-2 infection (26). This indicates that the cell
endocytosis mechanism for SARS-CoV-2 to gain entry does
not occur in the infected cultured trophoblast or transfected
cells and that, at term, the susceptibility of the placenta to
SARS-CoV-2 might be extremely low (26).

ACE2 are also reported to be expressed in extra-
placental tissues. Faure-Bardon et al. (27) reported that
ACE2 were expressed in the maternal-fetal interface, including
cytotrophoblast (CTB) and STB of placenta, fetal testis,
gastrointestinal tract and kidney samples. These findings suggest
that SARS-CoV-2 is able to cross the placenta via either
vertical transmission or blood-borne transmission and possibly
infect fetal organs at any gestational age. Furthermore, Ouyang
et al. (28) also reported that in addition to TMPRSS2 and
ACE2, placenta trophoblast expressed Furin receptor as well,
which could mediate SARS-CoV-2 entry. Dong et al. (8)
also reported that in addition to ACE2, CD147 and Glucose
Regulating Protein 78 (GRP78) were highly expressed in the
placenta maternal-fetal interface of pregnant women diagnosed
with SARS-CoV-2 infection. Both CD147 and GRP78 can
also mediate SARS-CoV-2 entry into cells (8). Understanding
the mechanism of these non-canonical receptors acting as an
alternating route for SARS-CoV-2 is of interest. The role of
CD147 and GRP78 in placenta function and in SARS-CoV-2 had
been discussed elsewhere (29–31).

Fenizia et al. (32) used molecular biology techniques
such as real-time PCR to analyze the presence of SARS-
CoV-2 genome in different maternal, fetal and maternal-fetal
interface collected samples. Additionally, they investigated the
placental inflammatory response to SARS-CoV-2. The authors
detected SARS-CoV-2 genome in maternal plasma, vaginal
swabs, placental tissue, breast-milk sample, cord plasma in
the samples of two out of 31 pregnant women. Furthermore,
there was an upregulation in inflammatory gene activation,
especially in adaptive immune activation, innate immune cells,
Toll-like receptors (TLR), cytokine and chemokine expression
in three patients’ placental samples (32). The upregulation of
genes involved in immune activation might be responsible for
cytokine storms observed in COVID-19 positive patients, as
seen in Garcia-Flores findings (33). The presence of SARS-
CoV-2 genome in some maternal-fetal interface tissue (i.e.,
one umbilical cord and two at-term placenta samples from
31 mothers), suggested that vertical transmission was likely to
occur but low possibility.

Using IHC and in situ hybridization techniques, Menter
et al. (23) showed that microvasculopathy was common in
placentas of SARS-CoV-2 positive women. Placentas at-term
from SARS-CoV-2-positive pregnant women diagnosed with
mild symptoms or no symptoms of COVID-19 prior to
child delivery presented prominent signs of FMV, MVM,
lymphohistiocytic villitis and intervillositis. These findings
support the hypothesis that SARS-CoV-2 can cause an
inflammatory response in infected placentas, which can lead to
the demise of the developing fetus (23).

Similar to Pique-Roger et al. (22) bioinformatics analysis
study on SARS-CoV-2 entry receptor expression on human
placenta, Cui et al. (34) reported that ACE2 and TMPRSS2
were spatially distributed in human trophectoderm, first-
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and second-trimester placentas using bioinformatics tools on
publicly scRNA-seq, as opposed to Pique-Roger et al.’s (22)
study whose primary focus was on receptors co-localization.
ACE2 and TMPRSS2 expression was observed in CTB, STB,
and extravillous trophoblast (EVT) cells at different placenta
ages from both the scRNA-seq data and IHC (33). Placenta
and decidua are the main maternal-fetal interface, Li et al.
(35) collected online scRNA-seq data to evaluate cells that
express ACE2 in the maternal-fetal interface and fetal organs.
The authors revealed that ACE2 were highly expressed in
the maternal-fetal interface including the stromal cells and
perivascular cells of decidua, villous CTB and STB in the
placenta. Furthermore, Li et al. (35) also observed that both
ACE2 and TMPRSS2 were spatially expressed in human fetal
organs, including cardiomyocytes (CM), macrophages and
smooth muscle cells, pericytes, hepatocytes, airway epithelial
cells. The expression of ACE2 and TMPRSS2 pose a high risk
of neonatal infection.

Furthermore, Lu et al. (36) also reported the expression
of ACE2 on fetal organs such as the adrenal gland, heart,
and kidney but not in airways epithelial cells and fetal-
placenta interface, thus suggesting the possibility of low vertical
transmission during pregnancy. The absence of ACE2 on
fetal airway epithelial cells opposed the findings of Li et al.
(35). These discrepancies might be attributed to the difference
in physiological change of cell types along the trimesters
of pregnancy used for the transcriptomic studies and the
possibility of differences in snRNA-seq datasets used in each
downstream study analysis.

Smithgall et al. (37) reported evidence of maternal and
fetal vascular malperfusion in the placenta from SARS-CoV-
2 infected mothers in their third trimesters. These were
subchorionic thrombi, intervillous thrombi, fetal thrombotic
vasculopathy and chorangiosis. Facchetti et al. (38) screened
women who delivered during the early phase of the COVID-
19 pandemic for SARS-CoV-2 N and S proteins and their
babies. They found the presence of SARS-CoV-2 antigen,
RNA and particles in the placenta, maternal inflammatory
cells and multiple fetal villous cellular subsets in COVID-19
positive mothers, thus supporting the hypothesis of SARS-CoV-
2 transmission from mother to fetus either during pregnancy
or at birth. Consistent with Facchetti et al.’s (38) findings,
using IHC and in situ hybridization staining methods, Rocha
et al. (39) reported the presence of SARS-CoV-2 proteins in
formalin-fixed placenta tissue, lung biopsies but not in kidney
biopsies in COVID-19 positive patients. Schoemarker et al.
(40) diagnosed placental inflammation caused by SARS-CoV-
2 based on viral detection on STB, and maternal and neonatal
samples using the qPCR method. The key finding was that there
were similar histopathological placenta findings as previously
reported in the literature (23, 41, 42). In addition, there was
prominent CD20+ B-lymphocytes infiltration which had not
been described in histiocytic intervillositis (39). The authors also

reported that maternal breast milk and all the neonatal samples
were negative for SARS-CoV-2, but the neonates showed a need
for care in the neonatal intensive care unit (NICU).

Debelenko et al. (43) reported STB damage leading
to placenta trophoblast necrosis accompanied by mixed
intervillositis and perivillous fibrin deposition in placenta
of COVID-19 positive women. Similar to Debenko et al.’s
findings of trophoblast necrosis, Garrido-Pontnou et al. (44)
also reported that only about 4.5% of placentas collected from
women with COVID-19 showed similar features of trophoblast
necrosis and intervillous space collapse. Although the rate of
SARS-CoV-2 infection in the placenta might be low, it suggested
that trophoblast necrosis, along with inflammatory infiltration
as seen in emerging studies, was one of the hallmarks of SARS-
CoV-2 infection of the placenta, and this was associated with
fetal demise (43).

Additionally, Wu et al. (45) reported that there was
increased CD14+ macrophage infiltration, interferon-γ
induced protein 10 (IP-10) and monocyte induced by gamma
interferon (MIG) cytokines expression in term placenta from
pregnant women recovering from COVID-19. The increased
production of these types of chemokines within the local
inflammatory lesions can induce a Th1-mediated antiviral
immune response, leading to macrophage recruitment and
activation for virus clearance (45). Another key finding was the
reduction of plasma IL-12 secretion in pregnant patients who
had recovered, indicating the activation of anti-inflammatory
response might have already occurred during infection (45).
Likewise, Zhao et al. (19) reported that pregnant women who
had recovered from COVID-19 had decreased levels of IL-1ra
and monocyte chemoattractant protein 1 (MCP-1), which was
expected. However, the count was low in memory B cells,
type 2 T cells (Th2) and follicular T helper cells (Tfh17) (19).
Placentas from this category of pregnant women showed no
co-expression or co-localization of ACE2 and TMPRSS2. This
might simply mean that direct SARS-CoV-2 infection in the
placenta is unlikely to occur since the entry receptors diminish.
Thus local placenta inflammation will be negligible via the
canonical SARS-CoV-2 entry receptors, and as such possible
direct effect on fetal demise might be negligible or rare (19).

Mulvey et al. (46) investigated the placenta pathology of five
full-term births born to COVID-19 positive pregnant women.
All five showed evidence of FVM, such as thrombosis, and
the result from immunostaining for viral RNA and viral spike
protein on the placenta was negative. This result suggests that
the observed thrombosis was due to a systemic rather than a
local effect of virus infection (45).

In a retrospective cohort study, Patberg et al. (47) reported
that placenta collected from COVID-19 positive women
delivering at term showed histopathological features of FVM
and villitis of unknown etiology. Whether the placenta can
re-produce viral particles in cell suspension is a hot topic,
which would buttress our understanding of the virus replicative
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capacity. Interestingly, Tallarek et al. (48) revealed that there was
an inefficient replication capacity of SARS-CoV-2 in placenta
explant cultures. Moreover, the authors assessed whether
there was SARS-CoV-2 specific T cell-mediated immunity in
pregnant women and the cord blood to attempt the puzzle
on fetoplacental transmission. The results showed that specific
cell-mediated immunity found in maternal blood was absent
in neonatal cord blood, which revealed that the virus did not
cross vertically to the fetal side (47). In addition to Hofbauer
cells and T cells specific response during placental inflammation
due to SARS-CoV-2 infection, Husen et al. (49) also reported
specific distinct CD20+ B cells infiltration along with features of
placental abnormalities such as MVM, FVM, chorioamnionitis
and/or multifocal low-grade villitis with unknown etiology.
These placental signatures might affect fetal well-being.

Moving forward, Bouachba et al. (50) reported that SARS-
CoV-2 infection in the placenta induced massive inflammatory
lesions and necrosis in the placenta. This was associated
with poor fetal outcomes, including death, intrauterine growth
restriction, and even premature neonates outcomes. There were
also intervillous thrombi, massive perivillous fibrin deposit,
CHI accompanied by macrophage infiltration, consistent with
other studies (50, 51). However, Rebutini et al. (52) did not
observe a significant difference in Hofbauer cells infiltration
with changes in placenta morphology from both the COVID-
19 positive and control groups, but there was observed features
of CHI, MVM and FVM. Fetal vascular thrombosis happens
to be one of the most common FVM observed, and this is
likely to be associated with the worst neonatal outcomes, such as
preterm birth and even death (51). Similarly, Gulersen et al. (53)
also observed no statistical difference in the histopathological
features of placentas from women with or without symptoms
of SARS-CoV-2 infection and women with historical pregnancy
complications such as gestational diabetes, preeclampsia, and
intrapartum fever. However, there were a few limitations in
Gulersen et al.’s study, the placenta was not tested for SARS-
CoV-2, so it was difficult to tell whether the findings were a result
of direct SARS-CoV-2 placenta infection or an indirect effect
from maternal immune-physiological response to the virus (52).

Santana et al. (3) reported that vertical transmission
was highly unlikely to occur and there was no significant
difference in morphological placenta findings (i.e., fetal vascular
malperfusion) among their study groups. Further, Sinaci et al.
(24) analyzed 48 valid samples comprising the placenta, cord
blood, amniotic fluid and vaginal swabs from COVID-19
pregnant women in their third trimester, and found that only
one placenta and vaginal swab samples were positive for SARS-
CoV-2.

In a cohort study of 66 SARS-CoV-2 positive pregnant
women in their third trimester, Mourad et al. (54) categorized
the women into severe and mild or asymptomatic groups
and found that antiviral Interferon-induced transmembrane
(IFITM1 and IFITM2), ACE2 and not TMPRSS2 or Furin

were highly expressed on the placenta of severe COVID-
19 pregnant women. IFITMs are antiviral innate immune
response genes. However, there was no correlation between
the expression of IFITIMs and SARS-CoV-2 entry receptor to
placental histopathology (54). In neonates, fetal plasma was
negative to anti-SARS-CoV-2- IgG, IgA or IgM antibodies,
supporting that vertical transmission was rare and the placenta
might exert a sort of resistance to SARS-CoV-2 infection (54).

On the contrary, Halici-Ozturk et al. (55) assessed vertical
transmission in PCR-positive women and found that all valid
placenta and curettage materials tested negative for SARS-
CoV-2, suggesting that there was no evidence for SARS-CoV-2
transmission in early pregnancy based on their study. Similarly,
Edlow et al. (56) also reported no detection of SARS-CoV-2
viral load in the blood cord from neonates born to SARS-
CoV-2 positive pregnant women and thus no evidence of
vertical transmission.

Tight junction (Tjs) proteins, placental vascular endothelial
(VE)-cadherins and claudin-5 provide the molecular framework
that facilitates the cell-to-cell adhesion complex that is
crucial for placenta barrier function. In consequence,
disruption of this unique framework might increase
vascular leakage and permeability. Flores-Pliego et al.
(57) reported that VE-cadherins and claudin-5 expression
decreases in placenta decidua and villi in women with
severe COVID-19, accompanied by Hofbauer hyperplasia,
thrombosis with the remodeling of the villi and infarcts with
intervillositis. Thus, it is plausible that severe COVID-19
during pregnancy might induce placental endothelial leakage
due to loss of adherence function, promote inflammation
and induce shock.

Further, Fahmi et al. (58) reported that SARS-CoV-2
propagated efficiently in placenta precision-cut slices (PCSs)
samples from six out of seven donors. This correlated with
the extent to which ACE2 was expressed on the placenta
samples (57). The authors also further reported the presence
of SARS-CoV-2 viral RNA and/or viral proteins on hofbauer
macrophages and in different regions of the placenta explants.
Surprisingly, this event did not trigger pro-inflammatory
cytokines production but rather induced interferon-gamma
expression by the trophoblast, which is consistent with Mourad
et al. findings (54). As much as placenta PSCs help understand
early phases of placenta – SARS-CoV-2 infection biology, it did
not consider the placenta barrier and the outcome influenced by
immune components (57).

Recently, Garcia-Flores et al. (33) reported that pregnant
women infected with SARS-CoV-2 had unique inflammatory
response pattern at the maternal-fetal interface, governed by
the maternal T cells population and fetal stroma cells. There
were increased maternal cytokines (such as IL-8, IL-10, and
IL-15) in the systemic circulation. Likewise, neonates born to
women infected with SARS-CoV-2 also showed an increase of
IL-8 compared to those born to control mothers. Apart from the
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cytokine response observed, women infected with SARS-CoV-
2 showed a significant reduction in CD4+ and CD8+ T cells.
Although the severity of the disease did not solely drive such
changes, none of these changes were observed in neonates born
to COVID-19 positive mothers (58).

Glynn et al. (59) showed that these placenta lesions on
the maternal and fetal side were time-dependent across the
pregnancy window in delivery and disease severity. The immune
response to SARS-CoV-2 is an interesting topic. Hsieh et al.
(60) reported that immune hemostasis was not compromised
by SARS-CoV-2 infection, as most of the predominant innate
immune cells population in all subjects studied were tolerogenic.
Most of these cells were primed CD14+ dendritic cells
and tolerogenic myeloid dendritic cells. This suggests that
SARS-CoV-2 does not jeopardize immunity at the maternal-
fetal interface.

SARS-CoV-2 entry receptors expression and
maternal-fetal transmission

Our selection strategy was summarized in Figure 1. Table 1
summarized ACE2/TMPRSS2 differential expression in the
placenta at different pregnant windows and the possibility of
vertical transmission. This study identified forty-five studies
that met the inclusion criteria reporting 1280 human placentas
analyzed by qPCR, IHC, Immunofluorescence (IF) and/or
in situ hybridization to investigate the expression of SARS-
CoV-2 entry receptor, placenta pathology and evidence of
vertical transmission. Additionally, two out of the 45 identified
studies utilized bioinformatics tools to screen 11,112 placenta-
derived cells from a publicly available database to investigate
the expression of SARS-CoV-2 entry receptors at different
trimesters. ACE2 and TMPRSS2 proteins were abundantly
expressed in the placenta during the first trimester, and this
expression diminished along with the pregnancy window (19,
21, 23, 25, 26) (see Table 1).

Maternal-fetal transmission of SARS-CoV-2 during the
three trimesters and postpartum remains debatable and a huge
public health concern. Our study identified 24/45 (53.34%)
studies that showed no evidence of vertical transmission, 15/45
(33.33%) support the hypothesis of vertical transmission but was
very rare, and most likely to occur during the first trimester
via the ACE2/TMPRSS2 route (Table 1). Six studies (13.33%)
were indecisive and had no comment on whether vertical
transmission occurred or not. Vertical transmission did not
occur because the ACE2/TMPRSS2 were not co-expressed in
the placenta at term, but transverse natural immunity might
be possible. One study suggested the possibility of vertical
transmission via the gastrointestinal tract (GIT) in the late
second trimester. This was attributed to the co-expression
of ACE2 and TMPRSS2 within the GIT and not in the
placenta (20).

Furthermore, we present the quantitative analysis of the
15 studies that reported evidence of fetoplacental transmission

of SARS-CoV-2. Among the studies analyzed, the prevalence
of fetoplacental transmission of SARS-CoV-2 was 0.20 (95%
CI: 0.04 – 0.41, I2 = 87%), as shown in Figure 2. The
prediction interval of fetoplacental transmission of SARS-CoV-
2 was from 0 to 0.97, with 95% confidence. Although we
estimated a pooled of 1 in 5 fetoplacental transmissions of
SARS-CoV-2 from COVID-19 infected mothers based on 15
studies, the prediction interval suggested a null to a very
low effect. This is not surprising given the presence of high
inconsistency between studies (I2 = 87%). For example, in
their neonatal samples of 48 newborns, Sinaci et al. (24)
reported that only one tested positive for SARS-CoV-2 RNA
and two were positive for IgG-M antibodies. These results
suggest that vertical transmission is extremely low and rare,
and exposure to SARS-CoV-2 occurs in the uterus during
perinatal life. Schwartz et al. (51) further reported that
the placenta macrophage, Hofbauer cells, were involved in
SARS-CoV-2 infection in the placenta with the presence of
chronic histiocytic intervillositis (CHI). Four out of the 22
placentae stained positive for Hofbauer infected SARS-CoV-
2, confirming that indeed the virus can cross the placenta
but low and induce local inflammation that leads to Hofbauer
hyperplasia (51). In a case study, Valdespino-Vazquez et al.
(61) reported that congenital SARS-CoV-2 infection is possible
in the first trimester and that the fetal lung and kidneys
are potent targets. This intrauterine transmission occurs in
the first trimester and is associated with fetal demise and
miscarriages. Cribiu et al. (62) reported the presence of placenta
SARS-CoV-2 infection in almost half of the pregnant women
infected with SARS-CoV-2 in their study. But, there was no
association of SARS-CoV-2 with any distinctive pathological
features, and maternal and fetal outcomes in the third
trimester, suggesting that intrauterine transmission of SARS-
CoV-2 in neonates might be an independent phenomenon and
unlikely to occur at late pregnancy age. However, the authors
did not investigate the umbilical cord for anti-SARS-CoV-2
antibodies testing.

Whether fetal sex influences placenta susceptibility to SARS-
CoV-2 is an emerging focus. Recently, Shook et al. (63)
(which happens to be the first report on this subject) showed
that maternal SARS-CoV-2 infection was associated with
increased correction between ACE2 and TMPRSS2 expression
in male placental only. This suggests that sex differences might
influence placenta vulnerability to SARS-CoV-2 and possibly, in
fetoplacental transmission; however, no study has shown this
possibility.

Taken together, this might suggest that SARS-CoV-2 could
have severe impacts on the placenta in early pregnancy, and
its impact in the third trimester is systemic rather than local
placenta infection. The question about vertical transmission
is still debatable. It is expected that large population clinical
studies will address the concern about vertical transmission in
neonates in the future.
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TABLE 1 Studies highlighting the status of vertical transmission in SARS-CoV-2 infected placenta samples at different pregnancy windows (n = 45); 1280 primary human placenta; 11112 derived placenta
cells.

S/N Authors Year Country of
study

Sample size
(Human) *

SARS-CoV-2 entry receptor
expression/or co-localization

on placenta

Method of
detection

Stage of
pregnancy

Authors finding on vertical
transmission

Maternal – fetal
transmission

1 Shanes et al. (17) 2020 United States 16 (all were from maternal
positive SARS-CoV-2)

None of the placenta in this study was
tested for SARS-CoV-2 entry proteins

IHC, qPCR Third trimester Placenta infection of SARS-CoV-2 are
related to maternal infection rather than
fetal infection

No

2 Taglauer et al.
(18)

2020 United States 25 (15 from maternal positive
SARS-CoV-2)

Presence of SARS-CoV-2-spike
glycoprotein and ACE2 co-localize at the

outer STB layer of placenta villi

IHC Third trimester No evidence of fetal transmission No

3 Pique-Regi et al.
(21)

2020 32 Co-transcription of ACE2 and TMPRSS2
is negligible, though there is increased
expression of alternate SARS-CoV-2

receptor like BSG

Single
cell/nucleic RNA

sequencing

Throughout
pregnancy and at

term

Placenta minimally expressed
SARS-CoV-2 entry receptors. Not likely of
vertical transmission. more studies is
required to understand placental
resistance to SARS-CoV-2 infection

No

4 Fenizia et al. (32) 2020 Italy 31 (2 SARS-CoV-2 positive
placentas)

NA qPCR Term (third
trimester)

Possibility of vertical transmission Yes

5 Menter et al.
(23)

2021 Switzerland 5 (all positive) ACE2 are weakly expressed qPCR Third trimester Findings support the hypothesis of
SARSCoV-2 invading the placenta, but
there is no evidence of transplacental
transmission. As umblical cord and
amniotic fluid were negative to
SARS-CoV-2

No

6 Cui et al. (34) 2021 9 (positive not given) and
(1260 derived placenta cells
for bioinformatic studies)

ACE2 and TMPRSS2 were expressed on
placenta

Bioinformatics
and IHC

Throughout
pregnancy

Possibility of intrauterine fetal infection
(transplacenta transmission), but rare and
low.

Yes

7 Li et al. (35) 2020 32 ACE2 and TMPRSS2 are expressed in
stroma cells, perivascular cells of decidua,

CTB and STB of the placenta

Bioinformatics
analysis such as

scRNA-seq

First trimester Possibility of vertical transmission. The
authors also suggested that the expression
of ACE2 and TMPRSS2 might increase
along the trimesters

Yes

8 Lu et al. (36) 2020 9852 derived placenta cells Few trophoblast expresses
ACE2 receptors (n = 9/9852)

Bioinformatics
analysis such as

scRNA-seq

Low possibility of vertical transmission Yes

9 Smithgall et al.
(37)

2020 United States 76 (51 from maternal positive
SARS-CoV-2)

NA IHC, ISH, PCR Third-trimester
placentas

No comment NC

10 Facchetti et al.
(38)

2020 Italy 15 (all were from maternal
positive SARS-CoV-2)

No report on ACE2 expression, but there
was presence of SARS-CoV-2 S and N
protein in placenta sample (n = 1/15)

IHC, ISH Support the hypothesis of possible
transverse transmission

Yes

11 Schoenmarkers
et al. (40)

2021 – 1 (all was SARS-CoV-2
positive placenta)

Presence of SARS-CoV-2 conserved
protein in STB

qPCR, IHC, ISH Third trimester No evidence of vertical transmission No

12 Bloise et al. (25) 2021 Canada 87 (SARS-CoV-2 positive
placentas were not given)

High ACE2 and TMPRSS2 expression in
first trimester placenta than in second
trimester, preterm and term placenta

qPCR, and Next
generation

sequencing or
RNA sequencing

Throughout
trimesters

No increase in mRNA expression of ACE2
and TMPRSS2 at the maternal-fetal
interface, suggesting an unlikely event of
vertical transmission across the gestation
period.

No

(Continued)
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TABLE 1 Continued

S/N Authors Year Country of
study

Sample size
(Human) *

SARS-CoV-2 entry receptor
expression/or co-localization

on placenta

Method of
detection

Stage of
pregnancy

Authors finding on vertical
transmission

Maternal – fetal
transmission

13 Faure-Bardon
et al. (27)

2021 – 7 (1 SARS-CoV-2 positive
placentas)

ACE2 and TMPRSS2 present on placenta NA Second – third
trimester

Supports the possibility of vertical
transmission

Yes

14 Debelenko et al.
(43)

2020 United States 75 (All were from maternal
positive SARS-CoV-2)

NA PCR, IHC, ISH NA All neonates born to COVID-19 pregnant
women were negative for SARS-CoV-2

No

15 Wu et al. (45) 2021 China 11 (6 SARS-CoV-2 positive
placentas)

ACE2 and TMPRSS2 present on placenta qPCR and IHC NA No evidence of transverse transmission,
but transverse natural immunity is
possible

No

16 Valdespino-
Vazquez et al.
(61)

2021 Mexico NA SARS-CoV-2 conserved gene present on
placenta

qPCR, IHC, IF First trimester There is possibility of congenital
SARS-CoV-2 infection during the first
trimester of pregnancy

Yes

17 Cribiu et al. (62) 2021 – 37 (50% were SARS-CoV-2
positive placentas)

NA qPCR, IHC Most are Term No vertical transmission observed.
Though umbilical cord blood was not
tested for SARS-CoV-2

No

18 Patberg et al.
(47)

2021 United States 77 (All were from maternal
positive SARS-CoV-2)

NA PCR Term All neonates born to COVID-19 positive
mothers tested negative after birth

No

19 Dong et al. (8) 2021 Wuhan, China 9 (n = 7/9 are positive) ACE2 were expressed on the maternal side
of the placenta, but low at the villous

matrix and interstitial blood vessel have
low expression of ACE2. CD147 (also
known as Basigin) is a novel route for

SARS-CoV-2, expressed in the surface of
STB of the placenta

qPCR, IHC NA Very low probability of vertical
transmission

Yes

20 Tallarek et al.
(48)

2021 Finland 42 (21% are positive) NA qPCR, IHC All trimesters Vertical transmission is rare, likely due to
inefficient viral replication in placental
tissues

No

21 Blasco Santana
et al. (3)

2021 Spain 29 (1 from maternal positive
SARS-CoV-2)

NA IHC, qPCR Third trimester Vertical transmission is rare Yes

22 Schwartz et al.
(51)

2021 Multi-countries 22 (All were from maternal
positive SARS-CoV-2)

Positive detection of SARS-CoV-2 in
Hofbauer cells (n = 4/22), STB (n = 21/22),

villous capillary (n = 2/21)‘

IHC, qPCR NA Possible vertical transmission. SAS-CoV-2
can infect beyond the trophoblast into the
villous stroma, but the sample is small and
this might not be associated with
fetoplacental transmission. The author
further states that transplacental infection
might occur in the absence of Hofbauer
cells and endothelial involvement

Yes

23 Bouachba et al.
(50)

2021 Brazil 82 (Positive n = 5/82 with
severe outcome)

ACE2 expressed on trophoblast IHC Not specified No sign of maternal-to-fetus infection in
postmortem examination (n = 3/5).
Preterm birth was seen in n = 2/5, and this
cannot be explained by virus transmission
but rather by placental lesion

No

24 Sinaci et al. (24) 2021 Turkey Exact number not given (1
SARS-CoV-2 positive
placentas)

NA PCR NA Vertical transmission might be possible
but in this case, it is rare and via the
vaginal during delivery

Yes

(Continued)
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TABLE 1 Continued

S/N Authors Year Country of
study

Sample size
(Human) *

SARS-CoV-2 entry receptor
expression/or co-localization

on placenta

Method of
detection

Stage of
pregnancy

Authors finding on vertical
transmission

Maternal – fetal
transmission

25 Rebutini et al.
(52)

2021 9 (1 from maternal positive
SARS-CoV-2)

ACE2 and TMPRSS2 were express on
placenta

IHC Second and third
trimester

No comments NC

26 Garrido-
Pontnou et al.
(44)

2021 Spain 9 (All were from maternal
positive SARS-CoV-2)

NA IHC, ISH, PCR NA Two neonates born to COVID-19 positive
mothers samples were positive for
SARS-CoV-2, suggesting the possibility of
vertical transmission

Yes

27 Mourad et al.
(54)

2021 United States 43 (All were from maternal
positive SARS-CoV-2)

placental ACE expression increased in
severe COVID-19 patients

IF Third trimester COVID-19 severity during pregnancy does
not correlate with fetoplacental
transmission

No

28 Halici-Ozturk
et al. (55)

2021 Turkey Not specified NA PCR First trimester No evidence of vertical transmission No

29 Gulersen et al.
(53)

2020 United States 50 (All were from maternal
positive SARS-CoV-2)

NA PCR Third trimester Unlikely to occur, all neonates samples test
negative

No

30 Flores-Pliego
et al. (57)

2021 Mexico 11 (All were from maternal
positive SARS-CoV-2)

NA PCR, IF Second-third
trimester

No comment NC

31 Husen et al. (49) 2021 Netherlands 39 (were from 17 maternal
positive SARS-CoV-2)

NA PCR NA placental SARS-CoV-2 infection can result
to placental damage, triggering
inflammation and compromising the
maternal-fetal interface. Thus impaired
placenta function increased risk for fetal
demise and this is not associated to vertical
transmission

No

32 Colson et al. (26) 2021 Belgium 31 (all were from from
maternal positive
SARS-CoV-2)

Placenta at term do not express ACE2 and
TMPRSS2

PCR, IHC, ISH Term Placental are not likely to be infected by
SARS-CoV-2 at term. Vertical transmission
might not occur because of the tight
immunomodulatory mechanism of the
placenta

No

33 Zhao et al. (19) 2021 China 20 (All from maternal
recovering from SARS-CoV-2)

ACE2 expression was high during the first
trimester, and gradually decreases in second

and third trimesters

ACE2 and TMPRSS2 are not usually
co-expressed in the placenta, its less likely
SARS-CoV-2 can cause infection on the
fetus via these routes. Thus, vertical
transmission would be very rare via the
ACE2/TMPRSS2 route

No

34 Morotti et al.
(65)

2021 Italy 1 (All from from maternal
positive SARS-CoV-2)

NA PCR, IHC Term No evidence of SARS—CoV-2 vertical
transmission

No

35 Beesley et al. (20) 2021 NA ACE2, TMPRSS2 expression is very low at
term

PCR, IHC NA An interesting finding suggesting possible
transverse transmission via the GIT,
because the GIT co-express both
SARS-CoV-2 entry receptors proteins. This
susceptibility may be present from late
second trimester. Their studies also found
out that placenta at term does not
co-express these two receptors, and as such
transmission might not occur via these
route.

No

(Continued)
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TABLE 1 Continued

S/N Authors Year Country of
study

Sample size
(Human) *

SARS-CoV-2 entry receptor
expression/or co-localization

on placenta

Method of
detection

Stage of
pregnancy

Authors finding on vertical
transmission

Maternal – fetal
transmission

36 Alouini et al.
(66)

2022 France 30 (1 was positive for
SARS-CoV-2)

NA PCR Term Maternal IgG against SARS-CoV-2 were
present in 20/41 (48.8%) cord blood
samples, In maternal blood; IgG was
positive 20/37 cases (54%), and IgM
positive for 4/23 cases (17%). The
presence of neonatal IgG against
SARS-CoV-2 reflect why fetus is rarely
infected by the virus. Vertical
transmission of the virus is rare

Yes

37 Celik et al. (67) 2022 Turkey 20 (None was positive) NA PCR, IHC Term Neither vertical transmission nor placenta
infection were detected in all women
included in this study. SARS-CoV-2 was
not detected at term placenta.
SARS-CoV-2 was not detected in neonates
nasopharyngeal swab collected
immediately after delivery. vertical
transmission of SARS-CoV-2 did not
occur

No

38 Dubucs et al.
(68)

2022 France 50 (All were from maternal
positive SARS-CoV-2)

NA PCR Term Rare, and might be unlikely to occur at
third trimester. Placenta lesion does not
correlates with maternal SARS-CoV-2
infection at term pregnancy

No

39 Fahmi et al. (58) 2021 Switzerland Not given ACE2 expression was in high amount PCR Term No comment NC

40 Garcia-Flores
et al. (33)

2022 United States Not given NA IHC, PCR Term Unlikely to occur No

41 Glynn et al. (59) 2022 United States 90 (All were from maternal
positive SARS-CoV-2)

NA PCR Second trimester No comment NC

42 Shook et al. (63) 2021 United States 68 (38 SARS-CoV-2 positive,
30 SARS-CoV-2 negative
women)

ACE2 and TMPRSS2 were expressed.
ACE2 was not impacted by fetal sex or

maternal exposure to SARS-CoV-2. But
TMPRSS2 does

PCR Not given Maternal exposure to SARS-CoV-2 have a
significant impact on the expression of
ACE2 and TMPRSS2 in only male
placenta. Male fetal influences placental
susceptibility to SARS-CoV-2 infection,
and possibly aggravate the risk for
fetoplacental transmission, which of
course dependent on the age of the
placenta

Yes

43 Vivanti et al.
(69)

2020 France 1 (positive) NA PCR, IHC Term Vertical transmission is possible Yes

44 Hsieh et al. (60) 2022 United States NA NA Immunophenotyping,
flow cytometry

Term No comment: cord blood or blood tissue
from infant were not investigated

NC

45 Edlow et al. (56) 2020 United States 88 (44 positive for
SARS-CoV-2, the remaining
negative)

ACE2 and TMPRSS2 were expressed on
the examined placenta sections

PCR No evidence of vertical transmission No

*Placentas from SARS-CoV-2 positive pregnant women does not necessary translates to positive fetotransmission. NC, no comment.
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FIGURE 2

Pooled proportional estimates for investigating evidence of fetoplacental transmission of SARS-CoV-2.

Placenta pathology
We identified 12 studies reporting the impact of SARS-

CoV-2 on placenta pathology that met the inclusion criteria
(section “Study selection and criteria”). A total of 433 placentas
were identified from these twelve studies, out of which 26
(6.0%) placentas showed signs of CHI and trophoblast necrosis.
We also found features of maternal vascular malperfusion
(MVM), 57/433 (13.1%) and fetal vascular malperfusion (FVM),
81/433 (18.7%), which included: Decidual vasculopathy (n = 14;
3.2%), intervillous thrombosis (n = 10; 2.3%) and infarction
(n = 14; 3.2%) were common features of MVM and thrombotic
vasculopathy (n = 22; 5.1%) and chorangiosis (n = 12; 2.8%) were
common features of FVM observed in our study (see Table 2).

The placenta is an immunologically privileged organ that
provides nutrients and protection to developing fetuses. Lately,
several studies have shown that the placenta is a target for
viral infections such as the Zika virus, which ultimately induces
pathologies similar to the present study’s findings (9, 23).
Interestingly, of all the placenta pathology features in this study,
we observed that CHI and thrombi vasculopathy were the
most common manifestations of placental pathology in SARS-
CoV-2 infection. This finding was in accordance with other
studies (48, 51, 64) reporting severe CHI composed of infiltrated
immune cells such as CD68+ macrophages (Hofbauer cells),
CD3+, CD8+ T lymphocytes, CD20+ B cells. These cells induce
upregulation of pro-inflammatory cytokines such as IL-6, IP10,

MIG; and this could be associated with poor fetal outcomes
(32, 45, 49, 50). Taken together, SARS-CoV-2 infection on the
placenta induces placental lesion, which is accompanied by
massive infiltration of inflammatory cells, trophoblast necrosis,
and fibrin deposition, and these are emerging hallmarks of
SARS-CoV-2 infection in placenta.

Limitations and strengths of the
study

Our review has a few limitations. Studies reported are
from different countries with different levels of pregnancies
complication at a different gestational window were included in
this study which may influence placental histological findings.
Additionally, some studies were performed by subspecialists,
which might affect the precision of the reported findings.
Placenta pathological examination in some of the eligible
studies was not available, making it difficult to conclude the
placenta response to SARS-CoV-2 infection. Moving forward,
the molecular and immunological methods employed by most
of the publications included in this review is not without its
detection limitation and precision (e.g., PCR, IHC, and ISH),
making it difficult for accurate comparison. Lastly, the low
sample size in most eligible studies also increased the probability
of a high risk of bias in our study. Our study did not include
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TABLE 2 Pathology features of SARS-CoV-2 infected placenta from 12
selected studies.

Features of placenta
pathology

n (n/N) %

Chronic histiocytic intervillositis
and trophoblast necrosis*

26 (0.0600) 6.0

Massive perivillous fibrin deposit
and intervillosis thrombi
formation

4 (0.0092) 0.9

(a) Features of Maternal Vascular Malperfusion (MVM)

Intervillous thrombosis* 10 (0.0231) 2.3

Increase of intervillous fibrin 4 (0.0092) 0.9

Infarction* 14 (0.0323) 3.2

Decidual vasculopathy or
arteriopathy*

14 (0.0323) 3.2

Subchorionic thrombus 9 (0.0207) 2.1

Villous agglutination 21 (0.0484) 4.8

Distal villous
hypoplasia/Accelerated villous
maturation

3 (0.0069) 0.7

Absence of spiral artery
remodeling

6 (0.0138) 1.4

At least one form of MVM * 17 (0.0392) 3.9

(b) Features of Fetal Vascular Malperfusion (FVM)

Chorangiosis * 12 (0.0277) 2.8

Thrombi in the fetal circulation
or thrombic vasculopathy*

22 (0.0508) 5.1

Villous stromal vascular
karyorrhexis*

2 (0.0046) 0.5

Segmental avascular villi* 20 (0.0461) 4.6

Intramural fibrin deposition * 13 (0.0300) 3.0

Fetal vascular thrombosis in the
umbilical cord

5 (0.1154) 1.2

Multifocal low grade villitis of
unknown etiology

17 (0.0092) 3.9

High grade villitis 6 (0.0138) 1.4

Chorioamnionitis 14 (0.0323) 3.2

At least one form of FVM* 16 (0.0369) 3.7

Total number of placenta (N = 433) were identified. *More than one studies reporting
similar findings.

the cause-effect of SARS-CoV-2 entry receptors expression on
fetal-maternal samples on vertical transmission, and at the time
of writing, there are no such existing literature. We report
that the variability of these receptor expressions at different
pregnancy window might support the plausibility of the vertical
transmission in early gestation period. Overall, the assessment of
the risks of bias in the studies reporting evidence of fetoplacental
transmission was generally low (Supplementary Table 1), most
were based on small sample sizes, strict access to samples
stored in biobanks, and investigators being aware of SARS-
CoV-2 positive samples before performing the experiments. We
recommend that clinical studies including a large sample to be
conducted because it would be helpful to provide guidelines
for managing and preventing vertical transmission during the
first trimester.

One of the major strengths of this study is that it
documented and showed the plausibility of severe placental

inflammation to SARS-CoV-2 infection. This is most likely
to occur during the first trimester. Our study also finds that
maternal-fetal transmission in COVID-19 positive pregnant
women is rare, and the mechanism of SARS-CoV-2 fetoplacental
transmission is still not clear.

Conclusion

The main finding in our review is that there is no clear
consensus on vertical transmission of SARS-CoV-2 during
pregnancy, and the placenta is less susceptible to SARS-
CoV-2 infection in the third trimester. Most of the studies
in our review reported neonatal samples were negative for
SARS-CoV-2 but showed the possibility of maternal antibodies
in neonate samples such as amniotic fluid. The findings
of this study increase our understanding of the possibility
of fetoplacental transmission of SARS-CoV-2 in the general
population. COVID-19 positive pregnant women in the early
trimester should be carefully monitored in order to reduce
severe complications for both mother and the fetus. It will
also be interest to investigate whether early placental infection
with SARS-CoV-2 is associated with fetal demise, rather than
the systemic effect of maternal SARS-CoV-2 infection on
developing fetus. Further studies on these topics are necessary to
address questions on fetoplacental transmission of SARS-CoV-
2 and to provide guidelines for the care and management of
COVID-19 positive pregnant women.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding author/s.

Author contributions

HE: conceptualization, methodology, and data curation. HE,
OA, JS, and MF: validation. HE, OA, JS, and MF: investigation.
HE and OA: resources. HE, FE, and OA: analysis. HE, OA,
JS, MF, and CD: writing—original draft preparation. HE, OA,
JS, MF, CD, and FE: writing—review and editing. FE and
OA: supervision. All authors read and agreed to the published
version of the manuscript.

Funding

The open access publication of this article is funded by Qatar
National Library.

Frontiers in Medicine 13 frontiersin.org

https://doi.org/10.3389/fmed.2022.962937
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-962937 August 11, 2023 Time: 14:36 # 14

Ezechukwu et al. 10.3389/fmed.2022.962937

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.962937/full#supplementary-material

References

1. Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2): A global pandemic and treatment strategies. Int J
Antimicrob Agents. (2020) 56:106054. doi: 10.1016/j.ijantimicag.2020.106054

2. Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Biomed.
(2020) 91:157–60. doi: 10.23750/abm.v91i1.9397

3. Blasco Santana L, Miraval Wong E, Álvarez-Troncoso J, Sánchez García L,
Bartha JL, Regojo-Zapata RM. Maternal and perinatal outcomes and placental
pathologic examination of 29 SARS-CoV-2 infected patients in the third trimester
of gestation. J Obstet Gynaecol Res. (2021) 47:2131–9. doi: 10.1111/jog.14784

4. Baud D, Greub G, Favre G, Gengler C, Jaton K, Dubruc E, et al. Second-
trimester miscarriage in a pregnant woman with SARS-CoV-2 infection. JAMA.
(2020) 323:2198. doi: 10.1001/jama.2020.7233

5. Khalil A, von Dadelszen P, Draycott T, Ugwumadu A, O’Brien P, Magee L.
Change in the incidence of stillbirth and preterm delivery during the COVID-19
pandemic. JAMA. (2020) 324:705–6. doi: 10.1001/jama.2020.12746

6. Khalil A, Kalafat E, Benlioglu C, O’Brien P, Morris E, Draycott T, et al.
SARS-CoV-2 infection in pregnancy: A systematic review and meta-analysis of
clinical features and pregnancy outcomes. EClinicalMedicine. (2020) 25:100446.
doi: 10.1016/j.eclinm.2020.100446

7. Ezechukwu HC, Diya CA, Egoh IJ, Abiodun MJ, Grace J-UA, Okoh GR,
et al. Lung microbiota dysbiosis and the implications of SARS-CoV-2 infection
in pregnancy. Ther Adv Infect Dis. (2021) 8:20499361211032453. doi: 10.1177/
20499361211032453

8. Dong L, Pei S, Ren Q, Fu S, Yu L, Chen H, et al. Evaluation of vertical
transmission of SARS-CoV-2 in utero: Nine pregnant women and their newborns.
Placenta. (2021) 111:91–6. doi: 10.1016/j.placenta.2021.06.007

9. Rabelo K, de Souza LJ, Salomão NG, Machado LN, Pereira PG, Portari EA,
et al. Zika induces human placental damage and inflammation. Front Immunol.
(2020) 11:2146. doi: 10.3389/fimmu.2020.02146

10. Teixeira FME, Pietrobon AJ, de Oliveira LM, da Oliveira LMS, Sato MN.
Maternal-fetal interplay in Zika virus infection and adverse perinatal outcomes.
Front Immunol. (2020) 11:175. doi: 10.3389/fimmu.2020.00175

11. Ades AE, Soriano-Arandes A, Alarcon A, Bonfante F, Thorne C, Peckham
CS, et al. Vertical transmission of Zika virus and its outcomes: A Bayesian synthesis
of prospective studies. Lancet Infect Dis. (2021) 21:537–45. doi: 10.1016/S1473-
3099(20)30432-1

12. WHO. Definition and categorization of the timing of mother-to-child
transmission of SARS-CoV-2. Geneva: WHO (2021).

13. Sevilla-Montoya R, Hidalgo-Bravo A, Estrada-Gutiérrez G, Villavicencio-
Carrisoza O, Leon-Juarez M, Villegas-Mota I, et al. Evidence of possible SARS-
CoV-2 vertical transmission according to world health organization criteria in
asymptomatic pregnant women. Ultrasound Obstet Gynecol. (2021) 58:900–8. doi:
10.1002/uog.24787

14. Manti S, Leonardi S, Rezaee F, Harford TJ, Perez MK, Piedimonte G. Effects of
vertical transmission of respiratory viruses to the offspring. Front Immunol. (2022)
13:853009. doi: 10.3389/fimmu.2022.853009

15. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: The PRISMA statement. BMJ. (2009)
339:b2535. doi: 10.1136/bmj.b2535

16. Drucker AM, Fleming P, Chan A-W. Research techniques made simple:
Assessing risk of bias in systematic reviews. J Invest Dermatol. (2016) 136:e109–14.
doi: 10.1016/j.jid.2016.08.021

17. Shanes ED, Mithal LB, Otero S, Azad HA, Miller ES, Goldstein JA. Placental
pathology in COVID-19. Am J Clin Pathol. (2020) 154:23–32. doi: 10.1093/ajcp/
aqaa089

18. Taglauer E, Benarroch Y, Rop K, Barnett E, Sabharwal V, Yarrington C,
et al. Consistent localization of SARS-CoV-2 spike glycoprotein and ACE2 over
TMPRSS2 predominance in placental villi of 15 COVID-19 positive maternal-fetal
dyads. Placenta. (2020) 100:69–74. doi: 10.1016/j.placenta.2020.08.015

19. Zhao S, Xie T, Shen L, Liu H, Wang L, Ma X, et al. An immunological
perspective: What happened to pregnant women after recovering from COVID-19?
Front Immunol. (2021) 12:631044. doi: 10.3389/fimmu.2021.631044

20. Beesley MA, Davidson JR, Panariello F, Shibuya S, Scaglioni D, Jones BC, et al.
COVID-19 and vertical transmission: Assessing the expression of ACE2/TMPRSS2
in the human fetus and placenta to assess the risk of SARS-CoV-2 infection. BJOG.
(2021) 129:256–66. doi: 10.1111/1471-0528.16974

21. Pique-Regi R, Romero R, Tarca AL, Luca F, Xu Y, Alazizi A, et al. Does the
human placenta express the canonical cell entry mediators for SARS-CoV-2? Elife.
(2020) 9:e58716. doi: 10.7554/eLife.58716

22. Pique-Regi R, Romero R, Tarca AL, Sendler ED, Xu Y, Garcia-Flores V, et al.
Single cell transcriptional signatures of the human placenta in term and preterm
parturition. Elife. (2019) 8:e52004. doi: 10.7554/eLife.52004

23. Menter T, Mertz KD, Jiang S, Chen H, Monod C, Tzankov A, et al. Placental
pathology findings during and after SARS-CoV-2 Infection: Features of villitis and
malperfusion. Pathobiology. (2021) 88:69–77. doi: 10.1159/000511324

24. Sinaci S, Ocal DF, Seven B, Anuk AT, Besimoglu B, Keven MC, et al. Vertical
transmission of SARS-CoV-2: A prospective cross-sectional study from a tertiary
center. J Med Virol. (2021) 93:5864–72. doi: 10.1002/jmv.27128

25. Bloise E, Zhang J, Nakpu J, Hamada H, Dunk CE, Li S, et al. Expression
of severe acute respiratory syndrome coronavirus 2 cell entry genes, angiotensin-
converting enzyme 2 and transmembrane protease serine 2, in the placenta across
gestation and at the maternal-fetal interface in pregnancies complicated by preterm
birth or preeclampsia. Am J Obstet Gynecol. (2021) 224:.e1–298. doi: 10.1016/j.ajog.
2020.08.055

26. Colson A, Depoix CL, Dessilly G, Baldin P, Danhaive O, Hubinont C, et al.
Clinical and in vitro evidence against placenta infection at term by severe acute
respiratory syndrome coronavirus 2. Am J Pathol. (2021) 191:1610–23. doi: 10.
1016/j.ajpath.2021.05.009

27. Faure-Bardon V, Isnard P, Roux N, Leruez-Ville M, Molina T, Bessieres B,
et al. Protein expression of angiotensin-converting enzyme 2, a SARS-CoV-2-
specific receptor, in fetal and placental tissues throughout gestation: New insight
for perinatal counseling. Ultrasound Obstet Gynecol. (2021) 57:242–7. doi: 10.1002/
uog.22178

28. Ouyang Y, Bagalkot T, Fitzgerald W, Sadovsky E, Chu T, Martínez-Marchal A,
et al. Term human placental trophoblasts express SARS-CoV-2 entry factors ACE2,
TMPRSS2, and furin. mSphere. (2021) 6:e250–221. doi: 10.1128/mSphere.00250-21

29. Rangu R, Wander PL, Barrow BM, Zraika S. Going viral in the islet: Mediators
of SARS-CoV-2 entry beyond ACE2. J Mol Endocrinol. (2022) 69:R63–79. doi:
10.1530/JME-21-0282

Frontiers in Medicine 14 frontiersin.org

https://doi.org/10.3389/fmed.2022.962937
https://www.frontiersin.org/articles/10.3389/fmed.2022.962937/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.962937/full#supplementary-material
https://doi.org/10.1016/j.ijantimicag.2020.106054
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.1111/jog.14784
https://doi.org/10.1001/jama.2020.7233
https://doi.org/10.1001/jama.2020.12746
https://doi.org/10.1016/j.eclinm.2020.100446
https://doi.org/10.1177/20499361211032453
https://doi.org/10.1177/20499361211032453
https://doi.org/10.1016/j.placenta.2021.06.007
https://doi.org/10.3389/fimmu.2020.02146
https://doi.org/10.3389/fimmu.2020.00175
https://doi.org/10.1016/S1473-3099(20)30432-1
https://doi.org/10.1016/S1473-3099(20)30432-1
https://doi.org/10.1002/uog.24787
https://doi.org/10.1002/uog.24787
https://doi.org/10.3389/fimmu.2022.853009
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1016/j.jid.2016.08.021
https://doi.org/10.1093/ajcp/aqaa089
https://doi.org/10.1093/ajcp/aqaa089
https://doi.org/10.1016/j.placenta.2020.08.015
https://doi.org/10.3389/fimmu.2021.631044
https://doi.org/10.1111/1471-0528.16974
https://doi.org/10.7554/eLife.58716
https://doi.org/10.7554/eLife.52004
https://doi.org/10.1159/000511324
https://doi.org/10.1002/jmv.27128
https://doi.org/10.1016/j.ajog.2020.08.055
https://doi.org/10.1016/j.ajog.2020.08.055
https://doi.org/10.1016/j.ajpath.2021.05.009
https://doi.org/10.1016/j.ajpath.2021.05.009
https://doi.org/10.1002/uog.22178
https://doi.org/10.1002/uog.22178
https://doi.org/10.1128/mSphere.00250-21
https://doi.org/10.1530/JME-21-0282
https://doi.org/10.1530/JME-21-0282
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-962937 August 11, 2023 Time: 14:36 # 15

Ezechukwu et al. 10.3389/fmed.2022.962937

30. Lee C-L, Chen Z, Zhang Q, Guo Y, Ng VWY, Zhang B, et al. Dysregulation
of the CD147 complex confers defective placental development: A pathogenesis of
early-onset preeclampsia. Clin Transl Med. (2022) 12:e826. doi: 10.1002/ctm2.826

31. Farah O, Nguyen C, Tekkatte C, Parast MM. Trophoblast lineage-specific
differentiation and associated alterations in preeclampsia and fetal growth
restriction. Placenta. (2020) 102:4–9. doi: 10.1016/j.placenta.2020.02.007

32. Fenizia C, Biasin M, Cetin I, Vergani P, Mileto D, Spinillo A, et al. Analysis
of SARS-CoV-2 vertical transmission during pregnancy. Nat Commun. (2020)
11:5128. doi: 10.1038/s41467-020-18933-4

33. Garcia-Flores V, Romero R, Xu Y, Theis KR, Arenas-Hernandez M, Miller
D, et al. Maternal-fetal immune responses in pregnant women infected with
SARS-CoV-2. Nat Commun. (2022) 13:320. doi: 10.1038/s41467-021-27745-z

34. Cui D, Liu Y, Jiang X, Ding C, Poon LC, Wang H, et al. Single-cell
RNA expression profiling of SARS-CoV-2-related ACE2 and TMPRSS2 in human
trophectoderm and placenta. Ultrasound Obstet Gynecol. (2021) 57:248–56. doi:
10.1002/uog.22186

35. Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-2 receptor ACE2
expression of maternal-fetal interface and fetal organs by single-cell transcriptome
study. PLoS One. (2020) 15:e0230295. doi: 10.1371/journal.pone.0230295

36. Lü M, Qiu L, Jia G, Guo R, Leng Q. Single-cell expression profiles of
ACE2 and TMPRSS2 reveals potential vertical transmission and fetus infection of
SARS-CoV-2. Aging (Albany NY). (2020) 12:19880–97. doi: 10.18632/aging.104015

37. Smithgall MC, Liu-Jarin X, Hamele-Bena D, Cimic A, Mourad M,
Debelenko L, et al. Third-trimester placentas of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)-positive women: Histomorphology, including viral
immunohistochemistry and in-situ hybridization. Histopathology. (2020) 77:994–9.
doi: 10.1111/his.14215

38. Facchetti F, Bugatti M, Drera E, Tripodo C, Sartori E, Cancila V, et al. SARS-
CoV2 vertical transmission with adverse effects on the newborn revealed through
integrated immunohistochemical, electron microscopy and molecular analyses of
Placenta. EBioMedicine. (2020) 59:102951. doi: 10.1016/j.ebiom.2020.102951

39. Best Rocha A, Stroberg E, Barton LM, Duval EJ, Mukhopadhyay S, Yarid
N, et al. Detection of SARS-CoV-2 in formalin-fixed paraffin-embedded tissue
sections using commercially available reagents. Lab Invest. (2020) 100:1485–9. doi:
10.1038/s41374-020-0464-x

40. Schoenmakers S, Snijder P, Verdijk RM, Kuiken T, Kamphuis SSM, Koopman
LP, et al. Severe acute respiratory syndrome coronavirus 2 placental infection
and inflammation leading to fetal distress and neonatal multi-organ failure in an
asymptomatic woman. J Pediatr Infect Dis Soc. (2021) 10:556–61. doi: 10.1093/
jpids/piaa153

41. Di Girolamo R, Khalil A, Alameddine S, D’Angelo E, Galliani C, Matarrelli
B, et al. Placental histopathology after SARS-CoV-2 infection in pregnancy: A
systematic review and meta-analysis. Am J Obstet Gynecol MFM. (2021) 3:100468.
doi: 10.1016/j.ajogmf.2021.100468

42. Bertero L, Borella F, Botta G, Carosso A, Cosma S, Bovetti M, et al. Placenta
histopathology in SARS-CoV-2 infection: Analysis of a consecutive series and
comparison with control cohorts. Virchows Arch. (2021) 479:715–28. doi: 10.1007/
s00428-021-03097-3

43. Debelenko L, Katsyv I, Chong AM, Peruyero L, Szabolcs M, Uhlemann A-
C. Trophoblast damage with acute and chronic intervillositis: Disruption of the
placental barrier by severe acute respiratory syndrome coronavirus 2. Hum Pathol.
(2021) 109:69–79. doi: 10.1016/j.humpath.2020.12.004

44. Garrido-Pontnou M, Navarro A, Camacho J, Crispi F, Alguacil-Guillén M,
Moreno-Baró A, et al. Diffuse trophoblast damage is the hallmark of SARS-CoV-
2-associated fetal demise. Mod Pathol. (2021) 34:1704–9. doi: 10.1038/s41379-021-
00827-5

45. Wu H, Liao S, Wang Y, Guo M, Lin X, Wu J, et al. Molecular evidence
suggesting the persistence of residual SARS-CoV-2 and immune responses in
the placentas of pregnant patients recovered from COVID-19. Cell Prolif. (2021)
54:e13091. doi: 10.1111/cpr.13091

46. Mulvey JJ, Magro CM, Ma LX, Nuovo GJ, Baergen RN. Analysis of
complement deposition and viral RNA in placentas of COVID-19 patients. Ann
Diagn Pathol. (2020) 46:151530. doi: 10.1016/j.anndiagpath.2020.151530

47. Patberg ET, Adams T, Rekawek P, Vahanian SA, Akerman M, Hernandez A,
et al. Coronavirus disease 2019 infection and placental histopathology in women
delivering at term. Am J Obstet Gynecol. (2021) 224:.e1–382. doi: 10.1016/j.ajog.
2020.10.020

48. Tallarek A-C, Urbschat C, Fonseca Brito L, Stanelle-Bertram S, Krasemann
S, Frascaroli G, et al. Inefficient placental virus replication and absence of
neonatal cell-specific immunity upon sars-CoV-2 infection during pregnancy.
Front Immunol. (2021) 12:698578. doi: 10.3389/fimmu.2021.698578

49. Husen MF, van der Meeren LE, Verdijk RM, Fraaij PLA, van der Eijk AA,
Koopmans MPG, et al. Unique severe COVID-19 placental signature independent
of severity of clinical maternal symptoms. Viruses. (2021) 13:1670. doi: 10.3390/
v13081670

50. Bouachba A, Allias F, Nadaud B, Massardier J, Mekki Y, Bouscambert
Duchamp M, et al. Placental lesions and SARS-Cov-2 infection: Diffuse placenta
damage associated to poor fetal outcome. Placenta. (2021) 112:97–104. doi: 10.
1016/j.placenta.2021.07.288

51. Schwartz DA, Baldewijns M, Benachi A, Bugatti M, Bulfamante G, Cheng K,
et al. Hofbauer cells and COVID-19 in pregnancy. Arch Pathol Lab Med. (2021)
145:1328–40. doi: 10.5858/arpa.2021-0296-SA

52. Rebutini PZ, Zanchettin AC, Stonoga ETS, Prá DMM, de Oliveira ALP,
da Dezidério FS. Association between COVID-19 pregnant women symptoms
severity and placental morphologic features. Front Immunol. (2021) 12:685919.
doi: 10.3389/fimmu.2021.685919

53. Gulersen M, Prasannan L, Tam Tam H, Metz CN, Rochelson B, Meirowitz
N, et al. Histopathologic evaluation of placentas after diagnosis of maternal severe
acute respiratory syndrome coronavirus 2 infection. Am J Obstet Gynecol MFM.
(2020) 2:100211. doi: 10.1016/j.ajogmf.2020.100211

54. Mourad M, Jacob T, Sadovsky E, Bejerano S, Simone GS-D, Bagalkot TR, et al.
Placental response to maternal SARS-CoV-2 infection. Sci Rep. (2021) 11:14390.
doi: 10.1038/s41598-021-93931-0

55. Halici-Ozturk F, Ocal FD, Aydin S, Tanacan A, Ayhan SG, Altinboga O,
et al. Investigating the risk of maternal-fetal transmission of SARS-CoV-2 in early
pregnancy. Placenta. (2021) 106:25–9. doi: 10.1016/j.placenta.2021.02.006

56. Edlow AG, Li JZ, Collier AY, Atyeo C, James KE, Boatin AA, et al. Assessment
of maternal and neonatal SARS-CoV-2 viral load, transplacental antibody transfer,
and placental pathology in pregnancies during the COVID-19 pandemic. JAMA
Netw Open. (2020) 3:e2030455. doi: 10.1001/jamanetworkopen.2020.30455

57. Flores-Pliego A, Miranda J, Vega-Torreblanca S, Valdespino-Vázquez Y,
Helguera-Repetto C, Espejel-Nuñez A, et al. Molecular insights into the thrombotic
and microvascular injury in placental endothelium of women with mild or severe
COVID-19. Cells. (2021) 10:364. doi: 10.3390/cells10020364

58. Fahmi A, Brügger M, Démoulins T, Zumkehr B, Oliveira Esteves BI, Bracher
L, et al. SARS-CoV-2 can infect and propagate in human placenta explants. Cell Rep
Med. (2021) 2:100456. doi: 10.1016/j.xcrm.2021.100456

59. Glynn SM, Yang YJ, Thomas C, Friedlander RL, Cagino KA, Matthews KC,
et al. CoV-2 and placental pathology: Malperfusion patterns are dependent on
timing of infection during pregnancy. Am J Surg Pathol. (2022) 46:51–7. doi:
10.1097/PAS.0000000000001772

60. Hsieh L-E, Grifoni A, Dave H, Wang J, Johnson D, Zellner J, et al. CoV-2-
specific T cell responses and immune regulation in infected pregnant women. J
Reprod Immunol. (2022) 149:103464. doi: 10.1016/j.jri.2021.103464

61. Valdespino-Vázquez MY, Helguera-Repetto CA, León-Juárez M,
Villavicencio-Carrisoza O, Flores-Pliego A, Moreno-Verduzco ER, et al. Fetal
and placental infection with SARS-CoV-2 in early pregnancy. J Med Virol. (2021)
93:4480–7. doi: 10.1002/jmv.26965

62. Cribiù FM, Erra R, Pugni L, Rubio-Perez C, Alonso L, Simonetti S, et al.
Severe SARS-CoV-2 placenta infection can impact neonatal outcome in the absence
of vertical transmission. J Clin Invest. (2021) 131:145427. doi: 10.1172/JCI145427

63. Shook LL, Bordt EA, Meinsohn M-C, Pepin D, De Guzman RM, Brigida
S, et al. Placental expression of ACE2 and TMPRSS2 in maternal severe
acute respiratory syndrome coronavirus 2 infection: Are placental defenses
mediated by fetal sex? J Infect Dis. (2021) 224:S647–59. doi: 10.1093/infdis/ji
ab335

64. Peiris S, Mesa H, Aysola A, Manivel J, Toledo J, Borges-Sa M, et al.
Pathological findings in organs and tissues of patients with COVID-19: A
systematic review. PLoS One. (2021) 16:e0250708. doi: 10.1371/journal.pone.
0250708

65. Morotti D, Cadamuro M, Rigoli E, Sonzogni A, Gianatti A, Parolin C, et al.
Molecular pathology analysis of SARS-CoV-2 in Syncytiotrophoblast and Hofbauer
cells in placenta from a pregnant woman and fetus with COVID-19. Pathogens.
(2021) 10:479.

66. Alouini S, Guinard J, Belin O, Mesnard L, Werner E, Prazuck T, et al.
Maternal-fetal implications of SARS CoV-2 infection during pregnancy, viral,
serological analyses of placenta and cord blood. Int J Environ Res Public Health.
(2022) 19:2105. doi: 10.3390/ijerph19042105

67. Celik E, Vatansever C, Ozcan G, Kapucuoglu N, Alatas C,
Besli Y, et al. Placental deficiency during maternal SARS-CoV-2
infection. Placenta. (2022) 117:47–56. doi: 10.1016/j.placenta.2021.
10.012

Frontiers in Medicine 15 frontiersin.org

https://doi.org/10.3389/fmed.2022.962937
https://doi.org/10.1002/ctm2.826
https://doi.org/10.1016/j.placenta.2020.02.007
https://doi.org/10.1038/s41467-020-18933-4
https://doi.org/10.1038/s41467-021-27745-z
https://doi.org/10.1002/uog.22186
https://doi.org/10.1002/uog.22186
https://doi.org/10.1371/journal.pone.0230295
https://doi.org/10.18632/aging.104015
https://doi.org/10.1111/his.14215
https://doi.org/10.1016/j.ebiom.2020.102951
https://doi.org/10.1038/s41374-020-0464-x
https://doi.org/10.1038/s41374-020-0464-x
https://doi.org/10.1093/jpids/piaa153
https://doi.org/10.1093/jpids/piaa153
https://doi.org/10.1016/j.ajogmf.2021.100468
https://doi.org/10.1007/s00428-021-03097-3
https://doi.org/10.1007/s00428-021-03097-3
https://doi.org/10.1016/j.humpath.2020.12.004
https://doi.org/10.1038/s41379-021-00827-5
https://doi.org/10.1038/s41379-021-00827-5
https://doi.org/10.1111/cpr.13091
https://doi.org/10.1016/j.anndiagpath.2020.151530
https://doi.org/10.1016/j.ajog.2020.10.020
https://doi.org/10.1016/j.ajog.2020.10.020
https://doi.org/10.3389/fimmu.2021.698578
https://doi.org/10.3390/v13081670
https://doi.org/10.3390/v13081670
https://doi.org/10.1016/j.placenta.2021.07.288
https://doi.org/10.1016/j.placenta.2021.07.288
https://doi.org/10.5858/arpa.2021-0296-SA
https://doi.org/10.3389/fimmu.2021.685919
https://doi.org/10.1016/j.ajogmf.2020.100211
https://doi.org/10.1038/s41598-021-93931-0
https://doi.org/10.1016/j.placenta.2021.02.006
https://doi.org/10.1001/jamanetworkopen.2020.30455
https://doi.org/10.3390/cells10020364
https://doi.org/10.1016/j.xcrm.2021.100456
https://doi.org/10.1097/PAS.0000000000001772
https://doi.org/10.1097/PAS.0000000000001772
https://doi.org/10.1016/j.jri.2021.103464
https://doi.org/10.1002/jmv.26965
https://doi.org/10.1172/JCI145427
https://doi.org/10.1093/infdis/jiab335
https://doi.org/10.1093/infdis/jiab335
https://doi.org/10.1371/journal.pone.0250708
https://doi.org/10.1371/journal.pone.0250708
https://doi.org/10.3390/ijerph19042105
https://doi.org/10.1016/j.placenta.2021.10.012
https://doi.org/10.1016/j.placenta.2021.10.012
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-962937 August 11, 2023 Time: 14:36 # 16

Ezechukwu et al. 10.3389/fmed.2022.962937

68. Dubucs C, Groussolles M, Ousselin J, Sartor A, Van Acker N, Vayssière C,
et al. Severe placental lesions due to maternal SARS-CoV-2 infection associated
to intrauterine fetal death. Hum Pathol. (2022) 121:46–55. doi: 10.1016/j.humpath.
2021.12.012

69. Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee
C, Do Cao J, et al. Transplacental transmission of SARS-CoV-2
infection. Nat Commun. (2020) 11:3572. doi: 10.1038/s41467-020-
17436-6

Frontiers in Medicine 16 frontiersin.org

https://doi.org/10.3389/fmed.2022.962937
https://doi.org/10.1016/j.humpath.2021.12.012
https://doi.org/10.1016/j.humpath.2021.12.012
https://doi.org/10.1038/s41467-020-17436-6
https://doi.org/10.1038/s41467-020-17436-6
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Fetoplacental transmission and placental response to SARS-CoV-2: Evidence from the literature
	Introduction
	Materials and methods
	Search strategy
	Study selection and criteria
	Inclusion criteria
	Exclusion criteria

	Data collection process and data items
	Data extraction, strategy for data synthesis, risk of bias assessment and data analysis


	Results and discussion
	Literature review of what is known based on eligible studies
	SARS-CoV-2 entry receptors expression and maternal-fetal transmission
	Placenta pathology


	Limitations and strengths of the study
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


