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Abstract

Coronavirus disease 2019 (Covid-19) pandemic affects all populations, including pregnant women. Severe
acute respiratory syndrome coronavirus 2 (SARS-Cov-2) infection in pregnancy needs to be a concern
because of the risk of transplacental transmission to the fetus and the potential to interfere with fetal
development. The objective of this study is to review the transplacental transmission of COVID-19 and the
teratological aspects of the event. This article is a literature study. Based on the literature obtained,
placental infection, vertical transmission, and fetal infection have been identified in some cases. However,
there is still no consistent and enough scientific evidence to show that those condition causes fetal damage
or causes congenital anomalies. Virus and host characteristics are thought to explain why SARS-Cov-2
infection has not shown a teratological effect. SARS-CoV-2, similar to severe acute respiratory syndrome
(SARS) and the Middle East respiratory syndrome (MERS) infection, does not indicate maternal-fetal
transmission. The low-level expression of angiotensin-converting enzyme 2 (ACE2) and S protein priming
proteases type Il transmembrane serine protease (TMPRSS 2) in the placenta is also considered to be the
factor that plays a role in inhibiting the vertical transmission of COVID-19. Adverse outcome of fetal death
is more due to pathophysiological conditions of maternal health caused by SARS-CoV-2 infection during
gestation.

Keywords: COVID-19, fetal development, teratology, transplacental transmission

This is an open access article under the CC-BY-NC license

INTRODUCTION

The pandemic of COVID-19 has affected more than 200 million people worldwide, including
pregnant women (WHO, 2021). Even though the effects of SARS-Cov-2 infection in pregnancy and fetal
development remain relatively unclear, SARS-CoV-2 infection among pregnant women should become a
major concern because of its potential risk of vertical transmission that may affect fetal development. The
entry mechanism of SARS-CoV-2 into human cells is mediated by receptor ACE2. In addition, TMPRSS2 is
also needed to facilitate the virus entry process. (Zhang & Zhang, 2021; Pique-Regi et al,, 2021; Hecht et al,,
2020; Bohn et al,, 2020). Studies reported that ACE2 is expressed by the placental cell, especially the
syncytiotrophoblasts (Pique-Regi etal., 2021; Wong et al., 2021; Hecht et al., 2020; Hosier et al. 2020), that
could potentially contribute to maternal-fetal transmission following COVID-19 infection during gestation.
Many studies reported that SARS-Cov-2 infection throughout pregnancy increases the risk of
complications, such as preeclampsia, intrauterine growth restriction, preterm birth, and low birth weight
(Calvacante et al,, 2021; Zhang & Zhang, 2021; Hosier et al,, 2020). To date, there is still no consistent
evidence for the vertical transmission of SARS-CoV-2. Despite the placentas being confirmed infected by
SARS-CoV-2, very few neonates manifest virus-induced signs and symptoms. Pique-Regi et al. (2020)
reported that coincide expression of ACEZ and TMPRSS2 is insignificant in the placenta. In addition,
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minimal expression of ACE2 or TMPRSS2 protein by the human placenta throughout pregnancy could be
the main factor that prevents congenital infections. The mechanisms underlying vertical transmission of
SARS-CoV-2 are still poorly understood; its possibility of affecting fetal development or become a
teratogenic agent is need to evaluate more. Broader, consistent, and scientific evidence to establish
trophoblast SARS-CoV-2 infection and transplacental transmission is needed to conclude the teratogenic
aspect of SARS-CoV-2.

LITERATURE REVIEW

The SARS-CoV-2 is a single-stranded RNA virus shrouded by envelopes classified as coronaviruses,
especially B-coronaviruses. Apart from being enveloped by E protein, the surface of the SARS-CoV-2 virus
consists of glycoproteins, known as S spike protein (S), membrane (M), and nucleocapsid (N). S protein
plays a crucial responsibility in viral attachment and entry into host cells. The other glycoproteins (E, M,
and N proteins) are involved in viral reproduction, particle assembly, and release from the host cells (Zare
etal, 2021; Belmehdi et al,, 2021; Park, 2020). SARS-CoV-2 needs to interact with the ACE2 receptor to
enter cells, and in parallel, TMPRSS2 is required to S glycoprotein breakage that allows viral fusion to the
cell. Both ACE2 and TMPRSS?2 are required to facilitate cell entry and spread of SARS-CoV-2 (Shang et al,,
2020; Wang et al., 2020; Hoffmann et al,, 2020). The existence of ACE2 on syncytiotrophoblasts cells of the
placenta could potentially contribute to maternal-fetal transmission as the mother is diagnosed with
positive COVID-19 during pregnancy. However, congenital infection or teratological effect of viral infection
has led to three key points: (1) Identified/detected virus on the placenta tissue does not always convincing
marker for placental infection; (2) placental infection does not always have to follow by vertical
transplacental transmission; (3) If fetal infection detected, it is not always followed by fetal damage or
caused congenital anomalies.

The placenta acts as an immunological barrier that selectively prevents pathogens' entry, in
conjunction with its role in maintaining immune responses to the fetal development intrauterine. The
innate immune system and structural barrier (outermost layer of chorionic villi is not equipped with
intercellular gap junction) may contribute to the protective mechanisms of the placenta against viral
invasion, including SARS-CoV-2 (Carsetti et al., 2020; Pereira, 2018). In addition, ACE2 and TMPRSS2 are
poorly expressed by the human placenta in all trimesters of gestation so that SARS-CoV-2 tends not to
infect the placenta and fetus (Wong et al,, 2021; Hecht et al., 2020; Hoshier et al,, 2020). Pique-Regi et al.
(2020) also reported that the chorioamnionitis membranes do not express the ACE2 receptors in the third
trimester. However, the severe maternal disease is associated with detected SARS-Cov-2's RNA in the
amniotic fluid and newborn positivity at birth in some cases (Hosier et al,, 2020; Vivanty et al, 2020;
Zamaniyan, 2020). Although the villous syncytiotrophoblast provides an excellent barrier to pathogen
infection, DNA viruses infection in the placenta has been widely known. As well as with RNA viruses are
also reported to infect the placenta but often not causing histopathology changes. The placental's
pathological characteristics exposed to SARS-CoV-2 have not been demonstrated clearly. However,
coagulopathic findings shared with features such as Hofbauer cell hyperplasia, chronic histiocytic
intervillositis, or massive perivillous fibrin deposition, often described as the histopathology appearance
of placenta's patients with SARS-CoV-2 infection (Bergen & Heller, 2020; Shuo et al, 2020; Shanes et al,,
2020).

Some studies found that the expression of ACE2 in placenta and decidua cells is generally very low-
level (Zheng et al, 2020; Vento-Tormo et al, 2018). Pique-Regi et al. (2020) observed insignificant
colocalization of ACE2 and TMPRSS2 in the placenta and fetal membranes in the third trimester of

ISSN (to be processed) | 107



RSF Conference Series: Medical and Health Science, Vol. 1 (1), 106-111
Literature Review: Transplacental Transmission of COVID-19 and Its Teratological Aspect
Annisa Rahmah Furqaani, Arief Budi Yulianti

pregnancy. On the other hand, some studies showed that ACE2Z and TMPRSS2 are expressed in the
trophoblast, the blastocyst, and the hypoblast in the first trimester of pregnancy, so fetal infection is
possible through this pathway in the early gestation periods (Weatherbee et al, 2020; Zheng et al., 2020).
However, there is still no established evidence, and rare events show the impact of COVID-19 in early
gestation (Wastnedge et al,, 2021). The lack of coexpression of ACEZ and TMPRSS2 in the placenta leads
to the alternative mechanism that SARS-CoV-2 possibly prefers to enter the placental tissues (Kreis et al.,
2020; Pique-Regi et al.,, 2020). Several proteases are proposed to be involved in SARS-CoV-2 entry to the
cell, such as dipeptidyl peptidase-4 (DPP4) and the cluster of differentiation 147 (CD147), both of which
are highly expressed in the placenta during pregnancy (Kreis et al., 2020). Like TMPRSS2, cathepsins B and
L, trypsin, and furin have been studied to affect S glycoprotein's conformation so that it allows the virus to
access S1/S2 binding site (Hoffman et al. 2020; Hu et al., 2020; Pique-Regi et al,, 2020). Therefore, it is still
very possible that fetal infection of SARS-CoV-2 occurs and interferes with fetal development.

RESEARCH METHODOLOGY

This article is a literature review. Articles were obtained by doing a search on the databases: Google
Scholar, Pubmed, and Science Direct. Keywords used in the search: COVID-19, vertical/transplacental
transmission, and fetal development/congenital infection/teratology. The authors then reviewed the
appropriate literature to study the mechanism of vertical transmission of COVID-19 and its potency in
affecting fetal development, causing congenital abnormalities.

FINDINGS AND DISCUSSION

All reviewed articles have explained that transplacental transmission of SARS-Cov-2 has been
detected but not always followed by fetal infection. In very rare cases, the fetal infection has been observed
but has not been associated with teratological aspects or caused congenital abnormalities in the fetus.
However, COVID-19 infection during gestation may have implications for both the mother and fetus's
health. Pregnant women with COVID-19 can show ranging from mild to severe symptoms. Poor maternal
health can affect fetal development; the disruption of fetal development is not due to a viral infection but
rather due to the mother's declining health condition during pregnancy. Maternal vascular malperfusion
and inflammatory changes are observed in pregnant women infected with even mild COVID-19
(Mahyuddin et al,, 2020). COVID-19 infection in pregnancy correlates with increased risks of adverse
pregnancy outcomes, such as intrauterine growth restriction, preterm birth, low birth weight, and
perinatal mortality (Wastnedge et al, 2021; Cavalcante et al, 2021). Those conditions have been
associated with non-communicable diseases in neonates, such as neurological and behavioral disorders.
Maternal immune responses to viral infection, including COVID-19, are responsible for the offspring's
possible risk rather than the virus itself. Mulvey et al. (2020) reported histology observation of five COVID-
19 patients, indicating no vascular complement deposition in the placentas. Nevertheless, fetal vascular
malperfusion was observed, characterized by focal avascular villi and thrombi in larger fetal vessels. The
study also showed negative results of viral RNA fraction and S glycoprotein determination. All patients
experienced healthy and term deliveries; these findings suggest that COVID-19 has been involved in
procoagulant activity, but it is unrelated to systemic complement activation. Vivanty et al. (2020)
demonstrated that 23-year-old women, gravida 1, para 0, infected by SARS-CoV-2 (35 weeks gestation),
cause maternal viremia, placental infection and inflammation, neonatal viremia following placental
infection. The neonate presented with neurological manifestations. Correspondingly, changes in the
maternal immune response during pregnancy and COVID-19 infection are thought to be associated with
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possible transplacental transmission of SARS-CoV-2 and neurotropism that may affect the fetus's
neurodevelopment risk of psychosis, schizophrenia, and schizophrenia spectrum disorders (Zimmer et al.,
2021). Schwartz (2020) reported that 29 newborns delivered by mothers diagnosed with positive COVID-
19 showed negative RT-PCR of SARS-CoV-2 and negative SARS-CoV-2 of their placenta. To date, the
behavior of vertical transplacental transmission of SARS-CoV-2 in pregnancy is similar to other
coronavirus infections (SARS and MERS), which have not been conclusively proven (Schwartz & Dhaliwal,
2020; Chen et al,, 2020).

Although maternal-fetal transmission of SARS-CoV-2 is rare, Zheng et al. (2020) reported that a
small fraction of the virus was detected in neonates at 1-4 days after birth but then reported negative on
days 6-7. The serological examination also revealed that detectable increases in neonatal immunoglobulin
(Ig)M and IgG were allied with maternal confirmed with COVID-19 (Zeng et al., 2020; Dong et al., 2020).
Transplacental transfer of IgG is suggested to be a mechanism for this immunoglobulin enhancement. In
contrast, elevated levels of IgM are stimulated by fetal SARS-CoV-2 infection. Furthermore, the studies
reported that all neonates did not manifest any symptoms related to COVID-19 (Zeng et al,, 2020; Dong et
al, 2020). Severe COVID-19 affected mother showed detectable viral RNA in amniotic fluid and delivered
premature neonates that showed positive results after 24 hours delivery (Zamaniyan, 2020). The study of
Hosier et al. (2020) reported that all fetal tissues tested are negative SARS-CoV-2, in contrast to positive
results of viral RNA in the placenta and umbilical cord of the mothers. The mothers reported having severe
preeclampsia, placental abruption, or other complications during pregnancy. Pique-Regi et al. (2020)
found low levels co-express ACE2 and TMPRSS2 by the placental cells throughout gestation. The first-
trimester data showed low-level expression of ACE2 at the human placenta. Insignificant coexpression of
ACE2 receptors and TMPRSS2 was also observed in the chorioamnionitis membranes in the third
trimester. Therefore, Pique-Regi et al. (2020) suggested that other concomitant pathological conditions
involved facilitating vertical transmission of SARS-CoV-2, resulting in a breach of the maternal-fetal
crosstalk. To date, the data indicate that the characteristics of SARS-CoV-2 make the virus less likely to
infect human placental, so that minimize the transplacental transmission. However, some pathological
conditions in pregnancy strongly suggest taking responsibility for increasing the expression of ACE2
(Alexandre et al., 2020) by altering the renin-angiotensin-aldosterone system (RAAS). In addition, high
levels of DPP4 and CD147 are expressed in the placenta during pregnancy, so that potentially used by the
SARS-CoV-2 to enter the placental cells; replace the role of TMPRSS2 (Kreis et al., 2020). The changes in
viral S glycoprotein conformation could also be facilitated by cathepsins B and L, trypsin, and furin,
allowing viral attachment at the S1/S2 binding site (Hoffman et al. 2020; Hu et al,, 2020; Pique-Regi et al,,
2020). Accessible cellular receptors, entry pathways, and invasive mechanisms that could be developed
by SARS-CoV-2, especially in pregnancy and fetus, are still under investigation. To evaluate vertical
transmissions and their possibility of causing congenital anomalies, broader and longer-term observations
are required so that a comprehensive understanding of the teratological aspect of SARS-CoV-2 could be
established.

CONCLUSION AND FURTHER RESEARCH

[t can be concluded that the vertical transmission of COVID-19 has been observed, although it is still
rare, and the mechanism of transmission is not clearly established. However, this event is not always
followed by fetal infection, so that the teratological aspects of COVID-19 have not been identified yet. More
significant data and long-term observation are needed to evaluate the effects of congenital infection of
SARS-CoV-2 on the fetus.
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