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Abstract

SARS-CoV-2, the leading cause of COVID-19 pandemic, was detected for the first time in Wuhan. In this study, we investi-
gated the potential undesirable maternal and feto-neonatal consequences of COVID-19, and the related pathophysiological
alterations in mother, neonate, and especially in the placenta as a vital organ, were reviewed. Also, the possibility of vertical
transmission of virus and placental abnormalities were evaluated. The pregnant women were a vulnerable population for
COVID-19, and several obstetric consequences were reported following SARS-CoV-2 infection. The higher risk of abrup-
tion, preterm labor, maternal death, stillbirth, intrauterine growth restriction, and newborns with fetal distress were adverse
pregnancy and perinatal outcomes of COVID-19. Despite the ACE2 expression on placental components was confirmed,
there is no agreement on the mother—child vertical transmission of this virus. Therefore, feto-neonatal consequences might
be associated with placental abnormalities. The placental abnormalities are characterized by feto-maternal vascular malper-
fusion. Additionally, these adverse consequences lead to early termination of pregnancy in some cases, mostly via cesarean
section. The pregnant women screening, coordination between healthcare personnel and neonatal unit, and infected women
quarantine may decrease the risk of maternal and neonatal death after delivery.

Keywords SARS-CoV-2 - COVID-19 - Feto-neonatal consequences - Maternal consequences - Vertical transmission -
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Introduction

In December 2019, the outbreak of coronavirus disease
2019 (COVID-19) was reported in Wuhan, China, which
has rapidly been changed as pandemic and spread through-
out the worldwide (Lai et al. 2020). The acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2), the leading cause
of COVID-19, is a human coronavirus (HCoV), which
belongs to the Coronaviridae family (Cabeca et al. 2013; Li
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et al. 2020a). HCoVs are classified as follows: HCoV-OC43,
HCoV-HKU1, HCoV-NL63, and HCoV-229E with mild
symptoms and SARS-CoV (2003 outbreak), Middle East
respiratory syndrome-CoV (MERS-CoV, 2012 outbreak),
and SARS-COV-2 with severe symptoms (Munster et al.
2020). The rapid and silent transmission of SARS-COV-2
via asymptomatic patients is associated with the increased
incidence of infection (Biscayart et al. 2020; Carlos et al.
2020; Kinross et al. 2020). This virus has a single-stranded
and positive-sense RNA genome. Both SARS-CoV and
SARS-COV-2 use a similar receptor, angiotensin-converting
enzyme?2 (ACE2) receptor, to enter the host cells (Hoffmann
et al. 2020b). The genomic characteristics of SARS-COV-2
have 80-85% nucleotide homology to SARS-CoV (Hoff-
mann et al. 2020a). Additionally, binding both viruses to
the ACE2 receptor is mediated by coronavirus spike (S)-
protein (Lukassen et al. 2020). Although ACE2 is highly
expressed in the respiratory system (He et al. 2000), its pres-
ence in other organs such as heart, liver and kidney has been
reported. This increases the risk of multi-organ failure in
COVID-19 patients (Roca-Ho et al. 2017).
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The symptomatic adult patients with COVID-19 mani-
fest dry cough, fever, myalgia, malaise, rarely sputum pro-
duction, dyspnea, headache, and hospitalization (Adhikari
et al. 2020; Du et al. 2020; McMichael 2020). Severe illness
can be developed as dyspnea and hypoxemia, and eventu-
ally change as acute respiratory distress syndrome (ARDS)
within 1 week following the onset of illness (Chen et al.
2020c). The higher mortality rate among COVID-19 patients
is associated with progressive ARDS and subsequent multi-
organ dysfunction, resulting in death (El Zowalaty and
Jarhult 2020; Shanmugaraj et al. 2020; Zhou et al. 2020a).
Furthermore, the underlying conditions e.g., liver, kidney,
cardiovascular disease, as well as malignant tumors, and old
age (older than 50), are risk factors to worsen the prognosis
of COVID-19 (Chen et al. 2020c; Cui et al. 2020).

Additionally, the data on the consequences of pregnancy
in women with COVID-19 are limited. What is currently
known is pregnant women are a vulnerable population at
the risk of severe infections. At this time, there is lack of
evidence on adverse effects of maternal SARS-CoV-2 infec-
tion on the fetus (Zhao et al. 2020). What is important is
that fetuses have poor toleration for acidosis and hypoxemia,
which lead to complications such as preterm labor (Omo-
Aghoja 2014). Additionally, maternal COVID-19 effects on
infant is limited, and associated with some adverse conse-
quences such as stillbirth and miscarriage (Karimi-Zarchi
et al. 2020a). Previously, findings of investigations showed
that the risk of severe infection, mortality, and morbid-
ity in the pregnant women with SARS and MERS were
higher compared with the non-pregnant women (Wang
et al. 2020b). The vertical transmission of COVID-19 from
mother to fetus or child and its short and long-term conse-
quences to fetus and neonate is still unknown (Wang et al.
2020b).

In a narrative review, we investigated the features of
COVID-19 in pregnant women and its feto-neonatal con-
sequences. To identify how the placenta can be involved
in the feto-neonatal outcomes, its pathological features and
possibility of vertical transmission of virus from this vital
organ were reviewed. For this purpose, a detailed literature
review was done in standard databases, such as the PUB-
MED, SCOPUS, Google Scholar, and the Web of Science
to search all published peer-reviewed articles, which inves-
tigated maternal and feto-neonatal consequences of COVID-
19, involvement of placenta as a vital organ, and mother-to-
child vertical transmission of SARS-CoV-2. Initial search
keywords were defined as SARS-CoV-2, COVID-19, pla-
centa, angiotensin-converting enzyme-2 (ACE-2), sepsis,
cytokine storm, etc.
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COVID-19 and pregnancy: maternal consequences

Different respiratory infections such as influenza, SARS, and
MERS has been associated with increasing the rate of inten-
sive care unit (ICU) admission, mechanical ventilation, and
death (Alfaraj et al. 2019; Gottfredsson 2008; Jamieson et al.
2009; Lam et al. 2004a; Mertz et al. 2019; Wong et al. 2004).
SARS was related to the higher rate of some adverse conse-
quences in pregnant women, e.g., disseminated intravascu-
lar coagulation (DIC), sepsis, kidney disease, neurological
symptoms, and a longer period of hospitalization (Lam et al.
20044a, b; Robertson et al. 2004; Yudin et al. 2005). Due to
the high sequence similarity of SARS-CoV-2 and SARS-
CoV (Zhou et al. 2020b), the same trend of SARS can be
predicted for the pregnant cases with COVID-19. In initial
studies, the evaluation of infected pregnant women with
SARS-CoV-2 manifested the general symptoms of COVID-
19, e.g., fever, cough, sore throat, myalgia, diarrhea, malaise,
and shortness of breath. In laboratory data, lymphopenia
and enhanced levels of alanine aminotransferase (ALT) or
aminotransferase (AST) were seen similarly. The computed
tomography (CT) scans showed multiple ground-glass opac-
ity (GGO) shadows in lungs with a high diagnostic value.
This study was performed on a small sample and women
were at the late stage of pregnancy (Chen et al. 2020a, d).
In a preliminary analysis, similar findings were observed
in 15 pregnant women with COVID-19 pneumonia. These
pregnant cases had achieved good recovery without receiv-
ing antiviral drugs at the end of the study (Liu et al. 2020a).
Infection with SARS-COV-2 increased the rate of hospitali-
zation and also enhanced receiving mechanical ventilation
among the pregnant women without affecting the mortality
rate (Ellington et al. 2020). The infected pregnant women
need the ICU admission five times and mechanical ventila-
tion four times more than non-pregnant women with the sim-
ilar death rate (Collin et al. 2020). Additionally, the severity
of COVID-19 in pregnant women was mild in 86%, severe
in 9.3%, and critical in 4.7% of disease, the same frequency
described for the general population (Breslin et al. 2020).
Nevertheless, it seems that infection of pregnant patients
with SARS-CoV-2 can raise the risk of maternal mortality.
The results of a multi-central adjudicated case series per-
formed in Iran demonstrated that from nine pregnant women
were detected with severe infection; 1/9 recovered after a
long time of hospitalization, 1/9 reminded as ventilator-
dependent with severe illness, and 7/9 died (Alfaraj et al.
2019). Moreover, infection with SARS-CoV-2 in the 2nd or
3rd trimester of pregnancy might increase the risk of death
due to cardiopulmonary complications (Hantoushzadeh et al.
2020).

Notably, pregnant women are a vulnerable to respira-
tory pathogens due to the immunomodulatory situation
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and physiological adaptations, e.g., reduced respiratory
volumes due to the diaphragm elevation and edema of res-
piratory tract mucosa. These alterations increase the toler-
ance of women to hypoxia (Kourtis et al. 2014; LoMauro
and Aliverti 2015). Pneumonia (especially viral source) is
considered to be an important cause of respiratory failure,
and is attributed to the higher rate of morbidity and mor-
tality among the pregnant patients (Berkowitz and LaSala
1990). Maternal pneumonia is accompanied by some
complications, such as preterm premature rupture of the
membranes (PPROM), placental abruption, and preterm
labor, leading to fetal or maternal death (Getahun et al.
2006; Richey et al. 1994; Schwartz and Graham 2020).
Furthermore, the obstetric outcomes of COVID-19 include
anemia, PPROM, preterm labor, multi-organ dysfunction.
The CS was the most common procedure for the delivery
of the baby. The most common consequence was preterm
labor (Banaei et al. 2020). The results of a rapid review
showed that preterm labor was seen in 42% of women with
COVID-19 (Mullins et al. 2020).

It has been recommended that the COVID-19 can be
exaggerated via pregnancy related cardio-vascular altera-
tions and immune responses (Zaigham and Andersson
2020). Moreover, the hyperinflammation due to enhanced
levels of cytokines, particularly interleukin 6 (IL-6) IL-1p,
and IL-12, is ascoaiceted with multi-organ dysfunction
in critically ill patients (Mokhtari et al. 2020). Therefore,
severe COVID-19 can be improved via the termination of
the pregnancy. Accordingly, in a case report, the termina-
tion of pregnancy led to the improvement of severe liver
and coagulation abnormalities (Ronnje et al. 2020). On
the other hand, increased levels of ACE2 in the kidney of
pregnant rats may locally increase the overexpression and
production of angiotensin-(1-7) in the kidney during preg-
nancy (Brosnihan et al. 2003), which can increase the risk
of acute kidney disease (AKI) in SARS-CoV-2-positive
pregnant women. The AKI was observed in a pregnant
woman with COVID-19 (Taghizadieh et al. 2020). COVID-
19 is related to thrombotic events in the general population
(Knight et al. 2020). Activation of coagulation pathways
due to the cytokine storm and hyperinflammation can lead
to local or systemic coagulation abnormalities and conse-
quently affect several organs. Therefore, monitoring the
D-dimers and fibrinogen levels should be evaluated in all
hospitalized patients with COVID-19 (Mokhtari et al. 2020).
During normal pregnancy, increased levels of haemostatic
components (e.g., factor X, factors V, VII, plasmin, and von
Willebrand factor) can increase thrombin production and
intravascular inflammation, leading to thrombophilia (Rob-
ertson et al. 2006). These alterations may be implicated in
the pathogenesis of SARS-CoV-2 infection (Ji et al. 2020).
While the pregnancy procedure raises the risk of throm-
boembolic events, pregnant women with COVID-19 may

have synergistic risk factors for thrombosis with associated
mortality. This hypothesis was confirmed in a case report in
which a woman at the gestation of 29 weeks with COVID-19
died because of the basilar artery embolism and pulmonary
embolism in the lower lobe (Ahmed et al. 2020). Therefore,
to avoid adverse maternal consequences following COVID-
19, special programs should be provided to manage pregnant
women. Maternal consequences were summarized in Fig. 1.

COVID-19 and pregnancy: feto-neonatal
consequences

Maternal pneumonia leads to several adverse feto-neonatal
consequences, e.g., intrauterine growth restriction (IUGR),
intrauterine fetal demise, and fetal or neonatal death (Geta-
hun et al. 2006; Schwartz and Graham 2020). The higher
rates of preterm labor, stillbirth, and abortion due to viral
pneumonia caused by other respiratory viruses, e.g., influ-
enza virus A/HIN1 (2009) (Jamieson et al. 2009), SARS-
CoV (Wong et al. 2003, 2004), and MERS-CoV (Alserehi
et al. 2016). Pneumonia in pregnant women could increase
the risk of fetal complications, including preterm births,
IUGR, LBW, and 5-min Apgar score lesser than 7 (Chen
et al. 2012). In the initial researches on feto-neonatal conse-
quences of COVID-19, there was no significant difference
in the frequency of fetal distress, greenish amniotic fluid
(meconium staining), preterm labor, and neonatal asphyxia
in the comparison of adverse outcomes of neonates from
women with COVID-19 compared with those who from
healthy women (Zhang et al. 2020a). A study on nine
infected patients with CS showed nine live-births, just mild
enhanced levels of myocardial enzymes were recorded for
1/9 neonates (Chen et al. 2020b). Also, no neonatal compli-
cations such as asphyxia, neonatal death, stillbirth, or mis-
carriage were recorded (Liu et al. 2020a).

However, in cases reports, a case of stillbirth (Liu et al.
2020c¢) and newborns with fetal distress with ICU admission
(Chen et al. 2020a; Zhu et al. 2020) from COVID-19 women
were reported. The most common outcome was fetal distress
(Banaei et al. 2020). The feto-neonatal outcomes such as
reduced fetal movement, prematurity, fetal distress, small
for gestational age, LBW, asphyxia, stillbirth were recorded
(Banaei et al. 2020; Liu et al. 2020b). Due to insufficient
information, different infection duration, severe symptoms,
and different immune responses of pregnant women, the
interpretation of studies finding and determination of the
causal link between neonatal complication and COVID-19
infection are not possible. On the other hand, a growing body
of evidence suggests that the intrapartum may result in neo-
natal outcomes (Dior et al. 2016). Although the adverse feto-
neonatal effects of COVID-19 have been proven, the exact
mechanisms are not well-known. The direct or the indirect
of SARS-CoV-2 may lead to these feto-neonatal effects.

@ Springer



430

Journal of Molecular Histology (2021) 52:427-435

[ COVID-19 and Pregnancy ]

Fever &
“Unflammation

y
_ /\\ \-\
Placenta alterations

« Chorioamnionitis

« Perivillous fibrin diffusion

* Thrombi in the fetal
vessels

« Fetal vascular
malperfusion

* Maternal vascular
malperfusion

* Decidual arteriopathy

* Choriohemangioma

* Multifocal infarctions

9

Vertical transmission

Feto-neonatal consequences

* Prematurity

* Fetal distress

* Small for gestational age
* Low birth weight

* Asphyxia

« Stillbirth

* Reduced fetal movement

Coagulation and Vascular events

|
Maternal consequences ‘

* Asymptomic

* General symptoms

* Pneumonia

* Multiorgan dysfunction

* Thrombotic
abnormalities

* Preterm-labor

* Preterm rupture

Fig.1 COVID-19 and pregnancy. Maternal and feto-neonatal consequences and several pathological features of placenta. /L Interleukin, ACE2

angiotensin-converting enzyme 2

The question is that is there any possibility of mother—child
vertical transmission of SARS-COV-2. Otherwise, the most
important cause may be related to indirect effects of the
virus by induction of pathological events inside the placenta.
Feto-neonatal consequences were summarized in Fig. 1.

COVID-19 and pregnancy: mother-child vertical
transmission of the virus

The neonates from SARS-CoV-2-positive women were posi-
tive for virus 16 h (Alzamora et al. 2020), 30 h (Zhang et al.
2020b), and 36 h (Wang et al. 2020a) after delivery. While
the infection of neonates with SARS-CoV-2 was reported
on the first day of life after delivery (Yu et al. 2020; Zeng
et al. 2020b), it is not clear whether the source of the infec-
tion was from the mother or from the environment. In most
studies, the neonates were separated from the mother after
birth to reduce the chance of transmission. However, there
is inadequate data regarding the separation of the baby form
the mother (Poon et al. 2020).

@ Springer

The majority of studies have confirmed no evidence for
SARS-CoV-2 mother-to-child transmission (Karimi-Zarchi
et al. 2020b; Li et al. 2020b; Liu et al. 2020a; Muhidin et al.
2020; Zhang et al. 2020a; Zhu et al. 2020). In a study in New
York on 43 pregnant with COVID-19, there was no proven
neonatal infection with SARS-CoV-2 based on the initial test
on the first day of life (Breslin et al. 2020). Virological eval-
uations of a COVID-19 woman with miscarriage during the
2nd trimester demonstrated that there was no data to confirm
the placental infection and vertical transmission (Baud et al.
2020). There is no data to confirm the presence of infected
cells in the maternal-fetal interface was not proven, ensuring
that the transmission of SARS-CoV-2 through the placenta
to the fetus is poor (Zheng et al. 2020). No viral RNA of
SARS-CoV-2 was detected in the neonatal throat swabs or
umbilical cord blood, amniotic fluid, neonatal pharynx swab,
breast milk of first lactation samples from patients at the
late stages of pregnancy. A well, there was a lack of data to
confirm the intrauterine vertical transmission of the virus.
Since the vaginal swabs were not collected, it was unknown
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whether SARS-CoV-2 infection could be related to vagi-
nal delivery (Chen et al. 2020a, d). Besides, there was no
agreement about the vertical transmission of SARS-CoV-2
in an infant at 30 h of age who was diagnosed for COVID-19
in Wuhan Children’s Hospital (Jiatong and Wenjun 2020).
Moreover, The results of a study in China showed that the
origin of infection in the neonates was related to mother, as
there were a strict infection control and preventive strategies
during childbirth (Zeng et al. 2020b). In another study, the
presence of SARS-CoV-2 was not confirmed in the serum or
throat swab of six newborns from six mothers with COVID-
19 via RT-PCR test. However, the virus-specific antibodies
(IgG in five and IgM in two infants) were identified in neo-
natal blood sera (Zeng et al. 2020a). Although IgG can pass
through the placenta at the end of the 2nd trimester (Kohler
and Farr 1966), IgM with a large macromolecular structure
is not common to across the placenta. It might be secreted in
the infant in response to viral infection, transmitted from the
placenta (Irving et al. 2000). Furthermore, the positive result
of PCR 16 h after CS delivery (with lower risk of disease)
increases the probability of vertical transmission (Alzamora
et al. 2020). Consequently, the maternal-to-neonatal vertical
transmission of COVID-19 via the placenta is controversial.
The vertical transmitting via breastfeeding or breast milk has
not been proven. However, close contact with the mother
or respiratory droplets during breastfeeding can infect the
neonates (Rasmussen et al. 2020; She et al. 2020). Besides,
more evaluations on a large number of pregnant women are
needed to answer the question about the possible vertical
transmission of SARS-CoV-2.0n the other hand, the pres-
ence of feto-neonatal adverse outcomes of pregnancy from
mothers with COVID-19 such as stillbirth, neonates with
fetal distress, or requiring ICU admission (Chen et al. 2020a;
Liu et al. 2020c; Zhu et al. 2020) suggests the potential evi-
dence of SARS-CoV-2-induced placental pathology.

COVID-19 and pregnancy: the role of the placenta

The placenta has an essential role in modulating the immune
response in several viral infections (PrabhuDas et al. 2015).
Some viruses can cross the placental barrier and induce
some associated severe fetal malformations (Antoniou et al.
2020; Lee et al. 2019). In SARS-CoV-2 infection, the viral
RNA was not detected in the placenta (Chen et al. 2020a;
Fan et al. 2020; Mulvey et al. 2020; Shanes et al. 2020). In
contrast, placenta samples from the vast majority of cases
were positive for SARS-CoV-2 (Hosier et al. 2020; Patane
et al. 2020; Shanes et al. 2020). To cross the virus from
the placenta, it should bind to its specific receptor, ACE2.
The enhanced expression and activation of ACE2 in the pla-
centa, uterus, and kidney were confirmed during the preg-
nancy (Levy et al. 2008). In another study, angiotensin-(1-7)
and ACE2 were detected in the syncytiotrophoblast of the

subplacenta, labyrinthine placenta, giant cells, interlobium,
syncytial sprouts, syncytial streamers, endothelium, and
myometrium in the pregnant guinea-pig, indicating the
role of angiotensin-(1-7) and ACE2 proteins in vascular
remodeling, decidualization, trophoblast invasion, regu-
lation of placental flow, and integration of uteroplacental
vasodilatory network (Li et al. 2020c). Moreover, the lower
expression of ACE2 mRNA was reported in all cells dif-
ferentiated from decidua and placenta from the early phases
of pregnancy. But, the higher expression was related to the
decidual perivascular cells (Zheng et al. 2020). By focusing
on placental syncytium, the human placenta was reported
to provide a structural and immunosuppressive defense
against SARS-CoV-2. Structurally, it acts as a potent physi-
cal barrier and uses modulatory strategies (e.g., regulating
the signaling pathways of interferon type III and the nuclear
factor-xB and microRNA-mediating autophagy) against
pathogens (Kreis et al. 2020). Therefore, the chance of virus
transmission from mother to fetus decreases. ACE2 knock-
out mice were associated with uterine artery dysfunction
in pregnant and subsequent decreased umbilical blood flow
velocity and placental hypoxia (Yamaleyeva et al. 2015).
These findings confirm the importance of ACE2 during
pregnancy that may raise the risk of mother-to-child verti-
cal transmission of SARS-CoV-2 or placental dysfunction.

The presence of diverse inflammatory cells of innate
immune system including natural killer cells (70%), CD4 T
cells (15%), and decidual macrophages (15%) in the decidua
basalis as the maternal component of placenta was proven
(Wong et al. 2021). This makes an immunological barrier to
the entry of pathogens and can protect the neonates against
the SARS-CoV-2 infection (Carsetti et al. 2020). Neverthe-
less, the pathological alterations of the placenta following
COVID-19 in pregnant women can lead to feto-neonatal
consequences. It has been reported that chronic inflamma-
tion result from viral infections can induce some placen-
tal lesions characterized by the infiltration of plasma cells,
lymphocytes, and, or macrophages. These lesions include
chronic chorioamnionitis, villitis, and chronic deciduitis
(Kim et al. 2015).

Chorioamnionitis with impacts on chorioamniotic mem-
branes was detected in the placental samples of a pregnant
woman with COVID-19 (Rashan et al. 2020). The histo-
morphological changes of the placenta have already been
evaluated in several studies. The perivillous fibrin diffu-
sion, presence of thrombi in the fetal vessels and induced
vascular malperfusion, maternal vascular malperfusion,
decidual arteriopathy choriohemangioma, and multi-focal
infarctions were described for placenta from mother with
SARS-CoV-2 infection (Hosier et al. 2020; Mulvey et al.
2020; Shanes et al. 2020). During the SARS pandemic, the
pathological evaluation of the placenta have revealed the
enhanced levels of intervillous and sub-chorionic fibrin,
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confirming the presence of abnormal maternal blood flow
to the placenta (Ng et al. 2004). Enhanced prevalence of
feto-maternal vascular malperfusions due to a systemic
inflammatory or hypercoagulable state result in oxygena-
tion abnormalities related to the adverse perinatal conse-
quences (Shanes et al. 2020). Therefore, the pathological
features of placenta indicate that placenta is a susceptible
organ to the maternal COVID-19. These abnormalities
could be due to maternal comorbidities such as hyper-
tension, preeclampsia, and gestational diabetes in many
cases. Thus, there is a critical need for systematic studies
to determine the prevalence of infection and replication
of SARS-CoV-2 in the placenta and its association with
placenta abnormalities (Fig. 1).

Conclusions

In summary, the symptoms of COVID-19 in pregnant
women were similar with the general population; but
pregnancy may increase the risk of ICU admission and
mechanical ventilation requirement. Additionally, the
COVID-19 may increase the frequency of abruption,
PPROM, preterm labor, and maternal death, stillbirth,
IUGR, newborns with fetal distress, or admitted to the
ICU. The adverse feto-neonaltal consequences of COVID-
19 might be associated with placental dysfunctions. While
throat swabs of some newborns were positive, there is no
data to confirm the mother-to-child vertical transmission
of SARS-CoV-2. More investigations should be performed
to assess the risk of vertical transmission and its effects
on feto-neonatal outcomes. Currently, no specific recom-
mendations have been developed to evaluate or manage
this vulnerable population against COVID-19. Also, the
risk-benefit of antiviral therapy in pregnant women should
be evaluated by the physicians. Overall, close coordination
and collaboration between midwifery and neonatal unit
are needed to manage the maternal and feto-neonatal out-
comes following infection. Accordingly, a program should
be developed in hospitals to implement strict infection
control measures and screen pregnant women, quarantine
infected women, and monitor neonates closely at the risk
of COVID-19.
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