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Abstract

The outbreak of the 2019 novel coronavirus disease (SARS-CoV-2) has resulted in a major epidemic threat world-
wide. However, the effects of neoviruses on infected pregnant women and especially on their fetuses and new-
borns are not well understood. Most up-to-date evidences about how SARS-CoV-2 affected patients especially in
pregnancy were collected by conducting a comprehensive search of medical literature electronic databases.
Immune-related data of pregnant women, fetuses and newborns were further analysis. According to the limited
literature, SARS-CoV-2 utilizes angiotensin converting enzyme 2 as its receptor and causes severe hypoxemia.
Insufficiency of angiotensin converting enzyme 2 in pregnant women and the effects of hypoxia on the placental
oxygen supply will cause severe perinatal complications. In addition, SARS-CoV-2 infection may disrupt
maternal-fetal immune tolerance and cause immunological damage to embryos. Because of these reasons, preg-
nancy complications such as fetal demise or premature birth, preeclampsia, intrauterine growth restriction, respi-
ratory dyspnea, nervous system dysplasia and immune system defects are likely to occur in pregnant women
with COVID-19 or their newborns. Pregnant women infected with SARS-CoV-2 should be treated as a special
group and given special attention. Fetuses and newborns of SARS-CoV-2-infected pregnant women should be
given more protection to reduce the occurrence of adverse events. In this review, we intend to provide an over-
view of the physiological and immunological changes that induce the pregnancy complications. This article will
benefit the treatment and prognosis of fetuses and newborns of SARS-CoV-2-infected pregnant women.
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Introduction

Since the first case of the 2019 novel coronavirus dis-
ease (COVID-19, previously known as 2019-nCoV)
was reported in Wuhan, China, in December 2019,
neovirus infection has spread throughout China and
the world.1 This outbreak has been caused by SARS-
CoV-2 that is a new coronavirus discovered in
humans for the first time. It belongs to the
coronavirus-β genus and is similar to Middle East
Respiratory Syndrome coronavirus (MERS-CoV) and
Severe Acute Respiratory Syndrome coronavirus

(SARS-CoV).2 SARS-CoV-2 infection mainly causes
interstitial pneumonia, hypoxemia and respiratory
distress syndrome but is more infectious than SARS-
CoV and MERS-CoV. Pregnant women, as a special
group, can be infected with SARS-CoV-2, which often
affects the fetuses and newborns of these women.

Since early February, Zhu et al.3 first reported the
clinical characteristics of 10 neonates born to mothers
with confirmed SARS-CoV-2 infection, clinical data of
pregnant women infected with SARS-CoV-2 are lim-
ited, and controversy exists over the prevalence and
severity of pregnant women. Although some studies
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support the opinion that the COVID-19 in pregnant
women are similar to those in non-pregnant ones,
others show that the severity of infection in pregnant
women is more serious. A systematic review on out-
comes of SARS, MERS and COVID-19 during preg-
nancy supported that miscarriage, preeclampsia,
cesarean and perinatal death were more common
than in the general population.4 Consistent conclusion
is that the incidence of premature delivery and cesar-
ean section after infection in pregnant women is
higher. The latest systematic review including eigh-
teen articles with 108 pregnancies and 75 neonates
reported an extremely high rate of cesarean
section (92%) partly due to fetal distress and
suspected a response in neonate to maternal SARS-
CoV-2 infection. Severe maternal morbidity and peri-
natal death were reported in some studies.5Up to
now, Zhu et al. reported the highest postnatal morbid-
ity in 10 neonates, included 6 cases of respiratory dys-
pnea, 4 cases with digestive symptoms and 1 case of
death.3 Therefore, maternal SARS-CoV-2 infection
deserves more attention. Analysis of physiological
and immunological changes during pregnancy can
explain the causes of poor prognosis and further pro-
vide theory basis for clinical guidelines on follow-up
of infected pregnant women and their newborns.6

In this review article, we will reveal the causes of
potential adverse pregnancy outcomes and poor prog-
nosis of newborns by explaining the mechanism
underlying hypoxemia decreases in coronavirus func-
tional receptors and immunopathogenesis after SARS-
CoV-2 infection (as showed in Figure 1). We are call-
ing for obstetricians and neonatologists to establish a
reasonable monitoring program as soon as possible to
reduce the incidence of adverse pregnancy outcomes
and neonatal complications.

Hypoxia and a decrease in ACE2 content
in pregnant women with SARS-CoV-2
infection affect fetal development

Similar to SARS-CoV, SARS-CoV-2 uses angiotensin
converting enzyme 2 (ACE2) as its functional receptor
for infecting human cells.7,8 Studies have shown that
ACE2 is mainly expressed in the respiratory, cardio-
vascular and digestive systems, which makes these
organs susceptible to neoviruses. After the lung is
infected by SARS-CoV-2, the pathological manifesta-
tions are pulmonary edema, hyaline membrane

formation and pulmonary interstitial thickening,9

while the main clinical manifestations are respiratory
dyspnea and even acute respiratory failure. Since
pregnant women are a special group of women with
a fetus in their uterus, SARS-CoV-2 infection not only
affects the pregnant women themselves but also
affects the fetuses, which should be paid more atten-
tion when considering treatment.

Effects of maternal hypoxemia caused by SARS-
CoV-2 infection on fetuses

Any change in a pregnant woman’s body will affect
the growth and development of the fetus. Studies
have found that under physiological conditions, the
cardiopulmonary load of pregnant women is already
significantly increased in the second and third trimes-
ters. If virus infection causes lung injury in pregnant
women, this will accelerate the occurrence of respira-
tory distress. Once maternal respiratory failure occurs,
hypoxemia can lead to an inadequate supply of blood
and oxygen to the placenta, resulting in fetal distress,
abortion, premature delivery and/or other adverse
pregnancy events. During the epidemic of SARS-CoV,
the placental pathology of pregnant women infected
with SARS-CoV confirmed that virus infection led to
an insufficient oxygen supply and various placental
lesions, such as increases in intervillous and

Figure 1 When SARS-CoV-2 infects pregnant women,
hypoxemia, a decrease in coronavirus functional
receptors and immunopathogenesis (interferon
release, natural killer (NK) cell activation, T cell acti-
vation, and cytokine expression) occur. Adverse
events include fetal demise/preterm birth, preeclamp-
sia, intrauterine growth restriction, nervous system
dysplasia, respiratory dyspnea and immune system
defects.
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subvillous fibrin in the placenta in 3 cases of acute
delivery due to SARS and extensive fetal
thromboangiopathy, which was found in 2 placentas
delivered in the late stage of the convalescence of
SARS that were characterized by well-defined non-
vascular fibrotic villi and accompanied by intrauterine
growth retardation and oligohydramnios.10 Pathologi-
cal study of COVID-19 suggested that there were no
villitis and chorioamnionitis in three placentas; how-
ever, there were some changes with one case of pla-
centa, which showed the concomitant morphology of
chorionic hemangioma and another one with massive
placental infarction. What needs to be pointed out is
that all three placenta were from patients in their
third trimester with emergency cesarean section and
lack of data in early pregnancy.11

The influence of SARS-CoV-2 infection on pregnant
women is still being investigated via clinical observa-
tions and data collection. Considering that SARS-
CoV-2 shares the same infection route and receptor as
SARS-CoV and is more infectious than SARS-CoV, its
influence on pregnant women and their fetuses can-
not be ignored. As a consequence, it is highly rec-
ommended that pregnant women infected with
SARS-CoV-2 should undergo pathological examina-
tion of the placenta to assess the effect of SARS-CoV-2
infection at the time of delivery, and long-term
follow-up should be conducted in neonates born
under these conditions over time.

Effects of insufficient ACE2 in pregnant women
with SARS-CoV-2 infection on fetuses

ACE2, as a key enzyme of the RAS system, is a func-
tional receptor in SARS-CoV-2-infected cells and is
mainly expressed in the respiratory, digestive, cardio-
vascular and urinary systems. As a carboxypeptidase,
ACE2 can effectively degrade angiotensin II into
angiotensin 1–7, thus ensuring the blood perfusion of
important organs. When cells expressing ACE2 were
infected by SARS-CoV-2, the virus replicated and cau-
sed an immune response. In addition, it caused the
destruction of ACE2-positive cells, which reduced the
level of ACE2 and caused the organs with high
expression of ACE2 to appear hypoperfused. The
decrease in ACE2 in pregnant women not only caused
poor perfusion of their organs but also decreased pla-
cental blood perfusion, which affected the develop-
ment of the fetus. Both human and animal studies
have shown that the use of ACE inhibitors in early
pregnancy can cause maternal weight loss and
decreased blood pressure, uterine blood flow and

amniotic fluid production, followed by fetal hypoten-
sion or death. The most common adverse effects of
ACE inhibitors in the second or third trimester of
pregnancy included intrauterine growth retardation,
neonatal hypotension, renal failure, oligohydramnios,
patent ductus arteriosus and pulmonary hypoplasia12

Other studies have found that an ACE2 gene poly-
morphism in pregnant women is associated with
recurrent abortion and fetal growth restriction.13,14

Thus, SARS-CoV-2 infection in women is likely to
cause adverse reactions similar to those caused by
ACE2 inhibitors or ACE2 gene polymorphism in
pregnant women and their fetuses. There are reports
that ACE2 levels are higher in pregnant women than
in normal nonpregnant women,15 which suggests that
pregnant women may be more susceptible to SARS-
CoV-2 and shows the importance of ACE2 in preg-
nancy. Therefore, special attention should be paid to
the effects of SARS-CoV-2 infection on pregnant
women and on fetuses and neonates born to them.

The immune response in pregnant
women infected with SARS-CoV-2
infection affects fetal and neonatal
development

SARS-CoV-2 infection is similar to SARS-CoV in that it
can cause immune overreaction, which is manifested
by excessive activation of immune cells and production
of a large amount of interferon or a cytokine storm,
thus causing immune damage while eliminating the
virus. Due to the particular circumstances of pregnant
women, once these changes occur during pregnancy,
the maternal immune response to SARS-CoV-2 will
have some adverse effects on fetuses. Whether this
affects the normal development of fetuses and neo-
nates including the development of the immune and
nervous systems, is worthy of further study.

Effects of interferon levels in pregnant women
with SARS-CoV-2 infection on fetuses and
neonates

Elevated levels of interferon after maternal infection
by the virus may affect fetal development and
increase the risk of neurological diseases in newborns.
Type I interferon (IFN-I) is the most important
immune factor involved in the early stage of antivirus
infection. IFN-I mediates placental dysplasia in mice
infected with ZIKV virus (a single-stranded, positive-
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stranded RNA virus different from coronavirus)
because IFN-I receptor (IFNAR) signaling in the
embryo inhibits the development of the placental lab-
yrinth, leading to the abnormal constriction of the
maternal-fetal barrier.16 Placental morphological
changes due to the exposure of human chorionic
explants to IFN-I in the second trimester induced
cytoskeletal rearrangement in the chorionic core,
which finally increased the occurrence of fetal demise
and intrauterine growth restriction. The over-
expression of IFN-I resulting from intrauterine
TORCH infection is associated with clinical micro-
cephaly, intracranial calcification and ventricular
broadening, suggesting that IFN-I is a mediator of
abnormal brain development.17 In patients with viral
infection, IFN-I is secreted by infected epithelial cells,
fibroblasts and plasma dendritic cells and then binds
to IFNAR to initiate downstream signaling to induce
an antiviral status. Previous studies on SARS-CoV
have shown that the viral membrane protein may be
a potential pathogen-associated molecular pattern,
which induces the upregulation of interferon-β (IFN-
β). Although there has been no report on the existence
of a SARS-CoV-2 ‘membrane protein’ similar to
SARS-CoV, in view of the high homology between
SARS-CoV-2 and SARS-CoV, great attention should
be paid to pregnant women infected with SARS-
CoV-2 and their newborns.18 In particular, IFN-I as a
first-line drug may cause adverse effects on the pla-
centa or fetus.

Animal experiments have shown that exposure to
IFN-γ can inhibit embryo implantation and cause pla-
cental defects. Overexpression of IFN-γ can lead to
abnormal brain development in mice, which is also an
internal factor potentially contributing to abortion
and fetal intrauterine growth restriction.19 Further-
more, IFN activate protective mechanisms aimed at
both virus control and elimination, and some data
have shown that the interferon-gamma (IFN-γ) level
is elevated and finally decreased in severe patients
with SARS-CoV-2 infection.20,21

Based on the above theory, the antiviral response of
pregnant women infected with SARS-CoV-2 may
have an adverse effect on fetal development mediated
by interferon, which should be given more attention.

Effects of elevated levels of proinflammatory
cytokines in pregnant women with SARS-CoV-2
infection on fetuses and neonates

Increased levels of cytokines such as interleukin-1β
(IL-1β), interleukin (IL-6) and tumor necrosis factor-α

(TNF-α) in pregnant women infected with SARS-
CoV-2 can increase the risk of fetal preterm delivery
and affect the development of the fetal respiratory
system and nervous system. As was the case for
SARS-CoV, inflammatory cytokine storms are an
important cause of severe manifestations of COVID-
19.22 After infection with the virus, infected cells in
response to SARS-CoV-2 infection release cytokines,
recruiting leukemia and lymphocytes. The monocyte–
macrophage system and lymphocytes cells are quickly
activated and produce cytokines and chemokines,
which are potential mediators of coronavirus immu-
nopathology accompanying the clearance of the virus.
Increased levels of IL-1β, IL-6, TNF-α and other cyto-
kines detected in pregnant women can induce labor
and lead to abortion in the first and second trimesters
and preterm birth in the third trimester.23,24 In addi-
tion, IL-1β and IL-6 also mediate fetal defects related
to maternal immune activation, including develop-
mental abnormalities associated with bron-
chopulmonary dysplasia and brain injury.25 This
explains the high incidence of respiratory dyspnea
among neonates born to SARS-CoV-2-infected
mothers reported by Zhu.3 In addition, during preg-
nancy, the increasing in the pro-inflammatory factor
IL-6 will upregulate the expression of IL-17 by mater-
nal T helper 17 (Th17) cells. Overexpression of IL-17
may activate the IL-17 receptor in fetal neurons, lead-
ing to cortical dysplasia and behavioral abnormalities
in fetuses26,27 and increasing the possibility that off-
spring will develop mental illness in adulthood.28

Meanwhile, exposure to TNF-α can lead to embryonic
development disruption and fetal neural tube
defects.29 Therefore, obstetricians should be alert to
the problems of early labor caused by the expression
of inflammatory factors in SARS-CoV-2-infected preg-
nant women and carry out post-partum evaluations
and long-term follow-up to monitor the respiratory
and neurological development of newborns.

Potential effects of NK cell activation in pregnant
women with SARS-CoV-2 infection on fetuses
and neonates

Decreased numbers of natural killer (NK) cells in
pregnant women may potentially cause intrauterine
fetal demise, fetal growth restriction and preeclamp-
sia. NK cells are the most important immune cells in
the decidua in early pregnancy. Unlike the composi-
tion of peripheral blood cells, decidual NK cells
account for the highest proportion of decidual leuko-
cytes. Instead of playing a role as natural killer cells,
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these cells cooperate with trophoblast cells to partici-
pate in uterine vascular remodeling with the purpose
of maximizing uterine blood flow into the placenta,
which is necessary to shape placental formation and
the fetal blood supply.30 Peripheral blood NK accu-
mulate in the decidua to form a decidual NK popula-
tion in the first trimester.31,32 However, the activation
and decrease in the number of NK cells in peripheral
blood will lead to the failure of decidual NK cell accu-
mulation in the decidua, which impedes the recon-
struction of uterine vessels. Failure of uterine vascular
reconstruction leads to an insufficient placental blood
supply, which is the cause of preeclampsia, fetal
growth restriction, abortion and severe birth defects.
Furthermore, viral infection in mice may lead to acti-
vation of decidual NK cells and expression of the acti-
vating ligand, NKG2D, resulting in abnormal
migration of trophoblast cells, increased apoptosis of
placental cells and fetal absorption.33 In addition, NK
cells may also directly participate in fetal develop-
ment by secreting growth-promoting factors, includ-
ing gonadotropin, osteocalcin and osteopontin.34 It
has been reported that the number of NK cells is
decreased in patients with SARS-CoV-2 infection.35

Collectively, the decreased number and function of
NK cells caused by COVID-19 may potentially induce
fetal growth restriction, abortion and preeclampsia
during pregnancy, indicating that more attention
should be paid to pregnant women with COVID-19.
Measures should be taken to evaluate placental and
cord blood supply, blood pressure and fetal
development.

Effects of T cell activation in pregnant women
with SARS-CoV-2 infection on fetuses

The activation of maternal T cells due to viral infec-
tion may lead to the disruption of fetal-maternal toler-
ance and cause fetal death. Pregnancy bias towards T-
helper 2 (Th2) system dominance will protect the
fetus, while activation of both T-helper 1 (Th1) and
Th2 immunity occurred during SARS-CoV-2 infec-
tion.1 Predominantly Th1 responses in severe patient
will be very harmful to fetus. Besides, viral infection
can activate CD8+ T cells through cytotoxic T lympho-
cyte (CTL) epitopes in the virus protein, thus chang-
ing the responses of maternal CD8+ T cells and
disrupting maternal-fetal immune tolerance.36 Indian
researchers have identified 5 CTL epitopes in the sur-
face glycoprotein of the SARS-CoV-2, suggesting that
SARS-CoV-2 can activate CD8+ T cells.37 This conjec-
ture has been confirmed by the immune status of

patients with SARS-CoV-2 infection, whose CD8+ T
cells in peripheral blood are extremely reduced in
number but are over activated, with high concentra-
tions of cytotoxic particles.9 Thus, the levels of acti-
vated T cells in pregnant women should be detected,
and more measures should be taken to monitor fetal
status than usual.

Maternal specific IgG may protect neonates
against SARS-CoV-2

Virus-specific IgG may protect newborns from infec-
tion while inhibiting the development of the neonatal
immune system. The presence of SARS-CoV anti-
bodies in cord blood and breast milk suggests that
infection with SARS-CoV during pregnancy can lead
to passive immunization.38 Pathogen-specific IgG can
pass through the placenta as early as 12 weeks of ges-
tation and exist in neonates for several months. In
three neonates delivered by COVID-19 mother, SARS-
CoV-2 IgG levels were elevated and the RT-PCR test
was negative noting that antibody transmission
through placental.39 Convalescent plasma as a poten-
tial therapy for COVID-19 suggesting the maternal
antibodies may provide protective effects on
newborns.

Summary

Because SARS-CoV-2 is a novel coronavirus, the
potential impact of COVID-19 on pregnant women
and their newborns is still being determined based on
the accumulated data. Based on the limited studies on
COVID-19 literature, we reveal the potential adverse
effects after maternal SARS-CoV-2 infection on fetuses
and newborns, including preterm delivery, respira-
tory dyspnea, intrauterine growth restriction, abnor-
mal development of the respiratory and nervous
systems and poor development of the immune sys-
tem. The underlying mechanisms of these effects are
hypoxemia, a decrease in coronavirus functional
receptor content and immune-related injuries caused
by SARS-CoV-2 infection. We can conclude that
SARS-CoV-2 infection not only affects pregnant
women but also affects the development of fetuses
and newborns, resulting in a variety of pregnancy
complications and endangering the normal develop-
ment of newborns until they reach adulthood. At pre-
sent, the number of SARS-CoV-2 cases diagnosed
worldwide continues to increase, and a large number
of pregnant women are suffering from the disease
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and are in urgent need of more comprehensive and
accurate treatment. This review will provide theoreti-
cal support and therapeutic direction.
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