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Highlights

e  The 2019 novel coronavirus disease (COVID-19) may alter immune responses at the maternal-fetal
interface, and affect the well-being of mothers and infants.

e Pregnant women are more susceptible to respiratory pathogens; hence, they may be more susceptible
to COVID-19 infection than the general population.

o We focused on the reason why pregnant women are more susceptible to COVID-19 and the potential
maternal and fetal complications from an immunological viewpoint.

Abstract

The 2019 novel coronavirus disease (COVID-19) was first detected in December 2019 and
became epidemic in Wuhan, Hubei Province, China. COVID-19 has been rapidly
spreading out in China and all over the world. The virus causing COVID-19, SARS-CoV-
2 has been known to be genetically similar to severe acute respiratory syndrome
coronavirus (SARS-CoV) but distinct from it. Clinical manifestation of COVID-19 can be
characterized by mild upper respiratory tract infection, lower respiratory tract infection
involving non-life threatening pneumonia, and life-threatening pneumonia with acute
respiratory distress syndrome. It affects all age groups, including newborns, to the elders.
Particularly, pregnant women may be more susceptible to COVID-19 since pregnant
women, in general, are vulnerable to respiratory infection. In pregnant women with
COVID-19, there is no evidence for vertical transmission of the virus, but an increased
prevalence of preterm deliveries. The COVID-19 may alter immune responses at the
maternal-fetal interface, and affect the well-being of mothers and infants. In this review,
we focused on the reason why pregnant women are more susceptible to COVID-19 and the
potential maternal and fetal complications from an immunological viewpoint.
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1. Introduction

Since December 2019, the outbreak of the 2019 novel coronavirus disease (COVID-
19) in China has aroused great attention around the world. As of February 16", a total of
70,548 cases has been confirmed in  mainland China (Figure 1,
https://www.bloomberg.com/graphics/2020-wuhan-novel-coronavirus-outbreak/), of
which 58,182 cases are in Hubei province and 41,152 cases in Wuhan (National Health
Commission of the People’s Republic of China, Feb 16, 2020). On February 12, the number
of new confirmed cases in Hubei Province increased by 14,840, which was mainly due to
the amendments of diagnostic criteria. According to the "Guidelines for the Diagnosis and
Treatment of COVID-19 Infection (Fifth Edition)" issued by the National Health



Commission of the People's Republic of China (National Health Commission of the
People’s Republic of China, Feb 8,2020), Hubei Province expanded the diagnostic criteria
including clinically diagnosed cases for the first time (those with pneumonia images by
Computed Tomography), in addition to the suspected and confirmed cases. The revision
aimed to promote the early diagnosis and treatment of COVID-19. However, it also added
more confusion concerning the epidemiology of COVID-109.

COVID-19 is caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a new type of enveloped RNA coronavirus, which can be transmitted by person-
to-person via airborne and contact and caused epidemics in Wuhan, the capital of Hubei
Province. The main feature of COVID-19 is characterized by mild upper respiratory tract
infection with fever, cough, and typical changes in radiographic studies; lower respiratory
tract infection involving non-life threatening pneumonia, and life-threatening pneumonia
with acute respiratory distress syndrome (Heymann et al., 2020; Guan et al., 2020). Genetic
analysis of 103 SARS-CoV-2 genomes showed that there were two major types (designated
L and S), which were well defined by two different single nucleotide polymorphisms. The
S type was found to be ancestral version, however, the L type (~70%) is more aggressive
and spreads more quickly than the S type (~30%) (Tang et al., 2020). The amino acid
sequences of SARS-CoV-2 share 68% similarity with those of SARS-CoV, to which the
response of viral infection by type I IFN is suppressed and therefore virus rapidly replicate
and induce excessive inflammatory response (Prompetchara et al., 2020). Moreover, there
was significant discrepancy of serious cases and deaths happened between the areas within
Hubei Province and the rest of the world, which may be possibly explained by antibody
dependent enhancement (ADE) of SARS-CoV-2 due to prior exposure to similar antigenic
epitopes with other coronaviruses. ADE can cause sustained inflammation, lymphopenia,
and/or cytokine storm, one or all of which happened in the reported severe cases and deaths
(Tetro JA, 2020). Although SARS-CoV-2 has some similarities with other coronaviruses,
such as SARS-CoV and middle east respiratory syndrome coronavirus, SARS-CoV-2 is
more contagious than other viruses among populations, which has caused more than 60,000
people infected worldwide within 2 months (Lu et al., 2020). More importantly, there is no
effective targeted treatment for the virus, and a persistent infection may involve stages of
both silent and productive infection of the host cells (Boldogh et al., 1996). Therefore,
COVID-19 infection is a great challenge to the immune system.

2. Clinical outcomes of pregnant women with COVID-19

COVID-19 disease is generally susceptible to all age groups, including newborns to
the elders. However, the impact of COVID-19 on pregnant women has not been studied
well and drawn much attention (Favre et al., 2020; Qiao J, 2020) regarding maternal
morbidity, mortality, and perinatal outcomes. The currently published two papers analyzed
the clinical characteristics of the mothers (total 18 cases) with novel coronavirus
pneumonia (NCP) in the third trimester (from 31 to 40 weeks gestation) and their babies
(Zhu et al., 2020; Chen et al., 2020). A total of eighteen pregnant women infected with
NCP (mean age: 30 years) had one or two common clinical symptoms, such as fever, cough,
cholecystitis, sore throat, and diarrhea. The birth weight (BW) of the newborns from these
mothers ranged 1,520 g to 3,820 g, and the twin babies had the lowest BW (Zhu et al.,
2020; Chen et al., 2020). One-minute Apgar scores ranged 7-10, and 5-min Apgar scores



ranged 8-10 (Zhu et al., 2020; Chen et al., 2020). The onset of clinical symptoms to
delivery took 1 to 7 days (Chen et al., 2020). The 10 out of 18 pregnant women who were
admitted before 37 weeks gestation delivered prematurely, which may suggest an increased
risk for preterm delivery in pregnant women with NCP. However, these women also
manifested other obstetrical complications such as preeclampsia, stillbirth history,
premature rupture of membrane, and irregular contractions, which indicated early
intervention of pregnancy. Whether these complications were causally related to COVID-
19 and, in turn, led to premature delivery needs further investigation. The incidence of
small for gestation age was 22-25%. When considering the onset of NCP to admission was
only 3 days, IUGR was considered more likely to be a symptom associated with
preeclampsia (Chen et al., 2020). The serial follow-up of pregnant women with NCP in
early gestation is needed to investigate the effect of COVID-19 infection on the fetus.

The early symptoms of the infected neonates included rapid heart rhythms, shortness
of breath, increased heart rate, vomiting, moaning, and diffuse rashes throughout the body.
Later on, thrombocytopenia with abnormal liver function, gastrointestinal hemorrhage, and
refractory shock were manifested. Notably, one of the infected neonates died with an
increased heart rate, refractory shock, gastric bleeding, multiple organ failure, and
disseminated intravascular coagulation, whose mother underwent vaginal bleeding in the
third trimester (Zhu et al., 2020). All the newborns were negative for SARS-CoV-2 (Zhu
et al., 2020; Chen et al., 2020). Viral examination in amniotic fluid, cord blood, and
breastmilk in infected mother (n=6) were also negative for SARS-CoV-2 (Chen et al.,
2020). In both studies, existing data did not support the mother-to-child transmission (Zhu
et al., 2020; Chen et al., 2020). The up-to-date information from the China-WHO joint-
investigation report on COVID-19 demonstrated that 8% of pregnant women with COVID-
19 were severe cases. Among 147 pregnant women (64 diagnosed, 82 suspected, and 1
asymptomatic) investigated in China from February 16 to February 24, 2020 (National
Health Commission, 2020), 1% were severe cases. Although it is still unknown about the
prevalence morbidity and mortality of pregnant women with COVID-19, the current
studies showed that pregnant women may be particularly vulnerable to COVID-19
infection (Zhu et al., 2020; Chen et al., 2020).

3. The role of maternal immune responses to COVID-19

Pregnancy is a unique immunological state. The maternal immune system faces great
challenges: establishing and maintaining tolerance to the allogeneic fetus while preserving
the ability for protection against microbial challenges. A successful pregnancy relies on
finely tuned immune adaptations both systemically and locally. Instead of keeping immune
suppression, maternal immunological states actively adapt to be changed with the growth
and development of fetus at different gestational stage: from a pro-inflammatory state
(beneficial to the embryo implantation and placentation) in the first trimester to an anti-
inflammatory state (helpful for the fetal growth) in the second trimester, and finally
reaching a second pro-inflammatory state (preparing for the initiation of parturition) in the
third trimester (Mor et al., 2017). Recently, Aghaeepour and colleagues (Aghaeepour et
al.,2017) suggested a precise timing of immunological events in peripheral blood that
occurred during full-term pregnancy, named “immune clock.” They found that pregnancy-
induced a robust and progressive increase in endogenous STAT5ab signaling across



multiple T cell subsets, including CD25"FoxP3* Treg cells, naive and memory CD4" and
CD8*T cells, and yd T cells. The maternal immune system is well-prepared to defend the
invasion of foreign pathogens. Innate immune cells, such as NK cells and monocytes,
respond more strongly to viral challenges, while some adaptive immune responses are
down-regulated during pregnancy, e.g. decreased numbers of T cells and B cells
(Aghaeepour et al.,2017). Besides, during pregnancy, the upper respiratory tract tends to
be swollen by a high level of estrogen and progesterone, and restricted lung expansion
makes the pregnancy woman susceptible to respiratory pathogens.

There is ample evidence that systemic maternal viral infections can also affect
pregnancy (Racicot and Mor, 2017). Previous studies have shown that SARS infection
during pregnancy can lead to high rates of spontaneous abortion, premature birth, and
intrauterine growth restriction (Wong et al., 2004). However, there is no evidence of
vertical transmission of SARS infection from the mother to the child (Wong et al., 2004).
Therefore, these pregnancy complications may be caused by the direct effect of viruses on
mothers. Although current evidence is limited, we can not ignore the potential risk of
infected women and the fetus. Recent literature indicates that in severe cases, COVID-19
infection is associated with a cytokine-storm, which is characterized by increased plasma
concentrations of interleukins 2 (IL-2), IL-7, IL-10, granulocyte-colony stimulating factor,
interferon-y-inducible protein 10, monocyte chemoattractant protein 1, macrophage
inflammatory protein 1 alpha, and tumor necrosis factor a (TNF-a) (Huang et al., 2020),
which may be caused by ADE(Tetro JA, 2020). Based on the knowledge that pregnant
women in their first and third trimester are at the pro-inflammatory state, the cytokine-
storm induced by SARS-CoV-2 may induce more severe inflammatory state in these
women. Moreover, the occurrence of maternal inflammation as a result of viral infection
during pregnancy can affect several aspects of fetal brain development and may lead to a
wide range of neuronal dysfunctions and behavioral phenotypes that are recognized later
in postnatal life (Mor et al., 2017).

Although current observations do not find the detectable COVID-19 infection in the
fetus, we have to pay more attention to its potential risks on the fetus. A study by Choi and
colleagues (Choi et al., 2016) showed that maternal immune activation increases maternal
IL-17a levels, which induces an autism spectrum-like phenotype and brain development
abnormalities in offsprings. Other studies have also shown a correlation between poor
pregnancy outcomes and the concentrations of systemic cytokines, including TNF-a, IFN-
vy, and IL-10 in women with malaria (Fried et al., 2017). Abnormally elevated levels of
TNF-a in the maternal peripheral blood can be toxic to early embryo development, induces
preterm labor in non-human primate models, and mediates fetal demise in mouse models
of LPS and poly(I:C)- induced fetal resorption (Yockey et al., 2018). Moreover, the most
common symptom at the onset of COVID-19 infection is the fever, which could be
associated with increased attention-deficit/hyperactivity disorder in the offspring
(Werenberg et al., 2016).

4. How to manage pregnant women with COVID-19

One news-network reported that a pregnant woman with COVID-19 at 28 gestational
weeks had been cured and discharged from a hospital in Wuhan of China (Gong, 2020).



Timely intervention with individualized approach should be given to these women
according to the severity of the disease and advancement of pregnancy (the trimester of the
pregnancy). In particular, more attention should be paid to pregnant women with COVID-
19 in the first and second trimester. Although there is no reliable evidence to support the
possibility of vertical transmission of COVID-19 infection from the mothers to the baby,
existing research suggests that even though the virus does not reach the fetus, the maternal
infection and inflammation that occurred in response to the viral infection could affect the
developing fetus (Mor et al., 2017).

Early detection and intervention of COVID-19 may reduce potential obstetrical
complications such as pregnancy loss, fetal growth restriction, and preterm delivery, and
may be beneficial for improving pregnancy outcomes. Anti-viral therapy for COVID-19,
such as lopinavir and ritonavir, should be determined by weighing the risks and benefits.
Treatment can be initiated when the potential benefits outweigh the potential risks to the
fetus. Even after the viral infection is controlled, the intrauterine development of the fetus
and should be closely monitored since the early gestation data is lacking, and placental
inflammation may persist for a prolonged time. Pregnant women with COVID-19 should
be carefully monitored throughout pregnancy and the postpartum period since they receive
anti-viral drug therapy and radiation exposure from CT examinations.

5. Conclusion

Since SARS-CoV-2 is a novel virus, herd immunity is not present, which makes all
populations susceptible. Pregnant women are more susceptible to respiratory pathogens;
hence, they may be more susceptible to COVID-19 infection than the general population.
Moreover, due to the characteristic immune responses during pregnancy and potential risks
from the cytokine-storm by COVID-19 infection, pregnant women with COVID-19
infection may face severe morbidity and even mortality. Although existing evidence does
not support the intrauterine vertical transmission, the maternal infection and inflammation
occurred in response to COVID-19 could affect the developing fetus and even postnatal
life. With the continuing pandemic of COVID-19, more efforts should be made to protect
both mothers and fetuses. Further studies are warranted to investigate the pregnant women
with COVID-19 in the first and second trimester and follow-up the pregnancy outcomes
and postnatal development of the fetus.
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