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A B S T R A C T

Recently, in China, in 2019, a new type of disease has arisen caused by a new strain of coronavirus, the
SARS-CoV-2 virus, considered extremely worrying due to its high infectivity power and the easy ability to
spread geographically. For patients in general, the clinical features resulting from respiratory syndromes
can trigger an asymptomatic condition. However, 25 % of patients infected by SARS-CoV-2 can progress to
severity. Pregnant women are an unknown field in this complex process, and although they have
symptoms similar to non-pregnant women, some points should be considered, such as complications
during pregnancy and postpartum. Thus, the aim of this study was to understand the consequences of
pregnancy and fetal development, caused by infections by the SARS-CoV, MERS-CoV and SARS-CoV-2
viruses. Among the aforementioned infections, MERS-CoV seems to be the most dangerous for newborns,
inducing high blood pressure, pre-eclampsia, pneumonia, acute renal failure, and multiple organ failure
in mother. This also causes a higher occurrence of emergency cesarean deliveries and premature births, in
addition, some deaths of mothers and fetuses were recorded. Meanwhile, SARS-CoV and SARS-CoV-2
appear to have less severe symptoms. Furthermore, although a study found the ACE2 receptor, used by
SARS-CoV-2, widely distributed in specific cell types of the maternal-fetal interface, there is no evidence
of vertical transmission for any of the coronaviruses. Thus, the limited reported obstetric cases alert to the
need for advanced life support for pregnant women infected with coronaviruses and to the need for
further investigation for application in clinical practice.

© 2020 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Severe Acute Respiratory Syndrome (SARS) appeared in China
in 2002 as a contagious disease caused by Coronavirus (CoV)
through contact with respiratory droplets and exposure to
different fomites. Named SARS-CoV, the virus triggers clinical
features such as fever followed by respiratory signs and symptoms
that progress rapidly to the asymptomatic infection with atypical
pneumonia and respiratory failure [1–5].

Saudi Arabia (in 2014), a new respiratory illness called Middle
East Respiratory Syndrome (MERS) also was attributed to CoV
infection. MERS-CoV, as well as SARS-CoV, promoted a serious
infection that required special care in intensive care units due to its
high mortality [4,6,7].

Recently in China, probably in October 2019, a new type of
illness caused by a new strain of the coronavirus, the SARS-CoV-2
(Severe Acute Respiratory Syndrome Coronavirus 2) emerged in
Wuhan city. The new illness present respiratory symptoms similar
to the other two syndromes mentioned above, but the virus is
closely related to SARS (82 % similarity to SARS-CoV virus) than to
MERS and shows high pathogenicity in humans [8–10].

In contrast to other viral infections, such as Ebola and Influenza,
SARS-CoV-2 has high infectious power and easy ability to spread
geographically, due to the fact that the infection is asymptomatic in
some cases. Although these viruses promote serious complications
during pregnancy, few studies have reported the vertical or
perinatal transmission of SARS-CoV and MERS-CoV in children
born to mothers with the syndrome [11].

New challenges emerged with the recent 2019-nCoV pandemic.
Health professionals and organizations worldwide are studying in
real-time the high dissemination and lethality promoted by SARS-
CoV-2 which overloads the health systems and makes it impossible
to treat patients properly [2,11,12]. Pregnant women are an
unknown field in this intricate process and so far, we don't have
epidemiological data showing significant morbidity and mortality
from viral diseases during pregnancy. Thus, the aim of this study
was to understand the consequences, in pregnancy and fetal
development, caused by SARS-CoV, MERS-CoV, and SARS-CoV-2
infections through studies published in the literature.

2. Methodology

The study used a qualitative methodology with a bibliographic
and descriptive approach. The aim was to use integrative and
facilitators tools to enable the aggregation of knowledge to readers,
with a greater understanding of the identified subject. The
electronic search of the literature was performed using the
following research sources: Medical Literature Analysis and
Retrieval System Online (MEDLINE) and ScienceDirect. The
descriptors used to survey the research were: SARS-CoV, MERS-
CoV, SARS-CoV-2, 2019-nCoV, COVID-19, pregnancy, pandemic,
and newborns.

As inclusion criteria, studies were used that approached each
virus and clinical disorders promoted. As the thematic was focused
to discover if each illness is able to promote danger in both
pregnant and fetus, we also used word association, i.e., SARS
+ pregnancy, MERS + fetal development, etc. Furthermore, we used
articles fully available in the network. For final writing, a total of
145 references were used, which allowed an analytical reading and
in-depth interpretation, to identify the answers to the questions
elaborated to achieve the proposed goal.
3. Epidemiological overview of infections by SARS-CoV, MERS-
CoV, and SARS-CoV-2

The SARS (Severe Acute Respiratory Syndrome) epidemic
caused by the SARS-CoV virus, originated in November 2002,
through the interspecies transmission of wildlife markets in
Guangdong Province, southeastern China. In the months
following the primary infection until its end in August 2003,
there were 8422 people infected in 26 countries, leading to 916
deaths (10.87 %). These numbers are not on the scale of major
epidemics, such as seasonal forms of influenza or 2019-nCoV,
but in an era of rapid globalization, the potential for a pandemic
was significant [13].

Epidemiological investigations revealed that the spread of
SARS-CoV outside China began on February 21, 2003. When 12
people staying at the Metropole Hotel in Hong Kong were infected
with the SARS-CoV from an asymptomatic and infected Professor
of the Zhongshan University. These 12 people were responsible for
spreading the infection to Singapore, Vietnam, Canada, Ireland, and
the United States - starting the chain of infection in all these
countries. According to WHO estimates, the majority of the more
than 8000 probable cases of SARS worldwide originated from this
initial contagion [14].

The middle east respiratory syndrome (MERS) became a public
health issue in Asian countries initially in 2012. The first recorded
death was in a male patient, with renal and respiratory failure
caused by the virus [15]. Since 2012, MERS-Cov has spread to many
countries in a wide geographic range worldwide, including
Lebanon, United States, Italy and Germany [16].

A comparative study of the MERS-CoV full genome sequence
showed a higher homology and closeness phylogenetic with bats
coronavirus than with coronavirus from other animals [17],
leading to believed that MERS-CoV would originate from bats.
Curiously, some studies showed that MERS-CoV patients from
Saudi Arabia who have jobs involving camels have a higher
prevalence of MERS-CoV antibodies than other individuals. These
findings, associated with high antibodies levels of MERS-CoV,
which also have been detected in camels, showed that these
animals can be a source of spread of the infection through
human-animal contact [18].

According to the World Health Organization (WHO) in 2012,
only 9 cases of MERS-CoV infection were confirmed, including five
deaths. The number of cases and deaths became much more
significant in 2014, also increasing its spread. From April 2012 to
November 2019, 2494 laboratory-confirmed cases and 858 deaths
were reported in 27 countries [19,20].

The new coronavirus (SARS-CoV-2) pandemic initially spread
from Wuhan, quickly reached all of China, Asia, and finally reached
the European, American and African continents [21]. Until the
finalization of this manuscript, this new virus is extremely
worrying, totaling more than ten millions and four hundred
thousand cases worldwide. The USA has the highest number of
cases in the world, with more than 2.5 millions. In addition, when
comparing graphs (Fig. 1) from the first ten weeks of coronavirus
spread, it is observed that SARS-CoV-2 has reached 34 times more
cases than SARS-CoV. Unfortunately, we don’t have the statistical
numbers of the SARS-CoV-2 pandemic due to the current increase
in cases. However, until the end of the writing of this manuscript,
there were 6.967.910 confirmed cases and 401.368 deaths around
the world. Moreover, it is also important to note that both SARS
coronaviruses had China as the epicenter [19,22,23].



Fig. 1. Number of confirmed cases of infected patients by SARS-CoV-2 (A), SARS-CoV (B). Source: WHO, 2002-2010.
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4. Characterization of viral particles and their cellular
interactions

The SARS-CoV, MERS-CoV and SARS-CoV-2 viruses are part of
the coronavirus group, classified in the Coronaviridae family, in the
order Nidovirales, known for having the largest RNA genomes.
These three viruses have a positive-sense single-stranded RNA
genome ((+)ssRNA) ranging in size from 26 to 32 kb. The
Coronaviridae family is subdivided based on genotypic and
serological characters into four genera: Alfa, Beta, Gama e
Deltacoronavirus [24,25]. Currently, all identified coronaviruses
that can infect humans belong to the first two genera, being
constituted by Alfacoronavírus (AlphaCoVs) hCoV-NL63 and hCoV-
229E; and the Betacoronavírus (betaCoVs) HCoV�OC43, HKU1,
SARS-CoV, MERS-CoV and SARS-CoV-2 [26,27].

The SARS-CoV genome was the first to be described in 2002,
with approximately 29.7 kb in length, followed by MERS-CoV in
2012, with 30.1 kb and the SARS-CoV genome in 2019, with 29.8 kb
[28–31], including a variable number (from 6 to 14) of open reading
frames (ORFs) [32]. The first ORF represents approximately 67 % of
the entire genome, encoding 16 non-structural proteins (nsps),
translated by genomic RNA. While the other ORFs encode
accessory and structural proteins, translated by 10 subgenomic
RNAs [33–37].

The main structural proteins are spike surface glycoprotein (S),
small envelope protein (E), membrane protein (M), and nucleo-
capsid protein (N), whereas S protein plays an essential role in
binding to receptors in the host cell, determining host tropism.
Structural and accessory proteins have several functions, including
induction of apoptosis, interference in the innate immune
response, and regulation of cell protein expression [38–41]. The
SARS-CoV/SARS-CoV-2 and MERS-CoV spike proteins bind to
different host receptors through different receptor-binding
domains (RBDs). SARS-CoV and SARS-CoV-2 use the angioten-
sin-converting enzyme 2 (ACE2) as one of the main receptors and
CD209 L as an alternative receptor. While MERS-CoV uses
dipeptidyl peptidase 4 (DPP4), also known as CD26 as the primary
receptor. Due to this interaction, the enzyme DDP4 began to be
widely studied for its association with immune regulation, signal
transduction, and apoptosis [42,43].

The comparison of the genomes of SARS-CoV, MERS-CoV, and
SARS-Cov-2 showed that they are almost identical. However,
protein 8a is present in SARS-CoV and absent in SARS-CoV-2.
Another difference is in protein 8b, which has 84 amino acids in
SARS-CoV and 121 amino acids in SARS-CoV-2. In addition, in
SARS-CoV protein 3b, there are 154 amino acids, while in SARS-
CoV-2 there are only 22 amino acids. Further studies need to be
carried out in order to characterize how these differences affect
functionality and pathogenesis. Although these viruses are in the
same clade (Betacoronavirus), MERS-CoV differs in terms of
proteins encoded by the pp1ab, pp1a genes, in addition to the E,
M, N and accessory proteins 3a, 7a and 8b [8,44,45].

5. Immune response to MERS-CoV, SARS-CoV and SARS-CoV-2
infection

One of the characteristics among SARS-CoV, MERS-CoV, and
SARS-CoV-2 in infected patients is severe lymphopenia [46–53]. A
notable drop in CD4+ and CD8+ T lymphocytes count occurs early in
the course of the disease and is associated with adverse results. In
patients infected with SARS-CoV, this lymphocyte involvement is
determined by the expression of CD25, CD28, and CD69, in the
subsets of CD4+ and CD8+ T cells [54,55]. In MERS-CoV infection,
the virus negatively regulates MHC-I, MHC-II, and CD80/86 in
antigen-presenting cells (APCs), which results in inhibition of the T
lymphocyte response [56]. These events can further impair the
function of B and T cells through negative regulation of DPP4
receptors by MERS-CoV [57,58].

The induction of immunosuppression throughout MERS-CoV
infection by promoting apoptosis of T lymphocytes was identified
as another strategy to manipulate the survival pathways by the
host’s immune response [59]. DPP4 is thought to play a significant
role in the signaling and activating T cells during the course of
MERS-CoV infection [60]. Ying et al. [58] observed that helper CD4+

T cells were more susceptible to MERS-CoV infection. In addition,
MERS-CoV can induce T lymphocyte apoptosis by activating
intrinsic and extrinsic apoptosis pathways. Interestingly, Mahal-
lawi et al. [61], observed a significant increase in the production of
the cytokine IL-17 in patients infected with MERS-CoV. Thus, it is
suggested that MERS-CoV infection promotes the induction of
Th17 cytokines. These Th17 cytokines have the activity of
recruiting neutrophils and monocytes to the site of infection or
inflammation and lead to the activation of other cytokine and
chemokine cascades, such as IL-1, IL-6, TNF-α, TGF-β, IL-8, and
MCP-1 [62].

The immune system is able to produce neutralizing antibodies,
which block each virion and impair its entry into host cells. The
detection of these antibodies to MERS-CoV in human serum is
considered one of the confirmatory diagnosis. These antibodies are
potent tools of the adaptive response to MERS-CoV infection.
However, serum detection of anti-MERS-CoV antibodies occurs
14–21 days after infection [63,64]. Antibody concentrations
increase over time and can last for more than 18 months, and
the long-term response is highly dependent on the severity of the
infection [65]. The anti-SARS-CoV antibody response can remain
detectable for up to 24 months after infection and then gradually
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decrease until it completely disappears 6 years after infection
[66,67].

Several HLA-A*02:01-restricted T lymphocytes that recognize
epitopes of SARS-CoV were identified in the peripheral blood
mononuclear cells (PBMC) of patients recovered from SARS. The
vast majority of these immunogenic epitopes were specific for
SARS-CoV S and N proteins [68,69]. Several CD8+ T cell epitopes
characterized in the SARS-CoV M protein have also been identified
in PBMC of SARS survivors, however, not known about HLA
activation [70]. Libraty et al. [71], detected epitopes of CD4+ T cell
restricted to HLA-DR in protein S (S729�745, S358�374 and S427–
444) in patients recovered of SARS. CD4+ and CD8+ memory T cells
were found in a patient who recovered from SARS-CoV infection
within four years after the acute phase of the infection. Other
observations showed that three epitopes (SSP-1, S978 e S1202) of
CD8+ T lymphocytes to HLA-A*02:01-restricted, have been
identified for protein S in patients recovered more than one year
after infection. Other studies have been showing that virus-specific
CD8+ T lymphocytes produced high levels of effector cytokines
(IFN-g and TNF-α) and cytotoxic molecules (perforin and
granzyme B) [72].

In patients recovered from SARS, specific memory CD4+ T
lymphocytes for HLA-DR08 and HLA-DR15 restricted epitopes of
the SARS-CoV S protein have been identified [71]. Virus-specific
CD4+ T lymphocytes mainly exhibited a central memory phenotype
(CD45RA� CCR7+ CD62L�), while CD8+ memory T lymphocytes
were identified as memory effector cells (CD45RA+ CCR7� CD62L�)
[70,73,74]. These findings suggest that there is an activity of
specific memory T lymphocytes in long-term protection against
SARS-CoV infections. In addition, the response of memory B
lymphocytes to SARS-CoV decrease significantly after 1–2 years of
infection [75].

The immunological findings to date are too preliminary to draw
definitive conclusions regarding to SARS-CoV-2 infection. Recent
studies have shown inconclusive pathways promoted by the virus
in the immune system. Xu et al. [52] showed that the number of
CD4+ and CD8+ T cells in the peripheral blood of patiets infected
with SARS-CoV-2 is significantly reduced. Zhou et al. [43],
investigating 99 cases, also showed a reduction in total lympho-
cytes (35 %) and an increase of serum IL-6 (52 %) and C-Reactive
Protein (84 %) and several studies point to the importance of the
"cytokine storm" leading to the 2019-nCoV severity. A recent
publication points to the increase of the humoral response in
patients who needed intensive care unit (ICU) care due to SARS-
CoV-2, such as IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A, TNF-α
[76]. In addition, the number of CD4+ and CD8+ T cells in the
peripheral blood of SARS-CoV-2-infected patients is reduced, but
have excessive activation, demonstrating high proportions of HLA-
DR (CD4 3.47 %) and CD38 (CD8 39.4 %) double-positive fractions
[77].

6. Clinical aspects in pregnant women infected with MERS-CoV,
SARS-CoV and SARS-CoV-2 and the influence on fetal
development

For patients in general, the clinical characteristics resulting
from contact with MERS-CoV, SARS-CoV, and SARS-CoV-2 can
trigger an asymptomatic condition, mild symptoms such as a cold
with or without fever. However, symptoms can progress to severe
cases, corresponding to 25 % of patients infected with SARS-CoV-2
[23], for acute respiratory distress, pneumonia, gastrointestinal
problems, liver damage, septic shock, and multiple organ failure,
which can lead to death [52,78,79]. Especially in severe cases,
SARS-CoV-2 may present multifocal nodular and ground-glass
opacities surrounding the pulmonary lobes [80] in which there is
an increase in the parenchyma attenuation coefficient, with
preservation of bronchovascular marks [81]. In addition, regarding
infected pregnant women, some points should be considered, such
as symptomatic changes, vertical transmission to the fetus, and
classification in risk groups.

As it is a new strain, there is little information about SARS-CoV-
2 in pregnant women. In addition, infections by MERS-CoV and
SARS-CoV in this profile of patients are regionally limited. Thus,
external factors such as local habits may contribute to the general
picture. The few published obstetric cases point to the need for
advanced life support for these pregnant women and for a severely
compromised maternal and gestational prognosis [82–84].

In the city of Wuhan-China, nine pregnant patients, gestational
age between 36 to 38 weeks, were diagnosed with SARS-CoV-2.
According to Chen et al. [85], the clinical profile of these patients
was not severe, none had a history of diseases prior to pregnancy,
aged 27–40 years. The most significant symptoms were fever at
admission (78 %), postpartum fever (68 %), myalgia (33 %), malaise
(22 %), cough (44 %). Moreover, there was one case of pre-
eclampsia and one case of abnormal liver function. Regarding
laboratory tests, the most relevant data were: leukocyte count
(<9.5 � 109 cells/L) (78 %), lymphopenia (<10⁹ cell/L) (56 %), high C-
reactive protein (> 10 mg/L) (75 %), confirmation test performed
(quantitative SARS-CoV-2 RT-PCR) (100 %). Patients also had a bad
pneumatic condition (89 %).

Regarding C-reactive protein, it is present in low concentrations
in normal pregnant women. Meanwhile, in acute morbid
situations, such as infections, inflammatory processes or tissue
destruction, it rises rapidly [86], being observed high values in
maternal blood also in conditions such as pre-eclampsia, prema-
ture birth or growth restriction intra-uterine [87,88].

Assiri et al. [83] demonstrated that Saudi Arabia accounted for
1308 cases of MERS-CoV between November 2012 and February
2016, of which, five cases were confirmed for pregnant women by
the Ministry of Health. Aged between 27–34 years, two of the five
patients (40 %) died during the disease. Among the five
pregnancies, two (40 %) resulted in perinatal death: one pregnancy
resulted in intrauterine fetal death and one newborn died four
hours after an emergency cesarean section (C-sec). As symptoms
and worsening of the clinical picture, some patients presented:
shortness of breath, fever, elevated blood pressure, pre-eclampsia,
pneumonia, acute renal failure, acute respiratory distress, and
multiple organ failure. Similar results were found by Payne et al.
[6], Malik et al. [7], and Alserehi et al. [82]. The pathogenesis of the
disease also affects immune cells with reduced activity of NK cells,
M1 macrophages, and helper T cells [89].

A group of 12 pregnant women with a confirmed diagnosis for
SARS-CoV were analyzed, aged 27–44 years in Hong Kong. All
patients had a high fever for two to nine days and the majority
had chills, stiffness, malaise, and myalgia. In addition, all
developed a status of lymphopenia (<10⁹ cell/L) and lung
problems, slightly elevated lactate dehydrogenase (41.6 %), and
aminotransferase (33.3 %), and did not present pneumonia. Half of
the patients (50 %) required care in the ICU due to the decreased
blood flow saturation and part of the group needed mechanical
ventilation (33.3 %) [2].

Although pregnant women show symptoms similar to non-
pregnant women for Coronavirus, some points should be consid-
ered, such as complications during pregnancy and postpartum
[90–92]. The risk of viral pneumonia is significantly higher among
pregnant women compared to the general population, especially
when there is no antiviral therapy [2]. There are no reports for
vertical transmission, however, some newborns developed severe
retardation in intrauterine growth and life-threatening gastroin-
testinal complications [3]. As the SARS-CoV-2 appears to have
similar pathogenicity to SARS-CoV and MERS-CoV, pregnant
women may be at high risk to develop serious infections.
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In two cases of SARS-CoV in pregnant patients in the United
States, none had a severe outcome. Both patients had healthy
babies. Five SARS-related infections, in China, occurred during the
second and third trimesters. Moreover, one of those cases, a twins
pregnancy, showed that both children died, while the remaining
cases did not have SARS-CoV infection [2,93].

In the United States, in 2003, a study showed that two out of
eight people with confirmed severe disease (SARS-CoV), were
pregnant women. The newborn, from a mother who had positive
tests for SARS-CoV, did not develop the disease, abnormality, or
congenital malformation. In this investigation, serum, blood
samples in the cord and placenta from a patient were used at
the time of the child-birth for diagnosis. Breast milk samples on
days 12 and 30 postpartum were also negative for SARS-CoV.
Blood, stool, and nasopharyngeal swab samples and umbilical cord
blood samples did not register the presence of the virus. Stool
samples from newborns collected on days 12 and 30 after delivery
were also negative for viral RNA. Likewise, RT-PCRs and viral
cultures of cord blood and placental tissues were all negative for
SARS-CoV. The amniotic fluid obtained from the patients was also
negative for SARS-CoV. No viral inclusion body or particle was
detected in the samples from childbirth [94].

Robertson et al. [12], reported that SARS-CoV antibodies were
detected in the breast milk of an infected patient, with 19 weeks of
gestation. However, in this case, no viruses were detected in breast
milk. Until now, few cases have been studied to define the risks and
provide guidance for the treatment of pregnant women infected
with SARS-CoV [94].

An epidemiological investigation was carried out among
survivors of the MERS-CoV outbreak in Jordan, in which a fetus
in the second-trimester had an acute respiratory illness attributed
to MERS-CoV. It was the first occurrence of stillbirth during a
MERS-CoV infection and their consequences may help the
surveillance and management of pregnant women in contexts of
respiratory failure [6].

Only a few reports have been published about pregnant women
with an infectious respiratory virus, such as MERS-CoV. A
laboratory-confirmed case was reported during a MERS outbreak
in the Republic of Korea in a woman in the 35 gestational weeks.
She recovered and delivered a healthy baby by emergency cesarean
section [95].

Another case of MERS coronavirus infection in a pregnant
woman described in South Korea resulted in maternal recovery.
This patient had suspected placental detachment, requiring a
cesarean section. However, the neonate showed a negative result
to MERS-CoV. In addition, a report from the Kingdom of Saudi
Arabia showed a 32-week pregnant woman with MERS-CoV in
need of ventilatory support and intensive care, who eventually
recovered and gave birth to a healthy baby [82,83,96–98].

In a review of 11 pregnant women infected with MERS-CoV, ten
had adverse results, six neonates required admission to the
intensive care unit and three died. Two newborns were born
prematurely due to severe maternal respiratory failure [99,100].

To date, there are two published cases on the obstetric and
perinatal aspects of SARS-CoV-2. The first reports on the
maternal and perinatal outcomes of patients infected with
SARS-CoV-2 were a retrospective assessment of nine women
who had their pregnancies resolved in Wuhan-China (previ-
ously mentioned). As for perinatal results, it should be noted
that there was no fetal death, neonatal death, or neonatal
asphyxia. Four patients had premature labor but under 36
gestational weeks. Two of the four premature newborns had a
birth weight of less than 2500 g. All nine neonates had Apgar
scores of 1 min above 8 and Apgar scores of 5 min above 9. This
study related that no cases of vertical virus transmission were
detected [85].
The second report, also from China, reports the neonatal
prognosis of 10 children born from nine women (one case of
twins). The onset of symptoms occurred before delivery in four
cases and in two, the symptoms appeared on the day of delivery. In
three of them, the clinical picture was manifested after delivery. In
addition, in seven of them, the delivery was by cesarean section,
apparently none due to SARS-CoV-2. The maternal prognosis was
considered good, with the recovery of all of them. The perinatal
prognosis was reasonable, although there was no child with an
Apgar score of 5 min less than 8. The rate of preterm births was
high and one of them died due to digestive bleeding complications.
The authors note that in this series of cases, once again, there was
no vertical transmission, but the small number of cases does not
allow this conclusion to be imperative [101].

In summary, the study conducted by Li et al. [77] revealed that
the ACE2 receptor used by SARS-CoV-2 was widely distributed in
specific cell types of the maternal-fetal interface cells and fetal
organs. Regarding maternal-fetal interface, ACE2 was found highly
expressed in these cells, including stromal cells, perivascular cells
of decidua and cytotrophoblast, and syncytiotrophoblasts in the
placenta. In addition, ACE2 was also expressed in specific cell types
of human fetal heart, liver, and lung, but not in the kidneys.
Although previous clinical studies have not observed vertical
transmission of SARS-CoV-2 among limited cases, this phenome-
non still needs to be investigated more carefully in clinical practice.
Corroborating this study, the study conducted by Schwartz [102]
showed that all neonatal samples tested, including in some cases
placentas, were negative for SARS-CoV-2 by RT-PCR. Thus, at this
point in the global pandemic of Covid-19, there is no evidence that
the SARS-CoV-2 virus undergoes intrauterine or transplacental
transmission from infected pregnant women to their fetuses.

A case of neonatal SARS-CoV-2 infection in China with
pharyngeal swabs was reported with a positive RT-PCR test 36 h
after birth. However, it has not been confirmed yet if the case is a
mother-to-child vertical transmission [103]. In addition, two cases
of SARS-CoV-2 were reported during the third trimester of
pregnancy, in which mothers and newborns had excellent results
and the virus has not been identified in all conception products and
in the newborns. This reinforces once again that there is evidence
of a low risk of intrauterine infection by vertical transmission of
SARS-CoV-2 [104].

During the Hong Kong outbreak, a cohort study of five babies
born alive to pregnant women with SARS-CoV was conducted. A
systematic search through perinatal examinations for transmis-
sion of the SARS-associated coronavirus, including RT-PCR assays,
viral cultures, and paired serological titers. The virus was not
detected in any of the babies' samples.. In addition, none of the
babies developed clinical, radiological, hematological, or biochem-
ical evidence suggestive of SARS [105]. Likewise, as there is no
evidence that also SARS-CoV-2 can be transmitted transplacentally
from the mother to the baby the treatment strategy for children
with Covid-19 is based on the adult experience. It is also important
to highlight that the disease condition of most children is mild and,
to date, few deaths in the pediatric age group have been reported
[106].

7. Treatment strategies

Studies have reported that, among other alternatives, the
spread of MERS-CoV and SARS-CoV can be inhibited by the use of
protease inhibitors, corticosteroids, interferon (IFN) therapy, and
repurposing of the clinically established drug. Although the
population does not have a specific treatment or vaccine for these
diseases, it can be controlled with a series of preventive measures
and a drug treatment regime [107,108] which may result in
possible therapeutic treatment option for the novel SARS-CoV-2
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[77]. The treatment of pregnant women for coronavirus is even
more complicated, considering the contraindications for the use of
some drugs mentioned bellow.

The process for finding new ways to use medicine with pre-
existing functions is known as a repurposing of drugs, this is
further stimulated considering the costs and time spent develop-
ing and regulating a new drug. Examples of repurposing drugs that
somehow demonstrated effectiveness against MERS-CoV and/or
SARS-CoV infections are: Ribavirin [109], Nitazoxanide [110],
Remdesivir [111] and Lopinavir, although the efficacy and safety of
some drugs remain controversial [108,112].

Ribavirin is an approved drug developed to treat HCV and
especially children hospitalized for the treatment of the respirato-
ry syncytial virus (RSV). According to Kim et al. [113] in vivo studies
performed with combinations of lopinavir/ribavirin (LPV/r),
Ribavirin and interferon resulted in the cure of a 64-year-old
MERS patient from Korea after 6 days of treatment. In addition, the
combination of LPV/r and interferon was also included in a study
for a randomized control in Saudi Arabia to MERS patients [114].

Lopinavir combined with ribavirin also presents a synergistic
effect being able to inhibit the cytopathic effect of SARS-CoV in vivo
and reduce the death rate by about 20%–30% on in vitro and in vivo
experiments [115–117]. A molecular modeling study for SARS-CoV-
2 was recently carried out to assess the binding effect between
Lopinavir, Ritonavir, and two viral proteases, CEP_C30 and PLVL.
This study showed that these anti-HIV drugs can bind and induce
changes in conformations mainly in CEP_C30 [118]. Even with the
promising results to MERS-CoV and SARS-CoV, the use of high
doses of ribavirin is worrying, since it can trigger side effects such
as anemia [119].

In addition, ribavirin is contraindicated during pregnancy, due
to its potential teratogenicity demonstrated in many animal
models studied [120]. Controversially, several evidences demon-
strate that the teratogenicity effect of ribavirin associated with
humans is not significant, as observed when the Ribavirin
Pregnancy Registry was established in 2003 [121]. However, more
information on possible placental interference caused by ribavirin
is needed to ensure its use.

Chloroquine (CQ) and hydroxychloroquine (HCQ) are used to
treat mainly malaria and rheumatic diseases, respectively and have
a very similar chemical structure [122]. CQ showed to be able to
inhibit MERS-CoV in vitro in a dose-dependent manner. [123,124].
In addition, to MERS-CoV, no clinical data are available on the
success of chloroquine to patients [125].

In a recent in vitro study with Vero E6 cells, CQ was effective to
inhibit the SARS-CoV-2 infection [123,124]. In addition 70 % of a
patient group treated with HQ combined with Azithromycin had
no detectable viral load after 6 days of treatment [126]. However, is
important to show that this study is an open-label non-
randomized clinical trial and the authors didn’t show the inclusion
criteria and the triage of patients to ensure patient safety [127]. In
this case, the use of chloroquine is still controversial and needs
more clinical trials.

In Brazil, due to the lack of specific medications, the Ministry of
HealthhasauthorizedtheuseofCQorHCQasanadjuncttherapyinthe
treatment of severe forms of COVID-19 in hospitalized patients [128].
Even CQ being considered as an option to SARS-CoV-2 treatment, due
to its low cost, easy accessibility and previous studies of its effects in
themalariatreatment[103], thecapacitytobeototoxicandretinotoxic
in the fetal phase for individuals exposed to chloroquine raises
concernsabout itsuse[129,130]. Incontrast,manystudiessuggestthat
there is no increase in congenital malformations associated with the
use of HCQ. Evidences also support the compatibility of HCQ with
breastfeeding [131] and it is also important to note that for
rheumatological diseases it is allowed and recommended the HCQ
use during pregnancy [132].
IFN therapy is commonly used when a specific drug or vaccine is
not available to treat some virus infection. The type 1 IFN is usually
known as a participant to the mammalian host defense against
virus infection [133]. The use of recombinant IFN inducers or IFN
alone have been appointed as a treatment option for MERS,
supported by the fact that coronaviruses are able to suppress IFN,
making it necessary to increase this response [134,135]. A recent
study in vitro with Vero E6 cells has reported that after
pretreatment with IFN-I, a decrease in viral protein and SARS-
CoV-2 replication was observed [136].

Currently, IFN-a therapy is classified as category C during
pregnancy, as it appears to be linked to abortive effect in animal
models, such as the rhesus monkey [137], the drug also interferes
in the fertility degree, and the menstrual cycle that normalize after
discontinuing treatment. In addition, serum estradiol and proges-
terone levels were decreased in women treated with IFN [138].
However, IFN-a is used in pregnant women with thrombocytope-
nia [139] and also was used as an alternative to BCR-GLA-positive
leukemia treatment in pregnant women, with no evidence of
increases to the rate of congenital anomalies or spontaneous
abortions was found [140].

Lectins are a heterogeneous group of proteins capable of
reversibly and specific binding to sugars [141]. The Mannose-
binding lectin (MBL) participates strongly in the innate immune
system before specific antibody responses. Studies report that MBL
by binding to SARS glycoprotein S is able to inhibit the viral activity
[142]. In addition, a study with serum from 569 SARS patients and
1188 control, showed that the deficient levels of MBL were
observed more frequently in infected individuals than in control
patients, therefore MBL deficiency can be a factor of susceptibility
to infection [143].

The spike glycoprotein from SARS-CoV is a promising drug
target. In this regard, a lectin called Griffithsin derived from red
algae is known to be able to bind several viral glycoproteins,
including SARS-CoV spike glycoprotein and HIV glycoprotein.
Griffithsin was used in a preventive evaluated test to HIV, as gel and
enema. However, to reach a preventive treatment to SARS-CoV-2,
the delivery systems of spike inhibitors needs to be reevaluated
[118,144]. No record was found regarding the effects of Griffithsin
on pregnant women.

It is important to note that veterinary control of coronavirus
is crucial for managing human epidemics, since some, the virus
can be responsible for zoonoses [18]. In addition, a recent study
using camels demonstrated effectiveness in administering
vaccines with Modified Vaccinia Ankara (MVA), capable of
expressing the MERS-CoV S protein, resulting in the presence of
neutralizing antibodies (NAbs) and decreased levels of infec-
tious viruses in treated camels. However, further studies are
needed to ensure the efficiency and safety of this vaccine in
humans [145].

8. Conclusion

Published obstetric cases reported the need for advanced life
support for pregnant women infected with the coronavirus.
Symptoms such as fever, chills, stiffness, myalgia, malaise, and
cough, as well as laboratory data such as neutrophilia, lympho-
penia, increased C-reactive protein, lactic dehydrogenase and
aminotransferase were found at admission. This inflammatory
status can promote conditions such as pre-eclampsia, premature
birth, or growth restriction intra-uterine. In fact, the fever, high
blood pressure, pre-eclampsia, pneumonia, acute respiratory
distress, and multiple organ failure, have been reported in the
postpartum period, especially in pregnant women infected by
MERS-CoV, which seems to be the most dangerous virus for
newborns.
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Different studies affirmed that some pathophysiological
changes were observed in the placentas of CoV-positive mothers.
However, the vertical transmission for SARS-CoV and MERS-CoV
viruses has not been detected, and few cases showed that the
pregnancy resulted in intrauterine fetal death, congenital malfor-
mation (due to prematurity) or newborn death after emergency
cesarean section. We believe that the coronaviruses infection on
pregnant can promote multiple disorders, such as shortness of
breath, fever, elevated blood pressure, preeclampsia, pneumonia,
and multiple organ failure, which can affect the fetus's health. In
relation to the few studies on SARS-CoV-2, as it is a new strain, it is
still too early to draw conclusions.
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