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ABSTRACT

Around the end of December 2019, a new beta-coronavirus from Wuhan City, Hubei Province, China began to
spread rapidly. The new virus, called SARS-CoV-2, which could be transmitted through respiratory droplets,
had a range of mild to severe symptoms, from simple cold in some cases to death in others. The disease caused
by SARS-CoV-2 was named COVID-19 by WHO and has so far killed more people than SARS and MERS.
Following the widespread global outbreak of COVID-19, with more than 132758 confirmed cases and 4955
deaths worldwide, the World Health Organization declared COVID-19 a pandemic disease in January 2020.
Earlier studies on viral pneumonia epidemics has shown that pregnant women are at greater risk than others.
During pregnancy, the pregnant woman is more prone to infectious diseases. Research on both SARS-CoV
and MERS-CoV, which are pathologically similar to SARS-CoV-2, has shown that being infected with these
viruses during pregnancy increases the risk of maternal death, stillbirth, intrauterine growth retardation and,
preterm delivery. With the exponential increase in cases of COVID-19 throughout the world, there is a need
to understand the effects of SARS-CoV-2 on the health of pregnant women, through extrapolation of earlier
studies that have been conducted on pregnant women infected with SARS-CoV, and MERS-CoV. There is an
urgent need to understand the chance of vertical transmission of SARS-CoV-2 from mother to fetus and the
possibility of the virus crossing the placental barrier. Additionally, since some viral diseases and antiviral
drugs may have a negative impact on the mother and fetus, in which case, pregnant women need special
attention for the prevention, diagnosis, and treatment of COVID-19.
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INTRODUCTION

The Coronaviridae family consists of enveloped,
positive-sense, single-stranded RNA viruses. The
genome length of these viruses is between 26 and 32
kb (1). This family is composed of two subfamilies:
Coronavirinae, and Torovirinae. The Coronavirinae
subfamily is further composed of four genrea
alpha-, beta-, delta-, and gamma-coronaviruses (2-
4). Coronaviruses have been found in numerous
hosts, including birds, dogs, camels, bats, mice,
pigs, as well as humans (1, 5-7). Betacoronaviruses
and Alphacoronaviruses may commonly lead to
gastroenteritis in animals and respiratory diseases
in the humans (8). Coronaviruses that infect humans
often produce mild to severe symptoms. HCoV-HKUI,

HCoV-NL63, HCoV-229E and HCoV-OC43, can cause
modest symptoms similar to common cold (1, 3, 9),
however, in infants and elderly, HCoV-OC43 and
HCoV-229E may also lead to severe lower respiratory
tract infections (3). Severe acute respiratory syndrome
(SARS) coronavirus (SARS-CoV) (Betacoronavirus)
and the Middle East respiratory syndrome (MERS)
coronavirus (MERS-CoV) (Betacoronavirus) can
also cause severe symptoms. Studies have shown
79% identity between SARS-CoV-2 genome and
SARS-CoV and 50% identity between the SARS-CoV
genome and MERS-CoV (10, 11).

The SARS-CoV, first observed in Guangdong
province in southeast China in November 2002,
infected more than 8,000 people in 37 countries and
killed 774 people between 2002 and 2003 (12, 13).
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MERS-CoV was first spotted in Saudi Arabia in 2012,
infecting at least 2494 people and causing 858 deaths
since then, including 38 deaths in South Korea (14,
15). SARS-CoV is easily transmitted by respiratory
droplets or nosocomial contact (16-18). MERS-CoV
was first transmitted to humans through camel-to-
human contact and then spread through human-to-
human contact (19). Common symptoms of SARS
include malaise, chills, fever, myalgia, dry cough,
dyspnea, and headache (20). Symptoms of MERS such
as shortness of breath, chest pain, fever, cough, sore
throat are mainly caused by lower respiratory tract
infection(21).

In late December 2019, cases of viral pneumonia
were observed in Wuhan, the capital of Hubei Province,
China. On February 11, the Coronavirus Study Group
of the International Committee on Taxonomy of
Viruses chose the name Severe Acute Respiratory
Syndrome coronavirus 2 (SARS-CoV-2) for this new
beta-coronavirus virus (22, 23). WHO also named the
disease caused by the virus, COVID-19 (24). People
infected with the virus can have symptoms such
as high fever, dry cough, dyspnea, and shortness of
breath. Chest radiography often shows invasion to
both lungs (25, 26).

COVID-19 has been spreading rapidly around the
world and WHO declared it as pandemic disease and
a public health emergency of international concern in
January 2020. According to WHO’s July 22 report,
there were 14 731 563 confirmed cases of COVID- 19
and 611 284 deaths all around the world. (24)

The transmission of the COVID-19 virus is
mainly via contact, aerosols, and droplets. Nucleic
acid of SARS-CoV-2 has also been detected in the
fecal samples of patients with the COVID-19, which
indicates that stool could be a factor in the transmission
of the disease (27, 28).

Studies conducted during earlier viral infections
and pandemics have led to some understanding of the
effects of the infection on various demographics of the
population. Chances of stillbirth, preterm delivery,
maternal death and spontaneous abortion increase in
viral pneumonia such as SARS (29-33). SARS-CoV-2
is very similar in terms of pathogenicity to SARS-CoV
and MERS-CoV and studies have shown that SARS-
and MERS-CoV pose many risks to the mother and
fetus (19, 30, 33, 34).

This study is aimed at understanding the possible
effects of SARS-CoV-2 on pregnant mothers and
fetuses, based on studies of both SARS-CoV and
MERS-CoV as well as studies on the SARS-CoV-2.

THE DIVERSITY AND ORIGIN
OF THE CORONAVIRUSES

According to existing data, all of the coronaviruses
that affect humans have animal origins. Accordingly
MERS-CoV, and SARS-CoV, are reported to have bat
origin (1, 35).

The SARS-CoV-2 genome analysis has indicated
that the genome sequence of this virus, was 79.5% and
96.2% similar to the bat SARS-CoV and CoV RaTGl13
genome sequence, respectively (36). According to
these information, SARS-CoV-2 might have been
originated from bats, like the MERS-CoV and SARS-
CoV (37).

In March 2003, a novel CoV was identified as
the main causative factor for SARS and hence was
known as SARS-CoV. A retrospective serologic
study proposed cross transmission of SARS-CoV or
its other variants from the animals to the humans in
the wet market with a high outbreak of 16.7% among
the owners of asymptomatic animals (38). According
to earlier studies, SARS CoVs, such as bats isolates,
share 88%-92% sequence homology with the civet or
human isolates. Furthermore bats can be considered
a natural source of a close ancestor of SARS-CoV (20,
39).

Other animal strains may interfere with the
appearance and evolution of SARS-CoV. At least seven
strains of animals including red fox, wild boar, raccoon
dog, mink, pig, rice field rat, and Chinese ferret may
harbor SARS-CoV under certain conditions, (12)

In accordance to the genomic findings, MERS-CoV
can be categorized as a lineage C betacoronavirus. It
is considered as a comparatively new ancestor, which
is defined as the bat coronaviruses HKUS and HKU4.
At the present time, 4 of 9 Betacoronavirus strains
and 7 of 11 ICTV- assigned Alphacoronavirus strains
have been found in bats. Therefore, bats are probably
the main natural origins of Betacoronaviruses and
Alphacoronaviruses (4, 8).

EPIDEMIOLOGY AND OUTBREAK

There is little information available about the
effects of coronavirus infections in pregnant women,
and now it seems likely that pregnant women have
been infected during the recent SARS-CoV-2 outbreak
(40). The World Health Organization (WHO) on March
11 classified COVID-19 as a pandemic. As of July 22,
total of were 14 731 563 cases were infected ,which 611
284 of them were fatal cases (24).

Analysis on 41 hospitalized patients whose SARS-
CoV-2 test was laboratory-confirmed showed that 30
of 41 patients were men (73%); 49.0 years old was the
average age and fewer than one-half were suffering
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from underlying co-morbid conditions including
cardiovascular disease (6; 15%), hypertension (6,
15%) and diabetes (8 ,20%). Cough (31, 76%), sputum
production (11, 28%), fever (40, 98%), headache (3,
8%) and myalgia or fatigue (18, 44%) were the most
prevalent symptoms at the onset of their illness (25).
For 13 of these 41 2019-CoV cases (32%) intensive
care was required, 12 of them (32%) experienced acute
respiratory distress syndrome (ARDS), and 6 of them
(15%) died (40). 14 children who were younger than
10 years old were infected. The initial symptoms can
be traced to 7 December 2019. Among the confirmed
patients, the average time from infection to diagnosis
was 5 days. The average delay between the beginning
of symptom and diagnosis dropped significantly
between before 14 January 2020 and after 22 January
2020 (41).

An odd outbreak of severe pneumonia occurred
in Foshan, Guangdong Province in southern China in
November 2002. On February 21, 2003, a 64 years
old nephrologist traveling to HK from southern China
was the indicator case causing subsequent epidemics
in Toronto, Singapore and HK (20, 42-45).

Martha Anker reported that more than 100 cases
of SARS-CoV infections happened in women who
were pregnant and needs closer investigation (46). The
clinical outcomes for women with SARS who were
pregnant were worse than those that happened in non-
pregnant infected women in Hong Kong (18). Wong et
al. (30) appraised the obstetrical results from a cohort of
women who were pregnant and affected by SARS. Four
of the seven (57%) women during their first trimester
experienced unplanned miscarriages, presumably due
to the hypoxia which happened because of the acute
respiratory distress (ARDS) related to SARS. Four of
the five (80%) women who were more than 24 weeks
pregnant, had early deliveries (40).

Between 2012 and 2016 Ministry of Health (MoH)
of Saudi Arabia confirmed 1308 cases of MERS and
from these cases, 5 of them were pregnant as reported
by Assiri et al. (47) in a retrospective study, and all
of them had unfavorable results. Patients were from
27 to 34 years old, with exposure that happened in
second or third trimester. Intensive care was provided
for all of 5 cases. Two of the pregnant women died and
two perinatal deaths were reported. These results are
associated with other reports of infection with MERS-
CoV in pregnant women and outcomes of SARS-CoV
infection (40, 47).

Many studies have reported pregnant women
infected by SARS-CoV-2 (48-50), but it remains to be
seen if the effect of SARS-CoV-2 on them and their
pregnancy will be the same as that of the earlier MER S-
CoV and SARS-CoV infections. There are several
studies reporting on death cases of pregnant women
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due to SARS-CoV-2 infection (51-53). Hantoushzadeh
S et al. (51) reported 7 cases of maternal death due to
COVID-19 among 9 infected pregnant women. Also
Takemoto MLS et al. (52) reported 20 maternal deaths
related to COVID-19. To describe the possible adverse
obstetrical consequence of infection in pregnant
women and perinatal outcome of fetuses and neonates,
this review explains the present state of understanding
in accordance to the previous coronavirus infections
(40).

CLINICAL FEATURES
AND PATHOLOGICAL FINDINGS

As it was stated before, viruses of Coronaviridae
family can cause a spectrum of illnesses ranging
from a simple cold to severe respiratory distress
condition (11). In general, Humans are susceptible to
COVID-19, while pregnant women are in more danger
(especially of respiratory complications), because
of the physiologic alterations that pregnancy causes
in their cardiopulmonary and immune systems (for
example; alterations in pulmonary function (54, 55)
and altered cell-mediated immunity (56)) (57, 58).
Among non-obstetric infections in pregnant women,
pneumonia is much more common than the others (59-
61) and according to previous studies, among causes
of indirect obstetric mortality, it is the third most
common one (62). Viral pneumonia can cause higher
mortality and morbidity than bacterial pneumonia
(because of the effect of antibiotics) (63). The most
common complications that happen to fetus as a result
of maternal pneumonia include intra uterine growth
retardation (up to 12%), prematurity as a result of
preterm labor (up to 44%), neonatal demise (up to
12%), and intrauterine demise (up to 3%) (59-61).
Furthermore, viral mid-trimester infections (such as
varicella) can cause multiple congenital anomalies and
embryopathies (64, 65).

In this section, the specific clinical features and
pathogenesis of the COVID-19, SARS and MERS
infections will be discussed, with focus on pregnant
women.

Common symptoms of COVID-19 in hospitalized
patients are fever (between 83-100%), cough (between
59-82%), myalgia (between 11-35%), headache
(between 7-8%) and diarrhea (between 2-10%).
Abnormalities on radiographic chest imaging have
been observed in all cases. Thrombocytopenia,
leukopenia and lymphopenia are other signs of
abnormal testing. According to Initial reports, 17-29%
of hospitalized patients had acute respiratory distress
syndrome (ARDS) (11).

According to recent reports, in 18 pregnant women
infected with COVID-19 (all were infected in their
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third trimester) clinical findings were not different
from non-pregnant adults. Although preterm delivery
and fetal distress were observed in some patients, all
tested babies were negative for COVID-19 (11).

In pathologic studies, COVID-19 infected patients
demonstrated increased levels of plasma pro-
inflammatory cytokines and higher leukocyte numbers.
The major pathologic findings of COVID-19 in
respiratory system were RNAemia, severe pneumonia,
combined with the incidence of ground-glass opacities,
and acute cardiac injury (25). A comparison between
non-ICU and ICU cases demonstrated that the plasma
concentrations of IL10, MCP1, IL2, IL7, GCSF, TNFa,
MIP1A, and IP10 were lower in non-ICU patients than
ICU patients. (25)

Common clinical features of SARS disease are
persistent fever, dry cough, rigor/chills, myalgia,
malaise, dyspnea, and headache. Less common
features are sore throat, nausea (and vomiting),
Sputum production, coryza, dizziness, and diarrhea
(42, 45, 66-69). According to reports, case-fatality
rate in the series of 12 pregnancies was 25%. Four of
them showed ARDS, three of them presented with
disseminated intravascular coagulopathy (DIC), three
of them had renal failure, two of them were infected by
secondary bacterial pneumonia, and sepsis occurred
in two patients. Pregnant cases were more likely (three
folds) for subjected to mechanical ventilation than
non-pregnant women. Four of seven first-trimester
infections resulted in spontaneous abortion. Preterm
delivery after 24 weeks gestation occurred in four of
five women infected with SARS (11).

According to pathological findings, S protein
(surface envelope spike protein) is an important
protein that helps SARS-CoV to establish infection
and determines cell and tissue tropism (20). The
virus binds to the receptor, undergoes conformational
change of the S protein and then cathepsin L—
mediated proteolysis inside the endosome (70). ACE2
(angiotensin-converting enzyme 2), which is widely
expressed on body tissues, is the host receptor of
this virus. The ACE2 may also cause diffuse alveolar
damage (DAD) (20).

Lung histopathology in severe SARS-CoV cases
showed denudation of bronchial epithelia, DAD, loss
of cilia, giant cell infiltrate, squamous metaplasia,
and a remarkable increase in macrophages in the
interstitium and alveoli. Even though the main
pulmonary feature was DAD (42, 71, 72), subpleural
lesions (resembling bronchiolitis obliterans organizing
pneumonia) were also observed (73). Spleen’s white
pulp atrophy, hemophagocytosis, secondary bacterial
pneumonia and hyaline membranes were also observed
42,71,72,74).

Common clinical symptoms of MERS disease are
fever, cough, shortness of breath, sore throat, chest
pain, myalgia, malaise and gastro-intestinal symptoms
(for example; abdominal pain, vomiting and diarrhea).
More uncommon symptoms are wheezing, chills,
confusion and palpitations (75-78). It also should be
noted that respiratory symptoms are mostly observed
in lower respiratory tract (fever, cough and dyspnea),
while reports about upper respiratory tract disease
were not frequent. Radiologic graphs of MERS
patients demonstrated mild to severe pulmonary
consolidation (21). For pregnant women, in 13 reported
pregnant cases, two patients were asymptomatic, three
patients died, two cases faced fetal demise and two of
them were delivered preterm (11).

According to pathological findings, Dipeptidyl
Peptidase 4 (DPP4, also known as CD26) is the primary
receptor for MERS-CoV, which is a multifunctional
cell surface protein (79). This protein is expressed
in the epithelial cells in the alveoli, kidney, small
intestine, prostate, liver, and on activated leukocytes
(80). In the lungs of MERS animal models, alveolar
edema and infiltration of macrophages and neutrophils
were observed (81). MERS-CoV (unlike SARS-CoV)
can infect human macrophages (82) and dendritic cells
(83) in vitro; so this virus can affect the immune system.
Other targets for MERS-CoV are T cells due to their
high amounts of CD26 (84). MERS-CoV can cause
immune dysregulation as well (85) (by stimulating
innate immune responses), with delayed (in vivo and
in vitro) pro-inflammatory cytokine induction (82, 86,
&7).

DIAGNOSIS OF COVID-19 INFECTIONS
IN PREGNANT WOMEN AND NEONATES

In pregnant women, diagnosis includes examining
specific specimens; at present, upper and lower
respiratory specimens and serum are suggested;
further specimens [urine and stool] can be sent as
well (88). In order to detect SARS-CoV-2, neonatal
pharyngeal swabs are used; however, the probability
of a false negative result cannot be eliminated. More
specimens, if situations permit, such as gastric fluid,
serum, anal swabs, or stools from infants and umbilical
cord blood and amniotic fluid from the mother, should
be obtained in order to optimize the nucleic acid test
(NAT) detection rate. The placental tissue may further
be tested for placental inflammation triggered by
a viral infection (89) to detect placental transmission.
Body temperature, respiratory rate, heart rate,
gastrointestinal signs, as well as the neonate signs,
must be checked carefully; for patients with abnormal
signs, there must be prompt intervention (90).
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RISK OF COVID-19 VERTICAL
TRANSMISSION TO FETUS OF INFECTED
PREGNANT WOMEN

A pathogen transmission during the prenatal or
postnatal period from mother to fetus or neonate is
called vertical transmission; e.g. during pregnancy
period through placental blood or germ cells, during
delivery or labor by the birth canal and during
postpartum period via breastfeeding (57). Before the
COVID-19 outbreak, HKU1, NL63, 229E, OC43,
MERS-CoV and SARS-CoV were the coronavirus
that caused infection in individuals. For HKU1, NL63,
229E and OC43, which generally cause common cold
symptoms among humans, vertical transmission can
occur via the placenta (9).

Zhu H et al. (91) studied 9 pregnant women (10
infants) infected by SARS-CoV-2 in their third
trimester, and tested throat swab samples of 9 born
infants for SARS-CoV-2. They reported that all
were negative; although, some of the infants showed
symptoms. From the negative test results, it may be
said that the symptoms may not be associated with
intrauterine transmission. A study by Chen H et al.
(92) on 9 pregnant women infected by SARS-CoV-2
in their third trimester tested samples of cord blood,
amniotic fluid, neonatal throat swab and also breast
milk from six patients for SARS-CoV-2, and reported
that all were negative for the virus. In addition, they
reported no detection of the virus in the colostrum
of mothers infected by COVID-19 and that there
was no vertical transmission risk by breastfeeding.
Rasmussen SA et al. (11) declared that it is unknown
whether SARS-CoV-2 could be transmitted via breast
milk or not.

According to Yang et al. (58), infection by SARS-
CoV-2 within the pregnancy period cannot cause
vertical transmission to the baby. Of course, we must
consider that most studies in this field were done on
cases that presented the disease in the third trimester
and current data is limited. [solation remains necessary
after delivery, regardless of lack of evidence for SARS-
CoV-2 vertical transmission (57). China recommended
not to feed neonates with breast milk of the COVID-19
infected mother and also to separate the newborn and
the infected mother. US-CDC has recommended it as
well (93).

Many studies indicate that during the Asian SARS
epidemic of 2002-2003, no vertical transmission was
seen in the reported pregnant cases (94-96). Wong SF et
al. (30) studied 12 pregnant women infected by SARS
and subsequently their infants, and reported that no
neonate was infected by SARS-CoV. Robertson CA et
al. (97) tested the breast milk samples (collected around
130 days after onset of illness) of a mother recovered
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from infection by SARS and reported that there was
no SARS-CoV RNA in them. Other researchers have
reported no vertical transmission of the infection to
the infants of MERS-CoV infected pregnant women
(93) (19, 33). A few other researchers have alsoi
demonstrated that there is no vertical transmission
for MERS or SARS after vaginal delivery or cesarean
section, which is supported by many other studies (11,
98, 99).

SARS DIAGNOSIS AND TREATMENT

IN PREGNANCY
Prevalent  laboratory  features of SARS
include Creatinine phosphokinase (CPK), low-
grade disseminated intravascular  coagulation

(prolonged activated partial thromboplastin time,
thrombocytopenia, increased D-dimer), lymphopenia
and increased lactate dehydrogenase (LDH) (42,
44, 45, 100, 101). Lung periphery and lower area
predominant involvement along with pleural effusion,
hilar lymphadenopathy, or the absence of cavitation
are typical radiographic traits of SARS (42, 102).
Commonly, through the 2nd phase, radiographic
development from focal unilateral air space opacity to
bilateral or multifocal involvement, with radiographic
betterment with treatment, is noticed (42, 69, 102).
Furthermore, through optimization of RNA extraction
methods, in addition to performing quantitative real
time RT-PCR technologies, test sensitivity for early
diagnosis of SARS could be greatly enhanced (103).

Various enzymatic targets such as protease have
been shown by genomic analysis of the SARS-CoV
(104-106). In human immunodeficiency virus (HIV)
infection cases, ritonavir and lopinavir in combination
is widely used as a boosted protease inhibitor
regimen. Moreover, in viral infections, Typel IFNs,
like IFN-a, are produced early based on the innate
immune response. Total inhibition of the SARS-CoV
cytopathic effects has been reported in culture for
human leukocyte IFN-a, a-nl, b-1b, IFN subpes and
a-n3 (107). In addition, convalescent serum obtained
from SARS recovered patients, includes neutralizing
antibody and can be clinically beneficial for treating
other patients with SARS (69, 108, 109).

MERS DIAGNOSIS AND TREATMENT
IN PREGNANCY

Some diagnostic techniques such as current
gold standard RT-rtPCR in-house assays and virus
in LLCMK2 and Vero cells were discovered by
ProMED, which announced first MERS case (110-
112). A colorectal adenocarcinoma (Caco-2), has been
suggested for MERS-CoV infection isolation epithelial
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cell line (113). MERS-CoV RNA molecular detection
can be performed in real time. In addition, MERS-
CoV antigen detection has not been popular until now
but in a combination of viral protein recognition, the
high power and short rotation time of the test results
makes this an attractive choice (114).

None of the agents that have been used for treating
MERS have been tested in vast clinical studies. Present
information is limited to the interferon and other drugs
combination therapies in case series and case reports
(115). Since MERS-CoV outbreaks have a sporadic
nature, a randomized or prospective study may be
challenging. No therapeutic choices are presently
suggested for pregnant women because of a gap in
MERS treatment in pregnancy research (33). Because
of the risks for teratogenic effects, treatments under
investigation and testing could be considered unsafe
for pregnant women. For example, ribavirin was given
to pregnant women who had serious illnesses at the
time of the SARS epidemic in 2003, but it has been
reported to increase the potential risk for teratogenic
effects in infants. (33, 40).

CARING FOR THE PREGNANT WOMEN
AND THE INFANTS

COVID-19 infection is considered an extremely
contagious disease and this should be taken into
account even when planning for intrapartum care.
According to the H. YANG et al study, if an infected
woman starts a natural delivery, provided that
appropriate prevention techniques are taken, vaginal
delivery is allowed, but with a brief second stage, as
active pressure and pushing with a surgical mask are
not common (58).

Neonates born to COVID-19 infected mothers
should be monitored carefully. (93) and because of
limited knowledge available so far, it appears sensible
to suppose that an infant born to a 2010-nCoV infected
mother is at the risk of infection at delivery, either
perinatally or in-utero; therefore, it is better to isolate
the newborn to avoid exposure of other infants to the
infection (11).

E Mullins et al. have suggested that mothers who
suffer from COVID-19 infection with symptoms
indicating viral infection, must not breastfeed their
newborns. If these mothers want to breastfeed their
babies in future, they can express their milk and then
continue breastfeeding whenever affirmed as non-
infective (93).

One of the best suggestions for a healthy newborn
with an infected mother is that the unhealthy
mother and her newborn be temporarily separated
in a healthy mother’s room, in accordance with the

recommendations made during pandemic HIN1 (11,
116).

With regard to the care of pregnant mothers and
newborns who had SARS infection, we reproduce
below, the recommendation based on the evaluation of
evidence criteria in the Report of the Canadian Task
Force on Preventive Health Care (18):

“Neonates of mothers with SARS should be isolated
in a designated unit until the infant has been well for
10 days, or until the mother’s period of isolation is
complete. The mother should not breastfeed during
this period.”

To reduce the risk of exposure to MERS-CoV
among pregnant women, further prevention, such as
avoiding contact with sick people and animals such
as fox, wild boar, raccoon dog, mink, pig, rice field
rat, camels and bats has been suggested, especially in
health care settings. Pregnant women who have the
symptoms such as influenza-like illness (ILI), sepsis,
or pneumonia on the Arabian Peninsula can gain
from MERS-CoV screening to enhance the illness
management and accelerate early diagnosis (117).

COVID-19 VACCINATION CHALLENGES
IN PREGNANT WOMEN

Obstetrician—gynecologists are often vaccinators of
women in general and pregnant women in particular.
Pregnant women are prone to vaccine-preventable
disorder—related mortality and morbidity and harmful
pregnancy results, comprising spontaneous abortion,
low birth weight, congenital anomalies, and preterm
birth. Additionally, to achieve the direct maternal
advantage, vaccination during pregnancy probably
provides direct infant and fetal gain through passive
immunity (trans-placental transfer of the maternal
antibodies which induce vaccine) (118-120). Among
the vaccines suggested for the adults by the Centers for
Disease Control & Prevention (CDC), 2 are suggested
during the postpartum period, 4 are suggested in
pregnancy based on the additional venture factors,
and 2 are directly suggested for management during
pregnancy (121). [126]. In accordance to laboratory
methods, vaccines are generally classified as
inactivated or killed, live attenuated, toxoid, conjugate
or subunit vaccines (121). Subunit vaccines contain
particles of the pathogens against the disease they seek
to protect. These vaccines stimulate protective immune
responses (122). In HPV vaccine, for example, a single
HPV protein expression results in production of virus-
like particles. Virus-like particles generally contain
no actual viral genetic material and are therefore,
are not capable of causing infection. Subsequent to
vaccination, the host immune system would recognize
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the expressed proteins from recombinant vaccines and
would develop protective antibodies against target
pathogens as well (123). Such vaccines could also be
developed for COVID-19 to lower the risk of infection
as much as possible.

In diseases with high mortality and morbidity
vaccines are only provided during pregnancy if
a woman risk of infection and exposure is high enough
(based on season, location, and activities planned
during travel) and thus outweighs any possible
theoretical risks of vaccination(121).

Discussion on different technical challenges
involved in the development of an efficient and safe
vaccine for human coronavirus infections are outside
the scope of this work. This work has a few challenges;
some of the challenges are
— protective antibodies to coronaviruses are not

stable for a long term,

— tissue impairment occurs when subject to SARS-

CoV,

— animal model development that resembles human
infection is inadequate,
— the time and cost essential to carry out clinical

trials in humans are very high (124-126).

In the design, clinical trial, and vaccine candidate
implementation for SARS-CoV-2, it is important to
consider the state of the pregnant women. When we
analyze the process of vaccine development in general,
the needs of pregnant women have hardly been in
preclinical design and the clinical production trial
stages (127). Ethical values, such as justice, equity,
fairness, and benefit growth, are challenged by the
exclusion of pregnant women and their babies from
involvement in vaccine design and implementation,
and it possibly puts their health at risk during outbreaks,
besides other health emergencies (128, 129).

Given the potentially harmful impacts of the new
coronavirus during pregnancy, a central question
that needs to be addressed at this point is whether
maternal immunization must be prioritized in
research and development? Twelve groups, in the
PHEIC announcement, have declared that they are
developing SARS-CoV-2 vaccines, and seven further
have declared new therapeutic initiatives (130).
Experimental vaccines are difficult to be tested on
pregnant women; and therefore, vaccines with such
a population are not usually developed. Only a few
clinical vaccine trials, thus far, have proactively
involved pregnant women (131); a classic example is
the exclusion of pregnant and breastfeeding women in
the r'VSV-ZEBOV vaccine test during the three Ebola
virus epidemics (127-129). Considering the potentially
serious nature of pregnancy, as shown in SARS and
MERS maternal infections, pregnant women should
be taken into account in all attempts to prepare for
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and prevent infection of the new coronaviruses (130).
Production of vaccines builds on SARS and MERS
vaccines and profits from their work (132). This is not
clear, however, how soon an efficient and safe vaccine
can be developed (88).

MANAGEMENT AND TREATMENT
OF COVID-19 INFECTED WOMEN

An early sign of maternal respiratory worsening
can be the changes in the pattern of heart rate. Extreme
respiratory failure may arise in pregnant women as
seen in earlier SARS and MERS situations, and in
most of such cases, sufficient oxygenation may not be
provided by mechanical ventilation. If this happens,
a latent part of extracorporeal membrane oxygenation
(ECMO) in pregnancy is indicated in some literature;
it should merely be used in centers having experience
with the method (133). It is unclear if delivery benefits
a critically ill mother; decisions on delivery should
be made based on the fetus gestational age and in
conjunction with the neonatologist’s adivise (134).

Currently, even though a wide-spectrum of
antivirals used in MERS animal models are being
assessed for use against SARS-CoV-2 (132), no
antiviral medications licensed by the US Food and
Drug Administration exist as yet for the COVID-19
treatment (90). Corticosteroids should be avoided for
coronavirus-related pneumonia treatment since they
were not effective in MERS and resulted in delayed
MERS-CoV clearance (135). For fetal lung maturity,
thus, decisions on the corticosteroids application
should be made by consulting maternal-fetal medicine
consultants and infectious disease specialists (88).
However, in a clinical trial by Oxford University it has
beenshownthattherateofdeathwasreducedtoone-third
in ventilated patients (rate ratio 0.65 [95% confidence
interval 0.48 to 0.88]; p=0.0003) and one fifth in other
patients who have recieved oxygen only (0.80 [0.67 to
0.96]; p=0.0021) by administering dexamethasone.
No beneficial effects had been observed among other
patients who did not require respiratory support (1.22
[0.86 to 1.75]; p=0.14) (136). Timely immunoglobulin
intravenous injection can decrease severe sickness and
mortality as, at present, neither a vaccine nor specific
antiviral medicines against the SARS-CoV-2 infection
exists (90). The two infected infants that have been
studied so far, had thrombocytopenia accompanied
by abnormal liver function, according to Zhu et al.
s’ report (90). One died, which may be because the
virus was not detected in time, and the baby may have
had poor immune function, rapid virus growth, and
massive virus replication in several tissues results
in major viremia, causing multiple organ failure,
refractory shock, and DIC that blood transfusions
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and symptomatic supportive treatments could not
improve. The other infant was treated with intravenous
infusion of gamma globulin, plasma, and platelets
and survived, which shows that gamma globulin can
be efficient in severe cases, which is in line with the
current recommendations (137). As further data on
pregnant women with COVID-19 become available,
all recommendations should be revised.

SITUATION OF SARS-COV-2, SARS-COV
AND MERS-COV INFECTION OF PREGNANT
WOMEN AND NEWBORNS BY THE TIME

On 13 January 2020, a COVID-19 infected baby
was delivered. After its birth its nanny and after days
its mother were diagnosed with COVID-19. The baby
showed symptoms after 16 days (138).

On February 5th 2020, a neonate born in Wuhan
was positive for COVID-19 test after 30 hours (40).
Another baby diagnosed with COVID-19 seems to
have acquired the virus from the environment of the
hospital (139). Neonates can become infected by ways
other than vertical transmission e.g. inhalation of the
virus via aerosols which are produced by coughing of
healthcare workers or mother or relatives (40). Until
May 2003, there had been 10 reported cases of pregnant
women infected by SARS, of which four experienced
early pregnancy loss (18, 140). Rate of case fatality
among 11 MERS infected pregnant women was not
different from the overall rate of case fatality (34).

CONCLUSION

At present, there is no proof that pregnant women
are more susceptible to the COVID-19 infection than
normal people. There is also no evidence of vertical
transmission of SARS-CoV-2 from mother to infant.

Observations during the earlier MERS and SARS
infection periods have shown that when the mother’s
infection appears in the third trimester, the pregnant
women might have severe clinical symptoms. The
prevalence of COVID-19 infection is quickly growing
in the number of deaths, cases, and the countries that
are affected. There is not enough information about
the virus and its effects, its risk factors, modes of
transmission, the number of basic reproduction, and
the rate of case fatality.

Management systems for COVID-19 requires
details on the pregnancy situation, such as fetal and
maternal results. The standard actions to handle
severe respiratory infection are considered as the care
foundation for the pregnant woman suffering from
COVID-19 and must be performed aggressively in
a team-based protocol. Neonates born to COVID-19
infected mothers should be monitored carefully and

therefore, it is better to isolate the baby to prevent
exposure for the other infants. If these mothers want
to breastfeed their babies in future, they can express
their milk and then continue breastfeeding whenever
affirmed as non-infective. Further research on the
therapy of MERS, SARS, and COVID-19 is required to
understand the benefits and the risks of novel vaccines
and new treatments in pregnancy.
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