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treatment, preventive, and mitigation strategies of SARS-CoV-2 infection during pregnancy and
pregnancy-related conditions such as delivery and breastfeeding are discussed.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Contents
L o e LTt 1o o 1 864
COVID-19 in Pregnancy: TaiSE the COMOBIMS .. ...ttt ettt ettt ettt e ettt ae e e et e e e et aa e e et ae e e e e e e e ae e e e e e e e s ae e et aaae e e aaaeeesaeeennns 864
Pregnancy and severity of COVID-19: PathOD Y SIOIO@Y . ... u ittt ettt ettt et ettt et e et e e e e e et iee e e e e aeeaaanas 865
BT 0 (=T IR0 01 00 (1 T ) o 866
Diagnosis Of COVID-T9 N PIeGMANCY . . ettt ttte e ettt ettt e et et et e e eanneeeaanneeaanneeeanneeeenneeeanneeenneeeanneeeennneeeanneeennnnns 866

Management and preventive strategies: general approaches and special considerations
General principles in the management of COVID-19 in pregnancy
=] LT 2
Breastfeeding ........cooviiiiiiiii e
Treatment.....ooouu i e
VaCCINeS . .ottt
Conclusion and future proSpects...........oeeevieuuuiiiiinnieeeeeeeeennn.

510 0T B0 ¥

Declaration of interests
Ethical approval...............
Acknowledgments
Appendix A.

Supplementary data..........ccoevveiiiiiieiiineeiinn..

LS ] ) Lol

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread
rapidly across international borders and was declared as a global
pandemic by the World Health Organization (WHO) on March 11,
2020 [1,2]. The pandemic has caused more than 2.9 million deaths
and has infected over 135 million people as of April 11, 2021 [1].
The infected individuals initially exhibit mild respiratory symp-
toms, and some of them further progress to severe disease resulting
in acute respiratory distress syndrome (ARDS), effecting neurologi-
cal, gastrointestinal, cardiovascular systems and cause multi-organ
failures [2-5]. The accelerated risk of COVID-19 disease is docu-
mented to be provoked by the consistent activation of CD4* and
CD8* cascades associated with the induction of an aggravated
cytokine storm and inflammatory responses in different organs
[6,7]. It has been suggested that ARDS and multiple organ failures
are related to excessive production of cytokines such as interleukin
(IL)-6, IL-8, IL-10, tumor necrosis factor (TNF), and GM-CSF [8-10].

SARS-CoV-2 infection could affect all groups irrespective of
age and gender. However, the most severe and adverse outcomes
of COVID-19 have been documented in geriatric individuals and
pregnant women with chronic diseases, including hypertension,
diabetes, and cardiopulmonary problems [11-13]. Several studies
have reported more severe and a higher mortality rate due to some
respiratory viral infections in pregnant women compared to non-
pregnant women [14-17]. These data suggest that pregnancy might
increase the risks, vulnerability, morbidity, disease severity and
the fatality of COVID-19 due to pregnancy-associated physiolog-
ical changes in cardiopulmonary systems, adaptive changes in the
immune system, the partial diversion of cell-mediated immunity,
dysregulated immunity, and increased maternal and fetal demand
for oxygen [16,18]. In addition to common deleterious effects,
alteration in mothers’ psychological status, including anxiety and
depression, and infant’s neurobehavioral development have also
been noted [19-21]. Some important issues of SARS-CoV-2 infec-
tion in pregnancy and pregnancy-associated conditions need to be

elucidated fully by focusing in several critical aspects to minimize
the impacts of this pandemic in women and the neonates [22-26].
Critical discussion is therefore required to evaluate the magnitude
of COVID-19 problems in pregnant women to be able to constitute
preventive measures to prevent mortality.

In this review, we aim to raise the potency of the high risk
of infection, morbidity and mortality of COVID-19 in pregnant
women, and critically discuss the COVID-19-associated pathophys-
iology and pathobiology in pregnancy including to provide the
current evidence on vertical transmission of SARS-CoV-2 during
pregnancy and breastfeeding. This review also summarizes the
management of the cases and preventive strategies of COVID-19
during pregnancy and pregnancy-related conditions.

COVID-19 in pregnancy: raise the concerns

During severe acute respiratory syndrome (SARS) outbreaks
between 2002-2004, a high incidence of maternal and neonatal
complications included abortions, premature births, endotracheal
intubation, admission into intensive care units, disseminated
intravascular coagulopathy, and renal problems were reported
[15,27]. Some pregnant women had to get tested or admitted for
COVID-19, some had to get antiviral treatment for COVID-19, and
in some, premature delivery was noted [28]. An increased risk of
adverse birth outcomes, preterm birth, and cesarean section has
been reported in COVID-19 positive pregnant women [29]. A preg-
nant woman with COVID-19 has been reported to be presented with
multi-organ failure, hyaline membrane formation, consolidation of
lungs with pleural effusion, and inflammation of the airway [30]. A
population-based study in the UK reported that SARS-CoV-2 infec-
tion in pregnant women between March 1 and April 14, 2020, was
49 per 10,000 maternities [31]. This study also found that twelve
out of 265 infants delivered from SARS-CoV-2 infected mothers
were confirmed positive for SARS-CoV-2 RNA [31], suggesting the
possibility of SARS-CoV-2 transmission during the delivery process
and other following obstetric activities.
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A prospective study revealed the relationship between the
severity of COVID-19 and the occurrence of pre-eclampsia-like syn-
drome in the affected pregnant women [32]. In their study, 34
non-severe and eight cases of severe COVID-19 were enrolled, and
five out of eight (62.5%) severe COVID-19 developed pre-eclampsia-
like syndrome [32]. This finding crystalizes the induction of
pre-eclampsia-like syndrome by COVID-19 and suggesting that the
presence of COVID-19 during pregnancy might face a greater risk
for maternal-related complications. A study assessing the role of
comorbidities on mortality of pregnant women with COVID-19
found that patients who died were older and more likely to have
co-morbidities [33]. COVID-19 associated multisystem inflamma-
tory syndrome has been described in a pregnant woman as a
rare but severe complication causing critical illness and cardio-
genic shock requiring mechanical ventilation, wherein intravenous
immunoglobin and high-dose corticosteroids were necessary for
the recovery [34].

An analysis of COVID-19 surveillance data from January to June
2020, US Centers for Disease Control and Prevention (CDC) con-
firmed the likelihood of pregnant women to suffer a greater clinical
burden due to COVID-19 than their non-pregnant counterparts
[35]. They found that more than 2500 (31.5%) pregnant women
with COVID-19 required hospitalization, much higher than non-
pregnant (5.8%) [35]. Furthermore, admission to the intensive care
unit (ICU) and respiratory support by mechanical ventilation were
more frequently reported in the pregnancy group [35]. A systematic
review and meta-analysis reported a high proportion of pregnant
women with confirmed COVID-19 had preterm birth (22%) and
cesarean delivery (48%) and with estimated rates of admission to
the ICU among pregnant women were higher than those of non-
pregnant women (7% vs 4%) [36]. These data suggest that the effects
of COVID-19 on pregnancy should not be considered a trivial mat-
ter.

The deleterious effect of SARS-CoV-2 infection on the fetus
might understudied. Previous studies in animal models have shown
evidence of neurodevelopmental and psychological abnormalities
in the fetus related to the aggravated fetal inflammatory response
syndrome (FIRS) responsible for causing elevated production of
cytokines (IL-1, IL-6, IL-8, and TNF-a) in the placenta [37-40].
Studies in MERS and SARS found that these infections are associ-
ated with spontaneous abortion, teratogenic effects, and premature
birth [27,41]. Elevated production of cytokines during COVID-19
might potentially induce similar conditions; however, further stud-
ies are warranted.

Considering the COVID-19 pandemic is still ongoing, data col-
lection, curation, analysis, and reporting are subject to continuous
improvement thus, findings and trends suggested so far might be
modified accordingly. Recent findings and discussion presented
here shall provide information regarding the potential threat of
COVID-19 to pregnant women, which in turn shall raise awareness
to all related parties to emphasize COVID-19 prevention measures
for pregnant women and improve the protocol of maternal care
during the pandemic.

Pregnancy and severity of COVID-19: pathophysiology

Pregnancy is a condition of immune modulation rather than
immune suppression. Placental immune response and its tropism
for specific viruses and pathogens affect the outcome of the preg-
nant woman'’s susceptibility to and severity of certain infectious
diseases [42]. Viral pneumonia is believed to be a significant
cause of mortality among pregnant women [43]. Previous stud-
ies have provided evidence that infection of MERS-CoV and
SARS-CoV were associated with pregnancy-associated compli-
cations [14,41]. In COVID-19, studies also have reported that
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pregnancy was associated with the severity of the disease [35] and
increased pregnancy-related complications[32]. COVID-19 leads to
an increased risk of pregnancy complications. There is intrauter-
ine/fetal distress (14%) and premature rupture of membranes
(8%). The neonatal clinical manifestations of COVID-19 commonly
included shortness of breath (6%), gastrointestinal symptoms (4%),
and fever (3%) [44]. Of most recent, Chen and coworkers [45],
diagnosed COVID-19 in nine women during the 3rd trimester of
pregnancy. In this diagnostic series, clinical symptoms were likely
to be the same as observed in non-pregnant females, with cough,
fever, myalgia, malaise, and sore throat in 4, 7, 3, and 2 women,
respectively. Some women also showed a reduced number of lym-
phocytes. All the women exhibited pneumonia without requiring
mechanical ventilation. Another study involving nine pregnancies
and ten infants (one set of twins) reported the onset of symp-
toms before delivery, on the delivery day, and after delivery in 4,
2, and 3 cases, respectively [13]. Out of nine pregnancies, about
7 cesarean deliveries showed non-reassuring fetal distress, while
6 infants’ births were too early and premature. Seven COVID-19
cases were confirmed during pregnancy in New York City tertiary
care center, out of which five patients showed COVID-19 symp-
toms such as headache, fevers, cough, chest pain, and myalgia. Two
cases required additional care with intravenous fluid therapy, and
two cases had no symptoms, which appeared after delivery [46].

There are some possible factors associated with susceptibil-
ity and high severity of COVID-19 during pregnancy. During the
first trimester of pregnancy, a significant increase in the levels of
steroidal hormones such as progesterone or other relaxants influ-
ence uterine physiology. Persistently elevated levels of steroidal
hormones are characterized by the relaxation of ligaments of tho-
racic ribs, causing upward movement of the diaphragm [47]. These
physio-anatomical changes reduce the lungs’ functional residual
capacity by 20-30% and contribute to anoxic conditions in the body
[48]. The oxygen deficit in the body is reversed by the stimulation of
the respiratory center through estrogen-dependent-progesterone
receptors located in the hypothalamus [49]. More severe incidences
of cardiac and pulmonary arrest in pregnant women affected with
SARS-CoV-2 infection during the third trimester of pregnancy may
be expected due to the rapid multiplication of virus in the res-
piratory system with already compromised mucociliary clearance
mechanisms during pregnancy [50-52].

It is presumed that Th1/Th2 immuno-regulatory system par-
tially deviates towards Th2 mediated immune response and
intended to suppress the immunological response related to T
cells and CD3* T cells in the blood [53-56]. Moreover, hormonal
changes in pregnant women with COVID-19 lead to an increased
immunological response to viral pathogens, in association with a
diversion of the Th1/Th2 immunological responses towards a Th2
specific response, and favor more severe outcomes than those in
non-pregnant individuals with COVID-19 [11]. A study found that
the higher incidence of fatality among COVID-19 patients s been
associated with the over-activation of the Th1 and Th2 immunolog-
ical responses and the resulting overproduction of cytokines IFN-vy,
IL-1pB, IL-4, IL-6, and IL-10 [2]. Suppression of natural killer (NK)
cells and T cells in late pregnancy is certainly linked with the slow
clearance of viral etiologies [57,58].

The worrisome detrimental effects produced by SARS-CoV-2
are also directly linked with the affinity of viral S protein towards
angiotensin-converting enzyme 2 (ACE2) receptors evident on the
host cells (lungs, intestine, placenta, kidneys) [59-62]. SARS-CoV-
2 enters into the host cells, and the internalization of the virus is
warranted after the cleavage of viral S protein by the host proteases
[63,64]. In pregnant women, a 2-fold increase in the expression of
ACE2 receptors is observed as in different organs, including the pla-
centa, kidneys, and gravid uterus, compared with the non-pregnant
women [65]. This might also enhance the risk of infection and the
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severity of the SARS-CoV-2 infection in pregnant women [66]. How-
ever, further studies are required to elucidate this.

Vertical transmission

There have been many studies regarding the possibilities of
vertical transmission in COVID-19, with few revealing no vertical
transmission to the possibility of vertical transmission from COVID-
19 infected pregnant women to fetus [67-69]. Early data from
nine pregnant women in China who were in the third trimester
of pregnancy and without any underlying chronic disease condi-
tions found no evidence of intrauterine transmission using samples
collected from the amniotic fluid, blood from the umbilical cord,
and throat swabs from the neonate [6]. A study involving 38 preg-
nant women also did not find any evidence of vertical transmission
of the SARS-CoV-2 from mothers to their fetuses, supporting the
observations made by previous studies during the MERS-CoV and
SARS-CoV epidemics [70]. In one more study, out of 19 pregnant
COVID-19 positive women, none of the neonates were tested pos-
itive for COVID-19 [71]. Other studies also have been conducted
in China [3,6,8,11,12,72,73], Iran [74], and the US [75] and sug-
gested no significant scientific evidence of vertical transmission
of SARS-CoV-2. In another study, evidence has been provided that
vertical transmission is possible, especially in the third trimester, as
approximately 3.2% (22/936) of infant nasopharyngeal swab testing
and SARS-CoV-2 RNA positivity ranging from 0% (0/51) in amni-
otic fluid and urine (0/17), 3.6% (1/28) in the cord blood, 7.7%
(2/26) by placental sample analysis, 9.7% (3/31) by rectal or anal
swab, and 3.7% (3/81) by serology [76]. Some investigations were
unable to detect mother to fetus SARS-CoV-2 transmission, along
with negative test results in breast milk, vaginal swabs, umbilical
cord blood, and amniotic fluid [29,77,78]. In one study, of the 35
women patients hospitalized which were found positive for SARS-
CoV-2 by RT-PCR nasopharyngeal swab testing, vaginal swabs from
2 (5.7%) women were also tested positive SARS-CoV-2, suggesting
the possibility of vaginal colonization of this virus and this aspect
need to be considered by clinicians during delivery, though may be
uncommon [79]. Nevertheless, precise information or clinical data
lacks these isolation approaches, and thus vertical maternal-fetal
transmission could not be precluded [45,80].

However, a number of studies have found elevated antibod-
ies (IgM and IgG) and cytokine levels in the blood of neonates of
infected mothers, suggesting in utero transmission of SARS-CoV-
2 [81-83]. In recent studies, elevated titers of virus-specific IgM
antibodies were detected in newborn blood soon after birth, while
the reverse transcription-polymerase chain reaction (RT-PCR) anal-
ysis of nasopharyngeal swab was observed negative in infants
with COVID-19 positive mothers [84,85]. In utero transmission can
only be confirmed by isolation of virus or virus detection by RT-
PCR in the neonates immediately after delivery. The antibody and
cytokines detection in neonates could be due to a passive transfer of
these components from mother to the neonate or triggered by the
passively transferred antigenic component of the virus. Since IgM
antibodies do not transverse the placenta because of their struc-
ture, it is likely to produce IgM in the fetus following viral vertical
transmission. Nevertheless, this lacks solid evidence and might be
ascribed to the alterations in the placenta thus allowing IgM pas-
sage resulting in false-positive outcomes [86]. A study noted that of
the 64 SARS-CoV-2 positive pregnant women, none of the fetuses
tested positive which might be due to the absence of viremia and
decreased co-expression and colocalization of placental ACE2 and
transmembrane serine protease 2. These protective mechanisms
may be responsible for the inhibition of vertical transmission [87].

The current studies suggested the possible vertical transmis-
sion of SARS-CoV-2 from pregnant women to their neonates in
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case reports and series as tested by RT-PCR, however, such data
is still not enough, and further in-depth investigations are required
[76,88-90]. A systematic review found that SARS-CoV-2 vertical
transmission in the third trimester is approximately 3.2% by infant
nasopharyngeal swab testing [76]. Altogether, current data sup-
port the hypothesis that in utero SARS-CoV-2, vertical transmission
is possible, although at a low rate [88]. In a study, 14 out of 469
(3%) neonates were found positive for SARS-CoV-2 by RT-PCR on
nasopharyngeal swabs at a median period of 3 h after delivery
[91]. However, they quoted separation of neonates from mothers
is unnecessary. This allows delayed cord clamping and skin-to-skin
contact and supporting breastfeeding that is beneficial for neonates
[91]. A study also reported the possibility of maternal to the fetal
transmission of SARS-CoV-2 [92]. In the third trimester of preg-
nancy, COVID-19 infection resulted in serious renal developmental
injury, which is indicated by high cystatin C and 32-microglobulin
levels in all neonates.

Diagnosis of COVID-19 in pregnancy

Both conventional and advanced methods have been
employed for the diagnosis of COVID-19 in pregnant women
and neonates. Along with symptoms, clinical parameters, chest
X-ray, histopathology, and immunohistochemistry have facili-
tated the diagnosis of COVID-19 [87,93]. Similar to non-pregnant
groups, RT-PCR and computed tomography (CT) scan have been
the routine diagnostic tools for the detection of SARS-CoV-2 during
pregnancy, and these, when used together, have provided an
accurate diagnosis [94]. RT-PCR is considered the gold standard for
the confirmation of SARS-CoV-2, detecting the nucleocapsid (N)
gene, RNA-dependent-RNA polymerase (RARp) gene, ORF1ab gene
or other genes of the virus with the help of specific probes and
primers for samples collected from nasopharyngeal and oropha-
ryngeal swabs, endotracheal aspirate, bronchoalveolar lavage,
sputum, stool, and urine [8,95]. The nucleic acids of SARS-CoV-2
are not always detectable in respiratory specimens, and repeated
testing may be required on two consecutive occasions at least 24
h apart to obtain a confirmatory diagnosis of COVID-19 [8,96]. In
the case of neonates, testing and diagnosis of COVID-19 are still
challenging [91]. RT-PCR has enabled the detection of viral RNA
in nasopharyngeal swabs of neonates at a median age of 3 h after
delivery (1-12 hours) [91].

Chest CT-scan is the primary diagnostic tool to diagnose COVID-
19in pregnant women using visible ground-glass opacities and may
be more sensitive for detecting infection than RT-PCR [80,97,98].
One study found that RT-PCR confirmed infection in 840 samples
out of a total of 975 samples (86% sensitivity) while CT-scans con-
firmed 580 samples out of a total of 601 samples (97% sensitivity)
from individuals with COVID-19 [99]. Moreover, artificial intelli-
gence using a three-dimensional deep learning model can also be
implemented for highly sensitive and specific diagnosis of COVID-
19 from the CT images [ 100]. Chest ultrasounds are also an accurate
tool to detect lung infiltrates and avoid radiations in pregnant
women with COVID-19 who require a series of exams [101,102]. In
addition, ultrasound can also be performed directly at the bed-side
and, therefore, could reduce the disease’s risk [101,102].

IgM ELISA-based assays, along with PCR, represent non-
radiation-based alternatives to CT scan and have been found to
show higher sensitivity (98.6%) than RT-PCR assays alone (51.9%)
[103]. Current researches have shown that clustered regularly
interspaced short palindromic repeats (CRISPR)-based approaches
can offer rapid, visual, specific, and ultrasensitive identification of
SARS-CoV-2. These approaches have emerged as prodigious alter-
natives to RT-qPCR methods for accurate and efficient detection
of SARS-CoV-2 [104]. A group of scientists designed a Cas12-based
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novel diagnostic tool to detect SARS-CoV-2 RNA sequences in an
early clinical study [105]. The tool proved to be rapid, portable,
and highly sensitive for visual detection of RNA. Another study
developed the All-In-One Dual Cas12a assay for one-step rapid
and ultrasensitive visual identification of SARS-CoV-2 [106]. This
assay has demonstrated the potential to develop next-generation
point-of-care molecular diagnostics. A CRISPR-based SHERLOCK
(Specific High Sensitivity Enzymatic Reporter UnLOCKing) has
been developed as a sensitive and more advanced technique for
rapidly detecting SARS-CoV-2 without the need of many labo-
ratory facilities [107]. In a study, a combination of techniques
like CRISPR, RT-PCR, and metagenomic next-generation sequenc-
ing was reported to be effective in the clinical diagnosis of the
COVID-19 [108].

Rapid antigen detection testing for universal screening of SARS-
CoV-2 in pregnant women has been advocated [109]. Serological
analysis might be considered as a novel tool to confirm the diag-
nosis of SARS-CoV-2. Many research groups have detected the
antibody’s responses to SARS-CoV-2 and made a comparison with
other commercially available serological assays [110,111]. Consid-
ering the emerging role of the IgA isotype, a study identified the
SARS-CoV-2 IgA antibodies in the COVID-19 population seronega-
tive for IgM [112]. Among the 30 patients, seven, eight, and two
were positive for IgG, IgA, and IgG within the first 5-7 days of
the symptom’s onset. At the 9-13 and 21-25 days time points,
IgA antibodies were increased to twice as high as IgG. Therefore,
the determination of IgA antibodies may overcome the serological
gap of the COVID-19. A commercial kit with chemiluminescence
microparticle immunoassay was applied for determining the titer
of total antibodies in serum samples. This kit can be employed
for epidemiological studies as well as the diagnosis of suspected
COVID-19 patients [113]. A study used a combined method includ-
ing RT-PCR test and serological antibodies to detect SARS-CoV-2
infections with a superior extent of specificity and sensitivity [114].
This combined method has demonstrated usefulness for diagnos-
ing suspected COVID-19 patients. In future, the serological testing
could be applied for epidemiological researches, monitoring ongo-
ing SARS-CoV-2 outbreaks, and evaluating the impact of vaccines.

Management and preventive strategies: general approaches
and special considerations

General principles in the management of COVID-19 in pregnancy

All pregnant women have the right to a positive childbirth
experience whether or not they have confirmed COVID-19. This
includes proper care and management of pregnant women, ante-
natal care, safe delivery practices, and care for the newborn along
with the mental wellbeing of the mother during the COVID-19 pan-
demic while adopting appropriate clinical guidelines [46,115,116].
COVID-19 suspected pregnant women need to be attended by tele-
health approaches (online, phone, videoconferencing), followed by
the proper wearing of protective personnel equipment when the
need for attending in healthcare facility under proper protective
measures [93]. Screening by checklist tool present on telephone
and testing of women in hotspot districts irrespective of symptoms
presenting for labor or 5 days before delivery has been recom-
mended in some countries like India [117]. In mild cases, follow
up should be scheduled 24—48 hours and weekly. After diagnostic
testing, walk-in or drive-in facilities have been quoted as appropri-
ate [93]. The initial evaluation should be through the examination
box using interphone. Medical history and a physical examina-
tion need to evaluate followed by fetal heart rate auscultation,
cardiotocography, or fetal ultrasound. Chest X-ray and laboratory
testing are required for diagnosis and evaluating severity [93]. Preg-
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nant women with any COVID-19 symptoms should be isolated and
investigated immediately. The time and mode of delivery must
be chosen depending on the gestational period, condition of the
fetus, and the mother’s health status [118]. Emergency cesarean
delivery could be considered in the case of poor progress in labor,
fetal distress, deterioration in maternal condition, septic shock,
and acute organ failure [12,119]. However, the timing of deliv-
ery and emergency c-sections remains highly controversial, and
many societies do not advocate for systematic c-sections in the set-
ting of maternal clinical deterioration; therefore, clinicians should
follow their local guidelines. Individuals with confirmed SARS-CoV-
2 infection should be kept in a well-equipped negative pressure
isolation ward with sufficient health facilities and fully trained
multidisciplinary clinicians who can manage critically ill obstetric
patients [119,120]. A trained multidisciplinary team comprised of
neonatologists, obstetricians, specialists in intensive care medicine,
anesthetists, and microbiologists should be available to evaluate
and manage the risk of serious outcomes associated with COVID-
19. All medical staff and health professionals must use personal
protective equipment (PPE), including gloves, gown, goggles, and
N95 masks, when treating patients with COVID-19.

It is of utmost importance to support pregnant women exhibit-
ing COVID-19 symptoms, such as myalgia, pyrexia, shortness of
breath, cough, and sore throat [121]. The vital parameters of preg-
nant women, including body temperature, respiration rate, and
pulse, must be regularly monitored by maternity-care providers,
alongside the provision of medical attention and advice. Inspection
of vital manifestations particularly associated with heart failure
and respiratory complications, renal and hepatic functions, CRP,
CBC, and chest radiography, is essential. Professional psycholog-
ical support must also be offered to pregnant women who have
been isolated for 14 days to limit the risk of developing severe
depression or anxiety. A previous qualitative study found that
COVID-19 patients hope to receive online support [122]. Internet
cognitive behavior therapy could be a cost-effective approach[123]
and reduce the severity of psychological symptoms (e.g., insomnia)
[124].

Healthcare professionals should also implement the neces-
sary precautionary measures and standard protocols for the use
and discarding of specialized clothing, gloves, masks, and med-
ical equipment after examining pregnant women infected with
SARS-CoV-2. An initial screening of healthcare workers and other
individuals must be emphasized before they are allowed to enter
hospitals or neonatal care units [75]. The immediate clamping of
umbilical cords and separation of neonates from mothers con-
firmed or suspected of being infected is recommended to reduce
the risk of transmitting SARS-CoV-2 [3,125]. Careful monitoring of
pregnant women and fetus and appropriate precautions to avoid
neonatal infection is necessary during the SARS-CoV-2 pandemic
[126].

Representative guidelines for management and preventive pro-
cedures from national and international organizations are provided
in Table 1.

Delivery

The termination of pregnancy and mode of delivery must
be determined in critical COVID-19 cases depending upon the
pregnancy complications and health of the puerperal. Among
asymptomatic/mild COVID-19 patients, cesarean delivery had a
higher risk of clinical deterioration (increased need for oxygen
supplementation after delivery), and increased risk of neonatal
intensive care unit admission compared to vaginal delivery [136].
However, for severe COVID-19, cesarean delivery might be the
first choice of delivery [136]. Preterm labor has been commonly
observed in acute COVID-19 after 9 days of the onset of respira-
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Table 1

Guidelines provided by few representative organizations for the pregnant women during COVID-19 pandemic.
Name of the organization Guidelines for the pregnant women References
World Health Organization (WHO) o Regular checkup and monitoring [127]

o [solation of affected women
o Provision of skilled medical staff with all associated remedial provisions
« Counselling to deal with the physiological and mental stress during pregnancy
o Thorough counseling of pregnant women related to the breast feeding and isolation of the fetus
after birth
« Expert decision for the vaginal or cesarean delivery
« Use of minimum essential protective gears and maintenance of proper hygiene to prevent the
transmission of infection
« Routine ante-natal or post-partum care of fetus and mother
Centers for Disease Control and o Confirmed/suspected COVID-19 pregnant women should be isolated immediately and notified to [121,128]
Prevention (CDC) obstetric unit
o Immediate emergency care should be provided to the pregnant women with COVID-19
o Regular provision of counselling related to the prenatal or postpartum care
« Maintenance of proper hygiene including washing of hands with soap or sanitize with 60%
alcohol, using mask etc. before breast feeding the newborn baby
o The women suspicious or infected with SARS-CoV-2 virus infection must be isolated from the
newborn and breast pump milking should be recommended
o Tdap and influenza vaccines can be used during pregnancy

French national college of e Assigning a triage screening area with primary facilities for the screening of symptomatic [129-131]
obstetricians and gynecologists patients
(CNGOF, France) o All the patients and health care professions must wear PPEs
o The suspicious patients must be considered positive before the final confirmation with qRT-PCR
assay

o The pregnant women suspicious to be affected with COVID-19 should be immediately
segregated and provided with suitable obstetrical management care facilities
o The general non-urgent appointment must be delayed to look after the critical cases of obstetrics
« Provision of negative pressure isolation room with ultrasonography facilities for the routine
checkup of the pregnant women
o Use of corticosteroid therapy based upon the obstetric indications is recommended in the
COVID-19 affected pregnant women even before 34 weeks
o Telehealth facilities must be recommended for the postpartum visit
o The proper hygiene measures must be followed by the mother before feeding or making a
contact with the newborn
o Breast feeding should be avoided in case the mother is infected with SARS-CoV-2

National Health Commission of the o Thorough examination and diagnosis of mother suspicious for COVID-19 disease [132]

People’s Republic of China « Management of pyrexia and provision of treatment therapies for the affected patients

o Newborn delivered by an infected mother must be isolated and observed at least for 14 days and
should not be offered with breast feeding

American College of Obstetricians e Regular notification of positive cases to the health department after proper testing and screening [133]

and Gynecologists (ACOG, US) o The health care workers should wear all protective gears including face mask, gloves etc.

o The person with suspicion should be instructed to avoid the contact with social groups and must
be confirmed
o Antenatal corticosteroids (BMZ) can be used in the patients with COVID-19 disease before 34
weeks
o A skilled team of obstetrician, anesthesiologist etc. should be available every time
e Due care must be offered to the newborn and the mother after delivery
o A halt in the time of delivery can be imposed during late pregnancy to prevent the transmission
of infection until the results of test are not available, whereas early pregnancy must be routinely

handled
o Telehealth facilities can be used for postpartum visit at least for 12 weeks.
Royal College of Obstetricians and e Regular screening and use of protective gears [134]
Gynecologists (RCOG, UK) o Provision of obstetric emergency facilities

o Monitoring of blood parameters and isolation of suspected cases
« Routine checkup of the pregnant women by using ultrasonological interventions to monitor the
maternal and fetal health status
o Proper cleaning of equipments after their use on suspected or positive cases
« [solation of affected patients with the provision of emergency services
o Maintenance of proper hygiene measures including hand washing, use of PPEs (FFP3 masks,
gloves), and use of breast pumps etc.
o Telehealth facilities are recommended to ensure the postpartum visit

Italian society for Ultrasound in « Follow self-isolation and hygiene measures in asymptomatic patients without any essentiality of [130,131]

Obstetrics and Gynecology (Italy) PPE

o PPE must be used by the symptomatic pregnant women and health care workers accompanying
the patients
o Use of protective gears like masks and proper hand washing before breast feeding of the newborn
e Provision of isolated and designated units for the sample collection and delivery
o Isolated rooms should be provided to the mother and babies with at least 60 L/s ventilation
« Routine monitoring through ultrasound assessment of asymptomatic mothers
o Isolation of symptomatic mothers for 14 days, regular contact through telephones and should be
examined after ever 3—4 weeks for the assessment of fetal growth
o Decontamination of equipments such as ultrasound machines etc. used on affected pregnant
women
 Critical symptomatic patients must be admitted to the intensive care units (ICUs)
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Table 1 (Continued)
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Name of the organization Guidelines for the pregnant women

References

International Society of Ultrasound
in Obstetrics & Gynecology

(ISUOG) be used for the confirmation

o Screening of patients with symptoms in an established triage area
o The tested negative samples must be rescreened with qRT-PCR after 24 h and chest CT scan can

[130,135]

o Critical patients should be admitted to ICU or the rooms with negative pressure facilities
« Examination of suspected or recovered patients with the help of ultrasonography must be done
after every 2—4 weeks for the assessment of fetal growth and associated post-partum

complications

o The mode of delivery should be decided on the basis of health status of the patient and spectrum

of infection

e Water birth and delayed cord clamping should be avoided in critically ill pregnant women
o The fetal and placental tissues should be handled carefully by using all the PPEs and personal

hygiene guidelines

o Feeding through breast pump should be encouraged

tory symptom [137]. The standard management protocol indicates
intravenous magnesium sulfate, antepartum steroid therapy, and
appropriate antibiotics to prevent the secondary bacterial infec-
tion [137]. A study found an incidence of 14.43% of COVID-19 in
India [138]. Low APGAR scores (score for appearance, pulse, gri-
mace, activity, and respiration) also have been reported in neonates
of COVID-19 affected women [138].

CDC states that after delivery, the umbilical cord should be
clamped, the newborn should be temporarily isolated, and breast
milk should be pumped as soon as possible [121]. An aborted fetus
and the placentas from pregnant women suffering from COVID-19
must be treated as infectious and be properly disposed of [135].
During delivery or during the treatment course, biomedical waste
materials should be collected in double-layered medical waste bags
and disinfected before disposal. Any non-disposable fabrics must
be collected in double-layered medical waste bags and sent to the
hospital’s disinfection center, as per the standard protocol [73].

Breastfeeding

Close and early contact and exclusive breastfeeding help babies
to thrive. However, women with COVID-19 have challenges in
terms of breastfeeding. A study found a negative PCR test of breast-
milk samples from COVID-19 women [81]. Amniotic fluid, cord
blood, and throat swabs of neonates along with breastmilk sam-
ples from six out of nine women infected with COVID-19 were
found negative for the SARS-CoV-2 [6]. However, SARS-CoV-2 RNA
was detected in the breast milk of a mildly symptomatic COVID-19
patient but the presence of the viable virus in breast milk is still
under investigation [139]. Altogether suggest that no strong evi-
dence of vertical transmission of SARS-CoV-2 through breastmilk.
A living systematic review analyzing the evidence from 37 studies
concluded that there is no evidence of SARS-CoV-2 transmission
through breast milk [140].

Although not enough evidence supports SARS-CoV-2 trans-
mission through breast milk [140-142], close contact during
breastfeeding may contribute to the transmission of infection from
mothers to their newborns [75]. Therefore, feeding of expressed
mother’s milk should be considered to avoid the child’s contact with
the COVID-19 infected mother [143]. Adequate precautions, includ-
ing the practice of respiratory hygiene, wearing a mask, washing
hands, routine cleaning, and disinfecting surfaces is recommended
[141,144]. The National Health Commission of China also recom-
mended the use of breast pumps instead of direct breastfeeding and
the immediate segregation of neonates from mothers who are sus-
pected to be infected with SARS-CoV-2 to mitigate the chances of
the spread of infection [129] (Fig. 1). In case of favorable conditions,
breastfeeding is allowed under contact and droplet precautions,
including the use of a surgical mask, appropriate hand hygiene
before and after contact, cleaning breast skin and contact surfaces
[119,145]. In the case of infected mothers use of milk extractors

under strict hygiene is recommended, and feeding of the newborn
by a healthy person [93].

Treatment

Multiple efforts are currently being made to develop effective
treatment regimens against COVID-19 [146]. Several trials aimed at
developing anti-viral therapies against SARS-CoV-2 currently being
sponsored by several organizations excluded pregnant women
from randomized trials, while the inclusion of pregnant women
in treatment trials needs a global level action plan for design-
ing better and safer therapeutic strategies [147,148]. Recently,
D’Souza et al. [149] critically reviewed the progress being made
in pharmacologic options especially suitable to pregnant and lac-
tating women COVID-19 patients with evidence in support of the
use of corticosteroids, magnesium sulfate, aspirin, anticoagula-
tion after appropriate prescription, clinical suitability as well as
emphasized safety issues of various therapies under investigations
along with suggestion for their inclusion in clinical trials. Although
no specific treatment exists against COVID-19 during pregnancy,
various drugs have been used to treat the disease in pregnancy
such as arbidol, remdesivir, lopinavir/ritonavir combination, dex-
amethasone, and combination of IFN-a-2b and arbidol as well as
convalescent plasma, conservative fluid management, mechanical
ventilation and other supportive therapies [150,151].

Dexamethasone has been suggested to be avoided during 1 st
trimester and after 37 weeks of gestation [126]. In comparison
to no corticosteroid administration, the use of antenatal corti-
costeroids has been found as a robust management strategy at
gestational ages less than 31 weeks. Zhou et al. (2020) observed
administrating antenatal corticosteroids between 24 and 30 weeks
of gestation as the optimal management strategy resulting in high
quality-adjusted life years compared to no corticosteroid use. A
study observed that about 68% of the patients showed improve-
ment after treatment with remdesivir, while 13% were found to
die [152]. In one study on 86 pregnant and postpartum women
affected with severe COVID-19, compassionate use of remdesivir
resulted in higher recovery rates while rate of adverse event was
recorded as low [153]. Alarge number of case studies and investiga-
tions have corroborated remdesivir as a safer and effective remedy
for treating serious COVID-19 during pregnancy [36,154,155]. The
combination of lopinavir and ritonavir (anti-proteases) was pre-
viously found to exert antiviral activity against HIV in a pregnant
woman, without increasing the risk of preterm birth, fetal anoma-
lies, or low-birth-weight of the fetus; therefore, representing a
potentially safe drug regimen for the treatment of COVID-19 infec-
tion during pregnancy [8,156,157]. However, the combination of
lopinavir-ritonavir has not been found to provide any significant
beneficial effects against SARS-CoV-2 infection [158]. Antivirals
lopinavir + ritonavir or oseltamivir can be used in high-risk women
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Fig. 1. COVID-19 during pregnancy: management and prevention strategies. After SARS-CoV-2 enters into host cells and multiples in the pregnant women, it will alter
responses of immune system and, in some cases, lead to cytokine storm that could increase the mortality. Pregnant women with who are suspected for COVID-19, timely
diagnose strategy is need in order to provide appropriate managements to prevent maternal and neonatal complications. For those who are confirmed for COVID-19, adequate
management and prevention measures need to be in placed according to international guidelines in accordance with national guideline.

with uncontrolled diabetes, immunosuppression, or chronic dis-
eases [117,159].

Chloroquine, a potent anti-malarial agent has been found to be
effective against COVID-19 associated pneumonia [160-162]. An
in vitro study also showed that a combination of chloroquine and
remdesivir (nucleotide analog) also inhibiting SARS-CoV-2 virus
replication [163]. Studies have revealed that the use of hydrox-
ychloroquine and chloroquine presented noteworthy fetal and
maternal safety and are regarded as an imperative remedy for
expecting women associated with COVID-19 [113,164]. Neverthe-
less, an elevated dose of chloroquine also exerts negative impacts
[80]. The mode of action chloroquine involves interference with
the terminal glycosylation of ACE2 receptors on host cells, block-
ade of pH-dependent replication of the virus, and suppression of
cytokine storms [161]. Although adverse side effects of chloroquine
treatment in pregnant women or fetuses have been reported in
the last two decades [165], at high doses, chloroquine is known to
cause systolic hypertension and aggravate hemodynamic changes
associated with the supine aortocaval compression of the gravid
uterus [80,166]. A study has also demonstrated the clinical bene-
fits of the combined use of azithromycin and hydroxychloroquine
in COVID-19 patients [167]. However, a recent study found that
the use of hydroxychloroquine, alone or with azithromycin, did
not improve clinical status among hospitalized mild-to-moderate
COVID-19 patients at 15 days as compared with standard care
[168]. The current interim WHO Solidarity Trial results also sug-
gested that hydroxychloroquine appeared to have little or no
effect on COVID-19 mortality, initiation of ventilation, and dura-
tion of hospital stay [169]. It is worth mentioning that a recent

systematic review and meta-analysis on drugs being explored
for treating COVID-19 patients revealed that hydroxychloroquine,
lopinavir/ritonavir, interferon-beta, and tocilizumab may not alle-
viate risk of death or outcome of the disease significantly as well
as benefits of remdesivir remains uncertain [170]. Federation of
Obstetric and Gynecological Societies of India (FOGSI) recommends
use of hydroxychloroquine and azithromycin for treating infected
pregnant women along with supportive treatment [117,159].

COVID-19 causes extensive damage to the lungs and has been
associated with increased secondary bacterial pneumonia. As such,
theimmediate administration of antibiotics after culture sensitivity
test is highly recommended [8]. In a case-report study of a preg-
nant woman with ADRS due to COVID-19, treatment with plasma
transfusion and corticosteroids resulted in a clinical improvement
of the patient [171]. The administration of methylprednisolone for
a short duration has been found to limit the effects of ARDS in
SARS-CoV-2 infected patients in China [8]; however, an assessment
of the effectiveness and safety of this drug in pregnant women is
needed. In premature neonates, the intramuscular administration
of betamethasone at a dose of 12 mg followed by a second dose
after 24 h has been found to be effective [8]. Patients with alveolar
infiltrate, bacterial infection, or elevated procalcitonin may require
[93].

Vaccines

Vaccine is one of the most promising preventive measures for
COVID-19 [172] and COVID-19 have caused disruptions of child-
hood vaccination practice around the world [173]. Vaccination
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during pregnancy is a promising strategy to protect the mother
and neonate against the disease [174,175]. Live or live attenuated
vaccines may not be safe as there is a risk of developing the dis-
ease during the immunomodulated pregnancy condition; however,
the inactivated or subunit and nucleic acid vaccines will be safer
as there is not a risk of developing disease from the vaccine. An
ideal COVID-19 vaccine for use during pregnancy should induce
a balanced humoral and cell-mediated immune response with-
out excessive activation of the maternal immune system [176].
Excessive activation of the immune system may cause an exces-
sive inflammatory response, leading to adverse events during
pregnancy. Maternal immunization is not only for protecting the
mothers, but it is also critical for protecting the newborn until their
immune system can develop their own defense against the viruses.
Upon vaccination of pregnant women, IgG antibodies are actively
transferred through the placenta to provide passive immunity to
newborns [177].

Biopharmaceutical companies and research institutions are
actively pursuing vaccine development strategies against SARS-
CoV-2 [178]. At the time of writing, efficacy reports from phase
3 trials of three COVID-19 vaccines, BNT162b2 mRNA (BioNTech
and Pfizer) [179], ChAdOx1 nCoV-19 (the University of Oxford and
AstraZeneca) [180] and mRNA-1273 (Moderna and National Insti-
tutes of Health (NIH)) [181] have been published. The efficacy of
the vaccines ranged from 90% for ChAdOx1 nCoV-19 [180], 94%
for mRNA-1273 [181] and 95% for BNT162b2 [179]. Most recently,
few of the vaccines have been developed successfully and vaccina-
tion program has been launched up in some countries with use of
Sputnik V (Gamaleya Company, Russia), Covaxin (inactivated vac-
cine developed by Bharat Biotech Company, India), Covishield (local
name in India for the Oxford-AstraZeneca vaccine developed in the
UK) and other potential vaccines for emergency uses [182-184].
None of those studies included pregnant women as their study par-
ticipants. There is a need to design dedicated vaccine trials with a
larger number of men and women participants, including pregnant
women and lactating women, to ensure efficacy and safety of the
same in all groups [185].

Recently, some companies intend to include pregnant women
in clinical trials but requested to confirm a contraception plan
for weeks to months after injection of the COVID-19 vaccine. To
date, very scarce information is available on efficacy and safety in
pregnancy. In their clinical trial, Moderna reported 13 pregnancies,
including six and seven in the vaccine and placebo group, respec-
tively, while Pfizer enrolled 23 pregnant persons in their clinical
trial, including 12 in the vaccine group. The pregnancies exposed to
the COVID-19 vaccine are in progress. Since about 75% of the health
care workers are women, approximately 300,000 health care per-
sonnel might be pregnant or recently postpartum at the time of
vaccine implementation, according to the CDC estimates [186].

Vaccine candidates against SARS-CoV-2 involving minimal risk
and potential benefit to pregnant women and fetuses should be
developed and introduced into clinical trials encouraging their
participation [187,188]. Pregnant women, lactating women, and
women desirous of pregnancy make up a significant proportion
of the population [189], and therefore exclusion of this popula-
tion from trials or lack of safety and efficacy information will leave
a critical gap in control of COVID-19. Pregnant women and their
obstetricians need to be updated with the recent information and
analyze the benefits and risks of SARS-CoV-2 vaccines until data of
trials involving pregnant women is made available [186]. Though
pregnant women are conceived to be at similar complications risk
than non-pregnant women, there is a dire need for intense care for
pregnant women with COVID-19, especially in middle and low-
income countries [36]. Evidence suggests that pregnant females
should take care of preventative measures, and the vaccine is
among the top-priority option [187].
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Conclusion and future prospects

Pregnant women are considered to be a vulnerable group during
the ongoing COVID-19 pandemic due to the exacerbated detrimen-
tal effects of SARS-CoV-2 infection observed in expectant mothers
and their fetuses. Multipronged factors, including physiological
anatomic changes, hormonal imbalance, alterations in immune
systems, and increase expression of ACE2, might associate with
increased severity of COVID-19 in pregnancy. Close monitoring
of body parameters, use of sensitive diagnostic protocols, and
timely treatment coupled with preventive measures may help limit
the transmission of COVID-19 in pregnant women and, therefore,
prevent COVID-19 complications. In association with preventive
measures, good management practices must be emphasized to
minimize cross-infection between COVID-19-infected pregnant
women, health care workers, and neonates. All possible preventive
measures along with the adoption of good personal hygiene and
personal protection must be ensured during delivery and breast-
feeding to reduce the risk of virus transmission to newborn babies.

All the strategies including early diagnosis, timely management,
and prevention measures should be employed along with robust
research to generate evidence for effective strategies. Publicly avail-
able surveillance systems based on international, local, and federal
guidelines should be established for pregnant women infected with
SARS-CoV-2 to allow the expertise of professionals around the
world to be shared to mitigate or prevent the detrimental effects
of the ongoing COVID-19 pandemic.

There are many gaps of knowledge that need to be filled in SARS-
CoV-2 infection during pregnancy. Neither approved therapeutic
options are available to date for pregnant women with COVID-19
and not much are in the pipeline, including pregnant women in
clinical trials. Therefore, there is an urgent need of a drug devel-
oped specifically for pregnant women suffering from COVID-19,
and enough clinical trials, including this physiological group are
highly warranted. The inclusion of pregnant and lactating women
in the vaccine development process is also vital to ensure this vul-
nerable population is protected along with others. Learning from
past efforts to develop vaccines such as influenza and the study
of currently used vaccines in pregnant women will help include
pregnant women in trials for vaccine development safely.
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