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Abstract

Coronavirus disease or more popularly called COVID-19 is
known to be caused by a novel coronavirus 2. The COVID-19 has
been identified to be originated from Wuhan, Hubei, China. This
pandemic started in December 2019, and since then it has spread
across the world within a short period. The health and family wel-
fare ministry of the Government of India reported 227,546 active,
9,997,272 discharged cases, and 150,114 deaths due to COVID-19
as of 06 January 2021. Indian Council of Medical Research
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(ICMR) reports that the cumulative testing status of SARS-CoV-2
(COVID-19) was 931,408 up to November 03, 2020. Currently,
no specific anti-viral drug for COVID-19 management is recom-
mended in the current scenario. Vulnerable populations such as
pregnant women aftected by COVID-19 infection need to be rec-
ognized and followed up for effective handling concerning mor-
bidity and mortality. At present, very few case reports on COVID-
19 infected pregnant women have been published in India and
there is no proven exclusive treatment protocol. This article sum-
marizes a review of signs and symptoms, etiopathogenesis, risk
factors, diagnosis, and possible management of COVID-19 infec-
tion in pregnant women. This overview may be useful for health
care providers for practical approach and limitation of drugs used
in the current management and considers the choice of drugs with
their special attention given to adverse effects to improvise mater-
nal health, pregnancy, and birth outcomes.

Introduction

Coronavirus disease or more popularly called COVID-19 is
known to be caused by novel coronavirus 2 and it is presented with
the specific syndrome with extreme acute respiratory distress being
the most prominent feature. In general, initial infection is presented
with mild to severe respiratory symptoms and gradually can lead to
respiratory failure) later can be life- threatening due to multi-organ
failure. The COVID-19 has been identified from Wuhan, Hubei,
China. This pandemic started in December 2019, and since then it
has spread across the world within a short period [1].

India currently has the highest number of confirmed cases of
COVID-19 infection in Asia and the third-highest number world-
wide [2]. The World Health Organization has discussed the global
effects of the epidemiological situation, with over 32.7 million
COVID-19 cases and 991,000 deaths recorded by the end of
September 2020; total deaths are predicted to surpass one million
in the future. South-East Asia is the second most affected region,
accounting for 21% and 11% of total cases and deaths, respective-
ly. It has been recorded that countries such as India, Indonesia, and
Bangladesh continue with the greatest numbers [3].

Indian Government launched the mobile application named
AarogyaSetu, which was developed to reach the app users about the
best practices, risks, and relevant advisories related to COVID-19
containment. ArogyaSetu app data indicate about 10,374,932 con-
firmed cases, 9,997,272 recovered and 150,114 deaths were report-
ed as of January 06, 2021. Totally 167.6 million users of the
AarogyaSetu mobile application helped to update the country’s
health status [4]. According to the ministry of health and family wel-
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fare of Government of India reported 227,546 active COVID-19
cases, 9,997,272 discharged and 150,114 deaths till 06 January 2021.
Indian council of medical research reports that the total Testing
Status of SARS-CoV-2 was 9,31,408 which were cumulative total
samples tested up to November 03, 2020 [5]. There is no specific
anti-viral drug for COVID-19 outbreak management in the current
scenario [6]. The elderly (>65 years) persons, people with the
impaired immune system, and perhaps pregnant women have been
reported to be susceptible to the virus [7-9].

As per earlier reports, women are categorized vulnerable to
respiratory infections, especially during pregnancy. However,
pregnant co-morbidity patients may have an increased risk of
serious illness, consistent with the general population of similar
co-morbidity patients. High-risk groups need to be monitored
accordingly by clinicians. Around 85% of women will experience
mild illness, 10% more severe illness, and 5% more critical ill-
ness [10]. At present, very few case reports on COVID-19 preg-
nant women have been published in India and there is no proven
exclusive treatment protocol for its management. Vulnerable
populations such as pregnant women affected by COVID-19
infection are very important to recognize and follow-up and the
cases should be handled effectively concerning morbidity and
mortality.

However, in India, a protocol for the management of pregnant
women affected by COVID-19 has been prepared by the Indian
Council of Medical Research. Yet the normal protocol and proce-
dure need the hour to learn and adapt. Here we summarize a review
of signs and symptoms, etiopathogenesis, risk factors, diagnosis,
and possible management of pregnant women infected with
COVID-19.

Signs and symptoms

Fever, dyspnea, cough, lymphopenia are predominant features
of COVID-19 in pregnancy, similar to non-pregnant patients. 18%
of patients reported breath shortness. In some cases, due to
increased maternal oxygen requirements from increased metabo-
lism, gestational anemia, and fetal oxygen consumption, which are
common in pregnancy, this may be difficult to discern from phys-
iological dyspnea [11]. Initially in China reports specified seven
COVID-19 affected pregnant women showed symptoms viz.
cough, fever, diarrhea, and shortness of breath [12]. As described
above, the symptoms can differ, and women with a variety of clin-
ical manifestations ranging from mild symptoms and signs to seri-
ous disease, including pneumonia with or without acute respiratory
distress syndrome (ARDS), renal failure, and multi-organ dysfunc-
tion can require immediate to advanced critical care support. As a
consequence, those affected are generally described as having
moderate, serious, or critical illness [13]. In one of the studies crit-
ically ill pregnant women affected by COVID-19 needed oxygen
were reported to have cardiomyopathy [14]. To evident such cases,
more data is required to require optimizing incidence of the inci-
dence of cardiomyopathy secondary to postnatal or in pregnant
COVID patients.

There are signs of very high fever associated with coughing,
trouble breathing, diarrhea, pneumonia, headache, excess sputum,
and hemoptysis in infected people with symptoms. Some people
with infections are asymptomatic and, since they ignore health
conditions, are labeled as highly infectious. Conditions such as res-
piratory arrest, heart attack, RNA anemia, and ground-glass opac-
ity were fatal events [15-17].
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Etiology

SARS-CoV-2 of order Nidovirales, belonging to the family
Coronaviridae is causative of Coronavirus disease-19. These are
non-segmented, enveloped RNA viruses that include the coron-
aviruses of SARS-CoV and MERS-CoV [18].

Vulnerable groups are susceptible to COVID-19 especially
pregnant women/lactating mothers. Current knowledge and clin-
ical management of pregnant women with COVID-19 is mainly
based on information from the general population. In spite of the
growing number of pregnant women with COVID-19, data on the
clinical characteristics and disease severity of pregnant patients
are still limited. Considering the particularity of immune status
and physiological features in pregnant women, there is an urgent
need to investigate the differences in the clinical characteristics
and severity of COVID-19 between pregnant and nonpregnant
women and the potential impact of COVID-19 infection on the
clinical outcomes of the fetus and neonate [19].

Pathogenesis of COVID-19

COVID-19 contains a single-stranded RNA genome with 4
genes: nucleocapsid, membrane, envelope, and spike protein
[20]. The pulmonary area is the main target of the virus.
Coronavirus binds via receptor-binding domains to the host
receptor, named ACE2 [21]. For the release of RNA in a host cell,
conformational changes occur by spike protein which activates
the viral envelope to bind with a receptor of a hostcell. Viral
replication happens when RNA enters the host cell later pro-
teinases enzymes dividing them into small particles. Later trans-
lated using mRNA’s and stored in the endoplasmic reticulum and
Golgi apparatus through which they are released as vesicles into
endothelial, alveoli, and blood cells [22].

Role of lymphocytes in COVID-19

The immune system plays an important role to fight against
viruses and other microorganisms. Especially lymphocytes (T
and B cells), natural killer cells are essential [23]. Compared with
non-pregnant women, the total white cell count was significantly
increased at all pregnancies and also post-partum. In pregnancy
the absolute number and percentage of T lymphocytes was slight-
ly elevated while almost no changes in B cells were found. No
significant changes were found in the percentage of
suppressor/cytotoxic (CD8+), of helper/inducer (CD4+) T lym-
phocytes, nor of CD4+/CD8+ ratio at any stage of pregnancy and
puerperium [24]. However pregnant COVID-19 patients showed
significantly lower numbers of blood lymphocytes and higher
numbers of neutrophils, as well as higher levels of C-reactive
protein and total bilirubin.

Signature features of COVID-19-related severe illness
include the presence of elevated levels of pro-inflammatory
cytokines, coagulopathy, and lymphopenia. However, no deaths
were reported, dissociating lymphopenia in the patients from
mortality. Thus, the question of whether pregnancy is an
immunological contributor to severe or controlled COVID-19
disease should be extensively debated [25].
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Role of D-DIMER and thromboembolism

It is assumed that the mechanism by which COVID-19 infec-
tion causes multi-organ dysfunction involves inflammatory
cytokines release which triggers tissue factor development and
activates thrombin. Increased thrombin and D-dimer (>1 pg/mL)
are linked with an increased risk of death.

It was presumed COVID-19 affected pregnant women less
likely to have serious morbidity/die, however, reports indicate a
subset can develop multi-organ failure that leads to death. During
common infections generally, pregnant women show evidence of
elevated intravascular inflammation and increased thrombin along
with prothrombin which might exaggerate thrombosis risk [26].

The inflammatory response in COVID-19

COVID-19 patients are in extreme need of intensive care as
per previous reports since different inflammatory mediators are
involved to provoke response [8,9]. In another study, IL-6 numbers
appear to increase with time in COVID-19 patients and are com-
paratively higher in non- survivors than in survivors [27]. Critical
patients addressed substantially higher percentage of peripheral
blood inflammatory monocytes in CD14+CD16 + compared to
patients with moderately ill [28].

Cytokine storm is contributed by the release of cytokine along
with IP-10, MCP, and MIP1 alpha. The cytokine storm also has
body-wide ripple effects. Elevated levels of TNF with cytokines
can result in circulatory failure and myocardial damage led by sep-

Angiotensin 11

Angiotensinogen (1-8AA)
®= Vasoconstriction
Renin = Sodium retention
= Microvascular
Angiotensin I ACE fhpmhasy
[1-10AA]
ACE 2 ACE 2
Angiotensin II ACE Angiotensin
ngiotensin (1-TAA)
[1-9AA] = Vasodilation

= Anti-inflammatory

= Decreased
thrombosis

tic shock [29,30]. During viral infection, the inflammatory process
is associated with high plasma levels of cytokines, as cytokines
storm, including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-
1A, and TNFa. This might play an important role in pregnancy as
IL-2 has been implicated to be upregulated in pre-eclampsia, mis-
carriage and IL-7/IL-7R signaling pathway in fetal miscarriage,
due to the upregulation in the ratio of Th17/Treg cells.

Another relevant aspect is the possible implication of polymor-
phisms in COVID-19 diseases, as is well-documented for other viral
infections. Also, cytokines polymorphisms, such as TNF- a 308G/A
(rs1800629) polymorphism is associated with recurrent miscarriage.
In fact, TNF-a and TNF-a receptor play an important role in the
development of the fetus, being present in the ovary, endometrium,
placenta, and fetus, and in the amniotic fluid in different concentra-
tion. This increase in TNF-a during pregnancy may implicate in dif-
ferent health outcomes depending on the gestational period, leading
to tissue necrosis in the placenta and hypoxia [31].

Role of ACE2 receptor in the pathogenesis
of COVID-19 infection in pregnant women

Mechanism of vascular injury up-regulation of the ACE 2
receptor during pregnancy can increase the risk of coronavirus 2
infections with the severe acute respiratory syndrome. ACE 2 virus
affinity contributes to decreased regulation and may increase
Angiotensin II levels compared to Angiotensin(1-7), which favors
vasoconstriction and may exacerbate vascular dysfunction in
preeclampsia cases as shown in Figure 1.

Pregnancy
Ang 11 outcomes
—_— = Preterm birth
Ang (1-7) = Delayed Fetal
development

= Preeclampsia

Figure 1. Role of angiotensin in pregnant women.
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ACE?2 converts angiotensin (Ang) II to Ang-(1-7), and Ang
I to Ang-(1-9), then back to Ang-(1-7), allowing blood pressure
to be controlled. ACE2 in syncytiotrophoblasts is believed to
help vasodilate the maternal vasculature by regulating the
release of Ang 1-7 into the bloodstream [32]. The placentas,
uterus, and kidneys were all found to be significant sources of
ACE?2 activity in one analysis, bolstering the theory that tran-
sient ACE2 over expression and increased activity throughout
pregnancy may modulate hemodynamics within the uteropla-
cental structure [33].

During gestation, ACE2 and Ang-(1-7) can serve as
autocrine/paracrine regulators for early pregnancy angiogenesis,
apoptosis, and development, as well as late pregnancy uteropla-
cental blood flow events, with late pregnancy models demon-
strating augmented ACE2 and decreased uterine perfusion pres-
sure models illustrating substantial ACE2 depletion [34]. The
ACE2 receptor is demonstrated predominantly during the first
months of pregnancy by placental syncytiotrophoblast cells.
Early ACE2 expression, which has been linked to placental
immaturity, makes the first trimester the most possible time for
SARS-CoV-2 infection [32]. For viral entry, a serine protease
called TMPRSS?2 is also necessary [35,36], and placental expres-
sion is still a topic of debate. mRNA expression in human placen-
tas is reported to be low [37] but present in some studies, while
it is not reported in others [38]. Because TMPRSS2 and ACE2
expression are linked in the first few months of pregnancy, this
period is more vulnerable to SARS-CoV-2 infection. Li et al.
confirmed this high level of ACE2 expression in maternal- fetal
interface cells, such as decidua stromal cells and perivascular
cells, as well as placental cytotrophoblast and syncytiotro-
phoblast [38]. In comparison, a recent study showed that in the
third trimester, co-transcription of ACE2 and TMPRSS2 (trans-
membrane proteases) in the placenta was marginal, and chorio-
amniotic membranes lacked expression of SARS-CoV-2 recep-
tors, implying that the placenta was an unexpected pathway for
vertical transmission [39]. However, the authors did not rule out
the possibility that SARS-CoV-2 could infect the placenta by a
different route and via interactions with other proteins, such as
Basigin (also known as CD147 or EMMPRIN), a transmembrane
glycoprotein that belongs to the immunoglobulin superfamily
and is highly expressed in the placenta and chorioamniotic mem-
branes [40]. Dexamethasone-induced reductions in placental
expression of ACE2 and Ang-(1-7) have been related to intrauter-
ine growth restriction and possibly disease programming in
adulthood [41]. During the normal gestation period, there is an
increase in ACE2 enzyme is Renin- Angiotensin-Aldosterone
System this could be a risk factor for COVID infection in preg-
nant women [42]. Furthermore, hypotensive pregnant women
sustained by the refractory response of Angiotensin II results in
vasodilatation systemically [43,44]. Around 3.5% of pregnancies
are associated with preeclampsia due to a gestational hyperten-
sive state [45]. Clinically, multisystem involvement and, typical-
ly, proteinuria are characterized; this equilibrium is lost, with an
exaggerated reaction to blood pressure from Ang II. Decreased
maternal plasma Ang- (1-7) levels have also been associated with
Preeclampsia [44]. Since not only does SARS-CoV- 2 bind to
ACE2, it also induces its downregulation, COVID infection dur-
ing pregnancy may potentiate the RAAS abnormalities, , dysreg-
ulation of ACE2, including coagulation abnormalities endothelial
cell dysfunction (immune cell-mediated) was also identified
recently [46,47].
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Pregnancy registries

To gather data on how COVID-19 affects pregnancy and new-
borns, registries are being created through different international
officials [48].

Prevalence of congenital infection

In several cases of third-trimester maternal infection within 14
days of delivery, the possible vertical transmission was identified,
indicating congenital infection is possible but rare (<3 to 4 % of
maternal infections). It is assumed that most neonatal infections
arise from respiratory droplets they are exposed to mothers/care-
givers after delivery [49-51].

The risk for congenital infection

One downside to the diagnosis of maternal-fetal transmission
is that the acceptance criteria are not fulfilled by conclusive proof
of congenital infection. We agree, in general, with the criteria
proposed by Shah et al. maternal symptoms and epidemiological
exposure, maternal test outcomes, neonatal clinical status at
birth, and neonatal test results are taken into account in the sys-
tem [52].

Intrauterine fetal death/stillbirth congenital infection:
Diagnosed by fetal or placental tissue polymerase chain reaction
(RT-PCR) or electron microscopy to detect viral particles in tissue
or culture to detect viral development in fetal or placental tissue.
RT-PCR virus identification from the fetal surface or the fetal side
of the placenta will be identified as a potential infection. If the
virus was only identified by RT-PCR from the maternal side of the
placenta in a surface swab and RT-PCR and no virus detection
from fetal or placental tissue was carried out, then it is unlikely to
consider that there is infection.

Congenital infection in live babies: depends on the presence
or absence of clinical features of SARS-CoV-2 infection in new-
borns and mothers. Congenital infection is confirmed in sympto-
matic cases if the virus is detected byRT-PCR in umbilical cord
blood or neonatal blood collected within the first 12 hours of birth
or amniotic fluid collected before membrane rupture. Neonatal
infection is confirmed in asymptomatic cases if the RT-PCR virus
is detected in cord blood or neonatal blood collected within 12
hours of birth. There are also criteria for likely, possible, unlikely,
or noninfectious.

Neonatal infection may be acquired intrapartum: intrapartum
infection is reported for symptomatic newborns of infected moth-
ers if the SARS-CoV-2 RT-PCR of the nasopharyngeal swab is
both positive at birth (after cleaning the infant) and at 24 to 48
hours of age, and an alternative cause of the symptoms is excluded.
There are also requirements for probable, possible, impossible, or
noninfectious.

Neonatal infection may be acquired postpartum: This is
established by the clinical characteristics of COVID-19 at about
48 hours of age (regardless of parent/caregiver SARS- CoV-2)
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and verified if the respiratory sample SARS-CoV-2 RT-PCR at
birth is negative, but the nasopharyngeal/rectal swab SARS-CoV-
2 RT-PCR is positive at 24 to 48 hours of age [52].

Diagnosis

The current gold standard to detect COVID-19 infections/
suspected specimens by Real-time reverse transcriptase
Polymerase Chain Reaction with 70% specificity [53]. Chest
imaging and re-testing helps confirm infection if initially, nega-
tive swab persists even if clinically has symptoms. In the early
stages of pregnancy, the peripheral count of WBC’s/lymphocytes
are reduced C-reactive protein may be increased. There may be
mild thrombocytopenia, elevated liver enzyme levels, and crea-
tine phosphokinase in some patients.

Without contrast, computed tomography (CT) scan of the
chest is most essential to confirm pneumonia or to rule out pneu-
monia as it avoids radiation exposure to the fetus. Compared to
the RT-RT-PCR test, chest CT revealed greater diagnosis (71% vs
98% respectively) as per the recent study. In the vast majority of
recorded COVID-19 infection pregnancies, radiological symp-
toms of viral pneumonia were present [54].

Given its high specificity for COVID-19, RT-PCR testing can
be used as an independent diagnostic tool; however, some studies
say it has limited sensitivity. While COVID-19 chest CT sensitiv-
ities vary by sample, many of these recorded sensitivities are
higher than those for RT-PCR research. Many trials, however,
have exaggerated CT’s vulnerability and used approaches that are
fraught with confounding factors and skewed patient populations
[55,56]. In a study by Bai et al. concluded that the sensitivity of
chest CT was greater than that of RT- PCR in COVID-19 subjects
and endorsed the use of chest CT to test for COVID-19 infection
that have clinical and epidemiologic features that are consistent
with COVID-19 infection, particularly when RT-PCR findings
are negative [57]. On the other hand, in a meta-analysis covering
the broad prevalence range,RT-PCR sensitivity was reported to
be 94% and specificity of 37% [58], which is contrary to the
study done by Fang ef al. [59]. The sensitivity and specificity of
RT-PCR and chest CT for COVID-19, as seen in the literature are
controversial and the subject matter for the debate. However, CT
scans alone are unable to diagnose viral pneumonia and have a
lower sensitivity than RT-PCR. COVID-19 scanning was found
to be more sensitive when RT-PCR and CT scan were used were
used in combination [60,61].

Specimens should be collected, by saliva, the swabs through
oropharyngeal and nasopharyngeal, or sputum urine and fecal
matter. For confirmation of the diagnosis, repeated testing may
be needed.

Suppose the SARS-COV-2 nucleic acid is not observed in
samples taken at least 24 hours apart on two consecutive occa-
sions, it is possible to rule out COVID-19. If RT-RT-PCR is not
available serology is used as a diagnostic tool. Before starting
antimicrobial therapy, blood cultures that ideally causes pneumo-
nia/sepsis is essential to be considered [62].

Some laboratory abnormalities associated with COVID-19 in
pregnant women, such as thrombocytopenia, elevated liver
enzyme levels, and hemolysis, are typical characteristics caused
by extreme preeclampsia and HELLP syndrome. In COVID-19,
prolonged prothrombin time; elevated levels of D-dimer, procal-
citonin, and C-reactive protein (CRP); and low levels of fibrino-
gen can also be observed (note that the reference ranges for D-
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dimer, CRP, and fibrinogen levels in pregnant women are higher
[63,64].

Neurological symptoms of COVID-19, as well as results of
preeclampsia with extreme features/eclampsia, can be headaches,
acute cerebrovascular disorder, and seizures. In COVID-19 and
as a complication of obstetric disorders, acute kidney injury can
occur ( preeclampsia with extreme features, abruptio placentae,
shock). Such diagnoses should also be considered and COVID-
19 can coexist with them [65-67].

Testing strategies in India

Newborns are at risk of COVID-19 infection by asympto-
matic pregnant women In this regard, the ICMR proposed on 20t
April 2020 that SARS-CoV-2 be screened in all pregnant women
living in clusters/containment areas or large migration
meetings/evacuation centers from hotspot districts in India and
functioning or likely to be delivered in 5 days. Which greatly
increased the rate of testing and also the number of obstetric
patient referrals with confirmed COVID-19.

ICMR recommends testing of reported cases for only symp-
tomatic patients (symptoms of influenza-like disease) and
asymptomatic immediate or high-risk contacts in its recent strat-
egy. It also endorses that emergency procedures, such as delivery,
should not be delayed due to a lack of testing and that the same
criteria should be adapted when sending samples for testing. The
inpatient research approach was also revised accordingly where
all patients were initially sent oropharyngeal swabs for (RT-RT-
PCR) every 48 hours, this modified to send them only on a case-
by-case basis when repeat swabs were sent before discharging
them from the hospital for critically ill or immune-compromised
patients. Sampling, packaging, and transport of all specimens
collected to comply with the MoHFW guidelines [68].

As per respiratory infection severity, admission criteria are
chosen for pregnant women depends on mild or moderate/severe
signs. In Table 1, the admission criteria are used in detail.
The modified severity scale of the CURB (Confusion, Urea,
Respiratory rate, Blood pressure) will help us determine
the severity and standardized guidelines can assess the need
for critical treatment (adapted from the American Thoracic
Society and Infectious Diseases Society of America) as shown in
Table 2 [69].

Management of pregnant women with COVID-19

There are several challenges in the management of COVID-19
infected pregnant women starting from screening, during labor and
delivery along with protection of the healthcare unit [70]. The clin-
ical management of pregnant women is shown in the Figure 2.

Treatment approaches with limitation
of drug therapies

The list of drugs used in the management of COVID-19 infec-
tion in pregnancy is shown in Table 3.
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have conducted the impact of plasma in COVID-19 patients at the

University of Pennsylvania in the United States and are available
to pregnant women who meet inclusion criteria [71,72].

In addition to drugs such as Remdesivir, Lopinavir / Ritonavir,

steroids, convalescent plasma has been used effectively in a few
pregnant women; it should be conducted as part of a clinical trial,
if possible, which will assess protection and efficacy. Two studies

Micronutrients

Micronutrients especially vitamin B12, Zinc, and serum
25(0OH)D play important role in pregnant women. Yalcin et al.

Table 1. Admission criteria for pregnant women during COVID-19 pandemic. Adapted from Lépez M, Goncee A, Meler E, ez al. C. Fetal
Diagn Ther 2020;47:519-28; with permission [69].

= Ifthere is persistent fever more than 38°C even after treating

with paracetamol
= Chest X-ray demonstrating pneumonia

= Pregnant women with co morbidities [[chronic hypertension,

= Need for invasive

mechanical ventilation
= Shock with the need for

vasopressors

COPD, pregestational diabetes, immunosuppression or
immunocompromised like HIV infected patients with >350
CD4+ cells, organ transplantations, patients receiving
corticosteroids like prednisolone for more than 2 weeks and or
neutropenia] should be considered for stringent evaluation by

infectious disease specialist.

= CURB severity scale with total score 0 [each item gives a score

of one point], where:
C: Confusion (acute in nature)
U: Urea levels more than 19 mg/dL

R: =30 bpm

B: Systolic blood pressure < 30mm Hg or diastolic blood

pressure < 60 mm Hg.

Respiratory rate > bmp
PaOy/Fioy ratio < 250
Multilobular infiltrates
Confusion/disorientation
Uremia [BUN > 20 mg/dL]
Leukopenia < 4000cells/mm?

Hypothermia/central <36°C
= Hypotension in need of aggressive
fluid resuscitation.

Thrombocytopenia < 100000 platelets/
mm®

Table 2. Classification of COVID-19 case based on the severity of respiratory infection. Adapted from Lépez M, Gonce A, Meler E, ez al.
Fetal Diagn Ther 2020;47:519-28. with permission [69].

Includes local symptoms like sore throat,
cough, rhinorrhea or anosmia along with or
without non-specific symptoms such as
fever or myalgia and a CURB score of (.

Mild pneumonia [Chest x-ray confirmed
pneumonia] with no serious signs, with
basal SO >90%, no need for vasopressor or
ventilator support, with CURB score up to 1.
The patient should be admitted to the
isolation ward [ideally in negative pressure
set-up] along with constant monitoring of
vital signs, supported with consultation with
the specialists such as maternal-fetal,
anesthesiologist and infectious diseases.

Severe pneumonia: If there is one or more
than one organ failure, basal SO; <90%,
respiratory rate >30 bpm, or there is need
for vasopressors

Respiratory distress: Certain clinical
findings such as [dyspnea, chest
retraction] or with radiological evidence of
bilateral infiltrates along with oxygen
deficiency [SOy/fraction of inspired oxygen
(Fi0,) ratio <315 or PaO, FiO; ratio <300
Mild: PaO, FiO; ratio 200-300

Moderate: 100-200

Severe: <100

Sepsis: The Sepsis-Related Organ Failure
Assessment [SOFA] can be used to
evaluate sepsis severity [consider if the
score is >2] and also quick SOFA with two
of the three following criteria: Glasgow
<13, systolic blood pressure <100 mm Hg,

or respiratory rate >22 bpm.

Septic shock: Arterial hypotension that
persists after resuscitation volume and that
requires vasopressors to maintain a mean
arterial pressure >65 mmHg and lactate
>2 mmol/L [18 mg/dL] in absence of
hypovolemia.
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2020 [73] conducted a study on 44 COVID positive pregnant
women and observed that these micronutrient levels were
less compared to normal values. Hence, this deficiency
may become vulnerable to COVID-19 infection. During a pan-
demic, micronutrient supplementation may be helpful during
pregnancy.

Remdesivir

One of the cases reported about third-trimester pregnancy
affected with COVID-19 required intensive care support along
with Remdesivir treatment. However, elevated transaminases as a
side effect were noticed but it was unclear whether transaminitis
was due to Remdesivir or due to COVID infection [74].

Lopinavir/ ritonavir (LPV/r)

These drugs were considered safe during pregnancy based on

earlier reports of LPV/r exposure to HIV pregnancy case; however,
it has been reported that lopinavir has low placental transfer to
fetus yet human teratogenicity was not found [75].

Hydroxychloroquine

Huybrechts et al. reports quantified the risk of congenital mal-
formations/birth defects related to early pregnancy administered
with hydroxychloroquine and its potential use as prophylaxis were
notable [76].

Heparin

Thisis a heavy molecular anticoagulant chosen as safe during
pregnancy and lactation since it does not cross the blood-brain bar-
rier. in case of long-term effects, 2 main potential side effects need
to be considered:osteoporosis and heparin-induced thrombocy-
topenia [77].

—

Clinical examination + RT-PCR on deep nasopharyngeal and pharyngeal samples

Home Quarantine / Monitoring at
Home (Body Temperature & Respiratory
Symptoms)

STOP MONITORING

|

Monitoring at Hospital
«Isolation room with negative pressure
*PPE for staff and visitors
*Delivery & neonatal equipment on site

Hospitalization in tertiary care center

Maternal Surveillance
¢ Body Temperature, HR, BP, RR (3 to 4
times /day)
¢ Chest Imaging (CT scan/X-Ray)
Fetal Surveillance
¢ FHR (once daily)
* Fetal maturation with betamethasone

l

Severe failure criteria

(Consider Casarean delivery)

Septic shock
Acut an failure
Fetal di S

Figure 2. COVID-19 management during pregnancy. Adapted from Tripathi S, Gogia A, Kakar A. ] Family Med Prim Care 2020;9:4536-

40; with permission [99].
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Azithromycin

Azithromycinworks by inhibiting the protein biosynthesis and
bacteriostatic drug. Common side effects are nausea, vomiting,
diarrhea, abdominal pain and, less frequently, a change in the elec-
trical activity of the heart in particular by prolonging the QT inter-
val. In fact, the addition of Azithromycin to the protocol with
chloroquine it is not recommended as their combination may cause
QT prolongation, with a greater risk of adverse cardiac effects.
Azithromycin is classified as class B by FDA and commonly used
in pregnancy and breastfeeding [78].

Recently, NIH U.S. National Library of Medicine has posted
clinical trial (Phase 3) of Hydroxychloroquine and azithromycin
treatment of pregnant COVID-19 patient with mild symptoms with

press

N

expected outcome measures such as percentage of patients with a
negative RT- PCR test result to COVID-19 nasopharyngeal swab
at the 7™ day of treatment by hydroxychloroquine and
azithromycin and measure maternal and neonatal outcomes [79].

Ceftriaxone

FDA approved this antibiotic under Category B safe for use in
pregnancy and breastfeeding. This has side effects viz. diarrhea,
pancreatitis, nausea or vomiting, etc. [80].

Ivermectin

Ivermectin is an anthelmintic agent. The antiviral function of
ivermectin has recently been discovered. Ivermectin has been used

Table 3. Treatment approaches for COVID-19 with their limitations. Adapted from Favilli A, Mattei Gentili M, Raspa F, ¢z al. ] Matern

Neonatal Med 2020;1-14; with permission [100].

Antiviral Remdesvir

dependent RNA polymerase blockage

Inhibition of viral replication- Viral RNA-  5mg/ml vial

Elevation of liver
enzymes (particularly
transaminase) [74]

Mulangu et al., 2019.
[reconstituted]. [85]
Single i.v. 200 mg
loading dose,
followed by 100 mg
daily infusion
for 9 days

Antiretrovi ral

Lopinavir/
Ritonavir

Inhibition of viral replication and
release fro host cells:

Lopinavir inhibits viral enzyme 3-
chemotrypsin like protease

[3CLpro]

Ritonavir increases the half-life of
lopinavir by inhibiting cytochrome P450
3A

400 mg/100 mg
tablets, one tablet
bid. For up to 14
days or 200 mg/50
mg tablets, together
every 12 hours
with o-IFN 5
million IU in 2 ml
of nebulized
physiologic
solution
regardless of
meals

Low placental
transmission to fetus
No teratogenicity was
found [75]

Chu et al., 2020
[86] Koss et al., 2014

[87]
Liang et al., 2020 [88]

Antiprotoz oal
Antirheum atic

Chloroquine

Inhibition of host TNF- a & IL-6
production

500 mg or 250

mg tablets: 500 mg
oral every 12 to 24
hr for 5 to

10 days; or 1 gm
oral for the first
day of the
treatment and then
500 mg

daily for4to 7
days depending
up on clinical
response.

Risk of congenital
anomalies [76]

Sanders et al., 2020.
(89]
Berghella, 2020

48

(48]
Klumpp, 1965
[90]

Antimalari al
Antiprotoz oal
Antirheum atic

Hydroxychlo
roquine

Inhibition of viral host cell penetration,
viral replication, and mitigation of host
inflammatory response

Inhibition of terminal ACE-2
glicosilation

Increases endosomal pH.

200 mg tablets:

400 mg oral

every 12 hours for
one day followed by
200

mg every 12 hours
for 4 days or 400 mg
daily for 5 days or
200

mg every 8 hours
for 10 days.

Risk of congenital
anomalies [76]

Sanders et al., 2020.
89

[89]

Berghella, 2020
(48]

Klumpp, 1965
(90]

Anticoagul ant

Heparin

Inhibition of viral host cell penetration

Prevention of endovascular
thrombosis

Inhibition of Factor Xa

4000 IU S.C.

daily [also during
post-partum if still
positive]

Osteoporosis and
heparin- induced
thrombocytopeni a [76]

Berghella, 2020

(48]

Di Renzo et al., 2020
(94]

To be continued on next page
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Table 3. Continued from previous page.

Corticoster oids Betamethasone  itigation of host infl t 12 mg i.m. two Classified as C/D Poon et al, 2020 [92]
and relsi)g(?nlsoe[? 0 Hiost Intlammatory injection 24 hr approved drugs by Kakoulidis et al., 2020
Prednisolone  |phibition of host IL- 1, IL-2, IL-6, IL- Sgg;th;lsms for FDA (93]
12, INF-y" & TNF-a
production fetal lung
maturation.
Antibiotic Azithromycin Inhibition of viral host cell penetration. goé) (ling/ dgy for i glasts qurtl'lg [94]
- . R -5 days depending  Contradiction:
Irll.hlbl.tllotr.l of terminal ACE-2 on clinical Combination with
glicostiation. . response. Chloroquine causes QT
* Endosomal pH elevation prolongation with
Inhibits the 50 S greater risk
subunit of bacterial ribosome of Cardiac
effects [78]

Antibiotic Ceftriaxone Produces bactericidal effects by Igmim.or1-2gm Class B  drug https://www.acce
interfering with the synthesis of iv. daily depending approved by FDA ssdata.fda.gov/dr
peptidoglycan layer up on clinical [80] ugsatfda_docs/nd

response a/2005/050796s0
00_PRNTLBL.pdf [80]

Convalescent Direct neutralization of virus Lack of data on Lack of data on Van Griensven et al.,
plasma Mitigation of host inflammatory pregnancy pregnancy 2016 (%]

response &immunoodulation of a

hypercoagulable state

Anti-idiotypic antibodies blocking

autoreactive antibodies.

Monoclona | Tocilizumab Mitigation of host infl t 400 mg IV for 1- Not assigned by FDA ~ Weber- Schoendorfer

Antibody response. ot 2 doses. Second etal., 2016 [96]
Blocks the membrane bound IL-6 dose after 8-12 h if
receptor required (infuse in

60 min)
Interferon -I Inhibition of viral replication Limited data Limited data Yazdani et al., 2012

Immunom Mitigation of host inflammato available available [97]

odulator 5 ry (variable dose) Romero et al., 2015
response (98]

Hinders the cellular metabolism

Inhibits host II-1b and TNF-a
production.

in current clinical trials at doses of 200 to 1200 mcg/kg for 3-7
days, showing a positive response to reduce viral load and symp-
tomatically relief.

However, Ivermectin was shown to be teratogenic in preclini-
cal studies using pregnant experimental animals. However, there
were no appropriate and well-controlled trials are available for
pregnant women. Since protection in pregnancy has not been
developed, Ivermectin should not be used during pregnancy. The
data also suggests that the drug is excreted at low concentrations in
human milk. Treatment of lactating mothers should be undertaken
only if the possibility of delayed mother-to-mother treatment
exceeds the potential risk for neonates [81].

COVID-19 vaccination:
is it prioritized to pregnant women?

India started the COVID-19 vaccination drive on 16™ January
2021. To start with, workers would be vaccinated. Till now, DCGI
approved ‘Covishield” and ‘Covaxin’ as emergency use in India.
However, for instance as per WHO reports no relevant/insufficient

OPEN aACCESS

data to recommend the vaccination of pregnant women. Although
several vaccine efficacy and safety studies were conducted with
pregnant and lactating women during the HINI pandemic, the
COVID-19 vaccine trials have excluded these groups, and there-
fore, critical perinatal safety information remains largely unknown
[82]. In one the survey it is claimed that acceptance of COVID-19
vaccine among pregnant women and mothers of children younger
than 18 years old were assessed through an online survey which
reports that generally vaccine acceptance was highest in India
compared to other countries. The acceptance depends on compli-
ance with guidelines set by government and varies globally.
Campaigns are essential to establish the trust of vaccination among
the children and pregnant women [83].

Conclusions

December 2019 has been remembered as a pandemic month
due to the spread of COVID-19 globally. Given the novelty of
COVID-19, data on the effect of COVID-19 on the pregnancy
and the newborn are so far limited to few small case reports and
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case series; however, early reports and lessons from SARS,
MERS, and other infections give an insight that pregnant women
could have severe clinical course. The lack of early diagnosis,
specific treatment conditions lead clinicians to choose earlier
drugs having their efficacy against similar viruses or in-vitro tests
due to emerging situations. The vulnerable group especially
COVID-19 infected pregnant women and their complications
have been ignored during a pandemic scenario. The exclusion of
pregnant women in a clinical trial is well known despite in search
of treatment of COVID-19 for non-vulnerable groups and criteria
are not justified as many of the treatments are used with low safe-
ty measures. Inclusion may be needed to identify better treatment
options for this population [84]. Due to a paucity of inconsistent
data regarding the impact of COVID-19 on pregnant women,
caution should be undertaken to further investigate and monitor
possible effects in pregnant women. A current overview may be
useful for health care providers for practical approach and limi-
tation of drugs used in the current management and considers the
choice of drugs with their special attention given to adverse
effects to improvise maternal health, pregnancy, and birth out-
comes. The basis of treatment for all pregnant women with
COVID-19 is the standard intervention to treat any significant
respiratory infection and should be applied vigorously in a team-
based care model.
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