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The novel severe acute respiratory syndrome (SARS) coronavirus-2 which causes COVID-19 disease
results in severe morbidity and mortality especially in vulnerable groups. Pregnancy by virtue of its phys-
iological and anatomical adaptations increases the risk of severe infections especially those of the respi-
ratory tract. This single stranded RNA virus is transmitted by droplets as well as soiled fomites. There are
various degrees of disease severity— asymptomatic, mild, moderate severe and critical. Most infections in
pregnancy are asymptomatic or mildly symptomatic. For these women, the consequences on the mother

Iég{,";’gﬁzo or pregnancy are minimal unless they have additional risk factors such as diabetes, hypertension, car-
SARS-2 diorespiratory disease, obesity or are of ethnic minority background. Most women with symptoms will
Coronavirus present with fever, unproductive cough, sore throat, myalgia, nasal congestion, loss of smell and taste
Pregnancy with associated leukocytosis and lymphopenia. Diagnosis is by RT-PCR on nasopharyngeal flocked swabs
Vertical transmission or saliva and pathognomonic features of ground-glass appearance and pulmonary infiltrates on chest X-
Vaccination ray or CT scans. Management in pregnancy is same as that for non-pregnant women with COVID-19. It is
not an indication for elective delivery but assisted delivery in the second stage for those with moderate,
severe or critical disease may be required to shorten this stage. COVID-19 is not an indication for inter-
rupting pregnancy or caesarean section but the latter may be performed to facilitate ventilation support
or resuscitation in those with severe disease. Pain relief in labour should not be different but regional
analgesia is preferred for operative deliveries. Postpartum thromboprophylaxis should be considered
and breast feeding encouraged with appropriate precautions to minimize vertical transmission.
Pregnant and lactating women should be encouraged to receive the mRNA based vaccines as there is

no evidence of adverse outcomes with these.
© 2021 Published by Elsevier B.V.
Introduction and is believed to have emerged from a bat-borne virus due to

its close genetic similarity to bat coronaviruses [3-6].

The 2019 novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) first reported in Wuhan, China, in December 2019
and declared a pandemic by the WHO on 23rd March 2020 [1] has
infected over 179 million people and killed over 3.8 million world-
wide according to the latest update from Johns Hopkins Coron-
avirus Resource Center [2]. The virus has spread rapidly and
almost every country in the world has been affected. The disease
caused by SARS-CoV-2 is known as COVID-19.

SARS-CoV-2 is a positive-sense single-stranded RNA virus of the
species ‘“severe acute respiratory syndrome-related coronavirus”
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COVID-19 is a multi-systemic disease with a widespread clini-
cal spectrum - most people infected with the virus are asymp-
tomatic but those with symptoms may manifest with mild,
moderate, severe, or critical disease with a small proportion dying
from the infection.

The number of people infected with SARS-CoV-2 worldwide
continues to increase, although there is the expectation that wide-
spread immunization will soon result in a steady decline. Pregnant
women are at risk of this virus just as other members of the pop-
ulation, but they are a unique group. Altered physiology with asso-
ciated mechanical changes that occur in pregnancy increase
maternal susceptibility to infections. A change in the maternal
immune system to prevent rejection of the semiallogenic fetus
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results in a state of relative immunosuppression. Several factors
are responsible for this including, a shift from a cell-mediated
type-1 helper to hormone-mediated type-2 helper cell response,
which is more anti-inflammatory in nature, promoting the release
of anti-inflammatory cytokines with concomitant suppression of
the production of inflammatory cytokines and a decrease in CD4+
and CD8+ T cells - all thought to be mediated through increasing
oestrogens and cortisol levels [7]. These physiological and anatom-
ical changes predispose the mother to more severe infections that
would otherwise have a mild course and furthermore have the
potential to infect and cause complications in the fetus.

As our understanding of the SARS-CoV-2 and the pathogenesis
of COVID-19 evolves, clinicians are undoubtedly getting better at
managing the infection as well as preventing it. In this update
we present a summary of our current understanding of COVID-
19 in pregnancy and its management.

Pathogenesis of COVID-19

The severe acute respiratory syndrome coronoavirus-2 (SARS-
CoV-2) is a novel enveloped ribonucleic acid (RNA) betacoron-
avirus belonging to the subfamily Coronavirinae in the Coronoviri-
dae family. This family of viruses have a large RNA genome and
therefore a propensity for genetic variation [8-10]. Within this
family of viruses are four genera - Alphacoronoavirus, Betacoron-
avirus, Gammacoronavirus and Deltacoronavirus [11]. Other mem-
bers of the family that have caused infections in humans with
varying severity include the severe acute respiratory syndrome
coronavirus-1 (SARS-CoV-1) and the Middle East respiratory syn-
drome coronavirus (MERS-CoV). These viruses have four structural
proteins (Fig. 1) namely spike (S) [that gives them the crown
appearance from which corona is derived], membrane (M), envelop
(E) and nucleocapsid (NC). The S protein is responsible for binding
the virus to the host cell [12]. SARS-CoV-2 has an 80% genetic
sequence similarity to that of SARS-CoV-1 and a 96.2% similarity
to that of the bat coronavirus RaTG13 [13]. SARS-CoV-2 has a
higher reproductive number (Ro) than SARS-CoV-1, implying that
it spreads more efficiently [14].

Following exposure to SARS-CoV-2, the virus infects the hosts
cells by binding to the angiotensin-converting enzyme 2 (ACE2)

COVID-19

N-Protein
S-Protein

RNA

HE-Protein

M-Protein

Envelope

Fig. 1. Illustration of the structure of SARS2-CoV-2 (proteins and RNA) (Down-
loaded on-line from Shutterstock)
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receptor - a membrane-bound aminopeptidase (functioning as
the putative receptor). These receptors are expressed predomi-
nantly in type 2 alveolar cells of the lungs and also in several extra-
pulmonary sites such as the mucosa of the oral cavity, the nasal
and respiratory tract, cardiovascular and digestive systems making
these susceptible to the virus [15,16]. Interestingly, these receptors
have been suggested but not proven to express sexual dimorphism
with cellular studies only revealing attenuation in females [17] a
plausible explanation for the overall more severe morbidity and
higher mortality in men than women.

Three phases have been described following SARS-CoV-2 virus
infection. In the first phase, the virus binds to ACE2 receptors in
the nasal epithelium where it undergoes local replication and
propagation as well as infecting the epithelial cells in the conduct-
ing airways [12,18]. This phase, known as the asymptomatic stage
lasts for 1-2 days [18]. Host innate immune response at this stage
is limited and there are usually no symptoms. The virus can be
detected at this stage by nasal rather than pharyngeal swabs and
although the viral burden at this stage on the individual is low,
they are infectious [12]. The next phase known as the invasion
and infection of the upper respiratory tract stage involves migra-
tion of the virus from the nasal epithelium to the upper respiratory
tract via the conducting airways [12] generating a greater immune
response with the release of the C-X-C motif chemokine ligand 10
(CXCL10) and interferons (IFN-B and IFN-1) from infected cells
[19]. At this stage, the patient experiences fever, malaise and a
dry cough which in over 80% of cases is self-limiting (i.e. do not
progress beyond this stage). Diagnosis at this stage can be from
nasal or pharyngeal swabs and sputum. This stage lasts for a few
days only. The third stage is one with involvement of the lower res-
piratory tract and progression to acute respiratory distress syn-
drome (ARDS) and has been also been referred to as hypoxia,
ground glass infiltrates and progression to ARDS stage [12,18].
It is estimated that about 20% (one fifth) of patients progress to this
stage which is characterised by viral invasion of type 2 alveolar
cells followed by replication to produce more viral nucleocapsids
[12]. The pneumocytes which are now laden with SARS-CoV-2
release cytokines and inflammatory markers such as interleukins
(IL-1 IL-6, IL-8, IL-12), tumour necrosis factor (TNF-a) and inter-
feron (IFN-B and IFN-A and CXCL10), monocyte chemoattractant
protein-1 (MCP-1) and macrophage inflammatory protein-1la
(MIP1- o). This response, referred to as the ‘cytokine storm’
[12,20], acts as a chemoattractant for neutrophils, CD4 + helper
and CD8 + cytotoxic cells. These cells which are responsible for
fighting the virus induce an inflammatory response and subse-
quent injury to the lungs. Infected alveolar cells undergo apoptosis
and release more viruses to infect adjacent type 2 pneumocytes
with loss of both type 2 and type 1 pneumocytes (type 2 are pre-
cursors of type 1) and consequently there is diffuse alveolar dam-
age which eventually leads to acute respiratory distress syndrome
(ARDS) [12].

Transmission of SARS-CoV-2 is mainly by contact of the mucosa
(eyes, nose or mouth) of susceptible individuals with respiratory
droplets (generated by coughing or sneezing by those infected)
[21-24]. Transmission has also been reported through contacts
with contaminated fomites (bedsheets, toilet seats, blankets,
kitchen utensils, thermometers, stethoscopes and even currency
notes) used by or on infected individuals. Such transmission occurs
mainly through unwashed hands. Airborne transmission is rare but
is a means of transmission in special medical procedures such as
endotracheal intubation, nebulization with oxygen, open suction-
ing, tracheostomy, bag and mask before intubation, cardiopul-
monary resuscitation and bronchoscopy [23,24]. Most
transmissions occur through close contacts, defined as 15 min
face-to-face contact within 2 m [25]. The transmission rate is
higher in enclosed environments compared to outdoor [27-31].
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Clinical features of COVID-19

The incubation period (time from exposure to development of
symptoms) for COVID-19 is approximately 5-6 days but can be
up to 14 days [12,32-33]. It has been shown that about 97.5% of
people with COVID-19 develop symptoms within 11.5 days of
SARS-CoV-2 infection [32]. The peak viral load occurs at the time
of symptom onset or in the first week with SARS-CoV-2 and then
declines after, and by implication infectivity is highest just before
or within the first five days of symptom onset [26]. Although viral
RNA has been detected by RT-PCR in the upper respiratory tract for
a mean of 17 days (and up to a maximum of 83 days [34], this does
not equate to infectiousness as viral cultures (which truly reflect
infectiousness) have rarely been positive beyond 9 days of illness
[26]. This corresponds to contact tracing studies that have shown
that transmission capacity is maximum in the first week of illness
with no transmission documented after this period [26,35].

The clinical features of COVID-19 vary depending on the popu-
lation being screened and the timing of the screening. In the non-
pregnant population for example, testing most commonly occurs
when patients present with symptoms or have a contact history.
In pregnancy, however, screening occurs at different levels - pre-
sentation for (a) antenatal care, (b) obstetric admissions or emer-
gency reviews, (c) assessment in labour or (d) admission for
elective delivery. Most pregnant women just like the non-
pregnant population are asymptomatic. The proportion who at
diagnosis are asymptomatic has also been shown to vary depend-
ing on screening criteria, population studied and timing of the
study. These have varied from 34% —88% [36-43]. Adhikari et al
[44] found that 95% of their cohort were either asymptomatic or
had mild symptoms. Universal screening of pregnant women pre-
senting to hospitals found positive SARS-CoV-2 rates of between
3.9% and 15.6% [37-45]. In their living systematic review, Allotey
et al [46] showed that 1:10 (10%) of all pregnant women attending
or admitted to hospital for any reason were diagnosed with COVID-
19. In the asymptomatic group 1:20 admitted or presenting to the
hospital tested positive for COVID-19 [46]. These figures are com-
parable to those generally reported in all populations. For example,
Oran and Jopol [47] in a systematic review, showed that at least a
third of SARS-CoV-2 infections are asymptomatic and furthermore,
up to 75% of those with a positive PCR test result and no symptoms
at the time of testing when followed up longitudinally remained
asymptomatic.

Of those presenting with symptoms, the most common are
fever/chills and dry cough [46]. Other symptoms include shortness
of breath, muscle or body aches, nausea/vomiting, headaches, sore
throat, abdominal pain, chest pain, nasal congestion/rhinorrhea,
tiredness, malaise, decreased smell, decreased taste and diarrhoea
[38,48-50]. It would seem that pregnant women are less likely to
present with fever and myalgia compared to age-matched controls
[36]. Rare presentations depend on the severity of the disease and
include features of multi-system failure such as those of the kid-
neys, liver and lungs [12]. Table 1 shows the latest prevalence of
symptoms at presentation as published by the Johns Hopkins
Coronavirus Resource Center [2]. These figures are not dissimilar
to those in pregnant women although the proportion presenting
with fever and cough are not as high as reported in the general
population.

With respect to laboratory features, leukocytosis (26%) has been
shown to be the most common (in 26% of cases) followed by lym-
phopenia (33-48.3%) [46,51]. Other laboratory abnormalities
include elevated D-dimers, CRP (49%) and lactate dehydrogenase
[52,53] and procalcitonin (23%) [46]. Radiologically, the most com-
mon CT findings are ground-glass opacities and bilateral infiltrates
in the lungs. A meta-analysis of 42 studies of pregnant patients
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Table 1
Comparison of the prevalence of symptoms at presentation according as reported by
Zambrano et al. (73).

Symptom % of patients % of non-pregnant
pregnant patients presenting
presenting with with this
this

Fever 32.0% 39.3%

Dry cough 51.3% 50.3%

Fatigue 13.5% 17.1%

Shortness of breath 25.9% 24.8%

Muscle pain or joint pains 36.7% 45.2%

Sore throat 28.4% 34.6%

Headache 42.7% 54.9%

Chills 24.4% 29.2%

Nausea or vomiting >10%

Nasal congestion 21.5% 24.8%

Diarrhoea >10%

New loss of smell or taste 21.5% 24.8%

Abdominal pain 8.4% 9.3%

Chest pain 3.5% 4.1%

Table 2

Classification of severity of COVID-19.

Category of Definition (features)

Severity

Asymptomatic A positive SARs-CoV-2 PCR test result with no symptoms

Mild disease Positive SARS-CoV-2 PCR test and symptoms including
fever, cough (typically dry), myalgia (muscle aches) and
anosmia but with no shortness of breath or abnormalities
on chest imaging

Moderate Positive SARS-CoV-2 PCR test with evidence of lower

disease respiratory tract disease on assessment (clinical features

including dyspnoea, pneumonia on imaging, abnormal
blood gases, refractory temperature of 39.00C or greater not
alleviated with acetaminophen) and oxygen saturation of
>93% on room air at sea level)

Positive SARS-CoV-2 PCR test with tachypnoea (respiratory
rate of >30 bpm), hypoxia with oxygen saturation of <93% a
ratio of arterial partial pressure of oxygen to fraction of
inspired oxygen of greater than 300 or greater than 50%
lung involvement on imaging

Positive SARS-CoV-2 PCR test associated respiratory failure
(requiring mechanical ventilation or high-flow nasal
cannula), septic shock and/or h multi-organ failure or
dysfunction

Severe disease

Critical disease

found focal ground glass opacities and bilateral infiltrates as the
most common CT abnormalities in those with mild or asymp-
tomatic disease while all those with critical disease had diffuse
ground-glass opacities with subpleural involvement and pleural
effusion. These abnormal findings were present in 89% of patients,
8.9% of whom were asymptomatic at the time of imaging [53,54].
Abnormal chest X-Ray findings include bilateral pneumonia
(57.9%), unilateral pneumonia (20%) and multiple patchy pul-
monary infiltrates (22.7%) [46]).

There are five classes of COVID-19 disease characterized by a
spectrum of clinical symptoms as shown in Table 2 [55,56].

Diagnosis

There are three approaches to making a diagnosis — viral cul-
tures, serology (IgG and IgM) and reverse transcriptase-
polymerase chain reaction (RT-PCR) also referred to as nucleic acid
amplification test (NAAT).

The most reliable contemporaneous test for diagnosing SARS-
CoV-2 infection is RT-PCR. This is performed on nasopharyngeal
or other upper respiratory tract specimens and more recently
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saliva [12,57]. Different RNA gene targets - the envelope (env), the
nucleocapsid (NC), spike (S), RNA- dependent RNA-polymerase
(RdRp) and ORF1 genes [57] are employed by various manufactur-
ers. Comparisons of the sensitivities of tests with various RNA gene
targets found them to be similar [58]. Viral RNA is measured by
cycle threshold (Ct) and becomes detectable as early as the first
day of symptoms and achieves a peak within 7 days of symptoms
onset [57]. The test reports on the number of replication cycles
required to produce a fluorescent signal (Ct)-lower Ct values rep-
resent higher viral loads) [57]. A Ct value of <40 is considered a
positive test. Viral RNA begins to decline by week 3 of the infection
and gradually becomes undetectable. A positive RT-PCR does not
indicate infectivity but simply the detection of viral RNA [59].
For example, in a small study of 9 patients after the 8th day of
the illness onset, isolation of the virus by culture (which reflects
infectivity) was unsuccessful [30] (supporting CDC’s recommenda-
tion that healthcare workers could return to work if at least 3 days
have elapsed since recovery defined as resolution of fever without
antipyretics and improvement in respiratory symptoms of cough
and shortness of breath or at least 10 days have passed since symp-
toms first appeared [60]. Nasopharyngeal flocked swabs require
expertise to collect, are inconveniencing and discomforting to
patients. They are also difficult to collect in special circumstances
such as from those under quarantine. Using saliva has several
advantages as it is non-invasive, easy to collect and well tolerated
by patients. A systematic review of 16 studies in which nasopha-
ryngeal swabs and saliva were compared showed a similar sensi-
tivity —83.2% versus 84.8% and specificity —99.2% versus 98.9%
for nasopharyngeal swabs and saliva respectively [61]. Salivary
RT-PCR is therefore likely to become the primary test for diagnosis.

The presence of IgM and IgG antibodies reflects the host
immune response to pathogens and is therefore conclusive evi-
dence of infection. Antibodies to SARS-CoV-2 viruses develop 1-
3 weeks after the onset of symptoms at which time evidence sug-
gests that infectiousness is likely to be greatly decreased and that
some degree of immunity from future infection has developed. IgM
and IgG seroconversion occur together (i.e. they rise together) so
either of them or the total could be measured [62]. IgM levels
decline to reach lower levels by week 5 and almost disappear by
week 7 [57] while IgG persist beyond weeks 7 [63]. Not everyone
infected with SARS-CoV-2 virus will develop detectable IgG or
IgM antibodies and in these individuals, the absence of detectable
IgM or IgG antibodies does not therefore necessarily rule out that
they could have previously been infection.

Unlike the direct detection by RT-PCR (nucleic acid amplifica-
tion or antigen detection tests) that detect acutely infected
patients, antibody (serological) tests determine previous infection,
even if these were asymptomatic. By measuring the humoral
immune response to the virus, these tests detect resolving or past
SARS-CoV-2 infection but these do not replace direct detection
methods as the primary tool for diagnosing active SARS-CoV-2
infection. The serological tests used either detect binding or neu-
tralizing antibodies. The binding antibody tests use purified pro-
teins of SARS-CoV-2 and are able to determine antibody types
such as IgG and IgM. Results are generated within 30 min. Exam-
ples are the Point-of-care (POC) tests that detect IgG, IgM or total
antibody in serum, whole blood and/or saliva [64] and the labora-
tory tests which use enzyme linked immunosorbent assay (ELISA)
or chemiluminescent immunoassay (CIA). Neutralizing antibody
detection is more cumbersome and involves the use of live viruses
[65]. Studies have compared ELISA IgM directed at the nucleocap-
sid (NC) antigen with RT-PCR and showed its sensitivity to be
much lower (51.9% vs 98.6%). RT-PCR had a higher positivity rate
during the first 5.5 days but the ELISA IgM had a higher rate after
5.5 days [66]. ELISA-based IgM and IgG antibody tests have, how-
ever, been shown to have a more than 95% specificity for diagnos-
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ing SARS-CoV-2. In infected patients, most of the IgM antibodies
produced are against the NC, the most abundant protein of the
virus, implying that the most sensitive tests will be those against
this protein. Antibodies to the receptor-binding domain S (RBD-
S) protein which is the host attachment protein is more specific
and are therefore expected to be neutralizing. In general, tests that
detect either IgG or IgM or both have high sensitivity, however, the
antibodies may cross-react with SARS-CoV-1 and possibly other
coronaviruses [65]. Currently, there is no identified advantage with
the assays testing for IgG, IgM or total (IgG and IgM) antibody.

Viral cultures represent the best indication of current infection
and infectivity. It is the gold standard for diagnosis and will ideally
inform isolation and managing contacts. In a systematic review of
14 studies of SARS-CoV-2 viral cultures from various specimens
including sputum, nasal or nasopharyngeal swabs, urine, stool
and environmental samples, Jefferson et al [67] stated that while
this was achieved in all the studies, lack of standardized reporting
and lack of RT-PCR testing against these viral cultures or infectivity
in animals limit current ability to quantify the relationship
between viral load and cycle threshold (Ct) and infectivity. They
concluded that the lower quality of the studies limited firm conclu-
sions and that without a uniform international standard for report-
ing comparative SARS-CoV-2 cultures with index test, routine viral
cultures was not yet of additional benefit to diagnosis of infectivity.

With every new viral outbreak, there is always concern about
mutations with the development of strains that maybe resistant
to treatment or evade immunisation. A number of strains of
SARS-CoV-2 have been shown to either be more infective and/or
potentially not be prevented by currently available vaccines [68].
Identifying these strains is critical in planning treatment and pre-
vention. This is achieved by next-generation sequencing (NGS)
which provides an effective, unbiased way to identify new coron-
avirus strains [68-70]. Novel variants of the SARS-CoV-2 that have
been identified include the B.1.1.7 strain [UK], B1.351 strain (S.
Africa), B.1 strain (Brazil) and B.1.617.2 strain (India). While the
Pfizer vaccine has been shown to be effective against the SA and
UK variants [71] data remain scarce on effectivity, highlighting
the need for more sequencing to detect mutations quickly and pre-
vent the spread of new strains. NG sequencing allows labs to track
the transmission routes of the virus globally, detect mutations
quickly to prevent the spread of new strain types, identify viral
mutations that can avoid detection by established molecular diag-
nostic assays, identify viral mutations that can affect vaccine
potency, screen targets for possible COVID-19 therapeutics, iden-
tify and characterize respiratory co-infections and antimicrobial
resistance alleles. [69-70]

Clinical course and outcomes of COVID-19 in pregnancy

Although the clinical presentation of pregnant women with
COVID-19 is similar to that of non-pregnant aged matched controls
and indeed several studies show a similar hospitalisation rate [72],
pregnant women are at a significantly higher risk for severe out-
comes compared to non-pregnant women [46,55,73]. Initial stud-
ies had shown a mixed picture - with some small international
case series suggesting a similar course of illness in pregnant and
non-pregnant women [74,75,76]. Most studies including large pop-
ulation cohorts, however, show that while critical illness is rare in
pregnant women, it is slightly increased when compared to the
general population [53,75-79]. In their live systematic review,
Allotey et al. reported that approximately 90% of pregnant women
diagnosed with COVID-19 recovered without needing to deliver
[44]. Another meta-analysis of 637 pregnant women with
COVID-19 found that 76.5% of patients had mild disease, 15% had
severe disease, and 7.7% had critical disease at the time of
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Table 3
OR for the various risk factors for hospital admission for patients with SARS-CoV-2
infection in pregnancy.

Risk factor OR 95% CI

Black, Asian, Latino and minority ethnic background 4.49 3.37 - 6.00
Maternal age 35 years or older 1.78 1.25 - 2.55
BMI 30 kg/m2 or above 2.38 1.67 - 3.39
Pre-existing diabetes mellitus 2.51 1.31 - 4.80
Chronic hypertension 2.0 1.14 - 3.48

admission [53]. Of those with mild disease, approximately 3% went
on to develop severe or critical infection [53]. The estimated mor-
tality rates for pregnant women with COVID-19 of 0.6-2%, are
comparable to the general population; those with critical disease
at the time of presentation accounting for the vast majority of
deaths secondary to COVID-19 [46,53]. A more recent and large
population study of the clinical characteristics and outcomes of
hospitalised women giving birth with COVID-19 in the USA
showed that while in-hospital mortality was low, it was signifi-
cantly higher in women with COVID-19 compared to those without
(141; 95% CI 65-268 versus 5; 95%CI, 3.1-7.7 deaths per 100,000
women). Myocardial infarction (0.1% versus 0.004%) and venous
thromboembolism (0.2% versus 0.1%; P < 0.001) rates were also sig-
nificantly higher [80]. Furthermore, recent large population studies
found an increased risk of severe illness and mechanical ventila-
tion in pregnant women compared to their non-pregnant counter-
parts when adjusted for age, race, and co-morbidities [55,73].
Pregnant women were more likely than non-pregnant women to
be admitted into an intensive care unit (10.5 vs 3.9 per 1000 cases
(aRR 3.0; 95%CI 2.6-3.4), receive invasive ventilation (aRR 2.9 vs
1.1 per 1000 cases; 95%CI 2.2-3.8), receive extracorporeal mem-
brane oxygenation (ECMO) (0.7 vs 0.03 per 1000 cases. aRR 2.4,
95% CI 1.5-4.0) and die (1.5 vs 1.2 per 1000 cases, aRR 1.7; 95%
CI 1.2-2.4) [73]. The rate of intensive care admission rises with
increasing gestational age, with one study reporting more than
90% of pregnant patients requiring ICU in their third trimester
[53]. Increased maternal age, high body mass index, pre-existing
hypertension, ethnicity (Black, Asian, Latino) and pre-existing dia-
betes were associated with severe COVID-19, and the presence of
maternal co-morbidities was a risk factor for ICU admission and
mechanical ventilation [46,53,77,81]|. Several reasons have been
advanced for these differences including a higher prevalence of
comorbidities associated with poor COVID-19 outcomes (eg, type
2 diabetes among British South Asians), greater social deprivation,
large multigenerational households, differences in occupational
risk, and delayed access to health [82,83]

Table 3 shows the OR of each factor on the risk of admission
with SARS-CoV-2 infection in pregnancy.

Data from various studies showed that 40% of pregnant patients
who died from COVID-19 were obesity, at least 40 years old or dia-
betic [46,53,55,78]. Other factors that have been reported to be
associated with more severe disease include a combination of ele-
vated D-dimer and interleukin-6 levels. Turan et al found this com-
bination to be present in 60% of severely ill and 80% of critically ill
pregnant women with COVID-19, respectively [53]. Unfortunately,
data on baseline levels of these laboratory variables in pregnancy
were limited, making comparisons difficult. COVID-19 has also
been reported to be associated with the development of cardiomy-
opathy in 7-33% of the general population [84,85].

Impact of COVID on pregnancy

SARS-CoV-2 infection has been shown to have adverse effects
on pregnancy, with most of the data coming from infections in late
pregnancy. There is some evidence, however, that miscarriages are
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more common in those who became ill in the first trimester com-
pared to the second trimester, with rates of 16.1% and 3.5%, respec-
tively [86,87]. A few studies on small numbers showed no increase
in miscarriages but these were either on asymptomatic women
[88,89] or non-infected women where the impact of the COVID-
19 environment was the variable being investigated [90]. Whether
acute maternal illness in those not needing delivery (i.e. those who
recover and continue with the pregnancy) results in abnormal fetal
growth, probably due to placental insufficiency such as uteropla-
cental vascular malperfusion, intervillous inflammation, and
thrombosis of fetal intervillous vessels in maternal COVID-19
infection [77] has not been proven. Four studies found occlusive
fibrin deposition and non-occlusive thrombi with placental hypop-
erfusion in all specimens on histopathological examinations of 14
placentas from patients with clinically mild COVID-19 [53]. Inter-
estingly 50% of these cases were preterm deliveries and there were
one each of placental abruption, second-trimester miscarriage, and
small for gestational age [91-93].

Preterm (<37 weeks) birth risk has consistency been reported to
be increased in women infected with SARS-CoV-2 [46,86,87]. This
risk is particularly increased in mothers testing positive 0-14 days
before delivery [52,77,92-95]. The largest cohort study that fol-
lowed the course of 242 COVID-19 positive pregnant women and
their 248 infants through the third trimester and one month post-
partum [53] confirmed these findings. The PRIORITY study of 263
infants born to 179 COVID-19 mothers and 84 non-COVID-19
mothers, however, showed no increase in preterm birth, respira-
tory disease and NICU admission [91]. What is uncertain, is
whether the higher rate of prematurity derives from a need to deli-
ver secondary to COVID-19 related maternal complications or from
effects of the disease on the pregnancy. In general rates of preterm
birth and caesarean delivery are increased in COVID-19 patients
regardless of the severity of disease, suggesting that these out-
comes may be iatrogenic. In their meta-analysis Turan et al found
that preterm delivery occurred in approximately one third of
patients with COVID-19 [53] and 40% of these were early preterm
deliveries (24*° - 33*6 weeks), and 60% were late preterm deliver-
ies (34%°-36"® weeks) [53]. The rates of caesarean delivery were
extremely high in this meta-analysis, with reported rates of nearly
85% [92,93]. The caesarean section rates in hospitalized COVID-19
patients were much higher in initial reported rates (80-90%) but
subsequent cohorts have reported much lower rates [95]. Other
complications that have not been consistently found to be
increased include pre-eclampsia [96] preterm pre-labour rupture
of membranes [84] chorioamnionitis and postpartum hemorrhage
[46,96].

With regards to neonatal complications, infants with mothers
who tested positive closer to delivery were more likely to be
admitted to the NICU than those with mothers who tested positive
two or more weeks prior to delivery [53]. Stillbirths and neonatal
death rates are not increased compared to the general population
[53,96-98].

There is currently no robust evidence for vertical transmission
of SARS-CoV-2. In a well-designed study Marin Gabriel at al [77]
found no cases of vertical or horizontal transmission. Turan et al.
in their meta- analysis reported that 2% of infants born to mothers
with COVID-19 tested positive 16-24 h after birth by RT-PCR from
nasopharyngeal and oropharyngeal swabs [53]. A similar positivity
rate (1.1%) was reported in the PRIORITY study [91]. The findings of
SARS-CoV-2 virions in syncytiotrophoblasts and microvilli of the
placenta, suggest that transplacental transfer may be possible
[97]. Furthermore, the finding of IgG and IgM antibodies against
SARS-COV-2 in seronegative neonates of COVID-19 infected moth-
ers [93,99-101] especially of IgM antibodies that cannot cross the
placenta, suggest a fetal immune response against the virus in neo-
nates born to infected mothers. SARS-CoV-2 has also been isolated
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from maternal vaginal epithelium and stool samples, cord blood,
placenta, and amniotic fluid [53].

Pregnancy is a hypercoagulability state with a 4-6 fold
increased risk of venous thromboembolism. There is evidence that
COVID-19 is associated with coagulation dysfunction predisposing
those with severe illness to both venous and arterial thrombosis.
Reported thromboembolism rates vary form 20-70% in those with
severe disease. A systematic review by Malas et al. [102] of 42
studies enrolling 8271 patients (non-pregnant) reported a DVT rate
of 20% (95%ClI, 13-28%), pulmonary embolism rate of 13% (95%CI
11-16%) and an arterial thrombosis rate of 2% (95%Cl 1-4%). In
pregnancy, Jering et al [80] reported a doubled VTE rate in infected
compared to uninfected women (0.2% versus 0.1%) giving an aOR of
3.43 (95C12.01-5.82) [80,103-104]. VTE is reported mainly in hos-
pitalized patients with rates of 6% (95%CI, 2-11) in those with crit-
ical illness and 0.2% in those with mild-moderate illness and 0% in
asymptomatic women [80]

Treatment of COVID-19

A variety of treatment options have been investigated for
COVID-19 and although some have shown benefits, such as
decreasing hospital length of stay or improving overall morbidity,
there is currently no cure or optimal and agreed-upon comprehen-
sive treatment. Current treatments shown to be beneficial in vari-
ous trials include remdesivir, dexamethasone, tocilizumab
(antibodies) and convalescent plasma [105-107]. Pregnant women
were, however, excluded in most of the clinical trials. Remdesivir,
an anti-viral agent found in the ‘Adaptive COVID-19 Treatment Trial
(ACTT-1) to reduce the duration of disease in patients requiring
oxygen therapy is recommended by NIH COvid-19a Guidelines
panel for hospitalised patients with SpO2 < 94% on ambient air
(at sea level) or those who require supplemental oxygen and those
on mechanical ventilation or extracorporeal membrane oxygena-
tion (ECMO) [108]. Though pregnant women were excluded, there
are, however, no known teratogenic effects of remdesivir and it is
therefore considered a treatment option in pregnancy [106-108].
The RECOVERY trial, which demonstrated that dexamethasone
6 mg daily decreased the risk of mortality in those requiring
mechanical ventilation and also those requiring oxygen for
COVID-19 included pregnant and breastfeeding women [109]. The
dose of dexamethasone in this trial was not high enough to reach
that shown in early pregnancy to be teratogenic. The SMFM and
other bodies, on the basis of benefits (of mortality reduction) versus
risks therefore, recommend that dexamethasone should be offered
to pregnant patients with COVID-19 requiring oxygen or mechani-
cal ventilation. It is recommended that where steroids for fetal lung
maturity are also required, dexamethasone 6 mg IM every 12 h for
48 h (4 doses) should be enough followed by up to a total of 10 days
of 6 mg dexamethasone PO/IV daily. However, where this is not
indicated, 6 mg dexamethasone daily (PO/IV) for up to 10 days
should be administered as in nonpregnant patients [105]. Mono-
clonal antibodies such as bamlanivimab and polyclonal “cocktails”
of antibodies such as casirivimab and imdevimab have been given
emergency approval [108] for the treatment of mild to moderate
COVID-19 in adults who are at high risk for progressing to severe
COVID-19 and/or hospitalization. Criteria for use include: high
BMI greater than 35 kg/m?, chronic kidney disease, diabetes, and
immunosuppressive treatment. Those on supplemental oxygen
are excluded. Pregnant women with these criteria are at an
increased risk of progression to severe/critical disease and therefore
consideration should be given to their use as long as the risks versus
benefits are clearly discussed with the patients [105-106].

Other treatments that have been tried but not shown to be
effective include chloroquine/hydroxychloroquine and as such
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are not recommended for use in COVID-19 [105-108]. The use of
antibiotics should be when there are bacteria coinfections for
example pneumonia. For such infections, the antibiotic ceftriaxone
combined with azithromycin or ceftriaxone (not contraindicated in
pregnancy) alone commonly used to treat community-acquired
pneumonia can be used.

Thromboprophylaxis with low-molecular weight heparin
should be considered in those with additional risk factors [96],
who are self-isolating or being managed at home and should be
offered to all hospitalised pregnant patients with COVID-19 espe-
cially as pregnancy is a hypercoagulable state and the reported risk
of VTE is doubled in these women [52,80,110].

Antenatal care management of pregnancy

This is best guided by the clinical stage of the disease. Fig. 2
shows our suggested antenatal care pathway. In planning and
delivering antenatal care the welfare of the woman and that of
her unborn child as well as that of healthcare providers should
be taken into consideration. Delivery of antenatal care is best in
settings with the necessary precautions to reduce person-to-
person transmission — maintaining a distance of 2 m between
patients waiting to be seen, wearing face mask and staff wearing
appropriate personal protective equipment (PPE) [105-108]. Ante-
natal care should be planned and delivered for those (a) with sus-
pected but yet to be confirmed COVID-19 including known
contacts with infected individuals (b) who are asymptomatic or
have mild confirmed COVID-19 and (c) with moderate, severe or
critical COVID-19.

Pregnant women with unconfirmed SARS-CoV-2 infection
(based on symptoms and or history of contact with a confirmed
infected individual), are advised to self-isolate and be assessed
and tested in the hospital. It should be recognised that other
pathologies such as chorioamnionitis, pneumonia, URTI may man-
ifest with symptoms of fever, cough, malaise and sore throat.
Appropriate counselling about fetal movements and indications
for presentation to hospital should be provided and those consid-
ered high risk (ethnic minorities, obese, hypertensive, diabetic)
reviewed in-person or remotely at least twice a week to ensure
no deterioration. Since most positive patients are less likely to be
infectious 10 days after the onset of symptoms [30], these women
should return to routine face-to-face antenatal care 14 days after
the onset of symptoms or isolation. Those with confirmed SARS-
CoV-2 infection but with mild symptoms should be self-isolated
and managed as above. Those with moderate or severe symptoms
and those with mild symptoms but with additional risk factors
should be managed in hospitals by multidisciplinary care teams.
Once recovered they should be back to routine antenatal care but
follow-up serial growth ultrasound scans are recommended
[105-108] starting from about 2 weeks after acute illness.

Management of labour and delivery

The timing of delivery should be individualized according to
maternal clinical condition or obstetric factors, and not by the
diagnosis of COVID-19 alone. Early delivery can be indicated to
improve maternal ventilation in those with severe or critical dis-
ease [105-108]. This decision should be made by a multidisci-
plinary team of obstetricians, anaesthetists, neonatologists and
microbiologist (infective disease specialists) [105-108].

The mode of delivery should not be influenced by the presence
of COVID-19 i.e. vaginal delivery should be supported especially as
there is no evidence of vertical transmission of SARS-CoV-2 [111].
Although COVID-19 is not an indication for caesarean section it
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Pregnant woman with symptoms
suggestive of COVOD-19

Pregnant woman with history of
contact with COVID-19 patient

Pregnant woman presenting
to hospital

RT-PCR positive for SARS-CoV-2

|
| 1

=) Mild disease — no pneumonia
and normal vital signs

Asymptomatic

!

| Moderate disease I-Severe/critical disease

Risk factors for rapid
progression/decompensation -
Age>40 years, DM, hypertensive,
obese, ethnic minority

No |¢=

=] Yes

v

Counsel about symptoms,
fetal movements,
monitoring and Home

Consider admission into
negative pressure room

Admit into intensive
care or high
dependency unit

quarantine x14 days

! I

Recovers with no
compromise of
respiratory system

Back to routine face to
face care with measures -
to reduce spread*

Remains ill - Decision to
deliver — determined by
MDT based on clinical
condition and GA.
Steroids if <34 weeks

Consider delivery if will
improve ventilation —
mechanical ventilation
not an indication for
delivery

Fig. 2. Suggested algorithm for antenatal care of women with COVID-19. *Consider serial growth scans from about 2 weeks after acute illness.

should be considered where it would facilitate maternal respira-
tory support or resuscitation [105-108].

For COVID-19 patients undergoing elective delivery by induc-
tion of labour or CS within 10 days of diagnosis of SARS-COV-2,
consideration should be given to delaying this if there are no major
risks to either the mother or the fetus. This will allow the mother to
recover and reduce the risk of transmission to staff during delivery
and to the neonate [105,106].

Pain relief should be discussed and options include Entonox
with a single patient microbiological filter [106] (there is no evi-
dence its use is an aerosol-generating procedure) [106]. Epidurals
should be encouraged in early labour as they reduce the spread
of the virus by the relaxed mother and the need for GA if there is
a need for emergency procedures. There is no evidence that either
epidural or spinal analgesia or anaesthesia are contraindicated in
the presence of SARS-CoV-2 infection [106].

There is no evidence that SARS-CoV-2 infection causes fetal dis-
tress in labour, hence continuous electronic fetal monitoring is not
indicated in otherwise low risk asymptomatic or mildly symp-
tomatic women for the sole reason of COVID-19 infection
[105,106]. This also applies to those who go into labour more than
10 days from the onset of symptoms. Where there are options of
home or water birth these are permitted in low risk women as long
as staff take the necessary preventative precautions [105,106].

In those with moderate/severe/critical disease or mild disease
with additional risk factors labour should be in the hospital with
continuous electronic fetal monitoring due to the risk of fetal dis-
tress either from the disease or deterioration in the maternal con-
dition [105-108]. Furthermore, in addition to the routine
observations of BP, temperature and respiratory rate oxygen satu-

rations should be carried out hourly or more frequently as deemed
appropriate [106]. Consideration should be given to shortening the
second stage in symptomatic women who are hypoxic or have res-
piratory compromise [106].

Regional anaesthesia is the preferred mode of anaesthesia for
CS. Airway management with tracheal intubation and extubation
during general anaesthesia poses great risk of transmission of
SARS-CoV-2 to the attending staff, hence it should be avoided if
possible.

Additional precautions in labour include minimizing the num-
ber of staff members entering the labour room or operating the-
atre, all staff to wear PPE when entering the room and elective
caesarian sections to be scheduled at the end of the operating list
[106]. Fig. 3 shows a suggested algorithm for intrapartum care.

Neonatal care

Neonatal SARS-CoV-2 infection which is uncommon and mostly
asymptomatic is not affected by mode of delivery but occurs pri-
marily through respiratory droplets from infected asymptomatic/
symptomatic individuals/mothers to whom the neonates are
exposed in the postnatal period [105,106]. The rate of infection is
not greater when the baby is breastfed or allowed contact with
the mother [112]. The benefits of contact of the neonate with its
mother and her ability to breast feed outweigh potential benefits
of separation. Consequently, most guidelines advise skin-to-skin
contact and breastfeeding if the mother with suspected or con-
firmed COVID-19 uses hand hygiene precautions and (ideally)
wears a surgical face mask (fluid-resistant if available) [112] where
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‘ COVID-19 woman presenting in labour

—

Inform consultant obstetrician, consultant
anesthetist, consultant neonatologist and
infection control team.

Admit patient to an isolation room.

Minimize the number of staff entering the
room and ensure that all staff wear PPE.

One birth attendant allowed wearing
appropriate PPE.

Pain relief

Review need for pain relief. Epidural
analgesia is recommended to minimize
the need for general anaesthesia if urgent
delivery is required and also ensures
patient stays calm and reduces droplets
spreading in room.

Consider Entonox (Nitrous oxide/Oxygen)
with a single patient microbiological filter.

i

Fetal monitoring

Continuous EFM if
moderate/severe disease.

Doppler intermittent (every
15-30 mins) auscultation in

asymptomatic or mild disease.

Maternal monitoring

PR, BP RR and temperature for
asymptomatic or mild disease
as with other non-infected
women and continuously in
those with moderate or severe
disease.

Hourly Oz (aiming for > 94%). If
needed, give oxygen through

face mask.

Mode of delivery

Delay cord clamping provided no contraindication.

Discussed with the woman. Vaginal delivery is recommended. Caesarean section for obstetric indications unless maternal
respiratory condition demands urgent delivery due to COVID-

19.

Second stage of labour shortened in symptomatic women who are exhausted or hypoxic.

Post-delivery
Test all neonates for SARS-CoV-2.

removal of an epidural catheter.

Encourage rooming-in and breast feeding with infection control measures (advice the mother on hand washing before touching
the neonate and to wear a medical mask while breast feeding) for 2 weeks from onset of symptoms.

Thromboprophylaxis with low molecular weight heparin for 10 days started as soon as possible after delivery and 4 hours after

Fig. 3. Suggested Algorithm for intrapartum care of women with COVID-19.

the baby does not require neonatal unit care. Maintaining physical
separation of more than two metres at other times is also recom-
mended [112,113]. Rooming-in has many well-established benefits
and data suggest that there is no difference in risk of SARS-CoV-2
infection to the neonate whether cared for in a separate room or
in the mother’s room [106,112]. All neonates born to mothers with
suspected or confirmed COVID-19 regardless of their symptoms,
should, however be tested [105,106,112].

COVID-19 vaccination in pregnancy

As of June 2021, at least seven different vaccines across three
platforms have been approved in several countries. The most com-
monly offered ones are the Pfizer-BioNtech vaccine (mRNA) taken
as 2 shots 3 weeks apart, Moderna vaccine (mRNA) taken as 2 shots
4 weeks apart, the Johnson & Johnson’s Janssen Ad26.COV2.S vac-
cine (adenoviral vector) taken as a single shot, the AstraZeneca,
University of Oxford and Serum Institute of India ChAsOx1 CoV-
19 vaccine (Adenoviral vector-based) and the Russian Sputnik V
(Gam-COVID-Vac) an adenovirus vector vaccine administered as
2 doses 3 weeks apart. These vaccines have been shown to be
extremely effective (69-95%) in reducing risk for moderate to sev-
ere illness, hospitalization, and deaths from COVID-19 [114,115].
There are very limited data on their safety in pregnancy. The Cen-
ters for Disease Control and Prevention (CDC) is tracking more than
30,000 mRNA vaccine recipients who were pregnant at the time of
vaccination. Nearly 1800 pregnant women were enrolled in a v-
safe pregnancy registry. So far, pregnant women appear to have
the same vaccine side effects as non-pregnant adults with no
reported increase in miscarriages, stillbirths, preterm births or con-
genital malformations linked with the vaccines (Table 4) [116,117].
Overall, the risks of COVID-19 in pregnancy outweigh those of
receiving the vaccine. Furthermore, a recent study by Collier et al
[118] showed that not only was the mRNA vaccine immunogenic
in pregnant women but that vaccine-elicited antibodies were pre-
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Table 4
V-safe pregnancy registry outcomes in 275 COVID-19 vaccinated pregnant women
from February 18, 2021 (102).

Pregnancy outcomes V-safe pregnancy registry % Background rate %

Miscarriage 15 26
Stillbirth 1 0.6
Gestational diabetes 10 7-14
Pre-eclampsia 15 10-15
Eclampsia 0 0.27
IUGR 1 3-7
Neonatal outcomes V-safe pregnancy registry  Background rate
% %
Preterm birth 10 10.10
Congenital anomalies 4 3
Small for gestational 4 3-7
age
Neonatal death 0 0.38

sent in cord blood and infant milk hence potentially providing pas-
sive immunity to the neonate. The Centers for Disease Control and
Prevention, the Society for Maternal-Fetal Medicine (SMFM), the
American College of Obstetricians and Gynecologists (ACOG), FIGO
and the Royal College of Obstetricians and Gynaecologists, on bal-
ance therefore recommend that COVID-19 vaccines should be
offered to both pregnant and lactating mothers [105-108].

A prothrombotic syndrome known as either vaccine-induced
thrombotic thrombocytopenia (VITT) or vaccine-induced pro-
thrombotic immune thrombocytopenia (VIPIT) has been reported
in a small number of recipients of the adenovirus vector vaccines
(Johnson & Johnson and AstraZeneca, University of Oxford) [119].
This is thought to be caused by immunoglobin (Ig) antibodies that
bind to platelet factor 4 (PF4) also known as CXCL4. Binding to PF4
activates platelets and stimulates the coagulation system with the
ensuing clinically significant thromboembolic complications [120].
The thrombosis caused include venous (cerebral venous), splanch-
nic vein thrombosis (mesenteric vein, portal vein, splenic and
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hepatic vein) adrenal vein thrombosis (which may present as adre-
nal failure), pulmonary embolism and arterial thrombosis (includ-
ing ischaemic stroke and acute limb ischaemia [119,120]. While
this is a very rare complication, it has been associated with mortal-
ity. Since pregnancy more than doubles the risk of VTE and severe
SARS-CoV-2 doubles the risk of VTE in pregnant women with sev-
ere illness, it would be prudent to avoid the adenonovirus vaccines
in those who are planning pregnancy or are pregnant. The mRNA
vaccines appear to be safe and should be the choice vaccines for
these women.

Conclusion

SARS-CoV-2 which causes COVID-19 poses significant risk to a
small proportion of pregnant women including an increased risk
for critical disease requiring ventilation support as well as compli-
cations such as preterm labour. Mortality from the infection is not
much higher than in non-pregnant women. Most women (over
80%) are asymptomatic and management following diagnosis
should be same as for non-pregnant adults. However, for those
with additional risk factors such as hypertension, obesity, diabetes
ethnic minority and diagnosis in the third trimester, consideration
should be given to in-patient care irrespective of disease severity.
There are currently no data demonstrating vertical transmission
during pregnancy or intrapartum. COVID-19 hence it is not an indi-
cation for induction of labour or caesarean section. However, sec-
ond stage should be assisted in those with severe or critical
disease and CS maybe indicated to allow for improved ventilation
support or resuscitation. Pregnancies should be managed as nor-
mal taking all the necessary precautions to minimize risk to
healthcare workers and other patients. COVID-19 is not a con-
traindication to breast feeding. Vaccination has been shown to be
highly effective in reducing the risk of severe disease and although
data are limited there are no known adverse effects and is there-
fore recommended on balance to be given to pregnant and breast-
feeding mothers.
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