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a b s t r a c t

Maternal immunisation is a public health strategy that aims to
provide protection against certain infections to both mother and
her foetus or newborn child. Vaccination of pregnant women in-
duces vaccine-specific antibodies that lead to the subsequent
transfer of these antibodies across the placenta or through
breastfeeding to the offspring. At present, vaccinations in preg-
nancy are limited to pertussis, tetanus, diphtheria, polio, and the
seasonal Influenza vaccine. Recently, some countries have incor-
porated routine antenatal vaccinations in their national immuni-
sation programmes. Future vaccines targeted at pregnant women
such as respiratory syncytial virus (RSV) and Group B strepto-
coccus (GBS) are under development. The recently approved
Covid-19 vaccines have no safety data for use in pregnancy at
present, but have been considered in the UK in extremely
vulnerable pregnant women or pregnant frontline health and so-
cial care workers.
In this article, we review the evidence supporting maternal
immunisation and discuss the uptake of vaccines in pregnant
women, challenges of recording the data on vaccine coverage, and
consider reasons behind the present levels of uptake and strategies
for future improvements.
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Introduction

Maternal infections are estimated to contribute approximately 10e50% of stillbirths, in addition to
25% of neonatal deaths. Several of these adverse outcomes are thought to be vaccine-preventable [1].
Immunisation during pregnancy is a relatively new strategywhere delivery of vaccines in the second or
third trimester to pregnant women provides protection to the foetus, and subsequently, to the
newborn by way of trans-placental transfer of the maternal antibodies. The transport of immuno-
globulin G (IgG) across the placenta starts at about 17 weeks of gestation and increases with advancing
gestation with higher foetal IgG levels than maternal serum levels seen at 40 weeks of gestation. The
trans-placental transport of vaccine-specific antibodies can be affected by factors including placental
abnormalities, total IgG concentration in maternal blood, the type of vaccine, and the interval between
vaccination and delivery [2].

The potential role of maternal immunisation in protecting newborn infants has been made evident
bymaternal tetanus vaccination contributing to the lower incidence rates of neonatal tetanus [3]. Since
the launch of the Maternal and Neonatal Tetanus Elimination (MNTE) initiative by the WHO, sub-
stantial progress has been made with the number of developing countries yet to obtain MNTE status
down from 59 countries in 2000 down to only 12 countries as of July 2019 [4].

The WHO has recommended influenza vaccination during influenza season for all pregnant
women since 2005 [5]; however, most European countries introduced seasonal influenza vaccination
for pregnant women only after the H1N1/09 influenza pandemic [6].

During the last decade, an increasing number of countries have included antenatal immunisations
in their national vaccination programmes. As mentioned earlier, tetanus vaccination in pregnancy
has been used for years in most low- and middle-income countries. More recently, pertussis and
influenza vaccination programmes in pregnancy have been recommended in a number of high-
income countries along with some low- and middle-income countries [7] (see Fig. 1).

In particular, in the United Kingdom, the antenatal immunisation programme is presently limited
to pertussis e combined with tetanus, diphtheria, polio (Tdap), and seasonal influenza vaccine.
Similarly, in the US, the Centers for Disease Control and Prevention (CDC) recommends two vaccines
directly for administration in pregnancy: the influenza vaccine and the Tdap (tetanus, diphtheria and
pertussis) vaccine. Four other vaccines may also be considered in pregnancy depending on additional
risk factors: Hepatitis A and B, pneumococcal, and meningococcal vaccines [8].
Pertussis

Pertussis is a highly infectious, vaccine-preventable acute respiratory illness also known as
‘whooping cough’ owing to its characteristic cough. Bordetella pertussis is the main organism
responsible for acute illness with some cases also caused by Bordetella parapertussis [9]. Bordetella is an
aerobic, Gram-negative coccobacilli [10] with overall 9 species identified to date [9].

B. pertussis, first isolated in 1906 by Bordet and Gengou, is a highly infectious bacterium responsible
for the childhood infection, whooping cough. It is exclusive to human hosts and there is no evidence of
an animal or environmental reservoir. The organism is transmitted mainly by respiratory droplets
leading to the colonisation of ciliated respiratory epithelia in the trachea and bronchi [10].

The typical presentation of pertussis is seen in unvaccinated children and is a 3-stage illness:
catarrhal, paroxysmal, and convalescent [11]. The onset of disease is gradual with symptoms similar to
a mild upper respiratory tract infection; a worsening cough and the beginning of the paroxysmal stage
that then follows other stages leading to the disease [9].

Globally, pertussis is ranked among the 10 leading causes of childhoodmortality [12]. In 2018, there
weremore than 151,000 cases of pertussis, globally [13]. The illness coursemay become complicated by
severe respiratory failure and pulmonary hypertension, and is associated with high mortality rates in
newborn and young children [14]. Pertussiseassociated encephalopathy is rare, occurring in 0.5e1% of
all cases, and the diagnosis is suggested by seizures with pertussis infection, having excluded other
differential diagnoses. It may be the result of the direct neurologic actions of toxins, effects of hypoxia,
haemorrhages, vascular occlusions and latent virus infection [15].
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Fig. 1. Countries with recommendations for immunisation against Pertussis in pregnancy by official authorities [7].
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Prevention

Routine vaccination of children and adolescents is the most effective preventive strategy. The 3-
dose primary series diphtheria-tetanus-pertussis (DTP3) vaccines decrease the risk of severe
pertussis in infancy. Although there are many different schedules in use worldwide, the WHO rec-
ommends the first dose to be administered as early as 6weeks of age, with subsequent doses given 4e8
weeks apart [13]. The incidence of pertussis is highest in infants who are too young to have completed
their primary vaccinations, who are at the highest risk of developing life-threatening complications
[16]

Maternal vaccination

Vaccinating women in the third trimester of pregnancy offers the opportunity to provide early
protection to infants through transplacental transfer of maternal antibodies [17]. A number of studies
have demonstrated the efficient transfer of pertussis antibodies across the placenta [18,19]. Maternal
pertussis vaccination has been introduced in a number of countries to minimise morbidity and mor-
tality associated with pertussis in infants who are too young to be vaccinated.

In 2011e12, the UK saw the largest pertussis outbreak for over a decade, with 14 deaths in 2012 in
infants born before the start of the pregnancy vaccination campaign who were too young to be
vaccinated themselves [17,20]. This led the UK's Joint Committee on Vaccination and Immunisation to
recommend the introduction of a temporary vaccination programme targeting pregnant women at
28e38 weeks' gestation, the aim is to protect children against pertussis before they reach their first
routine immunisation. This programme began on October 1, 2012 with Repevax, a combined low-dose
diphtheria, acellular pertussis, and inactivated poliomyelitis vaccine (dTAP/IPV).

An observational cohort study carried out by Donegan et al. evaluated the safety of pertussis
vaccination in pregnancy. Their results concluded that there was no evidence of an increased risk of
stillbirth during the 14 days immediately after vaccination (incidence rate ratio 0.69, 95% CI 0.23 to
1.62) or later in pregnancy (0.85, 95% CI 0.44 to 1.61) compared with historical national rates. Addi-
tionally, the researchers found no evidence of an increased risk of maternal or neonatal death, pre-
eclampsia or eclampsia, haemorrhage, foetal distress, uterine rupture, placenta or vasa praevia,
Caesarean section, low birth weight, or neonatal renal failure [20].

In 2014, an observational study by Amirthalingam et al. found the pertussis vaccination in preg-
nancy programme to be effective. Livebirth occurred in 26,684 women included in the Clinical Practice
Research Datalink between October 1, 2012 and September 3, 2013; the average vaccine coverage
before delivery based on this cohort was 64%. Vaccine effectiveness based on 82 confirmed cases in
infants born from October 1, 2012, and younger than 3 months at onset was 91% (95% CI 84 to 95).
Vaccine effectiveness was 90% (95% CI 82 to 95) when the analysis was restricted to cases in children
younger than two months [21].

In 2013, the Centers for Disease Control and Prevention (CDC) in the United States recommended
that pregnant women should receive tetanus, diphtheria, and acellular pertussis (Tdap) vaccine in
every pregnancy during weeks 27 through 36 of gestation [16].

Munoz et al. evaluated the safety and immunogenicity of tetanus toxoid and reduced diphtheria
toxoid acellular pertussis (TDaP) vaccine during pregnancy and its effect on infant responses to
diphtheria and tetanus toxoids acellular pertussis (DTaP). In their study of 33 pregnant women who
received TDaP between 30 and 32weeks, the authors found noTDaP- associated serious adverse events
in women or infants, and growth and development were similar in the treatment and placebo groups.
They concluded that TDaP immunisation in the third trimester of pregnancy was well-tolerated and
immunogenic, and infants of vaccinated women had significantly higher concentrations of antibodies
to all vaccine antigens from birth till the initiation of immunisation with DTaP at age two months.
Maternal immunisation with TDaP did not result in substantial or persistent interference of infant
antibody responses to immunisation with DTaP [22].

The optimal timing of maternal immunisation against pertussis was investigated by a prospective
observational study. The authors compared the effect of second trimester vs. third trimester tetanus-
diphtheria-acellular pertussis (Tdap) immunisation in pregnant women who delivered at term.
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Geometric mean concentrations (GMCs) of cord blood antibodies to recombinant pertussis toxin (PT)
and filamentous hemagglutinin (FHA) were assessed by an enzyme-linked immunosorbent assay. This
study concluded that early second trimester maternal Tdap immunisation significantly increased
neonatal antibodies [23].

In the UK, the Royal College of Obstetricians and Gynaecologists recommends offering the pertussis
vaccine (Boostrix IPV in the UK) from the 20th week of pregnancy or soon after the anomaly scan [24].
Boostrix IPV also covers polio, diphtheria, and tetanus in pregnant women.

Uptake of pertussis vaccination

As discussed earlier, the antenatal pertussis vaccination programme aims to minimise morbidity,
hospitalisation, and mortality in newborns through intrauterine transfer of maternal antibodies, until
infants receive the first dose of the infant vaccination programme at 8 weeks of age [25]. The incidence
of pertussis in infants <3 months of age has declined overall from 234 per 100,000 in 2012 to 52 per
100,000 in 2019 with a small, expected cyclical rise in numbers [26].

In the United Kingdom, monthly pertussis vaccine coverage in pregnant women ranged from 72.5%
in January 2020 to 72.0% in March 2020 with an average coverage for the quarter at 72.2%. The average
annual vaccine coverage for April 2019 to March 2020 was 70.5% [26] (see Fig. 2).

Influenza

Each year, an influenza vaccine is available to protect children and vulnerable adults from flu and its
complications namely, pneumonia. Those thought to be high-risk include anyone above 65 years,
pregnant women, children, adults with an underlying chronic illness and immunosuppressed patients.
In England, influenza vaccination in pregnancy has been offered since 2010 [27].

The World Health Organisation (WHO) makes recommendations each year on which flu virus
strains to include in the vaccine. This is usually either quadrivalent (protective against 4 virus strains e
commonly 2 influenza A strains and 2 influenza B strains) or trivalent (protective against 3 strains)
[Table 1]. It is imperative to stress that theWHO considers the cohort of pregnantwomen as the highest
priority for receiving the seasonal influenza vaccine [Box 1] [28].
Fig. 2. Monthly pertussis vaccination coverage (%) in pregnant women: England, 2013e2020 [26].
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Table 1
The recommended composition of influenza vaccine for use in 2020e2021 (northern hemisphere influenza season) by theWHO.

Quadrivalent influenza vaccines Trivalent influenza vaccines

Egg-based vaccines Cell- or recombinant-based
Vaccines

Egg-based Vaccines Cell- or recombinant-
based Vaccines

� an A/Guangdong-Maonan/
SWL1536/2019 (H1N1)
pdm09-like virus

� an A/Hong Kong/2671/2019
(H3N2)-like virus
� a B/Washington/02/2019
(B/Victoria lineage)-like virus
� a B/Phuket/3073/2013
(B/Yamagata lineage)-like virus

� an A/Hawaii/70/2019
(H1N1)pdm09-like virus
� an A/Hong Kong/45/2019
(H3N2)-like virus
� a B/Washington/02/2019
(B/Victoria lineage)-like
virus
� a B/Phuket/3073/2013 (B/
Yamagata lineage)-like
virus

� an A/Guangdong-Maonan/
SWL1536/2019 (H1N1)pdm09-
like virus
� an A/Hong Kong/2671/2019
(H3N2)-like virus
� a B/Washington/02/2019 (B/
Victoria lineage)-like virus

� an A/Hawaii/70/2019
(H1N1)pdm09-like
virus
� an A/Hong Kong/45/
2019 (H3N2)-like virus
� a B/Washington/02/
2019 (B/Victoria
lineage)-like virus
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Influenza in pregnancy

Influenza viruses are a group of RNA viruses that belong to the family Orthomyxoviridae and are
classified into type A, B, and C on the basis of their core proteins. Droplets or respiratory secretions of
the infected individuals primarily transmit the virus. Influenza infection occurs globally with an annual
attack rate estimated at 5e10% among adults and 20e30% among children [29].

Although influenza infection typically results in a self-limiting illness, life-threatening complica-
tions can often be seen in high-risk groups which may lead to pneumonia, Intensive Care Unit (ICU)
admissions, respiratory failure, sepsis, and death.

Pregnant women are among the at-risk groups feared to suffer from morbidity and mortality as a
consequence of influenza infection. In the UK, 1-in-11 maternal deaths between 2009 and 2012 was
caused by influenza [30].

Women at all stages of pregnancy, irrespective of the presence of pre-existing health conditions, are
at an increased risk of serious respiratory illness and hospital admissions during influenza season [31].
In women hospitalised with influenza, an adverse outcome of pregnancy has been reported compared
with the general population. Of note, preterm births of up to 59% have been reported in this cohort [32].

Influenza virus infection in pregnancy

TheWHO has recommendedmaternal immunisationwith inactivated influenza vaccine since 2005.
A randomised study investigated the efficacy of maternal influenza immunisation. The results sup-
ported significant clinical effectiveness, with a reduction of 63% in laboratory-proven influenza illness
in infants up to 6 months of age and reductions of 29% and 36% in the rates of respiratory illness with
fever in infants and mothers, respectively [33].
Box 1
WHO recommendations [20].

The WHO recommends seasonal influenza vaccination for

a.Highest priority
� Pregnant women

b.Priority (in no particular order)
� Children aged 6e59 months
� Elderly
� Individuals with specific chronic conditions
� Healthcare workers
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Safety of flu vaccination in pregnancy

It remains an objective to address the concerns regarding the safety of influenza immunisation in
pregnancy to improve uptake. In 2011, the WHO requested the Global Advisory Committee on Vaccine
Safety (GACVS) to review the safety evidence of immunisation in pregnancy. This literature review
concluded that there is robust safety evidence for multiple inactivated nonadjuvanted influenza vac-
cine preparations with no safety concerns, supportingWHO recommendation on influenza vaccination
in pregnancy [34].

In the US, a studywas conducted on the review of reports from the Vaccine Adverse Effect Reporting
System (VAERS) in pregnant women who received trivalent inactivated influenza vaccine between
1990 and 2009 or live-attenuated vaccine from 2003 to 2009. This review did not find any unexpected
or unusual adverse events in pregnancy or until the foetal outcome. Spontaneous miscarriage was the
most reported outcome but even during the season with the highest rate reported for miscarriage in
women following influenza vaccination (5.5 per 1million vaccinations for the 2008e2009 season), this
reported rate was lower than the published rate for miscarriage in the general population. The live-
attenuated influenza vaccine is not indicated in pregnancy; however, this review did not identify
any reports of adverse unexpected outcome where pregnant women received this inadvertently [35].

A recent systemic review has confirmed the safety of influenza vaccination in pregnancy. In
particular, vaccination was not associated with preterm birth (PTB), low birthweight (LBW), small for
gestational age (SGA), miscarriage, stillbirth, or congenital abnormalities. The authors also found high-
quality evidence that inactivated influenza vaccine in pregnancy is associated with a lower incidence of
low birthweight. Moderate quality data was also found on the association of maternal influenza
vaccination and reduction in preterm births. The adjusted odds ratio for PTB was 0.87 (0.78e0.96), for
LBW 0.82 (0.76e0.89), congenital abnormality 1.03 (0.99e1.07), SGA 0.99 (0.94e1.04), and stillbirth
0.84 (0.65e1.08) [36].
Uptake of influenza vaccine in pregnancy

In England, the uptake of influenza vaccine in pregnant women (who were registered with a GP)
from September 1, 2018 to February 28, 2019 was 45.2%, a reduction compared to 47.0% the previous
year [37]. A further reduction to 43.7% of vaccination rates has been seen in this cohort in the
2019e2020 season [38] e Fig. 3.

The European Centre for Disease Prevention and Control (ECDC) collects, shares, and disseminates
information on national immunisation programmes and provides guidance for the improvement of
immunisation systems in EU/EEA member states. Influenza vaccine coverage rates in pregnant women
have been compared by the ECDC across 9 countries (Fig. 4) between 2015 and 2018. The remaining 19
out of 28 member states, where influenza vaccine is recommended in pregnancy reported that vaccine
uptake in this cohort was not monitored [39] (see Fig. 4).

In the US, the Centre for Disease Control and Prevention has reported that 61.2% of pregnant women
received influenza vaccination from 2019 to 2020. Although uptake remains suboptimal, the US did see
an increased rate of vaccination in the pregnant cohort. Of note, influenza vaccine uptake amongst
African-American and Hispanic women has increased in recent years (see Fig. 5) although disparities
amongst ethnic groups still exist. The data for this report were collected through an internet panel
survey and the authors have recognised the limitations including self-report of vaccination status and
the associated recall bias [40].

Uptake of maternal influenza immunisationwas reported in a tertiary referral maternity hospital in
Dublin, Ireland. This was a quantitative study of postnatal women and out of the responders, 55.1%
were vaccinated against influenza. Those of lower socio-economic status were less likely to be vacci-
nated (adjusted odds ratio [aOR] 0.29, 95% CI 0.09 to 0.89). Vaccination in a previous pregnancy (aOR
5.2, 95% CI 1.69 to 15.62) and information from a healthcare professional were strongly associated with
vaccination (aOR 12.8, 95% CI ¼ 2.65 to 62.5) [41]. This study identified that women from a higher
socio-economic background, those with a university degree and those who attended as a private or
semiprivate patient were more likely to be vaccinated against influenza in pregnancy.
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Fig. 3. Observed and extrapolated estimate number of pregnant women registered and who received an influenza vaccine during
the 2019 to 2020 season in England.
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Recording vaccine uptake data

Data collection on influenza vaccine uptake in England takes place through monthly (from October
to February) and automatedweekly surveys from all General Practice (GP) surgeries. Theweekly survey
is automated and acts as a ‘real time’ system for frontline staff to monitor the influenza vaccination
programme in their local area.

Owing to the availability of influenza vaccination in settings other than general practice, for
example, antenatal clinics and pharmacies, and the lag time required for GP records to be updated, the
number of pregnant women vaccinated may be underestimated. To report influenza vaccine uptake
Fig. 4. Seasonal influenza vaccination coverage rates for pregnant women in nine EU/EEA Member states, during the influenza
seasons (2015e2016; 2016e2017; 2017e2018) [39].
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Fig. 5. Influenza vaccination coverage among pregnant women by race/ethnicity - Internet panel survey, United States, 2017-18
through 2019-20 influenza seasons [40].
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more accurately, primary care practices should review the records for those patients who were
pregnant but then ceased to be pregnant before the start of influenza vaccine season (1st of September
in the United Kingdom) to ensure that these patients are not included and called for vaccination (unless
they are in other high-risk groups). It is also imperative for GP surgeries to review their patient
database and identify women who were not pregnant at the start of flu season, but who have sub-
sequently become pregnant during winter months. Surgeries should also liaise with community
midwives to ensure accurate and timely recording updates of pregnant women vaccinated outside
general practice.

Factors influencing the uptake of vaccines in pregnancy

Understanding healthcare providers' approach in promoting maternal vaccinations and pregnant
women's knowledge, attitudes and concerns are paramount in improving uptake. A recent multicentre
questionnaire study from the UK investigated the acceptability of antenatal vaccination among patients
and the healthcare providers' level of confidence in vaccine recommendations. This study found that
the most commonly cited reason for declining antenatal vaccination was concerns regarding possible
side effects for the baby and doubts regarding efficacy and necessity of immunisation. This study also
found that women of ethnic minority backgrounds were significantly less likely to accept vaccination
than Caucasian women. ‘White British’ women were significantly more likely to accept influenza (85%
vs. 61%, OR 3.25, 95% CI 1.67e6.32) and pertussis (96% vs. 83%, OR 4.83, 95% CI 1.77e13.19) vaccination
compared with those from all other ethnic groups. Another interesting finding was that a significant
proportion of healthcare providers did not feel confident giving vaccination advice to pregnant women
[42]. Immunisation rates are thought to be higher when a healthcare provider can recommend, offer,
and administer the vaccine at the same visit as opposed tomaking a recommendation and referring the
patient elsewhere to receive the vaccine.

In addition to ethnicity, it has also been reported that antenatal vaccination uptake is affected by
other factors such as parity and deprivation [43]. McAuslane et al. reported that pertussis vaccine
uptake was significantly lower inwomenwith parity greater than three (48.1%; 95% CI 37.0e59.4) than
in those with parity between one to three (63.0%; 95% CI 58.3e67.5). The same study also found that
vaccine uptake was lowest in the most deprived quintile at 52.1% (95% CI 40.2e63.9) when compared
with the least deprived quintile at 69.0% (95% CI 60.3e76.5), but this difference was not statistically
significant [43].
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Wilcox et al. [44] have also reported on the portrayal of antenatal pertussis and influenza vacci-
nation in media articles; the majority of which positively portrayed vaccination in pregnancy (97%).
Positive articles tended to focus on the benefits of protection for the child with regard to pertussis
vaccination andmaternal protection regarding influenza vaccination. The portrayal of pertussis vaccine
as primarily benefitting the unborn child may have an influence on its higher uptake compared with
influenza vaccination.

Vaccination uptake in pregnancy e how to improve uptake?

It is clear that the uptake of immunisation in pregnant women is still variable and suboptimal;
improvements are necessary to reducemorbidity andmortality in both women and their offspring. The
following recommendations could play a role in improving uptake:

� The use of vaccination reminders in healthcare systems and patient information leaflets [45].
� Healthcare professionals informing all pregnant women about the benefits of immunisations in
pregnancy for them and their unborn child [45].

� Making vaccination easily accessible and ideally provided at the same visit to avoid women having
to make a separate appointment for the administration of the vaccine.

� Exploring women's concerns with regard to vaccine safety and efficacy, and the ability of healthcare
providers to discuss safety data and benefits for both patients and their unborn child.

� Provision of vaccination during antenatal appointments by midwives or obstetricians rather than
limiting provision to the primary care setting [46].

� Supporting midwives with annual vaccination updates to enhance knowledge and confidence in
recommending and administrating immunisations to pregnant women [47].

� Use of posters promoting maternal immunisation in antenatal clinics, general practitioner waiting
rooms, and childcare facilities [46].
COVID-19

A recent national cohort study from the UK has described the incidence and outcome of
hospitalised pregnant women with symptomatic or asymptomatic Covid-19 infection compared
with non-infected pregnant women. Compared with pregnant women without Covid-19, hospi-
talised pregnant women with symptomatic Covid-19 were more likely to be admitted to intensive
care (aOR 57.67, 95% CI 7.80e26.70) but the absolute risk of poor outcomes was low. Iatrogenic
preterm births were more common in women with symptomatic Covid-19 (aOR 11.43, 95% CI
5.07e25.75) [48].

Pregnant women were excluded from early Covid-19 vaccine research, leading to the lack of safety
data. However, in the UK, the Joint Committee on Vaccination and Immunisation (JCVI) now advises
that if a pregnant woman meets the definition of being extremely vulnerable to Covid-19, then she
should discuss the option of the vaccine with her obstetrician. Some of the most likely relevant cohorts
of women are those with solid organ transplants, homozygous sickle cell disease, chronic kidney
disease or receiving dialysis, severe respiratory illness including cystic fibrosis/severe asthma, those
with heart disease, or taking immunosuppressant medication. Furthermore, pregnant frontline
healthcare or social care workers can also discuss the option of vaccination. The discussion should
include lack of safety data of the approved vaccines for use in pregnancy, balanced against acknowl-
edgment that other non-live vaccines used in pregnancy are not associated with risk [49].

Summary

� Pregnancy and the immediate postnatal period are associated with a higher risk of morbidity and
mortality secondary to infectious disease in both women and their babies. Some of these infections
are vaccine preventable.
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� Maternal immunisation is a relatively new public health strategy to protect women
and their babies. Transplacental transfer of maternal immunoglobulin G provides protection
for foetuses and newborns who are too young to receive their primary course of
vaccinations.

� Routine antenatal vaccination has been adopted by some countries in recent years and is presently
limited to pertussis, tetanus, diphtheria, inactivated polio, and seasonal influenza vaccine.

� Despite recommendations by the WHO and healthcare providers, vaccine uptake still remains low,
highlighting the need for continued education and promotion of benefits and safety profile along
with patient education at every opportunity regarding the severity of vaccine preventable infections
and potential complications for both women and their babies.

� Healthcare providers should receive regular training and have up-to-date knowledge of maternal
immunisations to counsel women and promote vaccinations in pregnancy with confidence.

� Studies have identified a disparity in the uptake of maternal vaccinations in lower socioeco-
nomic groups and ethnic minorities, highlighting the need to target education at these at-risk
groups.

� Further observational studies are required to identify other implementations that could improve
vaccination uptake to more desirable levels.
Practice points

� The potential role of maternal immunisation in protecting newborn infants, has been made
evident by maternal tetanus vaccination contributing to the lower incidence rates of neonatal
tetanus.

� The introduction of the pertussis vaccination programme in pregnancy has proved to be safe
and effective in preventing morbidity and mortality in newborn infants.

� Pertussis vaccine can be administered in pregnancy from 20weeks’ gestation or straight after
the anomaly scan.

� Women at all stages of pregnancy, irrespective of the presence of pre-existing health con-
ditions, are at an increased risk of serious respiratory illnesses and hospital admissions
during influenza season.

� TheWHO has recommendedmaternal immunisationwith inactivated influenza vaccine since
2005.

� Despite robust safety evidence of the influenza vaccine in pregnancy, uptake still remains
suboptimal.

� In the UK, it is now advised that certain clinically vulnerable cohorts of pregnant women and
pregnant frontline workers should have discussions with regard to the Covid-19 vaccine with
their doctor. Discussions should cover the lack of safety evidence in pregnancy versus its
benefits.

Research agenda

� Observational studies of public health strategies to improve maternal vaccination uptake.
� Research on the efficacy and safety of Covid-19 vaccines in pregnancy.
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