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a b s t r a c t

Influenza in pregnancy is a common condition that is associated
with an increased risk of hospital admission. Women with
comorbidities are at a greater risk of severe outcomes. There are
substantial gaps in our knowledge of the impact of severe influ-
enza on perinatal outcomes, particularly in low- and middle-
income countries, but preterm birth, fetal death, infant respira-
tory infection and hospital admission may be increased. Thus,
influenza is a major burden on health services. Immunisation is
cost-effective, safe and effective in preventing influenza in preg-
nant women and their infants but policies and uptake vary
worldwide. Operational challenges and concern over the safety,
efficacy and necessity of immunisation are common, and there is a
lack of evidence on how to overcome these barriers. This review
identifies learning points that are relevant to the current corona-
virus disease-2019 pandemic through describing the epidemiology
and impact of seasonal and A(H1N1)pdm09 influenza in preg-
nancy, alongside the effectiveness and use of immunisation.

© 2020 Published by Elsevier Ltd.
Introduction

Influenza is a highly contagious acute viral infection, which affects the respiratory tract. In the
majority of the population, influenza causes mild symptoms that are self-limiting. However,
influenza can cause severe illness and even death, with 290,000 to 650,000 respiratory deaths
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being attributed to influenza annually [1]. It is mainly caused by influenza, types A and B, which
occur in seasonal patterns with epidemics in winter in the northern hemisphere [1]. In 2009, a
novel strain of the influenza A virus, termed A(H1N1)pdm09 (H1N1 for brevity in this review), led
to a global pandemic estimated to cause between 100,000 and 400,000 deaths globally in the first
year.

Influenza pandemics are impossible to predict and can cause a spectrum of mild to severe disease.
Whilst the majority of severe cases are in vulnerable groups such as those with chronic medical
conditions, healthy persons are more likely to experience serious disease from the pandemic than
seasonal influenza. This places significant sustained strain on health services and may result in sig-
nificant economic loss [2]. The aim of this review is to describe the current evidence around the
epidemiology and impact of seasonal and H1N1 influenza in pregnancy, the effectiveness and use of
influenza immunisationwith the aim to identify learning points from the past pandemic relevant to the
current coronavirus disease-2019 (COVID-19) pandemic.

Epidmiology of influenza in pregnancy

Incidence of influenza in pregnancy

Seasonal influenza has been reported to affect between 483 and 1097 pregnant women per 10,000
[3]. These estimates are based on serological testing in women with and without symptoms of infec-
tion, and it is estimated that approximately 25% develop symptoms [4,5]. Studies that reported the
incidence of confirmed influenza in pregnant women during the 2009 H1N1 pandemic included only
those that were symptomatic of infection and/or hospitalised and reported much lower rates of
0.10e6.6 per 10,000 pregnancies.

Impact of influenza in pregnancy on maternal outcomes

Pregnant women have beenwidely considered to be at a greater risk of severe illness from influenza
as compared to outside of pregnancy [6,7]. In a recent systematic review, over half of observational
studies reported significantly higher mortality rates from influenza in pregnancy as compared to the
non-pregnant population, alongside increased risk of hospitalisation and ICU admission [8]. During the
pandemic period in the United States (US), it was reported that 4.3%e5.8% of influenza deaths were in
pregnant women, despite this group representing only 1% of the population [6,7]. However, more
recent systematic analyses of observational studies [8] and individual patient data, which take the
account of important confounders such as prior vaccine exposure, age, underlying co-morbidities and
antiviral treatments [9], have challenged this association. They have demonstrated that whilst preg-
nant womenwere at a significantly increased risk of hospital admissionwith influenza as compared to
non-pregnant patients (OR 6.80 and 95% CI: 6.02e7.68) [9], their risk of death was not increased (OR
1.00 and 95% CI: 0.75e1.34) and the risk of ICU admission was significantly reduced (OR 0.57 and 95%
CI: 0.48e0.69) [9].

Although the risk of death or severe outcomemay not be increased in pregnancy as compared to the
general population, preventable deaths as a result of influenza in pregnancy continue to occur in high-
income countries today. Between 2009 and 2012, which includes the pandemic period, 36 pregnant or
recently pregnant women died from influenza in the UK, 32 of whichwere due to H1N1 [10]. More than
half of these deaths (62%) were after a vaccine was available and were therefore considered pre-
ventable. A minority of these women had refused vaccination (n ¼ 3), but it is not clear how many
others were offered vaccination [10].

In nearly every instance (94%), there were delays in appropriate referral, testing and treatment as
influenza was not considered a possible diagnosis when pregnant women presented with respiratory
illness. This report, therefore, recommended the promotion of influenza vaccination to pregnant
women at any stage of pregnancy, and that influenza should be considered early on presentation to
health care facilities to test and initiate treatment [10].

There are two antivirals used to treat influenza in pregnancy, oseltamivir (Tamiflu) and zanamivir;
both are neuraminidase inhibitors. A 2014 Cochrane systematic review reported that, aside from
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reduced time to alleviate symptoms, there was little evidence of benefit of treatment in the general
adult population [11]. However, pregnant womenwere specifically excluded frommost trials included
in the review. Evidence from observational studies suggests that as compared to those that did not
receive treatment, treatment with neuraminidase inhibitors in pregnancy reduces the length of hos-
pital stay [12] and the risk of ICU admission [6,13], and early treatment reduced the risk of death as
compared to those who received late treatment [6]. Therefore, UK guidelines recommend that antiviral
treatment should be commenced as early as possible in pregnant women with signs of influenza [14].
More recently, the 2017 confidential enquiry intomaternal deaths andmorbidity in the UK, described a
further death of a pregnant woman from influenza following delay of diagnosis and initiation of
treatment. This highlights the necessity for these recommendations to remain on the international
agenda even outside of pandemic periods [15].
‘A previously healthy woman in the early third trimester of pregnancy was admitted with a
respiratory illness during the peak of the influenza season. Neither her GP nor the hospital team
considered the diagnosis of influenza. It was not considered until a week into her admission by
which time she was receiving intensive respiratory support on the critical care unit. Antiviral
medication was not commenced empirically but only following a positive tracheal aspirate
which confirmed H1N1, almost two weeks after the start of her illness. She continued to
deteriorate despite ECMO and died. She had not been immunised. It was unclear whether
immunisation had been offered’. Reproduced with permission from ‘Saving Lives, Improving
Mothers’ Care: Lessons learned to inform future maternity care from the UK and Ireland
Confidential Enquiries into Maternal Deaths and Morbidity 2009e2012’.
Impact of influenza in pregnancy on perinatal outcomes

In 2015, the WHO Taskforce for influenza in pregnancy undertook a systematic review of the
impact of influenza on adverse birth outcomes [16]. This review identified 21 low and very low-
quality comparative studies, 20 of which were undertaken in high-income countries, again
showing the limited evidence about the impact of influenza in other contexts such as in the presence
of maternal malnutrition [17]. The two highest quality studies identified that severe H1N1 influenza
increased the risk of preterm birth (OR 2.39, 95% CI 1.64e3.49 [18] and OR 4.0, 95% CI 2.71e5.90 [19]),
whereas, a further study reported no association when women with mild to moderate H1N1 were
included [16]. More recently, two studies reported no association between predominantly mild H1N1
influenza and the risk of preterm birth (OR 0.77, 95% CI 0.32e1.88 [20] and aHR 1.0, 95% CI
0.98e1.1(21)), although the risk was increased among women with pre-existing medical conditions
(aHR 1.5, 95% CI 1.1e2.2) including for spontaneous preterm birth (aHR 1.7, 95% CI 1.1e2.6) [21].
Furthermore, a national study of women hospitalised with seasonal influenza found that whilst a
higher proportion gave birth at <37 weeks, the risk was not significantly increased as compared to
women without influenza [22].

The WHO systematic review reported, from five studies, that maternal influenza did not signifi-
cantly affect the risk of the infant being small for gestational age (OR 1.24, 95% CI 0.96e1.59) [16].
However, the two of the studies based on seasonal influenza reported an increased risk, including the
only study of womenwith severe influenza (aOR 1.66, 95% CI 1.11e2.49) [23], whereas the three studies
that reported pandemic influenza found no association [16]. Similarly, a recent prospective cohort
study found no association between predominantly mild H1N1 influenza and the risk of the infant
being small for gestational age (OR 1.30, 95% CI 0.74e2.81) [20].

A number of studies have reported the impact of maternal influenza on fetal death, but these are
generally very low quality with variable definitions and low case numbers [16]. The two highest quality
studies identified by the 2015 systematic review were undertaken during the 2009 pandemic. Both
reported an increased risk of fetal death following severe (aOR 4.2, 95% CI 1.4e12.4) [19] and mild to
moderate maternal influenza (aHR 1.91, 95% CI 1.07e3.41) [24]. However, a recent national study of
women hospitalised with seasonal influenza in the UK found no increased risk of fetal death, but an
increased risk of admission to neonatal ICU (aOR 1.86, 95% CI 1.1e3.42) [22]. Similarly, a recent
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Norwegian registry cohort reported that seasonal influenza was not associated with an increased risk
of fetal death, whereas pandemic influenza significantly increased the risk (aHR 0.90, 95% CI 0.64e1.27
and 1.75, 1.21e2.54, respectively). This study also explored the impact of gestation at the time of
influenza and found that the risk of fetal death was highest following influenza-like illness in the first
trimester (aHR 2.28, 95% CI 1.45e3.59) [25]. The risk of congenital anomalies has also been reported to
be increased (aOR 2.00, 95% CI 1.62e2.48), including neural tube defects, hydrocephaly and congenital
heart defects [26].

As infants have no prior exposure or immunity to influenza, they are highly susceptible to
influenza illness, which results in the significant utilisation of health services [27]. A 2017 systematic
review undertaken by the WHO influenza working group reported that there was limited evidence
reported about influenza morbidity and mortality outcomes in infants, particularly in LMIC [28]. The
evidence that is available suggests that infant influenza under 6 months of age is associated with
increased rates of hospitalisation, severe acute lower respiratory infection [28] and higher death
rates [28,29].
Characteristics associated with severe outcomes from influenza

Several large prospective cohort studies, predominantly undertaken in the pandemic period,
have reported that within the pregnant population there are factors which increase the risk of
hospitalisation or severe outcomes from influenza [13,22,30,31]. Pregnant women with a high BMI
are more likely to be admitted to hospital with influenza (aOR 1.9, 95% CI 1.15e1.93) and more likely
to need intensive care (aOR 2.93, 95% CI 1.99e4.31) [30]; however, this association was not seen in a
recent population cohort with seasonal influenza [22]. Whilst not conclusive across all studies,
women from black or other minority ethnic groups have also been reported to be at increased risk
of hospital admission with H1N1 influenza (aOR 1.6, 95% CI 1.1e2.3) [30]. This is in keeping with
other studies, which reported that indigenous women were at a greater risk of ICU admission from
H1N1 in Australia and New Zealand (aOR 2.3, 95% CI 1.4e3.7) [31], and pregnant women admitted
to hospital with H1N1 in California were more likely to be Hispanic than non-pregnant women [13].

A high proportion of pregnant women with severe outcomes from influenza are reported to have
underlying medical conditions (range: from 33.8% to 55.3%) [6,13]. The risk of hospital admission with
pandemic influenza in pregnancy has also been reported to be increased in multiparous women, those
with multiple pregnancies and in women below the age of 25 years who smoked [30]. There is some
evidence that the risk of complications from influenza may be greater in the second and third tri-
mesters than the first trimester of pregnancy. Womenwith a gestation of less than 20 weeks have been
reported to have double the risk of ICU admissionwith H1N1 as compared to non-pregnant women (RR
2.4, 95% CI 1.3e4.6), whereas those with a gestation of 20 weeks or more had a 13-fold greater risk of
admission (RR 13.2, 95% CI 9.6e18.3) [31]. Similarly, in the UK, 86% of pregnant women admitted to the
ICU with H1N1 were in their third trimester as shown in Fig. 1 [30], and in the US, 49% of ICU ad-
missions and 64% of deaths from H1N1 were in their third trimester [6].

Vaccination in pregnancy

In 2012, theWorld Health Organisation released a position statement recommending that pregnant
women should be prioritised in vaccination programmes for seasonal influenza and that they should be
vaccinated at any stage of pregnancy. This was made on the basis of the risk of severe disease, safety
and efficacy of the vaccine in the prevention of influenza in women and their infants and operational
feasibility [32]. Prior to this, there has been international effort to increase the availability and capacity
to deliver influenza vaccines, particularly in low- and middle-income countries in the event of a
pandemic [33]. Global production capacity increased substantially from 2006 to 2016, and the WHO
continues to work to increase access in low-resource countries through the Pandemic Influenzas
Preparedness framework [34].
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Fig. 1. Gestation at admission for pregnant women with confirmed H1N1 influenza admitted to an ITU and those admitted to
hospital but not to an ITU [30].
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Vaccine safety and efficacy

Influenza vaccines have been used in pregnant women in the US since the 1950s, but the uptake
increased dramatically following the 2009 pandemic. It is widely accepted as safe throughout
pregnancy [35] and effective in preventing seasonal influenza in pregnant women and their infants
[36e40]. A pooled analysis of three randomised controlled trials (RCT) undertaken in Nepal, Mali and
South Africa demonstrated that maternal immunisation prevents 50% (95% CI 32%e63%) of
confirmed influenza in pregnancy and up to six months post-partum. The benefit was greater when
immunisation was given at or after 29 weeks of gestation (71%, 95% CI 50e83% as compared to 30%,
95% CI 2%e52% before 29 weeks’) [41]. However, the mechanism behind this response was unclear as
previous studies have shown that antibody response to influenza immunisation might decline as
pregnancy progresses; therefore, the authors reported that the study may be underpowered for this
outcome.

Some studies have reported potential benefit in a reduced risk of adverse pregnancy outcomes
following maternal immunisation, including in preterm birth [42,43], low birth weight [43,44] and
stillbirth [45]. However, the findings differ between countries, for example, an RCT undertaken in Nepal
showed a 15% reduction in low birth weight infants in immunised mothers (95% CI 3%e25%) [38],
whereas two studies undertaken in Africa showed no difference [37,40]. Overall, a pooled analysis
found thatmaternal immunisation did not significantly affect the risk of preterm birth, low birthweight
or still birth [41]. This apparent lack of effect may be expected given the heterogeneous nature of
studies on birth outcomes.

Currently, influenza vaccines are not licensed for infants under 6 months of age [46]. Therefore,
maternal immunisation offers the sole route of protection for infants through transplacental transfer of
antibodies from the mother to fetus [28]. Recent systematic reviews have found that maternal
immunisation reduces the risk of laboratory-confirmed influenza in infants from 34% (95% CI 15%e50%)
[47] to 48% (95% CI 33%e59%) and associated hospital admissions by 72% (95% CI 39e87%) [46], with
the greatest benefit in infants in the first two months of age [41,46]. A pooled analysis of three RCTs
undertaken in LMIC reported that maternal influenza immunisation is also 20% effective at protecting
young infants against severe pneumonia [48] and reduces the risk of hospital admissionwith all cause
acute lower respiratory illness by 44% (95% CI 1%e68%) [46].
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Cost effectiveness

Influenza immunisation in pregnancy has been demonstrated to be cost-effective for both seasonal
and pandemic influenza [49e51]. A study in the UK found that to immunise pregnant women against
seasonal influenza was associated with an incremental cost-effectiveness ratio of around £23,000. This
assumed that the vaccine is well-matched to the circulating strain and is delivered largely by nurses in
primary care settings during routine antenatal care. Delivery by midwives or in separate appointments
would be associated with additional cost [52]. Further studies have suggested that immunisation
targeted on women with co-morbidities would be cost-saving [53].

One study in Mali estimated that maternal influenza immunisation could be highly cost-effective in
low-income countries if programmatic costs are kept low, for example, through delivery in combi-
nation with existing vaccine programmes [54]. However, overall there is little evidence on the eco-
nomic burden of influenza and thus the value of seasonal influenza immunisation in pregnancy in LMIC
[55]. The limited availability of incidence and impact data in this setting, with differing access to care
and underlying comorbidities such as HIV and malnutrition, undoubtedly underlies this problem.
Indeed, in 2013, the Global Alliance for Vaccines and Immunisation considered and rejected an in-
vestment in maternal influenza immunisation programmes in LMIC due to limited data about the local
burden of disease and anticipated impact [17], which was also reflected in a report by Bill and Melinda
Gates in 2015 [56]. More recent studies that demonstrated the impact on infants in LMIC, may go some
way towards meeting this challenge in the future [46,48].

Global variation in influenza immunisation policy

A 2014 report identified that worldwide, 42% of WHO member states had influenza immunisation
policies that targeted pregnant women. This varied widely by region from 6% in Africa to 64% in Europe
[57]. Countries with national policies weremore likely to be high or upper-middle income classification
[57]. Since the 2009 pandemic, immunisation is increasingly recommended for all pregnant women
regardless of trimester or underlying comorbidities as shown in Fig. 2, but still in 2014, a few countries
did not have a policy for influenza immunisation in pregnancy (Bulgaria, Malta and Slovakia) [58]. This
likely reflects the ambiguity around the effectiveness and cost-effectiveness of influenza immunisation
in different contexts.

Uptake of influenza immunisation

During the pandemic, the majority of countries rapidly accepted public health advice and recom-
mended that all pregnant women were immunised [59]. However, a survey led by the UK Department
of Health, which included over 90% of GP practices, found that only 14.9% of pregnant women received
H1N1 immunisation (range: 2.1%e24.7%) [60]. Across Europe, the uptake varied with Spain, Hungary,
Estonia and Slovenia reporting that <10% of pregnant women were immunised and the Netherlands
reporting the highest rates of 58% [61]. Prior to the 2009 pandemic, few countries had policies to
immunise all pregnant women against influenza. In the UK, the uptake varied by gestation, with the
lowest probability in the first trimester. Women with underlying health conditions had much higher
uptake [62]. This suggests further emphasis is needed on the safety and benefits of immunisation in
pregnancy.

For seasonal influenza, only a small number of countries meet the World Health Assembly reso-
lution goal to immunise >75% of vulnerable persons [57]. Of the 11 EU member states for which data
are available, immunisation coverage varies considerably, from <1% in Armenia, the former Yugoslav
Republic of Macedonia, Lithuania and Ukraine to 86.5% of women in the second and third trimester
targeted in Kazakhstan [58]. Globally, Argentina reports one of the highest coverage rates, reaching
over 95% of pregnantwomen annually from2012 to 2014 [63]. The uptake of influenza immunisation in
pregnant women in the UK is relatively low, with only 45% of all pregnant women receiving immu-
nisation in 2018e2019 [64].

A 2013 systematic review of the uptake of influenza vaccination in pregnant women identified a
number of characteristics that increased the likelihood of immunisation. These included women that
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Fig. 2. Vaccine recommendations for pregnant women in the WHO European Region between 2008/2009 and 2014/2015 [58].
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were of white ethnicity and non-smokers [65], which have been confirmed in more recent studies
[22,66]. Several studies have reported an association with higher socio-economic status such as pro-
fessional employment or higher education [65] but not all studies are conclusive [22]. The character-
istics of pregnant women associated with influenza vaccination uptake during seasonal campaigns and
the H1N1 pandemic have been reported to be similar [65].

The reasons for differing coverage are complex, interrelated and specific to different contexts. In
lower-resourced countries, limited vaccine procurement impedes coverage [58]. Where there is
adequate policy and procurement in place, a number of other barriers have been cited. The circulating
influenza strain is constantly changing; therefore, the strain of vaccine has been changing annually in
both the Northern and Southern Hemisphere to match the circulating strain. This, along with dimin-
ishing immunity over time, means that vaccination in every pregnancy is recommended. In temperate
climates, there are clear seasonal patterns of influenza transmission, so the vaccine is targeted in
annual campaigns at the start of these periods. This has considerable operational implications, for
example, in procurement, cold chain storage and health system capacity [56].
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It is also recommended that vaccine delivery occurs through pre-existing healthcare contacts, for
example, through routine antenatal care [67] as easy access to vaccination services improve the uptake
[65]. In many LMIC, the coverage of antenatal care means that the opportunities for vaccine provision
may be fewer. Argentina's success has been attributed to joint effort between operational and central
health teams with the support of scientific societies and opinion leaders, and a committed campaign for
community awareness, including media communications [63]. In the UK, vaccines can be provided by
primary care, hospital-based maternity care or community pharmacies. Whilst this provides multiple
opportunities for provision, it means accurate data capture is challenging and local policies differ, with
immunisations rarely being provided in the same context as antenatal care. In the light of the SARS-CoV-
2 pandemic, in the 2020/21 influenza season, all NHS Hospitals will be asked to offer vaccinations to
pregnant women attending maternity appointments with the aim of improving coverage [68].

In the UK, there is variation in the proportion of women immunised against influenza based on their
estimated due date. Women in their first or third trimester during the main influenza immunisation
programme in November are less likely to be immunised [22]. Whilst in the first trimester, this may
represent the delay in recognising or booking pregnancy, women in their third trimester have sub-
stantial contact with HCP and opportunity for immunisation. The most commonly cited reasons for not
being immunised include: the perception that influenza is a mild disease and that the risk of infection
was low and the lack of accurate knowledge that the vaccine is effective and safe [65,66,69]. Data from
Public Health England show that only a small proportion of pregnant women in the UK refuse or
decline immunisation (5$7%) [64]. Similarly, a systematic review identified that oftenwomenwere not
aware that they should receive the vaccine [65]. The provision of information on immunisation by HCP
has consistently been shown to increase immunisation uptake by as much as 100-fold [70e72].
Pregnant womenwho were recommended immunisation by HCP were also more likely to believe it to
be safe and effective [65]. However, evidence from surveys of HCP found that only 62% of midwives had
received training on immunisation in pregnancy and 60% were confident in giving advice. Only 9% gave
immunisations, despite the majority being happy to do so [73].

Whilst there is considerable evidence about the barriers to immunisation in pregnancy, there is
little evidence to support interventions to overcome them. The National Institute for Health and Care
Excellence (NICE) undertook a systematic review in 2018, which identified few studies in pregnancy. A
number of interventions, including education resources/information by healthcare professionals,
message reminder services and multi-component interventions, including vaccine champions and
interactive educational materials have been studied, with predominantly negative findings [74].

Lessons learned

We have described a number of characteristics that increase the risk of severe outcomes with
influenza in pregnancy. It is important to note that the similarities with those hospitalised with SARS-
CoV-2, where over half of pregnant women admitted to hospital with SARS-CoV-2 infection in preg-
nancy were from black or other ethnic minority groups (56%), two-thirds were overweight or obese
(69%) and a third had pre-existing co-morbidities (34%) [75]. This suggests that these groups are at a
greater risk of future viral pandemic illness, and pandemic preparedness plans should take this into
account. There may also be a role in optimising health pre-pregnancy to reduce the risks associated
with seasonal influenza, alongside the promotion of immunisation and a lower threshold for seeking
health care and admitting women from these risk groups, as has been recommended for women of
BAME groups by the Royal College of Obstetricians and Gynaecologists (RCOG) in the SARS-CoV-2
pandemic [76].

Despite proven safety and efficacy, influenza immunisation policy and uptake vary globally. For
policymakers tomake informed decisions about immunisation programmes, reliable data are essential.
It is, therefore, vital that pregnant women are included in immunisation trials, yet they are often
systematically excluded [77]. A recent media report suggested that the first two COVID-19 vaccines to
enter large-scale testing in the USwill not include pregnant women [78]; similarly, pregnant women or
those planning to become pregnant are currently excluded from both national vaccine trials in the UK
[79]. Maternal immunisation has the potential to protect not just the mother but also the baby before
delivery, and in the first few months of life, as shown with the influenza vaccine. Research should,
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therefore, also aim to assess the impact of immunisation throughout this vulnerable period to fully
inform investment decisions.

Should a COVID-19 vaccine become available for use in pregnancy, implementation programmes
will need to take into account the challenges faced in delivery of other immunisations. However,
there is a lack of evidence to identify ways to overcome barriers to the vaccination of pregnant
women. Strategies could consider the ease of access, ideally within routine antenatal care with
training of maternity care providers and dissemination of accessible information on the risks and
benefits to the mother, fetus and infant. Communication strategies would need to remain flexible as
information arises and may differ as risk groups are identified, for example, targeting language
barriers [80].
Summary

Influenza in pregnancy is a relatively common condition that can cause increased risk of hospital
admission, particularly in the later stages of pregnancy. Whilst the risk of severe morbidity and
mortality from influenza in pregnancy is not increased as compared to the general population, it still
causes excess hospital admissions and preventable deaths. Some studies suggest that women with a
raised BMI, of black or other minority ethnic group, or with underlying medical conditions are at a
greater risk of severe outcomes. Data on the perinatal impact are very heterogeneous but there is
evidence that severe influenza may increase the risk of preterm birth and fetal death or intensive care
admission. In infants under 6 months, limited evidence suggests that influenza increases the risk of
hospitalisation and severe lower respiratory infections. There are substantial gaps in our knowledge of
the impact of influenza, particularly in LMIC. Future pandemic strategies in pregnancy should consider
mechanisms for collecting and communicating data.

Influenza vaccines are cost-effective, safe and effective to help prevent influenza in pregnant
women and their infants. However, the majority of evidence relates to high-income settings. Preg-
nant women should be included in vaccine trials, which should also examine the impact on infants.
Policies on immunisation in pregnancy vary worldwide and many countries have poor uptake. There
are many interrelated reasons for this, but operational challenges and concern over the safety, ef-
ficacy and necessity of immunisation are common. There is insufficient evidence on how to overcome
these barriers.
Practice points

� Influenza immunisation should be promoted to all pregnant women at any stage of
pregnancy.

� Antiviral treatment should be commenced as early as possible in pregnant womenwith signs
of influenza.

� Pandemic preparedness plans should consider mechanisms to collect and communicate
data and how to deliver essential maternity care safely.

Research agenda

� There is a lack of epidemiological, and therefore cost-effectiveness, studies of influenza in
pregnancy undertaken in low- and middle-income countries. Current surrogates of hospital
and ICU admission may inadequately describe morbidity in this setting.

� Vaccine trials should include pregnant women and should explore the longer-term impact of
maternal immunisation on infant outcomes.

� Future research should explore how to overcome barriers to immunisation in pregnancy.
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