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A B S T R A C T

Background: In 2012, the World Health Organization recommended influenza vaccination for all pregnant
womenworldwide andtheprioritisationof pregnant womeninnational influenzavaccinationprogrammes.
Nevertheless, vaccination rates in pregnant women often remain much lower than national targets.
Objectives: To assess the benefits and risks associated with influenza infection and vaccination during
pregnancy, and to consider obstacles that work against influenza vaccine uptake during pregnancy.
Results: There is strong evidence that maternal and foetal outcomes can be compromised if women develop
influenza infections during pregnancy. Influenza vaccines have been administered to millions of pregnant
women andhave demonstrated benefits in terms of disease prevention in mothers and their infants.There is
a consensus amongst several recommending authorities that influenza vaccines may be safely administered
during all stages of pregnancy. Healthcare professionals are recognised as the most important influencers of
vaccine uptake, being well placed to recommend vaccination and directly address safety concerns.
Conclusions: Despite data supporting the value of influenza vaccination during pregnancy, vaccine uptake
remains low globally. Low uptake appears to be largely due to ineffective communication with pregnant
women about the risks and benefits of influenza vaccination. A graphical abstract is available online.
© 2020 GlaxoSmithKline Biologicals S.A. Published by Elsevier Ltd on behalf of International Society for
Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
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Introduction

Pregnancy and early infancy are periods of increased
vulnerability to some infections for both mother and child (Jones
and Heath, 2014). Due to physiological and immunological
changes, pregnancy may increase susceptibility to infection
and increase the risk of serious outcomes of infections, such as
hepatitis E, herpes simplex virus, influenza, listeriosis, and
malaria (Kourtis et al., 2014; Sappenfield et al., 2013). Changes
in the immune system during pregnancy are mediated by
hormones, cytokines, and immune cells, as well as structural
changes such as remodelling of the endometrium (Vojtek et al.,
2018). Despite these changes, pregnant women are still able to
respond with antibody responses and immune memory following
natural infection and vaccination that is similar to non-pregnant
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women (Vojtek et al., 2018), although cellular responses may be
impaired (Shah et al., 2019).

Cardiopulmonary changes occurring during pregnancy,
such as increased heart rate, stroke volume and oxygen
consumption and reduced pulmonary capacity, may increase
the risk of hypoxemia and contribute to increased severity of
influenza infection in pregnant women (Vojtek et al., 2018).
The increased vulnerability of pregnant women to influenza
was illustrated during the 1918 and 2009 pandemics (Kourtis
et al., 2014; Sakala et al., 2016). Mortality amongst pregnant
women was 27% during the ‘Spanish flu’ pandemic in 1918
(Kourtis et al., 2014). Between April and August of the 2009 A
(H1N1) influenza pandemic, 30 pregnant women died in the
United States (US), accounting for 5% of all influenza-related
deaths in the US during that period, although this demographic
only represented approximately 1% of the overall population
(Siston et al., 2010). Available data suggest that influenza
complications may be more common during the second and
third trimesters (Siston et al., 2010).
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2019.12.019&domain=pdf
mailto:philippe.x.buchy@gsk.com
https://doi.org/10.1016/j.ijid.2019.12.019
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijid.2019.12.019
http://www.sciencedirect.com/science/journal/12019712
www.elsevier.com/locate/ijid


Figure 1. Adverse outcomes of influenza infection in pregnant women, the foetus,
and the infant.
Legend: 1(Moniz and Beigi, 2014); 2(Prasad et al., 2019); 3(Neuzil et al., 1998);
4(Mazagatos et al., 2018); 5(Mosby et al., 2011); 6(Haberg et al., 2013); 7(Creanga
et al., 2010); 8(Tempia et al., 2015); 9(Meijer et al., 2015); 10(Cox et al., 2006);
11(Martin et al., 2013); 12(Ribeiro et al., 2018); 13(Chaves et al., 2014); 14(Poehling
et al., 2006); 15(Nelson et al., 2014); 16(Zhang et al., 2017).
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Young children are most vulnerable to infectious disease
between birth and 6 months of age (Jones and Heath, 2014).
Although overall mortality has been greatly reduced in children
below 5 years of age over the last three decades, only minimal
reductions have been achieved in very young infants (GBD 2015
Child Mortality Collaborators, 2016). In 2015, 2.6 million out of a
total of 5.8 million children who died before 5 years of age
worldwide, died in the neonatal period (0–27 days of age) (GBD
2015 Child Mortality Collaborators, 2016; Giles et al., 2018).

In the first months of life, the adaptive immune system of
infants is unable to mount a fully protective response to many
pathogens, because foetal and neonatal T cells are skewed towards
Th2 immune responses that are not very effective against
intracellular pathogens (Levy, 2007). During this period, infants
rely on maternally transferred immunoglobulin G (IgG) antibodies
present at birth in full-term infants for protection against many
infectious diseases, but this defence may not be optimal in preterm
infants. Transferred maternal immunity is important in the context
of influenza because influenza vaccines are not currently licensed
for use in children younger than 6 months of age.

Maternal immunisation builds on the concept that maternal
levels of pathogen-specific antibodies are boosted and provide
protection for the infant until it can mount its own effective
immune response to immunisation. The transfer of maternal
antibodies from immunised mothers across the placenta to the
foetus is initiated at around week 17 of pregnancy and increases
with gestation, so that by week 33 the foetal antibody levels often
match, and in many cases exceed maternal levels due to active
transplacental antibody transport (Jones and Heath, 2014). After
delivery, maternal antibodies may be transferred to the infant via
the breastmilk (Rasmussen et al., 2014). Since the level of
protective maternal antibodies in the infant wanes by 2–3 months
after birth, elevated baseline maternal antibody levels confer
an extended period of maternally derived infant immune
protection (Eick et al., 2011; Jones and Heath, 2014).

The successful prevention of infectious disease in young
infants after maternal immunisation has been demonstrated for
other infectious diseases. Maternal immunisation has greatly
contributed to the elimination of neonatal tetanus (96% reduction
in mortality), and has reduced the incidence of pertussis
infections in infants younger than 8 weeks by up to 90% (Giles
et al., 2018).

In 2012, the World Health Organization (WHO) recom-
mended influenza vaccination for all pregnant women world-
wide (WHO, 2012). Despite WHO recommendations to prioritise
pregnant women in national influenza vaccination programmes
(WHO, 2012), vaccination rates in pregnant women have often
remained much lower than proposed by national targets. This
paper discusses the benefits and risks associated with influenza
vaccination during pregnancy, and considers obstacles that need
to be overcome in order to improve influenza vaccination
coverage in expectant mothers. This commentary draws
together the results of important randomised clinical trials,
observational studies, and meta-analyses that have been
conducted to examine different aspects of maternal vaccination,
and explores solutions to improve influenza vaccine coverage
during pregnancy.

Risks associated with influenza infection for the mother, the
foetus, and the infant: the burden of disease

Influenza increases morbidity, severe disease, and hospitalisations in
pregnant women

Influenza is a frequent viral infection that is estimated to
affect 11% of pregnant women (Fiore et al., 2009; Irving et al.,
2000). Compared with the general population, pregnant women
are at increased risk of serious illness due to influenza virus
infection, although risk estimates vary widely between studies,
possibly reflecting virus virulence in individual seasons, access
to healthcare, and physician thresholds for hospital admission
(Meijer et al., 2015). A systematic review of 100 studies, of which
96 were observational in design, showed that 5–87% of pregnant
women with influenza were hospitalised, of whom 0–22% had
severe disease defined as intensive care admission or death
(Meijer et al., 2015). Among pregnant women with influenza-
associated intensive care admission, mortality ranged from 0 to
33% (Meijer et al., 2015). A recent meta-analysis using
individual-level data from previous studies found that pregnan-
cy increased the risk of influenza-related hospitalisation by
seven-fold (adjusted odds ratio (aOR) 6.80, 95% confidence
interval (CI) 6.02–7.68), and that the risk was increased in older
mothers and women with any cardio-respiratory disease (Mertz
et al., 2019).

A hospital database study in the US reported that hospitalised
pregnant women were more likely to have a respiratory illness
during influenza season if they also had a high-risk condition for
which influenza vaccination is recommended (aOR 3.2, 95% CI
3.0–3.5) (Cox et al., 2006). Risks associated with influenza
infection for the mother, the foetus, and the infant are
summarised in Figure 1.
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A study in New Zealand performed during 2012–2015 reported
that the risk of hospitalisation following influenza infection in
pregnancy was higher for Maori women compared with women of
European or other ethnicity (rate ratio (RR) 3.2, 95% CI 1.3–8.4),
and for pregnant women infected with influenza A virus (RR for
H3N2 3.0, 95% CI 1.8–5.0), but not influenza B virus (RR 1.8, 95% CI
0.7–4.6) (Prasad et al., 2019). The same study also reported that
pregnant women experienced higher rates of influenza hospital-
isation compared with non-pregnant women (RR 3.4, 95% CI 2.5–
4.7), but no increased risk of hospitalisation was observed post-
partum (RR 0.7, 95% CI 3.0–7.7). Complementing these data, a US
(nested) case–control study using healthcare insurance claims data
reported that during an influenza season, women in the second
and third trimesters had a higher risk of hospitalisation
for cardiopulmonary events than those in the post-partum period
(OR 3.41, 95% CI 3.09–3.76) (Neuzil et al., 1998). The cohort study
found that the incidence of hospitalisation due to a cardiopulmo-
nary event was significantly higher among pregnant women
during influenza seasons (influenza attributable risk 10.48, 95% CI
6.70–14.26 for the third trimester). In a Spanish study of the 2010–
2016 influenza seasons, pregnant women had a relative risk of
hospitalisation with severe influenza that was nearly eight times
higher than that of non-pregnant women of reproductive age
(Mazagatos et al., 2018). Several studies have also reported that
influenza infection during pregnancy during the 2009 A(H1N1)
influenza pandemic was associated with an increased risk of
hospital admission (Creanga et al., 2010; Haberg et al., 2013; Mosby
et al., 2011).

In 1999–2009 in South Africa, the estimated mean annual
seasonal influenza-associated mortality rates were elevated for
pregnant versus non-pregnant women (12.6 vs 7.3 deaths per
100 000 person years (PY)). This elevated mortality rate in
pregnancy was further exacerbated by concomitant HIV infec-
tion (74.9 deaths in HIV-positive vs 1.5 deaths in HIV-negative
per 100 000 PY) and by the 2009 A(H1N1) pandemic (19.3 vs 9.4
deaths per 100 000 PY for pregnant vs non-pregnant women,
respectively) (Tempia et al., 2015). Of note, a meta-analysis of 33
datasets that included participant-level data of 186 656
individuals confirmed that pregnant women were at higher
risk of hospital admission (OR 6.80, 95% CI 6.02–7.68), but did
not find that pregnancy was a risk factor for influenza-related
intensive care admission or death, except in those with an
underlying immunocompromising condition or diabetes and in
older mothers. A cohort study of pregnant and not pregnant
women would need to be conducted to address the discrep-
ancies between the results of previous ecological studies and
this meta-analysis (Mertz et al., 2019).

Influenza infection may harm the foetus

A systematic review and meta-analysis reported on 10
studies that evaluated foetal outcomes in women with pandemic
A(H1N1) infection during pregnancy (He et al., 2017). Maternal
influenza infection was significantly associated with low
birth weight (RR 1.71, 95% CI 1.03–2.84), and stillbirth (RR
2.36, 95% CI 1.05–5.31), and lower 5-minute APGAR (Activity,
Pulse, Grimace, Appearance, Respiration) score (not significant)
compared with newborn infants of women without influenza
(He et al., 2017).

Pregnant women hospitalised with a respiratory illness have an
increased risk of foetal distress, foetal mortality, preterm delivery,
low weight, and need for caesarean section compared with
hospitalised pregnant women without respiratory illness (Cox
et al., 2006; Martin et al., 2013; Ribeiro et al., 2018). Infants born to
pregnant women with influenza who were admitted to an
intensive care unit were more likely to have adverse outcomes
compared to infants born to women with influenza who were not
admitted to intensive care (Newsome et al., 2019). In line with this
finding, a Norwegian study found that mild influenza illness during
pregnancy was not associated with an increased risk of pre-
eclampsia, preterm birth, or the foetus being small for gestational
age (Laake et al., 2018). In contrast, influenza infection in
pregnancy during the 2009 A(H1N1) influenza pandemic was
associated with increased foetal mortality and increased preterm
and emergency caesarean deliveries (Haberg et al., 2013; Mosby
et al., 2011).

Influenza is a severe disease in infants less than 6 months of age

The burden of influenza among infants less than 6 months of
age who are the target of maternal immunisation programmes is
less well described (Fell et al., 2017). Observational studies
consistently show that children aged younger than 6 months have
a high risk of hospital admission due to influenza (Chaves et al.,
2014; Nelson et al., 2014; Poehling et al., 2006; Zhang et al., 2017).
Estimates of the incidence of hospitalisation for laboratory-
confirmed seasonal influenza in this age group range from 6.2 to
73.0 per 10 000 infants under 6 months (except for one study for
which the rate was 250 per 10 000 infants) (Fell et al., 2017). Few
studies have reported long-term morbidity or mortality rates
after influenza infection in young infants. A population-based
study that used hospital laboratory surveillance data in the US
from 2003 to 2012 reported that the influenza-related hospital-
isation rate was highest in infants less than 3 months of age (328
per 100 000 infants, range 84–644, vs 117 per 100 000 range 45–
194 in 3 to <6 month-olds) (Chaves et al., 2014). Among all infants
less than 12 months of age hospitalised with influenza, 10%
required admission to intensive care and 4% needed mechanical
ventilation. The risk of intensive care admission was significantly
higher in infants aged less than 3 months compared to 6–12-
month-old infants (aOR 1.40, 95% CI 1.04–1.88) (Chaves et al.,
2014). The presence of high-risk conditions in the infant, such as
lung disease, cardiovascular disease, or neurological and neuro-
muscular disorders, significantly increased the risk of intensive
care admission (Chaves et al., 2014).

Immunogenicity, effectiveness, and safety of influenza vaccines
in pregnant women, foetuses, newborns, and infants

Immunogenicity of influenza vaccination in pregnant women and
antibodies in newborns and infants

Most studies have shown that the antibody response to
influenza vaccine is similar in pregnant and non-pregnant
women (Haberg et al., 2013; Mak et al., 2008), although there is
some debate as to the optimal timing of vaccination in
pregnancy. A meta-analysis of 16 studies found that the
response to influenza vaccination was 1.33–1.96-fold higher in
women vaccinated during the third trimester of pregnancy than
at earlier time points, with evidence suggesting that vaccination
later in pregnancy increased antibody transfer to the foetus by
1.21–1.64-fold (Cuningham et al., 2019). However, earlier
vaccination provides longer protection against influenza for
the pregnant woman, and averting infection early in pregnancy
may have positive benefits for the foetus. For example, the rate
of low birth weight is lower among infants of women vaccinated
earlier rather than later in pregnancy (Katz et al., 2018).
Conversely, antibody waning by the time of delivery may result
in lower cord antibody levels and increase the risk of maternal
influenza during the post-partum period, with transmission to
the infant. The timing of the influenza season with respect to
pregnancy and vaccination may also impact the effectiveness of



4 P. Buchy et al. / International Journal of Infectious Diseases 92 (2020) 1–12
vaccination. Re-vaccination later in pregnancy may be necessary
for women who receive influenza vaccination during the first
trimester (Cuningham et al., 2019).

Vaccine-induced influenza-specific maternal antibodies appear
to have high transplacental transfer rates (87–99%), depending on
the IgG antibody subtype. The half-life of maternal vaccine-derived
antibodies in the infant circulation is 43–53 days, which is similar
to the half-life of transplacental antibodies derived from naturally
acquired maternal influenza infections (Englund et al., 1993; Mak
et al., 2008).

A randomised study found that a single dose of high-dose
inactivated monovalent 2009 A(H1N1) influenza vaccine adminis-
tered during the second or third trimester induced influenza
haemagglutinin inhibition (HAI) titres of �1:40 (considered as
seroprotective) in 93% of pregnant women (Jackson et al., 2011).
HAI titres in cord blood were 1.81–2.96-fold higher than in
maternal blood samples at delivery.

Maternal vaccine-induced antibodies appear to persist for at
least 3 months in infants (Cuningham et al., 2019; Jackson et al.,
2011; Kostinov et al., 2018).

A US prospective, observational cohort study during the 2002–
2005 influenza seasons found that infants born to influenza-
vaccinated mothers had higher antibody titres at birth and at 2–3
months old, but not at 6 months old, compared with infants of
unvaccinated mothers (Eick et al., 2011).

Efficacy and effectiveness of influenza vaccine in pregnant women and
their infants

The efficacy and effectiveness of maternal influenza vaccination
in preventing maternal influenza, adverse foetal outcomes, and
influenza infection in their infants have been explored in
observational studies and in a small number of randomised
controlled trials (RCTs).

A Norwegian national registry study of 117 000 pregnancies
during the 2009–2010 A(H1N1) pandemic reported that vaccina-
tion of pregnant women decreased the risk of influenza diagnosis
during pregnancy by 70% (Haberg et al., 2013).

Investigators of a US study with a trivalent inactivated influenza
vaccine reported an approximately 50% reduction in risk of acute
respiratory illness associated with laboratory-confirmed influenza
among pregnant women, similar to the protection observed among
all adults during two influenza seasons (Thompson et al., 2014). In
a recent Danish cohort study, influenza vaccine efficacy against
laboratory-confirmed influenza was 63.9% (95% CI 29.1–81.6%) in
pregnant women and 56.8% (95% CI 25.0–75.1%) in infants aged <6
months (Molgaard-Nielsen et al., 2019). The retrospective PRE-
VENT (Pregnancy Influenza Vaccine Effectiveness Network) study
demonstrated 40% protection against laboratory-confirmed influ-
enza-associated hospitalisation during pregnancy between 2010
and 2016 (Thompson et al., 2019). Data from a RCT in Bangladesh
showed that women vaccinated in the third trimester of pregnancy
had significantly fewer respiratory illnesses with fever than
controls (vaccine efficacy 28.9%, 95% CI 6.9–45.7%) (Zaman et al.,
2008).

Partial protection provided by vaccination against influenza has
also been demonstrated in HIV-infected pregnant women (Madhi
et al., 2014). Vaccine efficacy against laboratory-confirmed influenza
among HIV-infected women vaccinated during pregnancy was 57.7%
(95% CI 0.6–82.1%) compared with 50.4% (95% CI 14.5–71.2%) among
HIV-uninfected controls (Madhi et al., 2014). Pandemic and seasonal
influenza vaccination during pregnancy has been associated with
reduced low birth weight and reduced preterm births (Giles et al.,
2019; Nunes et al., 2016a). A meta-analysis of 16 studies of foetal
outcomes after A(H1N1) vaccination during pregnancy found a
lowerriskofstillbirth among womenwhohadbeenvaccinatedatany
time during pregnancy (adjusted hazard ratio 0.80, 95% CI 0.6–0.92),
although the quality of the evidence prohibited a definite conclusion
(Zhang et al., 2018).

A RCT of influenza vaccine versus placebo in 3693 pregnant
women administered at either 17–25 weeks or 26–34 weeks of
pregnancy, found that vaccine efficacy against laboratory-
confirmed influenza in infants did not differ significantly by
gestational age at vaccination (Katz et al., 2018). The study
reported no statistically significant differences between the
early and late-vaccinated cohorts in terms of confirmed
maternal influenza during pregnancy, low birth weight, small-
for-gestational age, or preterm birth.

A prospective, active-controlled, observer-blind, randomised
phase 4 trial evaluated vaccine efficacy against laboratory-
confirmed influenza in the infants of pregnant women in Mali
vaccinated during the third trimester with a trivalent inactivated
influenza vaccine (Tapia et al., 2016). Cumulative vaccine efficacy
was 67.9% (95% CI 48.4–89.8%) after the first 4 months of follow-
up, diminishing thereafter (57.3%, 95% CI 30.6–74.4% during the
5th month). A placebo-controlled RCT of trivalent inactivated
influenza vaccine in pregnant women found that vaccine efficacy
in infants was highest until 8 weeks of age (85.6%, 95% CI 38.3–
98.4%), decreasing to 30.3% (95% CI �154.9–82.6%) by 16–24
weeks of age (Nunes et al., 2016b). In the US, the effectiveness of
influenza vaccine given to pregnant women was 45–92% at
preventing seasonal influenza-related hospitalisations in infants
aged <6 months (Benowitz et al., 2010; Poehling et al., 2011). In
England during the 2013–2014 influenza season, vaccination
prevented 71% of influenza infections in infants aged <6 months
and prevented 64% of infant hospitalisations due to influenza
(Dabrera et al., 2014). Infants under 6 months of age born to US
mothers who where immunised during pregnancy were less
likely to have a medically attended acute respiratory illness
during the peak of the 2004–2005 influenza season, when
compared with infants born to non-immunised mothers matched
by age and date of delivery (10.9% vs 31%, p < 0.001) (Mak et al.,
2008). A meta-analysis of four RCTs and five observational studies
found that influenza vaccination during pregnancy reduced
laboratory-confirmed influenza in infants by 48% (95% CI 33–
59%), and reduced influenza-associated hospitalisation by 72%
(95% CI 39–87%) (Nunes and Madhi, 2018). Other studies in
developing countries (Bangladesh, Nepal, Mali, and South Africa)
have reported that maternal vaccination reduces influenza disease
and severe pneumonia episodes among infants (Omer et al., 2018;
Zaman et al., 2008).

Safety of influenza vaccines in pregnant women and foetuses

Influenza vaccines have been used in pregnant women in the US
since the 1950s (Jones and Heath, 2014). Prior to the 2009 influenza
pandemic, studies of vaccination in pregnancy were limited due to
theoretical safety concerns and reluctance to enrol pregnant
women in clinical trials. However, during the 2009 A(H1N1)
pandemic, the risk of disease outweighed expected adverse events
and studies in pregnant women were initiated.

A retrospective observational cohort study in the US with
75 900 vaccinated and 148 000 unvaccinated pregnant women
concluded that receipt of a trivalent inactivated influenza vaccine
during pregnancy was not associated with an increased risk of
adverse events in the 42 days post vaccination, supporting its
safety for mothers (Nordin et al., 2013). In 2009–2010, 2.4 million
pregnant women were vaccinated in the US, and no patterns of
adverse outcomes for mother or child were identified (Munoz,
2012). Similarly, a Danish cohort study of 7000 influenza
vaccinated women reported no evidence of an increased risk of
foetal death associated with exposure to an adjuvanted pandemic
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2009 A(H1N1) influenza vaccine during pregnancy (Pasternak
et al., 2012). A US prospective RCT of two licensed seasonal
trivalent inactivated influenza vaccines came to similar conclu-
sions (Munoz et al., 2018).

An Australian cohort study investigating the safety of a trivalent
inactivated influenza vaccine found no evidence suggesting that
adverse events following vaccination are more common in
pregnant women compared to non-pregnant women controls of
similar age (Regan et al., 2015). In a similar way, a Thai cohort study
reported that adverse events following immunisation with a
trivalent inactivated influenza vaccine in pregnant women
occurred with a similar frequency to those reported by healthy
adults in other studies, and that adverse events were generally
mild and self-limiting. No influenza vaccine-associated serious
adverse events were reported (Asavapiriyanont et al., 2018).

Systematic reviews of the safety of influenza vaccination in
pregnancy emphasise that inactivated influenza vaccine can be
safely and effectively administered during any trimester of
pregnancy, and that no study to date has demonstrated an
increased risk of either maternal complications or adverse foetal
outcomes associated with inactivated influenza vaccination
(Bratton et al., 2015; Fell et al., 2015; McMillan et al., 2015; Nunes
et al., 2016a; Polyzos et al., 2015). A WHO review of the safety
of influenza vaccines concluded that no adverse effects on
pregnancy outcomes have been reported for non-adjuvanted or
adjuvanted influenza vaccines (WHO, 2014). Of note, as for other
live-attenuated vaccines, live-attenuated influenza vaccines are
contraindicated during pregnancy (ACIP, 2011).

Numerous large studies and meta-analyses have demonstrated
that inactivated influenza vaccines do not increase the risk of foetal
death, adverse foetal outcomes, adverse birth outcomes, low birth
weight, spontaneous abortion, or congenital malformations (Jeong
et al., 2019; Ludvigsson et al., 2015; Madhi et al., 2014; McHugh
et al., 2019; McMillan et al., 2015; Omer et al., 2015; Steinhoff et al.,
2017).

A case–control study showed an association between sponta-
neous abortion and vaccination with inactivated influenza vaccine
within a 28-day exposure period, but only among women who had
received an A(H1N1)-containing vaccine in the previous influenza
season (aOR 7.7, 95% CI 2.2–27.3) (Donahue et al., 2017). The
interpretation of this finding is difficult in view of the study design,
which cannot be easily compared with other available data. The
implications for vaccinating pregnant women are not known given
that the composition of seasonal vaccines changes annually
(Chambers et al., 2017). Further investigation is required, but
these results did not lead to changes to the recommendations of
the Advisory Committee on Immunization Practices for vaccinat-
ing pregnant women.

The effect of maternal influenza vaccination on the immune
response of infants to subsequent influenza vaccination has not
been explored in humans. Given that influenza vaccines are not
currently recommended until 6 months of age, any theoretical
interference by maternal antibody is likely to be minimal.

Some authorities recommend influenza vaccination only in the
second or third trimesters because of theoretical concerns
associated with administering vaccines during embryogenesis.
While the large bodies of available evidence described above
support the safety of influenza vaccination in early pregnancy,
much of the data rely on observational studies potentially prone to
confounding factors. Further studies are required to validate any
potential association between seasonal influenza vaccination and
spontaneous abortion, and to assess vaccine safety in early
pregnancy. To this end, a US Mini-sentinel Post-Licensure Rapid
Immunization Safety Monitoring (PRISM) project, created in 2009
to monitor the safety of the H1N1 vaccination programme, is
establishing a framework to use claims data, birth certificate
information, and vaccine information to evaluate pregnancy
outcomes after influenza vaccination (Nguyen et al., 2012).

International and national recommendations and guidelines
for maternal influenza immunisation

The WHO produces global vaccination recommendations that
are adapted by individual countries based on local information
about risk groups, disease burden, and cost-effectiveness.
Importantly, contradictions that may occur between national
guidelines, recommendations (based on post-marketing experi-
ence), and vaccine labels (based on pre-licensure clinical studies)
may make messages on maternal vaccination appear ambiguous
for healthcare providers (HCPs) and the public (Regan, 2016).

In 2012, the WHO recommended that all pregnant women
worldwide receive influenza vaccination regardless of stage of
pregnancy. For the first time, the WHO also emphasised pregnant
women as the highest priority group in countries considering
initiating or expanding seasonal influenza vaccination
programmes (WHO, 2012). In 2014, 115 of 194 WHO Member
States (59%) had a national influenza immunisation policy, with 85
of these countries (44%) having influenza vaccination programmes
aimed specifically at pregnant women. Recommendations made
by a selection of authorities worldwide are provided in Table 1.
The inclusion of pregnant women in a national influenza
vaccination policy was found to be more likely in high- or upper
middle-income countries (Ortiz et al., 2016).

The Advisory Committee on Immunization Practices of the US
Centers for Disease Control and Prevention and the American
College of Obstetricians and Gynecologists recommend that
women who are or will be pregnant during the influenza season
receive an inactivated influenza vaccine as soon as it is available
(ACOG, 2018; Fiore et al., 2009). Both authorities emphasise that
any of the licensed, recommended, age-appropriate inactivated
influenza vaccines can be given safely during any trimester. They
also recommend that obstetricians and gynaecologists, as well as
other HCPs, should counsel pregnant women about the safety and
benefits of influenza immunisation for themselves and their
foetuses and advocate for the benefits of passive immunity from
maternal immunisation for their newborns (ACOG, 2018).

An extensive review conducted by the European Centre for
Disease Prevention and Control concluded that the vaccination of
pregnant women against influenza could reduce the number of
influenza-related hospitalisations and deaths in pregnant women
and potentially reduce the burden of influenza in children younger
than 6 months, for whom influenza vaccination and antiviral
treatment are not indicated (ECDC, 2012).

Current influenza vaccination coverage

In the European Union, recommendations to vaccinate pregnant
women have been adopted by an increasing number of countries
(91% in 2014–2015 compared with 40% in 2008–2009) (Jorgensen
et al., 2018). Among a few (n = 11) countries with readily available
vaccine coverage data, the median influenza vaccine coverage rate
in pregnant women was 8.7%, compared to 34.4% amongst older
adults also at risk (Jorgensen et al., 2018). In the US 2017–2018
influenza season, vaccine uptake before or during pregnancy was
49.1% (Kahn et al., 2018), which is lower that the Healthy People
2020 target of 80% (Healthy-People.gov, 2019). One study in Hong
Kong found 1.7% influenza vaccine uptake amongst pregnant
women (2010–2011 season) (Yuet Sheung Yuen et al., 2013). By
contrast, a hospital survey in Brazil in 2010 found that maternal
influenza vaccine uptake was 95.7% following a government
vaccination campaign (Kfouri Rde and Richtmann, 2013). However,
it is not known whether the results are generally applicable across



Table 1
Influenza vaccine recommendations during pregnancy (non-exhaustive).

Country (recommending body) Influenza vaccine recommendation Reference

World Health Organization All pregnant women worldwide regardless of stage of
pregnancy

WHO (2012)

Australia (Australian Technical Advisory Group on
Immunisation)

Pregnant women are strongly recommended to receive
influenza vaccine in each pregnancy

ATAGI (2018)

Australia, New Zealand (Royal Australian and New Zealand
College of Obstetricians and Gynaecologists)

All pregnant women regardless of gestation, and in women
planning pregnancy

RANZCOG (2011)

United Kingdom, Ireland, France, Spain, Portugal, Greece,
Finland, Poland, Estonia, Latvia, Lithuania, Luxemburg,
Liechtenstein, Romania, Hungary, Slovakia, Czech
Republic, Slovenia, Malta

All pregnant women ECDC (2018)

Cyprus, Belgium, Italy Healthy pregnant women in their second and third
trimesters

Germany, Norway, Denmark, Sweden All pregnant women in the second and third trimesters and
during any trimester or women with clinical risk

Argentina, Bahamas, Belize, Bermuda, Bolivia, Brazil,
Cayman Islands, Colombia, Cuba, Dominica, Dominican
Republic, Ecuador, El Salvador, Guatemala, Mexico,
Nicaragua, Panama, Paraguay, Peru, St. Lucia, Suriname,
Turks and Caicos, Uruguay, Venezuela

Targeted for influenza vaccination Ropero-Alvarez et al. (2016)

United States (Advisory Committee on Immunization
Practices, the American College of Obstetricians and
Gynecologists)

Influenza vaccination recommended for all pregnant
women

ACOG (2018)

Canada All pregnant women NACI (2018)
China (Chinese Center for Disease Control and Prevention) All pregnant women or women who plan to become

pregnant during the influenza season
Feng et al. (2015)

Taiwan (Centers for Disease Control and Prevention) All pregnant women CDC (2017)
Japan (obstetric and gynaecological societies) All pregnant women JNC (2019)
Thailand (Ministry of Public Health) Healthy pregnant women in the second and third trimesters Muangchana et al. (2010)
South Africa (National Department of Health) All pregnant women at all stages of pregnancy, including

the post-partum period
NICD (2018)
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Brazil or whether the high uptake rate has been sustained. Very high
influenza vaccine coverage rates among pregnant women have also
been achieved in Argentina (>95% between 2011 and 2014) after a
national influenza vaccination campaign in 2010 and the introduc-
tion of mandatory free influenza vaccination for all at-risk groups in
2011 (Vizzotti et al., 2015). During this period, no deaths were
recorded due to influenza in vaccinated pregnant women, and there
were no reports of serious adverse events related to vaccination
(Vizzotti et al., 2015).

Obstacles to influenza vaccination in pregnancy and lessons
learned from countries that have succeeded in improving
vaccine coverage

Barriers to maternal influenza immunisation

Barriers to antenatal influenza immunisation are multifactorial
and stem from vaccine manufacturers, HCPs, pregnant women, and
the wider society (Text Box 1).

Vaccine manufacturers
Manufacturers are reluctant to develop, evaluate in RCTs, and

market vaccines for pregnant women (Jones and Heath, 2014),
and may provide overly cautious product labelling, or labelling
that does not reflect WHO and/or national public health advisory
group recommendations (Proveaux et al., 2016; Roberts and
Gruber, 2015; Top et al., 2016). Until recently, no vaccine label
had included a specific indication during pregnancy because
no licensed vaccine had been studied in pregnant women in pre-
licensure RCTs (Roberts and Gruber, 2015). Furthermore, a 2016
study found that only 10% of reviewed product information
documents endorsed influenza vaccination during pregnancy
(Proveaux et al., 2016). A study of 141 HCPs from 49 countries
reported that wording in influenza vaccine product labels
influenced decisions to recommend vaccination. Negatively
framed statements in the product label indicating the absence
of data or cautionary use in pregnancy (as opposed to more
positively framed statements) were perceived by HCPs to
contradict WHO and national immunisation recommendations,
which may impact their decision to recommend antenatal
influenza immunisation (Top et al., 2016). Appropriately worded
vaccine labelling is helpful for providers, but strongly worded
national recommendations, reimbursement, and application of
standard of care has more impact in increasing vaccine uptake
(Top et al., 2016). In Europe, influenza vaccine labels are more
permissive and carry stronger language recommending vaccina-
tion in pregnancy than labels in the US (GSK group of companies,
2019a, 2019b). Nevertheless, vaccine uptake in Europe is
substantially lower (around 10%) than the US (40–50%) (Jorgensen
et al., 2018; Kahn et al., 2018), suggesting that factors other than
the label are equally important.

HCPs
The failure of HCPs to recommend and offer influenza

vaccination to pregnant women, reluctance of HCPs who do not
normally administer vaccines (e.g., midwives) to vaccinate
pregnant women, financial barriers or lack of incentives, a lack
of national guidelines, and lack of strong, clear recommendations
by health authorities have been identified as HCP barriers to
antenatal influenza vaccination (Ishola et al., 2013; Jones and
Heath, 2014; Li et al., 2018; Lutz et al., 2018; MacDougall and
Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019). The
absence of clear recommendations results in hesitancy/fear
amongst prescribers, which potentially places pregnant women
and young children at risk if vaccination is withheld.

Pregnant women
The main barriers to antenatal influenza vaccination reported

by pregnant women include safety concerns for the foetus,
objections to drugs in pregnancy, poor understanding of the



Box 1. Barriers to maternal influenza vaccination.

Manufacturers

� Reluctance of manufacturers to develop, test in RCTs, and market vaccines for pregnant women (Jones and Heath, 2014)

� Regulatory barriers (product information labelling) (Proveaux et al., 2016; Roberts and Gruber, 2015; Top et al., 2016)

HCPs

� Poor sensitisation of care providers (Koul and Mir, 2018)

� Failure to offer influenza vaccination to pregnant women (Ishola et al., 2013; Jones and Heath, 2014; MacDougall and Halperin,

2016; Maertens et al., 2016; Prospero et al., 2019)

� Reluctance of HCPs who do not normally administer vaccines (e.g., midwives) to pregnant women (Ishola et al., 2013;

MacDougall and Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Lack of strong, clear recommendations by health authorities (Ishola et al., 2013; MacDougall and Halperin, 2016; Maertens et al.,

2016; Prospero et al., 2019)

� The logistics of vaccine acquisition, storage, administration, and tracking (Ishola et al., 2013; Koul and Mir, 2018; MacDougall and

Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Financial barriers (e.g., inadequate reimbursement) (Lutz et al., 2018)

� Lack of national guidelines (Li et al., 2018)

Pregnant women

� Concerns regarding the safety and welfare of the foetus (D’Alessandro et al., 2018; Henninger et al., 2013; Meharry et al., 2013;

Moniz and Beigi, 2014; Wilson et al., 2015)

� Objections to drugs in pregnancy (Ishola et al., 2013; MacDougall and Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Lack of knowledge about the severity and burden of influenza disease (D’Alessandro et al., 2018; Ishola et al., 2013; Li et al., 2018;

MacDougall and Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Lack of awareness of beneficial effect of vaccination (Koul and Mir, 2018; Li et al., 2018)

Societal

� Social norms (Ishola et al., 2013; MacDougall and Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Opinions of family and friends (Ishola et al., 2013; MacDougall and Halperin, 2016; Maertens et al., 2016; Prospero et al., 2019)

� Poor antenatal care (Pathirana et al., 2015)

� Low income and high parity (Pathirana et al., 2015)
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severity and burden of influenza disease, and low awareness of the
benefits of vaccination (Henninger et al., 2013; Ishola et al., 2013;
Koul and Mir, 2018; Li et al., 2018; MacDougall and Halperin, 2016;
Maertens et al., 2016; Meharry et al., 2013; Moniz and Beigi, 2014;
Prospero et al., 2019; Wilson et al., 2015). A US study identified 25
different barriers to antenatal vaccination by pregnant women.
These were primarily related to vaccine safety concerns followed
by perceptions of low risk of disease and beliefs that influenza was
a mild disease (Lutz et al., 2018). HCP recommendations were
highlighted as the most important predictor of maternal immu-
nisation uptake (Lutz et al., 2018). Studies in China and in several
developing countries in Africa and Asia, identified similar findings,
with poor influenza vaccine uptake in pregnancy associated
primarily with low awareness of the risks of influenza infection
and the benefits and safety of seasonal influenza vaccination (Li
et al., 2018; Pathirana et al., 2015).

An Italian study reported correlations between education level,
pregnancy stage, and willingness to receive antenatal immunisa-
tions, including a strong association between low educational
attainment and perceived vaccine safety concerns (D’Alessandro
et al., 2018).

Societal
Societal barriers to antenatal vaccination include social norms

and the opinions of family and friends, as well as poor antenatal
care, low income, high parity, and poor sensitization of care (Ishola
et al., 2013; Koul and Mir, 2018; MacDougall and Halperin, 2016;
Maertens et al., 2016; Pathirana et al., 2015; Prospero et al., 2019).
Inadequate financial and human resources are also major barriers
to maternal immunisation in low-income countries, and
translate to inadequate vaccination services delivery and logistics
management (Koul and Mir, 2018).

Solutions to improve uptake of influenza vaccination in pregnancy

Improvements in antenatal influenza vaccine uptake require a
combination of regulatory reform, improved vaccine accessibility
such that all HCPs involved in prenatal care can be involved in
discussion and decision-making around influenza vaccination,
HCP endorsement of vaccination, and patient and HCP education
on the benefits of antenatal vaccination, preferably delivered
together in a multichannel approach, as outlined in Text Box 2 and
below.

Vaccine accessibility
Influenza vaccines are unique in that they are adjusted

seasonally, and vaccines recommended for the northern and
southern hemispheres frequently differ. Manufacturers usually
register one vaccine in countries with clear seasonality, which
means that influenza vaccines may not be available all year round.
Strategies to provide year-round vaccine availability could include
local vaccine production, alternating between northern and
southern hemisphere vaccines throughout the year, or extending
the shelf-life of influenza vaccines (Lambach et al., 2015). The latter



Box 2. Proposed solutions to improve antenatal influenza vaccination.

Regulatory processes

� Improved processes for the development, approval, and labelling of vaccines for pregnant women (Roberts and Gruber, 2015;

Vojtek et al., 2018)

Vaccine accessibility

� Convenient location of vaccination clinic (Wiley et al., 2013)

� Vaccination available at the antenatal clinics (Wiley et al., 2013)

� Free vaccination

Influenza vaccine endorsement by HCPs

� HCPs recommend vaccination to pregnant women (Wiley et al., 2013; Wilson et al., 2015)

� Enabling of HCPs through training, reimbursement, and management of workload (Wilson et al., 2015)

� Pregnant women having face-to-face consultations with HCPs (McCarthy et al., 2015)

� Internet and text messaging as information sources about influenza vaccination (McCarthy et al., 2015)

Education on benefits of antenatal influenza vaccination

� Improved awareness of maternal immunisation among HCPs who do not traditionally administer vaccinations (Healy et al., 2015;

Maltezou et al., 2019)

� Prenatal vaccine education of expectant mothers (Kfouri Rde and Richtmann, 2013; O’Leary et al., 2019; Vojtek et al., 2018)

Multichannel approaches

� Governments willing to invest in and support prevention by vaccination. Multichannel approaches involving community

awareness campaigns, community pharmacy programmes, primary care incentive schemes, positive reinforcement of HCPs, IT

support, medical education, and strategic weekly influenza group teleconferencing (Baxter, 2013)

� Awareness of non-medical media perception of vaccine benefits and safety (Wilcox et al., 2018)

� Strategy to counter vaccine refusal (O’Leary et al., 2019)

� Knowledge of local disease epidemiology, involvement of the consumer, HCP recommendation, equitable access to

maternal vaccination, and systems for disease surveillance, programme evaluation, and safety monitoring (Krishnaswamy et al.,

2019)

� Reminders about vaccination on antenatal healthcare records, midwives providing vaccination, education and information

provision for HCPs and patients (Bisset and Paterson, 2018)
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has allowed the availability of vaccines in Australia nearly all year
around, reducing the period during which vaccine is no longer
available to around 1 month of the year (ATAGI, 2019).

Optimally located vaccination clinics improve influenza vaccine
accessibility and vaccination uptake, as reported in an Australian
study (Wiley et al., 2013).

Influenza vaccine endorsement by HCPs
A lack of HCP recommendation is one of the most common

reasons for not receiving immunisations (Johnson et al., 2008;
Wiley et al., 2013). Other factors associated with vaccination
uptake include perceived severity of influenza infections,
overall caution toward antenatal vaccination, and willingness
to accept the vaccine if recommended. Foetal safety concerns are
negatively associated with vaccination uptake, but an Australian
study found that 68% of women who expressed concern
agreed that they would have accepted the vaccine if their
HCP had recommended it (Wiley et al., 2013). Another
Australian study reported that expectant mothers preferred
face-to-face consultations with HCPs and internet and text
messaging as information sources about influenza vaccination,
highlighting how different means of communication can be used
to boost vaccine uptake (Johnson et al., 2008; McCarthy et al.,
2015).
Education on the benefits of antenatal vaccination influences uptake
HCP recommendations are essential to increase vaccination

coverage, and HCPs responsible for antenatal care need to be
educated on the main aspects of maternal immunisation and be
convinced about its clear benefits for pregnant women and infants
(Wilson et al., 2015). This also applies to HCPs who are not
traditionally providing antenatal immunisations, and emphasises
that effective communication strategies are needed to improve
antenatal vaccination awareness among obstetricians, midwives,
and general practitioners. However, education of HCPs alone is
unlikely to be sufficient, as parental vaccine hesitancy also needs to
be addressed through specific public awareness campaigns (Healy
et al., 2015). The impact of education on vaccination uptake is
exemplified by an educational intervention at a large maternity
hospital in Greece, where education resulted in an increase in
antenatal influenza vaccination rate from below 2% to 20%
(Maltezou et al., 2019). Furthermore, a study from Brazil found
that maternal acceptance of influenza vaccination in pregnancy
improved following a government campaign and HCP endorse-
ments during prenatal visits. Close to 70% of women who refused
influenza vaccination during pregnancy stated that they would
have accepted immunisation if they had been informed about the
neonatal protection provided by influenza vaccination (Kfouri Rde
and Richtmann, 2013).
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A survey among US obstetricians and gynaecologists found that
HCPs perceive vaccine refusal in pregnancy as common, and that
emphasizing the risk of disease to the foetus or infant may be an
effective strategy to increase antenatal influenza vaccine uptake
(O’Leary et al., 2019).

Multichannel approach
The Stockport multichannel approach, which was rolled out

during the 2010–2011 influenza season in Stockport, UK, is an
example of a successful multichannel approach to increasing
antenatal vaccination. It included a community awareness
campaign, a community pharmacy programme, a general practi-
tioner incentive scheme, positive reinforcement from enthusiastic
and confident HCPs, information technology support (e.g., follow-
up reminders, data entry, database quality control), medical
education, and strategic weekly influenza group teleconferencing
(Baxter, 2013). Following the introduction of the programme,
influenza vaccine coverage increased from 65.1% to 79.7% among
at-risk populations, and from 53.0% to 63.4% among populations
not at risk (Baxter, 2013).

Key elements essential for successful implementation of
maternal immunisation programmes in low- and middle-income
countries are knowledge of local disease epidemiology,
involvement of the consumer, HCP endorsement, equitable access
to maternal vaccination, and systems for disease surveillance,
programme evaluation, and safety monitoring (Krishnaswamy
et al., 2019).

In high-income countries, strategies that boost antenatal
influenza vaccination rates include reminders about vaccination
on antenatal healthcare records, midwives providing vaccination,
and education and information provision for HCPs and patients
(Bisset and Paterson, 2018; Vojtek et al., 2018).

Whereas the existence of recommendations for maternal
immunisation is a pre-requisite, they are not always sufficient
to ensure that HCPs feel confident to recommend vaccination to
pregnant women, nor do they ensure that pregnant women are
aware of the value of such vaccination. To improve confidence,
further progress in generating data acceptable for label updates is
needed, and requires collaboration between manufacturers,
regulators, and public health authorities (Roberts and Gruber,
2015; Vojtek et al., 2018).

Conclusions

There is strong evidence that maternal and foetal outcomes
can be compromised if women develop influenza infections
during pregnancy, although estimates of the magnitude and
extent of harm vary between studies. The risks associated with
influenza in pregnancy were highlighted during the A(H1N1)
pandemic and the vast majority of studies that evaluated risk
were conducted during that period. However, available data
suggest similar trends for seasonal influenza infections that occur
during pregnancy. Influenza vaccines have been administered to
millions of pregnant women and their clinical benefit has been
demonstrated. The consensus amongst many recommending
authorities is that they are safe in mothers and their infants
regardless of the stage of pregnancy during which they are
administered. Continued surveillance of adverse events and
pregnancy outcomes after influenza vaccination is needed to
address specific concerns and data gaps, and to provide ongoing
reassurance to authorities, HCPs and women of the positive
benefit–risk ratio for vaccination.

Multichannel efforts focused on improved education on the
benefits of antenatal influenza vaccination aimed at both pregnant
women and HCPs, supported by effective IT solutions, appear to be
important for boosting the uptake of influenza vaccination in
pregnancy. The number and quality of interactions between
pregnant women and the healthcare system needs to increase, with
presentation of consolidated and consistent messages on vaccina-
tion during pregnancy. Low vaccine uptake does not appear to be due
to a lack of data on the benefits of antenatal vaccination, but rather
due to the ineffectiveness of communicating this information.
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