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Abstract Influenza vaccine is universally recommended
for pregnant women during any trimester of pregnancy. In
light of this recommendation, a comprehensive literature
review was conducted to examine the available evidence
regarding influenza vaccine efficacy and effectiveness
during pregnancy. A comprehensive Medline search iden-
tified potentially relevant articles published between Jan-
uary 1, 1964 and February 1, 2013. Articles were selected
that specifically evaluated the efficacy and effectiveness of
maternal influenza vaccine in protecting women and
infants from influenza infection. These were reviewed with
a particular focus on the methods used to confirm influenza
infection. Ten of 476 articles met the inclusion criteria.
None of the six studies evaluating maternal outcomes were
randomized controlled studies using a laboratory-con-
firmed influenza diagnosis to measure vaccine efficacy.
Two studies included reverse-transcriptase polymerase
chain reaction confirmation; four relied solely on clinical
outcomes. The reported vaccine effectiveness (VE) ranged
from —15 to 70 %. Seven studies examined the potential
for maternal vaccination to protect infants. Four of these
applied some form of laboratory confirmation, with VE
ranging from 41 to 91 %. Vaccination against infectious
disease is an unparalleled public health success. However,
studies to date demonstrate that influenza vaccine provides
only moderate protection from influenza infection in
pregnant women. This review found broad heterogeneity
among studies, with no uniform outcome measured and
little data based on laboratory-confirmed influenza, leading
to wide-ranging estimates of effectiveness. Rigorously
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designed studies assessing clearly defined outcomes are
needed to support the development of reasoned public
health policy about influenza prevention in this population.
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Background

Evidence collected over several decades indicates that
pregnant women and young infants are at increased risk for
complications from influenza; indeed, vaccination of
pregnant women with inactivated TIV began in the mid-
1960s. Influenza infections in pregnancy have been asso-
ciated with adverse maternal and neonatal outcomes,
including preterm labor and delivery, respiratory hospital-
ization, pneumonia, acute respiratory distress syndrome,
overwhelming sepsis, and death [1-12].

Control of influenza infection in these populations rep-
resents an important public health concern. Although
vaccination is the most effective method for preventing
influenza virus infection [13], the estimated influenza
vaccination coverage for pregnant women is consistently
below 50 %. In reports from the 2010-2011 season, vac-
cination levels ranged from 39 to 49 % [14, 15]. For the
two subsequent influenza seasons, 2011-2012 and
2012-2013, self-reported vaccination rates were approxi-
mately 47 % among pregnant women [16, 17].

Recommendations for universal vaccination of woman
at all stages of pregnancy has been the policy of the
Advisory Committee on Immunizations Practices (ACIP)
[18] of the Centers for Disease Control (CDC) since 2004
[19-21], followed by the World Health Organization in
2005 [22]. The American College of Obstetrics and
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Gynecology (ACOG) issued new guidelines in September
2010 recommending that all pregnant women at any ges-
tational age be vaccinated against influenza [23]. Finally,
the latest WHO Strategic Advisory Group of Experts
(SAGE) recommendation, published in 2012, urges coun-
tries using or considering introducing seasonal influenza
vaccination to include all pregnant women as the highest
priority group [24].

There has been increased scrutiny of influenza vaccine
effectiveness (VE), as well as a developing debate
regarding the extent to which vaccination prevents mor-
bidity and mortality across all populations. Despite the
often-cited 70-90 % effectiveness rates, actual influenza
vaccine protection has been demonstrated to be lower in
the general population. For example, a recent meta-analysis
of randomized controlled trials (RCTs) observed a more
modest overall VE of 59 % [25], and other studies [26-28]
have reported similar results.

The recommendation that all US women during any
trimester of pregnancy receive influenza vaccine is unique.
No other US vaccine carries this recommendation [29].
Nonetheless, the supporting evidence has not been ade-
quately reviewed using the same stringent criteria that
recent reviews have applied to influenza vaccine efficacy
and effectiveness involving other population groups [25-
28]. The more recent data on influenza VE [25-28] (i.e.,
providing evidence of less effectiveness than previously
accepted) compels further analysis of efficacy and effec-
tiveness in pregnant women and neonates. To this end,
available literature was selected to assess the evidence
supporting current recommendations for universal vacci-
nation of pregnant women, and reviewed with a particular
focus on identifying studies that employed sensitive and
highly specific diagnostic tests to definitively confirm
influenza infection in the evaluation of efficacy and
effectiveness.

Data and Methods

MEDLINE (PubMed), which includes all supporting
studies for vaccine licensure in the United States [25], was
searched for articles on maternal influenza vaccine pub-
lished in English between January 1, 1964 and February 1,
2013. The earliest included publication date reflects the
year the CDC established and convened the ACIP. At this
first meeting, the ACIP recommended influenza vaccina-
tion for certain high-risk segments of the population,
including pregnant women [30].

For purposes of this review, influenza vaccine efficacy
was defined as the relative reduction in influenza risk fol-
lowing vaccination as determined by a RCT using medi-
cally attended, laboratory-confirmed influenza as the
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primary outcome of interest. Laboratory-confirmed influ-
enza was defined as reverse-transcriptase polymerase chain
reaction (RT-PCR) or culture-confirmed influenza. Influ-
enza VE was defined as the relative reduction in risk
among vaccinated individuals in observational studies
using medically attended influenza, influenza-like illness
(ILI), or acute respiratory illness (ARI) as the primary
outcome of interest. Reviews of literature, policy studies,
and research designed to evaluate immunogenicity without
evaluation of clinical endpoints were excluded. The liter-
ature review process is illustrated in Fig. 1.

Results

The search strategy identified ten articles that met the
inclusion criteria. Three studies focused solely on pregnant
women, four examined the effectiveness of maternal vac-
cine for protecting infants from influenza, and three
included both pregnant women and their infants.

Randomized Controlled Clinical Trials of Vaccine
Efficacy During Pregnancy

The goal of this review was to identify studies that
employed sensitive and highly specific diagnostic tests to
confirm influenza infection. None of the studies reviewed
used RCT to evaluate vaccine efficacy against laboratory-
confirmed influenza.

Vaccine Effectiveness During Pregnancy

This review of nearly 50 years of research identified six
studies evaluating VE in pregnant women (Table 1). These
studies covered nine different influenza seasons and
included 116,570 pregnant women. Four studies used
clinical symptoms of influenza as the primary outcome
[31-34]. Two employed either laboratory-confirmation by
RT-PCR or clinical influenza diagnosis [35, 36].

In the earliest study included in this review, Hulka [32]
measured VE in a cohort study of 544 pregnant women
during a 1962-1963 outbreak of Asian influenza.
Researchers asked immunized and nonimmunized patients
if they had experienced influenza symptoms during the
influenza season. While fewer immunized patients reported
respiratory illness with fever (11 vs. 20 %, respectively),
there was no significant difference in reports of respiratory
illness between the two patient groups.

A major methodological limitation of this study is that
women were asked to recall whether or not they had
experienced influenza symptoms with no corresponding
laboratory confirmation of infection.
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Fig. 1 Flow diagram of study
selection process

Potentially relevant references were identified
by MEDLINE search: n =476

327 references were excluded because they were
reviews or policy recommendations, or studied:
1) a population other than pregnant women or
infants, 2) a different vaccine, 3) vaccine cost-
effectiveness, 4) non-influenza related outcomes,
or 5) influenza vaccine rates, acceptance, or
attitudes

- - — — >

Full-text articles were reviewed and
assessed for eligibility: n = 149

2 articles were
identified from a
search of reference
lists

b - ——

64 studies were excluded because
they examined influenza
surveillance, morbidity and
mortality, or treatment

51 studies of vaccine safety were
excluded

26 studies were excluded because
they evaluated immunogenicity or
immune response without measuring
clinical endpoints

Y

Eligible studies were included in the critical review: n = 10

!

} :

Studies including
both pregnant
women and infants
n=3

Studies of pregnant

Studies of infants
women only only

n=3 n=4

Black et al. [31] assessed VE in a retrospective cohort
study of nearly 50,000 pregnant women across five influenza
seasons (1997-2002). VE was determined by the number of
outpatient visits for ILI or hospitalization for influenza or
pneumonia. The risk of a medical visit for respiratory
symptoms was essentially the same for vaccinated and
unvaccinated women (adjusted hazard ratio = 1.151; CI
0.979-1.352); VE = —15 % (CI =35 t0 2 %).

This study has several limitations. VE was measured by
clinical symptoms without laboratory confirmation of

influenza. The power of the study was limited because the
absolute rate of hospitalization was very low. Results from
five influenza seasons were combined without information
regarding strain match of vaccine to circulating strain for
each influenza season.

In a retrospective case—control study of five influenza
seasons (1995-2003), Munoz et al. [33] estimated the
potential protective effect of vaccination by recording the
occurrence of acute respiratory infection (ARI) in 252
vaccinated versus 826 unvaccinated pregnant women. The
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researchers reported a nonsignificant (p = 0.24) trend
toward lower incidence of medically attended ARI in the
vaccinated cohort than in unvaccinated women (18.9 and
22.6 %, respectively) [33]. In this study, only three women
were diagnosed with ILI, all during the peak influenza
seasons of 1999-2000 and 2000-2001; one was vaccinated
and two were not. Using the relative risks reported in the
study, VE was —20 % for ARI any time during pregnancy
(CI =59 t0 9 %); and 39 % (CI —56 to 76 %) during the
peak of the influenza season [33].

The low rates of ILI as well as the small number of
vaccinated women in the study population (vaccination
rate was 3.5 % of the 7,183 mothers who met the inclusion
criteria) are major limitations of this study’s findings.

Zaman et al. [34] published the only RCT of influenza VE
in pregnant women, in which 340 women were randomized to
receive either TIV or pneumococcal polysaccharide vaccine
during the third trimester of pregnancy. Nonspecific respira-
tory illness with fever was recorded. Respiratory illness was
significantly less frequent among women who received TIV,
compared to pneumococcal vaccination. Clinical effective-
ness of 35.8 % (CI 3.7-57.2 %) was reported for respiratory
illness with any fever, and 43.1 % for fever over 38 °C (CI
—9.0 to 70.3 %). A limitation is the use of nonspecific
respiratory illness as the outcome for this study, with no lab-
oratory confirmation of influenza infection.

The 2009 HINI1 pandemic provided an opportunity to
evaluate the effectiveness of maternal vaccination during
an influenza season in which there was a high rate of viral
circulation, as well as a close match between the vaccine
strain and the circulating viral strain. Haberg et al. [35]
used data from National Health Registries in Norway to
focus on the safety of A(HIN1)pdm09 adjuvanted vaccine
(Pandemrix, GlaxoSmithKline) in a retrospective cohort
study of 113,331 pregnancies. VE was reported as a sec-
ondary outcome in this study. A clinical diagnosis of
influenza during the pandemic wave was recorded for
2,278 women in the study. Cases were diagnosed either by
RT-PCR (n = 516) or physician contact resulting in an
ICPC R80 diagnostic code for influenza (n = 1,762) [35].
Vaccination was correlated with a reduced risk of influenza
diagnosis (adjusted hazard ratio = 0.30; CI 0.25-0.34;
VE = 70 %; CI 66-75 %).

A limitation of this study is that data resulted from
physician contacts leading to diagnosis of influenza. The
authors acknowledge that women with more severe
symptoms would be more likely than those with milder
symptoms to contact a physician. Therefore, it is possible
that mild cases were missed, which may influence esti-
mates of VE.

In a retrospective cohort study focusing on birth out-
comes during the 2009 HIN1 pandemic, Richards et al.
[36] analyzed Kaiser Permanente medical records of 3,236

Clinical effectiveness: 61 % (CI
15.5-82.5 %)

Influenza vaccine protection

visit during pregnancy
with influenza-related

ICD-9 diagnosis code
A(HIN1)pdmQ9 virus

during the period of
circulation

Outcomes measured
RT-PCR or medical

3,236 mothers who gave
birth between May 25,
2009 and April 17, 2010

Population

Study design
Retrospective cohort

Virginia, District of

Georgia, Maryland,
Columbia, USA

Study location

Study period

2009

Table 1 continued
et al. [36]

Study
Richards
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mothers in Georgia and Mid-Atlantic states. This study
reported a VE in pregnant women of 61 % (CI
15.5-82.5 %) against the circulating HINI infection,
diagnosed by RT-PCR or a medical visit during pregnancy
with an influenza-related ICD-9 diagnosis code.

A limitation of this study is that the effectiveness of
vaccination was not assessed during any trimester of
pregnancy. The primary focus of this study was birth and
infant outcomes; therefore, the study population was
restricted to women who had started their third trimester of
pregnancy at or after the start date of the study.

These studies are heterogeneous, did not measure any
uniform outcome, and provide very little effectiveness data
based on laboratory-confirmed influenza. Consequently,
wide-ranging estimates of VE in pregnant women are
reported, from —15 to 70 % effectiveness.

The cumulative evidence to date reporting significant
clinical effectiveness of influenza vaccine during preg-
nancy is provided by three studies: one randomized study
of women who received TIV, demonstrating 35.8 % VE
against respiratory disease with any fever and 43.1 % for
fever over 38 °C [34]; one study of adjuvanted
AHIN1)pdm09 vaccine reporting 70 % effectiveness
against laboratory-confirmed (23 % of cases) or clinical
diagnosed HINI influenza; and one study of nonadju-
vanted A(HIN1)pdmO09 vaccine reporting 61 % effective-
ness in pregnant women.

Maternal Vaccination to Protect Infants

An important secondary—or “two-for-one”’—benefit of
maternal vaccination could be the protection from influenza
afforded to infants during the first months of life. Over the
past 8 years, seven studies have evaluated the effect of
maternal immunization on influenza in 94,119 infants over
ten influenza seasons. Four of these studies showed protec-
tion; the first three studies discussed below did not (Table 2).

In their retrospective cohort study, Black et al. [31]
found that infants born to vaccinated women had the same
risk of hospitalization for influenza or pneumonia as infants
born to unvaccinated women (CI 0.889-1.029). They also
reported that maternal vaccination was not a significant
determinant of risk for ILI or otitis media.

This large study (48,639 infants) is limited by its design,
which combines the results from five influenza seasons
without providing information regarding strain match of
vaccine to circulating strain for each influenza season.
Additionally, the rates of hospitalization for infants were
very low, limiting the statistical power of the study.

France et al. [37] included 3,160 infants of immunized
mothers and 37,969 infants of nonimmunized mothers,
followed up from 1995 to 2001 and during four specific
periods: peak influenza, respiratory syncytial virus
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predominance, periseasonal, and summer season. No dif-
ference in medically attended ARI [incident rate ratio for
peak influenza season (IRR) 0.96, CI 0.86—-1.07] was found
during any of the four specific periods.

Limitations of this study include the use of clinical ARI
evidence rather than laboratory confirmation of influenza
infection, the combination of heterogeneous influenza data
from six different years, and low statistical power due to
the small sample size of infants born to immunized
mothers. The low maternal vaccination rate ranged from
0.7 to 20.8 % across the 6-year study period.

In a study that examined data across five influenza
seasons (1995-2003), Munoz et al. [33] reported no dif-
ference between infants of vaccinated versus nonvacci-
nated mothers in the rate of hospitalizations for respiratory
illness with fever during the peak of influenza season.

The limitations of this study include the combination of
data across five seasons and the use of a clinical outcome
rather than laboratory confirmation of infection to analyze
VE.

In contrast, a more recent (2000-2009) matched case—
control study by Benowitz et al. [38] reported maternal
influenza vaccination to be 91.5 % effective (CI
61.7-98.1 %, p = 0.001) in preventing hospitalization of
infants younger than 6 months of age for seasonal influ-
enza. Their study included 305 infants younger than
12 months. Influenza cases were identified by a positive
influenza direct fluorescent antibody (DFA) test.

A limitation to this study is the combination of nine
influenza seasons, with no information regarding the strain
match of vaccine to circulating strain for each season.

Eick et al. [39] conducted a prospective cohort study in
the White Mountain and Navajo reservations over three
influenza seasons. The authors analyzed 83 cases of labo-
ratory-confirmed influenza infection in infants under
6 months of age. Of these cases, 71 (86 %) were confirmed
by serology, 10 (12 %) by viral culture, and two (2 %) by
rapid influenza testing. Using these three measures of
influenza infection, the authors reported a 41 % reduction
in the risk of laboratory-confirmed influenza for infants
born to vaccinated women (RR 0.59; CI 0.37-0.93) and a
39 % reduction in the risk of ILI hospitalization (RR 0.61;
CI 0.45-0.84).

Despite the use of laboratory confirmation of infection,
this study has methodological limitations. Results were
pooled from three different assay methods, each with dif-
ferent sensitivities, to document influenza infection. Pooling
assays with differing diagnostics is a limitation. Using
serology to document influenza in young infants is prob-
lematic and its use in 86 % of the cases is a major weakness
of the study. The immune systems of infants younger than
6 months are immature and immunologically inexperienced.
The ability to produce antibodies in response to infection is
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Table 2 Effectiveness of maternal vaccination for protection of infants

Study Study Study location Study design  Population Outcomes measured Protection by maternal
period vaccination
Black 1997-2002 Northern Retrospective 3,652 infants of ~ Hospitalization for No difference in risk for
et al. California, USA cohort immunized pneumonia and hospitalization (p = 0.235)
(31] mothers influenza Adjusted hazard ratio: 0.956
44,987 infants of (CI 0.889-1.029)
non- Clinical effectiveness: 4 %
1m“;]umled (Cl =3 to 11 %)
mothers No difference in risk
including otitis media visit
(» = 0.5006)
Adjusted hazard ratio: 0.938
(C10.777-1.132)
Clinical effectiveness: 6 %
(CI —13 to 22 %)
Munoz 1998-2003 Houston, Texas, Retrospective 225 infants of Hospitalization or clinic No difference in
et al. USA cohort immunized visits for respiratory hospitalization
[33] mothers conditions During 1st month, infants of
826 infants of immunized mothers had
non- more clinic visits for
immunized bronchitis (p = 0.04); fewer
mothers for respiratory distress
(» =0.04)
No other differences
France 1995-2001 Colorado, Northern Retrospective 3,160 infants of =~ Medically attended ARI ~ No reduction in clinic visit
et al. California, matched immunized rates
(37] Oregon, and cohort mothers Incident rate ratio: 0.96 (CI
Washington, 37,969 infants of 0.86-1.07)
USA non-
immunized
women
Zaman 2004-2005 Bangladesh Randomized, 316 infant Clinic visits for 63 % effective at preventing
et al. double-blind ~ mother pairs respiratory illness laboratory-confirmed
[34] controlled followed for Laboratory-confirmed influenza in infants up to
trial 24 weeks influenza before 6 months old (CI 5-85 %)
24 weeks of age 29 % effective in preventing
(confirmation by rapid febrile illness (CI
test) 6.9-45.7 %)
42 % effective in preventing
clinic visit (CI 18.2-58.8 %)
Benowitz  2000-2009 New Haven, Matched Infants less than  Laboratory-confirmed 91.5 % effective at preventing
et al. Connecticut, case—control 12 months old influenza (confirmation hospitalization of infants
[38] USA 113 cases by DFA test) less than 6 months of age
(p = 0.001; CI
192 matched 61.7-98.1 %)
controls o
No significant effect on
infants older than 6 months
Eick et al. 2002-2005 Navajo and White = Prospective 1,169 infant Laboratory-confirmed Laboratory-confirmed
[39] Mountain Indian cohort mother pairs influenza (confirmation influenza decreased among

Reservation,
Arizona, USA

by viral culture, fourfold
rise in HI antibody in
cord serum, or rapid
test)

infants born to vaccinated
women compared to
controls

Risk ratio 0.59 (CI 0.37-0.93)
Clinical effectiveness: 41 %
Hospitalization

Risk ratio 0.61 (CI 0.45-0.84)

Clinical effectiveness: 39 %
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Table 2 continued

Study Study Study location Study design ~ Population Outcomes measured Protection by maternal
period vaccination
Poehling  2002-2009 Davidson County, Case—control  Infants less than Laboratory-confirmed Hospitalized infants whose
et al. Tennessee, 6 months old influenza (confirmation mothers were immunized
[43] Hamilton hospitalized by viral culture or PCR)  were 4548 % less likely to
County, Ohio, with fever or have laboratory-confirmed
Monroe County, respiratory influenza
New York, USA symptoms Adjusted odds ratio (OR) 0.52
151 cases (CI 0.30-0.91)

1,359 controls

often absent or delayed during the child’s first 18 months,
even when virus can be isolated [40]; therefore, most of the
available serum antibodies are maternally derived.

In the only randomized, blinded clinical study to assess
infant protection, Zaman et al. [34] reported a VE of 63 %
(CI 5-85 %) against laboratory-confirmed influenza in
infants up to 6 months of age. Influenza was confirmed by
rapid test (Z Stat Flu). When respiratory illness and fever
were used as a measure of disease, the reported effective-
ness was 29 % (CI 7-46 %).

This frequently cited study of maternal vaccination [41]
has limitations that raise some concern. First, of the 146
infants who visited clinics, 120 were tested for influenza,
with 18 % testing positive; notably, influenza tests were
ordered for 85 % of the infants in the control group, while
only 75 % of the infants of TIV-vaccinated women were
tested for influenza. Because this was a randomized, blinded
study, the proportion of missed cases due to this inequality in
testing rates should be similar between the groups, and the
inequality should have minimal influence on the VE esti-
mation. However, during the first 3 months of rapid testing
there were more cases of influenza in infants of vaccinated
mothers than in infants of nonvaccinated women. This is
biologically and immunologically implausible, suggesting
that unrecognized confounders may have influenced the
outcome or interpretation of the study.

Secondly, this study did not assess the role of breast-
feeding. However, a subsequent study performed a sec-
ondary analysis on data from this study population. This
later study examined the role of exclusive breastfeeding in
preventing respiratory illness in the infants. Although the
researchers in the second study did not directly assess
influenza infection, when adjusted for exclusive breast-
feeding, maternal influenza vaccination was significantly
associated with lower risk of respiratory illness with fever
in infants (OR = 0.72; CI 0.55-0.77). Maternal vaccina-
tion had an independent effect of 28 % reduction of infant
respiratory illness [42].

A 2011 study by Poehling et al. [43] sought to determine
whether maternal vaccination during pregnancy was
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associated with a reduced risk of laboratory-confirmed
influenza hospitalizations in 1,510 infants over seven con-
secutive  influenza  seasons  (2002-2003  through
2008-2009), and across three diverse US geographic
regions. Of the 1,510 infants hospitalized with fever or
respiratory symptoms, 151 (10 %) had laboratory-con-
firmed influenza. To avoid bias associated with clinician-
ordered testing, all infants in this study were tested by viral
culture or RT-PCR for influenza.

In the analysis across all study years, 12 % of mothers
of influenza-positive infants reported being vaccinated
during pregnancy and 20 % of mothers of influenza-neg-
ative infants reported the vaccination [43], yielding an
adjusted odds ratio of 0.52 (CI 0.30-0.91). This suggests
that infants born to mothers who received influenza vac-
cines during pregnancy were 48 % less likely to have
laboratory-confirmed influenza than infants of unvacci-
nated women.

A limitation of this study was that neither confirmed
influenza vaccination status nor documented influenza illness
was available for the mothers. Furthermore, no serological
assays were performed to confirm maternal immunity.

Discussion and Conclusion

The negative impact of influenza infection in pregnant
women and newborns is well documented. The increased
risk for morbidity and mortality resulted in the universal
recommendation that pregnant women be vaccinated for
influenza at any stage of pregnancy. Although this rec-
ommendation has been in place since 2004, there is a
paucity of well-designed epidemiological studies on vac-
cine efficacy and effectiveness in pregnant women, with
few studies using sensitive and specific laboratory-con-
firmed influenza as the primary outcome.

Over the past 49 years, six studies have evaluated VE in
pregnant women. Of the four studies examining effec-
tiveness during nonpandemic years, only one showed sig-
nificant protection against respiratory disease, reporting a
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clinical effectiveness of 36 % [34]. All four of these studies
used clinical symptoms, rather than laboratory-confirmed
influenza, as the primary outcome. Clinical symptoms of
influenza without laboratory confirmation are nonspecific
outcomes. Many respiratory pathogens cause symptoms
similar to influenza, but influenza vaccines are specifically
targeted to influenza viruses and are not designed to pre-
vent other causes of influenza-like respiratory illness.

Simply stated, interpretation and quantification of a
vaccine’s true effectiveness using only clinical outcomes
can lead to inaccurate VE estimates. Laboratory confir-
mation, either by RT-PCR or viral culture, remains the best
diagnostic tool for confirming influenza and truly evaluat-
ing vaccine efficacy and effectiveness.

By way of example, in a study examining ILI in preg-
nant women, researchers described the clinical character-
istics, prognosis, and etiology. Influenza was defined as a
fever of 37.8 °C or greater and at least two of the following
symptoms: cough, sore throat, headache, rhinorrhea,
myalgia, or shortness of breath, with laboratory confirma-
tion using real-time PCR or viral culture [44]. Of 45
women who presented with ILI, only 31 % had confirmed
influenza (HIN1) infection, 24.4 % were infected with
other viruses, and no etiological agent was identified in the
remaining 44 % [44]. Although the sample size was small,
well over half of the women (64.5 %) who presented with
clinical symptoms were not actually infected with
influenza, leading to the conclusion that “we have not seen
even a trend suggesting that A(HIN1)pdmO9 infection
can be clinically distinguished from other respiratory
infections” [44].

Nonetheless, all of the published studies on seasonal
influenza VE in pregnant women included in the present
review used clinical symptoms as the primary outcome.
The more recent studies during the 2009 H1NIpandemic
report higher VEs of 61 and 70 % for nonadjuvanted and
adjuvanted vaccines, respectively. In addition to clinical
diagnosis, these studies employed more sensitive diagnos-
tic tools not available for use during most of the earlier
studies. It remains to be determined whether these higher
VEs are the result of more accurate methods used to doc-
ument influenza, to differences in vaccine-induced immune
responses to the novel influenza strain in a naive popula-
tion, or perhaps a combination of factors.

While the VEs reported in these two studies are fairly
similar, the higher VE was reported in a study of adju-
vanted vaccine. No adjuvanted influenza vaccines are
currently licensed in the US, nor are adjuvanted vaccines
recommended for pregnant women in the US. In addition,
the impact of adjuvants on immunologically-primed human
populations to date has been marginal [45, 46], suggesting
that adjuvants may be most beneficial in pandemic situa-
tions [47]. More studies will be necessary to evaluate the

efficacy and effectiveness of adjuvanted influenza vaccines
in pregnant women.

Even if influenza vaccination provides sub-optimal
protection in pregnant women, its potential to provide
protection to young infants remains a separate and impor-
tant justification for the vaccine recommendation. Infants
younger than 6 months of age are at particular risk for
serious illness from influenza, exhibiting the highest rates
of severe influenza compared to other pediatric populations
[41]. However, currently available influenza vaccines are
not licensed for use in infants under the age of 6 months
due to their modest immunogenicity and low efficacy [48].

Several studies have demonstrated transplacentally
acquired antibodies after natural influenza infection or vac-
cination of the mother [49-57]. However, beyond immuno-
genicity studies, epidemiological studies examining
maternal vaccination for protection of newborns are limited.

Of the seven studies in which protection of infants via
maternal vaccination was examined, only one used viral
culture or RT-PCR to confirm influenza infection. This
study reported 45-48 % VE in infants hospitalized with
respiratory disease [43]. The other six studies reported
highly varied effectiveness, ranging from no effect to
91.5 % effective. Combining these studies in an attempt to
provide conclusions regarding the effectiveness of mater-
nal immunization in preventing newborn disease is prob-
lematic. The studies measured different outcomes of
disease, used different means of determining infection
rates, and all but one combined data across multiple
influenza seasons, often without reporting how well the
vaccine matched the circulating influenza strain.

Finally, several recent studies have suggested that
maternal influenza vaccination is associated with improved
pregnancy outcomes such as birth weight and preterm birth
[36, 58-60]. While studies examining birth outcomes are
beyond the scope of this review, these reports suggest that
an additional infant health benefit may be derived from
maternal vaccination that warrants further attention and
examination.

Conclusion

The universal recommendation for influenza vaccine in
pregnant women is driven by the increased risk for mor-
bidity and mortality in this population [1], a long track
record of vaccine safety, and an expectation of effective-
ness. A review of VE studies in pregnant women suggests
that the foundation for recommending TIV for seasonal
influenza is somewhat weak. There are only four studies of
VE in pregnant women, with only one of these showing
significant protection. The two studies of the effectiveness
of pandemic A(HINI1)pdm(09 vaccination do suggest
higher VE against novel pandemic strains.
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The evidence for newborn protection through maternal
vaccination is encouraging, but mixed. The results of
studies measuring rates of ARI, clinic visits, or hospital-
ization range from no vaccine effect to 42 % effectiveness
[31, 33, 37]. The four studies that used some form of
laboratory-confirmed influenza as the primary outcome are
more encouraging, reporting VEs ranging from 41 to
91.5 % [34, 38, 39, 43]. While outcomes and study designs
differ, these studies do suggest that maternal vaccination
may have potential to decrease influenza illness in new-
borns. However, more studies with confirmed viral infec-
tion as the endpoint and adequate numbers of mother/infant
pairs are needed to ascertain the extent to which maternal
vaccination can protect infants from influenza.

In summary, data in support of the current seasonal
influenza vaccine recommendations are limited and mixed.
There is little evidence that the current seasonal vaccine is
more than moderately effective in protecting pregnant
women from influenza. The data may be more encouraging
during pandemics and for neonatal protection, with some
studies demonstrating that maternal vaccination protects
infants from illness and may have additional secondary
benefits. However, rigorous, well-designed studies are
needed to confirm these observations.

In recent years, the science required to study influenza
vaccine efficacy and effectiveness has improved. The use
of RT/PCR and/or culture-confirmed outcomes and rigor-
ous study designs are now more readily available to pro-
vide VE evidence. As we recalibrate our assumptions and
conclusions regarding influenza vaccine, it is imperative
that the relevant policies and recommendations be based on
the results of such studies. Without such initiatives, preg-
nant women and newborns will be underserved and vul-
nerable to serious influenza illness.
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