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SUMMARY

Seasonal influenza can cause significant morbidity in pregnant women. Much of the existing
epidemiological evidence on influenza during pregnancy has focused on the 2009 A/H1N1
pandemic. To measure the epidemiological characteristics of seasonal influenza infection among
pregnant women and the impact on infant health, a cohort of 86 779 pregnancies during the
influenza season (2012–2014) was established using probabilistic linkage of notifiable infectious
disease, hospital admission, and birth information. A total of 192 laboratory-confirmed influenza
infections were identified (2·2 per 1000 pregnancies), 14·6% of which were admitted to hospital.
There was no difference in the proportion of infections admitted to hospital by trimester or
subtype of infection. Influenza B infections were more likely to occur in second trimester
compared with influenza A/H3N2 and influenza A/H1N1 infections (41·3%, 23·6%, and 33·3%,
respectively), and on average, infants born to women with influenza B during pregnancy had
4·0% (95% CI 0·3–7·6%) lower birth weight relative to optimal compared with infants born to
uninfected women (P= 0·03). Results from this linked population-based study suggest that there
are differences in maternal infection by virus type and subtype and support the provision of
seasonal influenza vaccine to pregnant women.

Key words: Epidemiology, infant health, influenza A virus, influenza B virus, pregnant women.

INTRODUCTION

Seasonal influenza causes an estimated 3–5 million
cases of severe disease and 250–500 000 deaths globally
each year [1]. In Australia, influenza is implicated in at

least 1400 deaths [2], 18 000 hospitalizations, and
over 300 000 general practice consultations [3] each
year. Pregnant women have an increased risk of
hospital admission with influenza compared with
non-pregnant women [4–6]. Physiologic and immuno-
logic changes which occur during pregnancy can
influence a woman’s ability to respond to infection,
resulting in serious disease [7].

Epidemiological studies have documented the bur-
den of pandemic influenza among pregnant women
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and its impact on perinatal health [8, 9].However, fewer
studies have examined seasonal influenza infection
among pregnant women, and to our knowledge, no
study has measured maternal infection by seasonal
influenza virus type or subtype. Furthermore, although
it is generally accepted that antenatal influenza infec-
tion increases the risk of adverse birth outcomes [10],
the evidence documenting the association between sea-
sonal influenza on infant health is mixed [11].

To investigate the epidemiology of seasonal influenza
infection during pregnancy, we used population-based
data linkage as a method for identifying laboratory-
confirmed influenza infections and associated hospital
admissions and birth outcomes with the intention of:
(a) comparing seasonal influenza during pregnancy by
trimester and influenza virus subtype; and (b) evaluating
the impact of seasonal influenza infections on perinatal
health.

METHODS

We conducted a retrospective cohort study using a data
linkage of notified influenza cases among pregnant
women. We aggregated routine administrative health
data from four population-based data sources to identify
women who gave birth, their medical history (including
influenza infection), and their birth outcomes.

Pregnancy information

Pregnancy status was determined based on the
Midwives Notification System, a state-mandated col-
lection of perinatal data. This data source includes
information on >99% of births in Western Australia
based on information provided by the medical profes-
sional attending the birth (most frequently a midwife)
[12]. Information provided included the woman’s age,
weight, height, and pre-existing chronic medical condi-
tions, including diabetes and asthma. Thewoman’s pre-
pregnancy height and weight were used to calculate
body mass index (BMI) to measure obesity (defined as
a BMI 530).

Birth outcomes

The Midwives Notification System also collects infor-
mation on birth, including the date of delivery, esti-
mated gestation, and infant weight. The system also
provides calculated estimates of proportion of optimal
birth weight, proportion of optimal body length, and
proportion of optimal head circumference. The system

uses maternal height, age, parity, and infant sex as pre-
dictors of individual infant’s optimal birth weight, head
circumference, and body weight based on fractional
polynomial regression models [13, 14]. The proportion
of optimal birth weight, body length, and head circum-
ference is then estimated based on the ratio of the
anthropometric measurement to the projected optimal
measurement. These measures have been previously
validated [14] and are likely to be a more reliable
method of measuring extreme values of relative growth
restriction. These measures were included as continu-
ous measures of intrauterine growth.

Laboratory-confirmed influenza infection

Laboratory-confirmed influenza is a notifiable condition
in Australia and in the state of Western Australia; these
data are stored in the Western Australia Notifiable
Infectious Diseases Database. Laboratory confirmation
of influenza infection can be determined by either virus
culture, nucleic acid testing, virus antigen testing, or sero-
conversion [15].More than 88% of laboratory confirma-
tion is made by reverse transcriptase polymerase chain
reaction (RT–PCR). Notification data include virus
type and subtype, diagnostic method, date of onset,
and date of specimen collection.

Hospital separation data

Hospital separations were identified based on the
state’s hospital discharge data, known as the
Hospital Morbidity Data Collection [16]. The data-
base includes information provided in discharge sum-
maries from all public and private hospitals in the
state. Data include principal and additional diagnoses
(International Classification of Diseases, 10th edition
(ICD-10)-Australia Modification (AM) code), date
of admission, date of discharge, and days spent in
an intensive care unit.

Data linkage and analysis

All deliveries of a live or stillborn infant with gestation
520 weeks between 15 March 2012 and 31 December
2014 (most recently available) according to the
Midwives Notification System were linked with
influenza notifications and hospital separations.
Individuals’ information was probabilistically matched
by the Data Linkage Branch at the Department of
Health Western Australia based on identifying infor-
mation about the woman.
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Date of conception was calculated based on the
baby’s date of birth and estimated gestation. A
woman’s pregnancy period was defined as the time
between the estimated date of conception through to
the date of birth. Awoman was considered to have sea-
sonal influenza infection during pregnancy if she had a
record of laboratory-confirmed influenza with a date of
specimen collection during her pregnancy period.
Influenza hospital admissions were defined as any
admission to hospital with an admission date within 7
days of the date of specimen collection. Women with
a pregnancy period coinciding entirely outside the
influenza season were excluded from analyses.

Data analyses were conducted in SAS version 9·4
(SAS Institute, Cary, North Carolina, USA). Analyses
were restricted to influenza cases occurring within
influenza seasonal periods. The influenza season was
defined based on the number of notifications received
by theDepartment ofHealthWesternAustralia between
2012 and 2014. The start and end of the season were
determined based on seasonal threshold values (see
Supplementary Fig. S1).

We compared influenza infection by maternal char-
acteristics, trimester of pregnancy, and influenza virus
type and subtype. Log-binomial regression models
were used to estimate the relative risk (RR) of hospi-
talization among laboratory-confirmed infections by
maternal characteristics and influenza characteristics.
For women with complete information on birth out-
comes, we compared outcomes of pregnancies with
laboratory-confirmed influenza infection to outcomes
in pregnancies with no record of influenza infection
(α = 0·05). Comparisons of categorical variables were
made using Cochran–Mantel–Haenszel tests; continu-
ous variable comparisons were made using independ-
ent t-tests or Mann–Whitney U tests, depending on
the distribution of the variable.

Ethics

Ethics approval was provided by the Department of
Health Western Australia Human Research Ethics
Committee (RA#2013/71), the Western Australia
Aboriginal Health Ethics Committee (RA#536), and
the University of Western Australia Human Research
Ethics Committee (RA#2016/6095).

RESULTS

During the 2012–2014 influenza seasons, 95 801
pregnancies were identified; 8994 women who were

not pregnant at any time during an influenza season
were excluded from analyses (Supplementary
Fig. S2). A total of 220 laboratory-confirmed
influenza infections were identified, 192 of which
occurred during the defined influenza season: 64 in
2012, 40 in 2013, and 88 in 2014. Most cases
(88·2%) were confirmed by RT-PCR. Half the ante-
natal influenza cases (50·5%) were among women
who conceived in the summer months (January
through March; Fig. 1). The majority of cases were
between 25 and 34 years of age (60·5%); 4·0% were
Indigenous and 34·5% had a chronic medical condi-
tion; 14·0% self-reported smoking during pregnancy
(Table 1).

Of the 192 laboratory-confirmed infections during
influenza season, 48 (25·0%) infections were subtyped
as A(H1N1)pdm09, 72 (37·5%) were A/H3N2, 46
(24·0%) were influenza B, and 26 (13·5%) were unsub-
typed influenza A (Fig. 1). The relative frequency of
each virus type/subtype varied by year, and some ges-
tational differences were observed by influenza virus
type and subtype. While 64·6% of infections with A
(H1N1)pdm09 and 66·7% of infections with A
(H3N2) occurred during the third trimester, 43·5%
of infections with influenza B occurred during the
third trimester (χ2 = 6·31; P= ·01); 15·2% of influenza
B infections occurred during the first trimester; and
41·3% occurred during the second trimester (Fig. 2).

Influenza hospitalization

Twenty-eight (14·6%) women with a notified,
laboratory-confirmed infection were hospitalized.
The mean length of stay in hospital was 1·7 days (S.
D. 1·0). Nearly half of admitted women (46·4%) had
a principal diagnosis of ‘diseases complicating preg-
nancy and the puerperium’ (ICD-10-AM codes
O98-99); 35·7% were diagnosed with influenza
(ICD-10-AM codes J10 and J11) or asthma
(ICD-10-AM code J45); 17·9% had a principal diag-
nosis consistent with a pregnancy complication
(ICD-10-AM code O21-44). All 28 admissions were
non-delivery admissions to hospital.

Among influenza-positive pregnant women, those
with asthma were more than twice as likely to be hos-
pitalized with influenza compared with women with
no known pre-existing medical condition (RR 2·61
(95% CI 1·13–6·04)) and had a significantly longer
length of stay in hospital (2·5 and 1·6 days, respect-
ively, P= 0·03). By trimester of pregnancy, the pro-
portion of women infected with influenza who were
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admitted to hospital was 17·7% in their first trimester,
20·3% in their second trimester, and 11·2% in their
third trimester. There was no difference in the percent
of cases hospitalized by trimester of infection (P =
0·17) or by subtype of infection (P= 0·21).

Birth outcomes

A total of 191 pregnant women with laboratory-
confirmed influenza and 86 052 pregnant women
with no record of laboratory-confirmed influenza dur-
ing their pregnancy had complete information on
birth outcomes. Birth outcomes among women who
were infected with influenza during pregnancy were
generally similar to those of women with no record
of influenza (Fig. 3). On average, infants born to
women infected with influenza during pregnancy
were a healthy weight (mean = 3348·8 g, 95% CI
3267·0–3430·5 g), full-term deliveries (median = 39
weeks, IQR 38–40 weeks), and were near optimal
birth weight (mean = 98·7%, 95% CI 96·8–100·5%).
Similarly, infants born to women with a laboratory-
confirmed influenza requiring hospitalization were a
healthy weight (mean = 3368·2 g, 95% CI 3079·3–
3647·2 g), full-term deliveries (median = 39 weeks,
IQR 38–39 weeks), and were near their optimal
birth weight (mean = 101·6%, 95% CI 96·7–106·5%).

However, some differences by trimester of infection
and virus type and subtype were observed. For
example, women infected during the first trimester

had significantly lower median gestation (median =
38 weeks, IQR 38–39 weeks) compared with women
with no record of influenza (P = 0·01). Infants born
to women infected in second trimester had a 0·9%
(95% CI 0·1–1·6%) lower mean measurement of
head circumference relative to optimal compared
with infants born to women with no record of
influenza (P= 0·03). No other statistically significant
differences by trimester were observed. Infants born
to women infected with influenza B during pregnancy
had a 4·0% (95% CI 0·3–7·6%) lower mean percent of
optimal body weight compared with infants born to
uninfected women (P = 0·03) (Fig. 4). Other measure-
ments of fetal growth, birth weight, and gestation did
not differ significantly, and no such differences were
observed for influenza A/H1N1 or influenza A/H3N2.

DISCUSSION

This study highlights the potential use of linked
population-level data to measure the health impacts
of influenza in pregnant women, a target population
for annual vaccination. Based on these data, we iden-
tified 192 laboratory-confirmed influenza infections in
Western Australia during the 2012, 2013, and 2014
southern hemisphere influenza seasons, reflecting an
incidence of 2·2 influenza cases per 1000 pregnancies.
Fifteen percent of pregnant women with influenza
were admitted to hospital. We observed no difference

Fig. 1. Seasonal influenza infections in pregnant women, by month of conception and virus type and subtype (n= 220) –
Western Australia, 2012–2014.
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Table 1. Seasonal influenza infection during pregnancy and percent of cases admitted to hospital – Western Australia, 2012–2014

Total births
2012–2014

Laboratory-confirmed influenza

Percent of laboratory-confirmed
influenza cases admitted to
hospital Length of stay in hospital for

influenza (in days)
n (%) No. of cases Cases per 1000 women n (%) RR (95% CI)a Mean (S.D.) range

Total 86 779 (100) 192 2·2 28 (14·6) – 1·7 (1·0) 1–4
Birth year

2012 20 144 (23·2) 64 3·2 17 (26·6) Ref 1·7 (0·9) 1–3
2013 32 544 (37·5) 40 1·2 8 (20·0) 0·75 (0·36–1·58) 1·9 (1·0) 1–4
2014 34 091 (39·3) 88 2·6 ISD ISD ISD

Maternal age (in years)
<25 15 353 (17·7) 32 2·1 7 (21·9) Ref 1·3 (0·7) 1–3
25–29 24 769 (28·5) 60 2·4 12 (20·0) 0·91 (0·40–2·09) 1·8 (0·9) 1–3
30–34 28 747 (33·1) 57 2·0 5 (8·8) 0·40 (0·14–1·16) 1·4 (0·5) 1–2
535 17 910 (20·6) 43 2·4 ISD ISD ISD

Indigenous status
Indigenous 4944 (5·7) 8 1·6 ISD ISD ISD
Non-Indigenous 81 835 (94·3) 184 2·2 24 (13·0) – 1·7 (1·0) 1–4

Region of residenceb

Metropolitan 67 991 (78·5) 144 2·1 20 (13·9) 0·83 (0·39–1·76)c 1·8 (1·0) 1–4
Northern non-metropolitan 6327 (7·3) 25 3·9 ISD ISD ISD
Southern non-metropolitan 12 299 (14·2) 23 1·9 ISD ISD ISD

Socio-economic statusd

Lowest 20% 15 219 (18·4) 45 2·9 10 (22·2) Ref 1·8 (1·0) 1–3
20–39% 17 183 (20·8) 37 2·1 8 (21·6) 0·97 (0·43–2·21) 1·6 (0·9) 1–3
40–59% 16 838 (20·4) 27 1·6 ISD ISD ISD
60–79% 19 101 (23·1) 40 2·1 ISD ISD ISD
Highest 20% 14 372 (17·4) 39 2·7 ISD ISD ISD

Self-reported smoking
Smoker 9356 (10·8) 28 3·0 7 (25·0) 1·95 (0·92–4·16) 2·3 (0·9) 1–3
Non-smoker 77 423 (89·2) 164 2·1 21 (12·8) Ref 1·6 (0·9) 1–4

Chronic medical conditions
No condition identified 65 717 (75·7) 128 1·9 14 (10·9) Ref 1·6 (0·9) 1–3
Any conditione 21 062 (24·3) 64 3·0 14 (21·9) 2·00 (1·02–3·94)f 1·9 (1·1) 1–4
Asthma 4915 (5·7) 21 4·3 6 (28·6) 2·61 (1·13–6·04)f 2·5 (1·2) 1–4g

Obesity 17 059 (19·7) 49 2·9 7 (14·3) 1·31 (0·56–3·04) 1·3 (0·5) 1–2
Diabetes 313 (0·4) <5 ISD ISD ISD ISD

2934
A
.
K
.
R
egan

and
others



in the likelihood of admission to hospital in first,
second, or third trimester infections.

The proportion of pregnant women infected with
influenza and admitted to hospital has not been well
described in the literature. The majority of studies
have been restricted to hospital-based samples, and
do not include community cases [17]. Our findings sug-
gest that one in six pregnant women with laboratory-
confirmed influenza is hospitalized. However, several
factors may have influenced these results. First, it is
possible that testing is more common in a hospital
setting, which would have artificially inflated these esti-
mates. However, pathology testing records from our
state suggest that testing of pregnant women hospita-
lized with an acute respiratory illness is not routine
and only around 11% are tested for influenza (author’s
unpublished data). Second, by comparison with non-
pregnant adults, pregnant women are more likely to
be admitted for observation or based on obstetric con-
cerns, which does not necessarily reflect increased
severity of influenza disease [17]. Additional research
from prospective cohorts could provide further infor-
mation on the severity of seasonal influenza infection
during pregnancy.

Few studies have been able to measure outcomes at
birth following seasonal influenza infection in preg-
nancy. A recent systematic review showed that
research on preterm birth and fetal death following
antenatal influenza infection is limited [11]. Among
the existing studies, researchers observed a significant
association between antenatal infection with pan-
demic H1N1 and adverse birth outcomes [11],
although some studies have failed to observe any
impact on birth outcomes [18]. We observed some dif-
ferences in gestation and growth by trimester of infec-
tion. Women infected with seasonal influenza during
their first trimester had slightly lower mean duration
of gestation compared with uninfected women.
Previous studies of severe antenatal infections with
either seasonal or pandemic influenza have documen-
ted an increased risk of preterm birth [9, 19] and
small-for-gestational age births [8, 20], and these con-
ditions can have persistent health impacts [21].

With the exception ofA(H1N1)pdm09 infections, we
are not aware of previous studies that have explored
pregnancy and birth outcomes by virus type and sub-
type. In our study, a greater proportion of influenza B
infections occurred earlier in pregnancy compared
with influenza A infections. Moreover, infants born to
women infected with influenza B had lower measure-
ments of body weight relative to optimal growth
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compared with infants born to uninfected women.
During the seasons studied, influenza B circulation
was evident (largely B/Yamagata strains), but it was
never the dominant virus. Influenza A(H3N2) domi-
nated in 2012 and 2013 and influenza A(H1N1)
pdm09 dominated in 2014 [22–24]. Because influenza
B is rarely the dominant virus, far less emphasis has
been placed on its role in disease burden [25, 26].
However, evidence is mounting that influenza B infec-
tions may contribute a greater burden than previously
recognized. For example, influenza B has been reported

to be an important cause of severe illness in adults in the
USA [27]. Among children, influenza Bmay cause sign-
ificant morbidity [28] and elevated rates of infection
among children could put pregnant mothers at risk.
Other data from Western Australia suggest that, while
laboratory-confirmed infections with influenza B are
outnumbered by infections with influenza A, the risk
of a severe outcome (hospitalization or death) from
infection with B/Yamagata may be similar to A
(H3N2) [29]. Our observations among pregnant
women provide further support that the burden of

Fig. 3. Mean percent of optimal body length, head circumference and body weight, gestation, and infant weight among
women infected with influenza during pregnancy (n= 191) and births in the general population (n= 86 052), by trimester
of infection – Western Australia, 2012–2014.

Fig. 2. Distribution of seasonal influenza infections in pregnant women, by week of gestation (n= 192) – Western
Australia, 2012–2014.
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influenza B may be underappreciated. In tropical
regions, where influenza B infections may occur year-
round [30], the role of influenza B in adverse pregnancy
outcomes may be more pronounced.

These results may have implications for vaccination
policy. Current recommendations in Australia are to
immunize pregnant women in any trimester of preg-
nancy [31]. This recommendation may be especially
relevant to women with chronic medical conditions,
particularly asthma, who we and others [32] have
observed to have higher rates of influenza-associated
hospitalizations. Although current recommendations
state that influenza vaccination should be adminis-
tered to pregnant women prior to the influenza season
regardless of their trimester [31], studies on antenatal
uptake of influenza vaccination in pregnancy have
shown that vaccination early in pregnancy is uncom-
mon [33]. The outcomes following first trimester
influenza infection we observed suggest that there
may be benefits to vaccination early in pregnancy.
However, given the limitations of our sample and
the limited amount of research documenting the ben-
efits of influenza vaccination in the first trimester [34],
further study is needed in this area.

Although we observed significantly shorter gesta-
tion and lower measures of relative birth weight by tri-
mester and virus type, it is important to note that these
differences may not necessarily translate into clinically
meaningful endpoints, such as preterm delivery or low

birth weight. The small number of pregnancies with
laboratory-confirmed influenza reduced the precision
of our estimates and made certain analyses impracti-
cal. Our sample was not adequately powered to com-
pare traditional dichotomous measures of preterm
birth, low birth weight, or small for gestational age.
We were also unable to compare birth outcomes
among women hospitalized with influenza by trimes-
ter of infection or to perform analyses of low incidence
outcomes, such as fetal death. Given the limitations
posed by our sample size, similar analyses with a lar-
ger sample of pregnancies with laboratory-confirmed
infection, particularly in early pregnancy, would be
informative for measuring the impact of antenatal
influenza infection on perinatal health.

There are several additional limitations to this
study. First, while the use of administrative datasets
was an efficient method for creating a cohort of births
with a large amount of health information, there is the
possibility of measurement error in this study. The
data collections linked in this study are considered
to be high quality. The Midwives Notification
System data are subject to rigorous review and the val-
idity of variables often exceeds 98% [12]. Similarly,
hospital inpatient data are thought to be well
recorded, as in-house data quality activities and exter-
nal audits of hospital medical records are regularly
carried out [35]. Second, the cohort was defined
based on birth records with gestation 520 weeks

Fig. 4. Mean percent optimal body length, head circumference and birth weight, gestation, and infant weight among
women infected with influenza (n= 191) and women with no record of influenza infection (n= 86 052), by subtype of
infection – Western Australia, 2012–2014.
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gestation. As a result, earlier pregnancy loss could not
be captured in our analyses. As previous studies sug-
gest, there may be an increased risk of spontaneous
abortion associated with antenatal influenza infection
[36, 37], and additional studies which can capture
early pregnancy loss would be beneficial. Further,
because inclusion in the cohort was based on date of
birth, we were unable to include women who were
pregnant during the 2014 influenza season but did
not deliver until after December 2014 in our dataset.
As a result, women infected in early pregnancy in
the 2014 season may be under-represented in our
cohort. Finally, due to the nature of the datasets
used, we were unable to measure maternal deaths.
Maternal death is uncommon in Australia, with no
more than six maternal deaths anticipated during the
study period [38].

CONCLUSION

Seasonal influenza epidemics continue to place preg-
nant women at increased risk for severe complications
[10]. Because of this risk (and potential benefits to
young infants), pregnant women are the highest prior-
ity group for annual vaccination [39]. Results from
this large population-based cohort study show that
there may be epidemiological differences by influenza
virus subtype and highlight the need for further inves-
tigation of the potential implications of antenatal
influenza infection for infant health.
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