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regnant women and infants younger

than six months of age (<6m) have

a higher risk of being infected
by influenza viruses than the general
population.! Reasons for this heightened
risk are multifactorial: pregnancy-induced
changes in immune function;? age-
associated immaturity of the infant’s immune
system; high exposure to and transmission
of pathogens from others; or being
unvaccinated, either by age preclusion or
choice.!

Pregnant women bore a disproportionately
high burden of iliness during the 2009

H1N1 influenza pandemic, where 30-50%

of deaths that occurred among women of
child-bearing age were in pregnant women.?
Studies have shown that influenza infection
during pregnancy is associated with a two-
fold increase in the risk of foetal death.* In
Australia, infants <6m also bear a high disease
burden from influenza infection, with up to
320 hospitalisations per 100,000 population
per year, and from these hospitalisations,

up to 10% requiring ICU admission.> In
Australia, inactivated influenza vaccine (IIV)
is not licensed or recommended for use in

Abstract

Objective: Ascertain predictors of inactivated influenza vaccine (IIV) uptake in pregnancy in
mother—infant pairs from six Australian sites over four consecutive influenza seasons (2012-
2015).

Methods: Prospective observational cohort study calculating proportions of unvaccinated
and vaccinated pregnancies. Multivariable logistic regression calculating adjusted odds ratios
(aOR) and 95% confidence intervals (95%Cl) to determine demographic, pregnancy and birth
characteristics as predictors of IIV uptake in pregnancy.

Results: Uptake of IV was 36% (n=3,651/9,878) with only 3-4% during the first trimester.
Validation of IIV receipt was obtained for 77% of vaccinated participants. Predictors of IIV uptake
in pregnancy were: healthcare provider recommendation to have IIV during pregnancy (@OR
7.04[95%Cl 5.83-8.50]): GP (aOR 4.12 [95%Cl 3.43-4.98]), obstetrician (aOR 4.41 [95%(Cl 3.45-
5.641), midwife (@OR 1.88 [95%Cl 1.51-2.36]); previous IIV within 12 months of their current
pregnancy (aOR 2.87 [95%Cl 2.36-3.501); and pertussis vaccination during the current pregnancy
(aOR 4.88 [95%Cl 4.08-5.83]).

Conclusions and implications for public health: Healthcare provider discussions with pregnant
women about the risks associated with influenza infection during pregnancy and early infancy
and evidence about the safety and effectiveness of IV are required. Recommending and offering
IIV in pregnancy needs to be included in these discussions to improve uptake.
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remains vulnerable to the severe effects
of infection. To protect young infants and

pregnancy have been implemented in all
Australian states and territories, there is

pregnant women from severe morbidity and
mortality associated with influenza infection,
the routine use of seasonal IIV antenatally has
been recommended in Australia since 2000.6

no systematic process in place to monitor
and evaluate the impact of the program at
a national level. Although the Australian

Immunisation Register (AIR) encompasses

infants <6m of age, therefore this age group a‘whole of life'register, pregnancy status

Although vaccination programs for lIV in
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is not recorded.” As such, well-conducted
observational studies remain critical to assess
vaccine uptake and identify predictors of
vaccine uptake, particularly in preparation
for inevitable future influenza pandemics.
We aimed to ascertain the uptake and the
predictors of uptake of IV in pregnancy

in participants from six major cities in
Australia over four consecutive years, and

by gestational timing of vaccination. A
secondary aim was to ascertain whether

the introduction of the maternal diphtheria-
tetanus-acellular pertussis (dTpa) vaccination
program in 2014 in Queensland, and in

2015 in the remaining states and territories,®
affected the uptake of IV in pregnancy.

Methods

Study design and population

This study formed part of the FluMum study,
which was a prospective observational cohort
of mother-infants pairs recruited from six
sites in mainland Australia (Darwin, Brisbane,
Sydney, Melbourne, Adelaide and Perth) over
four consecutive years (2012-2015 inclusive).
The primary aim of the FluMum study was to
assess the effectiveness of IV in pregnancy

in preventing influenza infections in early
infancy.’ This study assesses the uptake of IV
in pregnancy and its predictors, which was a
key secondary outcome. Changes from the
original published protocol in 2014 (amended
and approved by the relevant ethics
committees), included adding questions
about the uptake of dTpa during pregnancy
to the participant questionnaire.

Study participants

Participants were recruited from maternity
units and primary healthcare settings by
trained study personnel who sought written,
informed consent to participate. Eligible
participants were women aged 17 years or
older at the time of consent who were at
least 38 weeks gestation or had delivered a
live-born infant within 55 days of enrolment
and had sufficient verbal English to permit
questionnaire completion.

Data collection methods and sources

Data collection/enrolment each year

began from the start to the finish of each
respective site’s individual influenza season,
determined by using real-time surveillance
data as they became available.'” There was
year-round recruitment at the Darwin site
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due to year-round circulating influenza and
bimodal peaks of influenza in the tropics.®
Participants were asked whether they
received a flu vaccine in pregnancy, and if
yes, “Who gave you the flu vaccine?"The
receipt of IIV in pregnancy was based on
self-reported dates. Where the date of IV

in pregnancy was unknown, confirmation
by the participant’s vaccine provider was
obtained. For the years 2014-2015 inclusive,
information was also sought for self-reported
dTpa status in pregnancy. Information for
known and potential confounders such as
sociodemographic characteristics, co-
morbidities and risk factors for infection
was collected through an interviewer-
administered questionnaire at study entry.
Information for barriers/influences affecting
the uptake of IIV in pregnancy was obtained
through closed questions with fixed
responses.

Sample size

As defined in our study protocol,’ the
recruitment target was 10,106 mother-infant
pairs: a sample size of 422 participants per
year, per site, with estimates of vaccine
uptake accurate to within +5%, for example,
35% uptake=95% confidence interval (95%Cl)
30.6-39.5%.

Data analysis

Numbers and proportions of study
participants were calculated overall and

by antenatal vaccination status, year of
study, and study site. Vaccination status

in pregnancy was the primary outcome
measure, with the following explanatory
variables investigated: demographics,
comorbidities, risk factors, pregnancy and
birth indicators, and attitudes and beliefs
towards vaccination in pregnancy. We
identified predictors of IIV in pregnancy over
time and by site at a univariable level using
chi-square tests for binary and categorical
variables. Predictors significant at the 5%
level in the univariable analysis were included
in the multivariable logistic regression
model, and adjusted odds ratios (aORs) and
95%Cl are reported. Variables that were

no longer significant in the multivariable
logistic regression model were dropped
and not reported in the tables. Participants
were excluded from further analysis if IV
vaccination status during pregnancy was
unconfirmed. Trimester of pregnancy at the
time of IV administration was calculated
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using maternal self-reported gestation at
infant birth (or date of last menstrual period),
date of infant birth and the recorded IV

date in pregnancy. The calendar month of
IIV administration was also calculated and
summarised based on the recorded date

of IIVin pregnancy to assess whether IV

in pregnancy was clustered relative to the
typical ‘flu season’.

Ethics committee approvals were gained

for all jurisdictional participating sites

and affiliated research institutions with
written informed consent obtained from all
participants. This study was registered with
the Australian New Zealand Clinical Trials
Registry (ANZCTR) number: 12612000175875.

Results

Of 14,190 mother-infant pairs who were
screened, 9,874 were enrolled (71% consent
rate), and 6,223/9,874 (63%) of the cohort
were unvaccinated for IIV (Figure 1). Among
the 3,651/9,874 (37%) participants who
self-reported IV in pregnancy, the date of IIV
receipt was obtained for 77%. There were 830
participants for whom a date of IIV was not
able to be confirmed by a healthcare provider
(HCP). The 830 ‘unconfirmed’ IV recipients
were not clustered in time: n=108 (7.2%) in
2012; n=238 (8.7%) in 2013; n=246 (8.6%) in
2014; and n=236 (8.6%) in 2015.

Participants were evenly distributed
throughout the six Australian study sites over
the four-year study period (range 1,578-1,758
participants per site). Approximately 50% of
1IV received during pregnancy throughout the
four-year study period was administered over
a seven-week interval: calendar weeks 14- 21
(Supplementary Figure 1).

Demographic characteristics

Maternal demographic and pregnancy
characteristics were similar between groups,
and First Nations status was captured in >99%
of study participants (Table 1). Differences
between the unvaccinated and vaccinated
groups, respectively, included: receipt of IV
within 12 months of the current pregnancy
(18% vs. 41%); having received IIV ever (44%
vs. 62%); HCP recommendation to have IV
during pregnancy (27% vs. 78%; GP 15% vs.
47%, obstetrician 6% vs. 22%, midwife 9%
vs. 18%), and receiving dTpa vaccine during
pregnancy (12% vs. 44%).
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Influenza vaccination status in
pregnancy

Figure 1: Flow diagram of FluMum study participants by maternal vaccination status, Australia, 2012-2015.

Overall, self-reported IIV uptake in pregnancy

i K 14,190 mother-infant pairs screened
was 36%, ranging from 30-49% by site

(Supplementary Figure 2). Self-reported IV ——> 4,177 (29%) declined
uptake in pregnancy also varied within study
site and between the years for all sites. There 10,013 (71%) consented

was an increasing trend in IIV uptake for the
Brisbane site, and the final study year of 2015
showed the highest uptake of [IV in all sites
apart from Sydney (Supplementary Figure 3).
There was a shift in the median gestational

> 139 (1%) ineligible/excluded*

N=9,874 (99%) enrolled study participants

Self-

age at the time of IIV i for th NoIIV Received ItV
ge at the time of [IV in pregnancy for the reported . o
2012-2013 study period when compared vaccination in pregnancy in pregnancy
with 2014-2015 (Figure 2, showing 25% in pregnancy 6,223 (63%) 3,651 (37%)
and 75% interquartile ranges). For theyears |- oo oo e e [resssees=sssmceesae..
2012-2013 inclusive, the overall median E— No IIV Recelved IV
gestational age at the time of IV in pregnancy . P 63
i date of ITV in pregnancy in pregnancy

was 25 weeks, with 75% at or before 31 weeks in pregnan IIV date was not in pregnancy

. . . preg cy 6,286 (64%0) 3,588 (36%)
gestation. For the years 2014-2015 inclusive, ’ | ”
this increased to 29 weeks, with 75% at or | | | |

. . ] Trimester of

before 34 weeks gestation. The increase in IV in 345(3%) 1,075 (11%) 1,338 (14%) 830 (8%)
ﬂ?le median gestational age occurred across pregnancy 1st trimester 2nd trimester 3rd trimester unconfirmed
all sites.
As seen in Figure 2, participants from Notes:

Darwin (in a tropical zone) received IV at an Trimester mTas only calculated wl.me a date of vaccination was available
IV = Inactivated Influenza Vaccine

earlier median gestational age than those N139 ineligible/excluded: 81 IV status in pregnancy was unknown/missing; 27 withdrew consent; 14 eligibility not confirmed; 6 data duplicates (same
in the temperate climate sites (Brisbane, pregnancy); 4 data loss; 3 infant deaths; 2 moved overseas; 2 insufficient English

Sydney, Melbourne, Adelaide and Perth).

Figure 2: Median gestation in weeks at time of IV in pregnancy, by study site, Australia, 2012-2013 inclusive, and 2014-2015 inclusive.
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Table 1: Demographic characteristics of FluMum study participants overall, and by self-reported influenza vaccine

uptake in pregnancy, Australia 2012-2015.

Characteristic n (%)

Maternal demographics/ co-morbidities

Maternal age at infant birth (mean years and IQR)

Mother identified as a First Nations woman

Australian born

Maternal education diploma/higher

English as main language spoken

In paid employment during pregnancy

Median household size (IQR)

Received IIV within 12 months prior to start of current pregnancy
Received IIV ever

Risk factor as an indication for IIV (other than pregnancy)?
Pregnancy

Attended antenatal care in st trimester

Smoking in pregnancy, self report

Regularly exposed to indoor tobacco smoke during pregnancy
Regularly exposed to household smoke during pregnancy
Children attend day care facility

Health care provider® recommended |1V in pregnancy

GP recommended IV during pregnancy

Obstetrician recommended IIV during pregnancy
Midwife recommended |1V during pregnancy

Received pertussis-containing vaccine during pregnancy®
Birth

Gestation at birth (median weeks and IQR)

Birthweight (mean grams and IQR)

Public hospital birth

Notes:
Denominators differ due to missing data.

Total
n/N (%)

N=9,874

31.8(28.5-35.2)
257 (2.6)

6,328 (64)

5,760 (66)

7,917 (82)
7,527 (76)
4(3-5)
2,553 (26)
4,860 (50)
2,115(21)

8,763 (89)

645 (6.5)
244(2.5)

1,860 (19)
2,368 (24)
4,438 (45)
2,623/9,801(27)
1,156/9,801 (12)
1,217/9,801 (12)
1,329/5,255 (25)

39 (38-40)
3,343 (3,030--3,702)
6,131(62)

NollVin
pregnancy
n/N (%)
N=6,286 (64)

31.6(28.2-35.2)
162 (2.6)

4,012 (64)

3,509 (63)

5,013 (82)
4,621(74)
4(3-5)
1,119(18)
2,691 (44)
1,279 (20)

5,543 (89)
458(7.3)
178(2.8)

1,301(21)

1,575 (25)

1,669 (27)

939/6,232 (15)
361/6,232(5.8)
571/6,232(9.2)
374/3,087 (12)

39 (38-40)
3,350(3,040-3,720)
3,983 (63)

Received IIVin
pregnancy
n/N (%)
N=3,588 (36)

32.2(29.0-35.3)
95(2.7)

2,316 (65)
2,251(71)

2,904 (83)
2,906 (81)
4(3-4)
1,434 (41)
2,169 (62)
836(23)

3,220 (90)
187(5.2)
66 (1.8)
559 (16)
793(22)

2,769 (78)
1,684/3,569 (47)
795/3,569 (22)
646/3,569 (18)
955/2,168 (44)

39 (38-40)
3,331(3,019--3,700)
2,148 (60)

a: Includes hypertension (essential, gestational and pre- eclampsia), emphysema or severe asthma requiring frequent hospital visits, HIV/AIDS, type 1, type 2

and gestational diabetes
b: Health care provider (GP, obstetrician or midwife)
¢ Data collected from 2014-2015 inclusive

Figure 3: 1V uptake in pregnancy by trimester of pregnancy, FluMum study, Australia (2012-2015).
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The difference was evident for both the
2012-2013 and 2014-2015-year periods.
Participants in the Darwin site, therefore,
experienced a longer median gestation/
time from IV to birth than those from the
other sites (20 weeks versus 10-16 weeks in
2012-2013 and 18 weeks versus 7-11 weeks
during 2014-2015).

Excluding those with an unconfirmed date of
1V, the uptake of IIV by trimester of pregnancy
ranged from 3-5% in the first trimester,

and 10-14% during the second trimester,
before increasing markedly during the third
trimester from 9-11% in 2012-2014 to 26%

in 2015 (Figure 3).In 2014, 3% (n=85/2,572)
of women self-reported dTpa vaccination in
pregnancy, increasing to 46% (n=1,244/2,683)
in 2015. Women who reported receiving

both IIV and dTpa vaccines in pregnancy
increased from 2% in 2014 (n=52/2,572) to
34% (n=903/2,684) in 2015 (data not shown
elsewhere).

Predictors of influenza vaccination in
pregnancy

Any HCP recommendation for IIV during
pregnancy remained statistically significant
overall, and across all study years in the
multivariable logistic regression model as

a predictor of IIV uptake in pregnancy (@OR
7.04 [95%Cl 5.83-8.50], p<0.001). When

run separately, the model for specific HCP
recommendations were: GP (aOR 4.12 [95%Cl
3.43-4.98], p<0.001, obstetrician (aOR 4.41
[95%Cl 3.45-5.64], p<0.001), and midwife (@OR
1.88 [95%Cl 1.51-2.36], p<0.001). Women who
had received IIV in the 12 months preceding
their current pregnancy, and those who
received the dTpa vaccine during pregnancy
were also predictors of [IV in pregnancy (Table
2a).

Any HCP recommendation for IV, GP
recommendation and dTpa vaccination
during the current pregnancy were factors
that consistently predicted IIV uptake in
pregnancy within each of the study sites
(Table 2b). Other variables that predicted

IIV uptake in pregnancy, but not necessarily
across all years or all sites, were women

who: attained an education level of
diploma/higher; had ever received an IIV;

or had a risk factor as an indication for IV
(excluding pregnancy). For all sites apart
from Melbourne, having received IIV within
12 months of the current pregnancy was

a predictor variable for receipt of [IV in
pregnancy (Table 2b).

2021 voL. 45 No. 5
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Table 2a: Predictors of self-reported influenza vaccine uptake in pregnancy in FluMum study participants by study year, Australia 2012-2015.
Multivariable logistic regression Overall 2012 2013 2014 2015

aOR (95% CI) P aOR (95%CI) P aOR (95%CI) P a0R (95%CI) P

1.40 (1.03-1.89) <0.05

Variables from Table 1 remaining in the model a0R (95%Cl) P
Maternal education diplomar/higher

First Nations mum 4.56 (1.97-10.57) <0.001

Smoked in pregnancy

Received IV within 12mnths of current pregnancy

Received IIV ever

Risk factor as indication for IIV (excl. pregnancy)?

Public hospital birth

HCP® recommended |1V during pregnancy

2.87(2.36-3.50) <0.001
1.53 (1.26-1.85) <0.001
1.24(1.01-1.51) <0.05
1.23(1.03-1.47) <0.05
7.04 (5.83-8.50) <0.001
4.12 (3.43-4.98) <0.001

0.33(0.17-0.62) 0.001
4.02 (2.91-5.56) <0.001
1.54(1.15-2.05) <0.01

1.38(1.04-1.84) <0.05
11.31(5.04-25.35)<0.001
8.28 (6.08-11.28) <0.001

2.80(2.11-3.72) <0.001
1.35(1.05-1.73) <0.05

11.45 (6.57-19.96)<0.001
8.67 (6.72-11.20) <0.001

4.30(3.28-5.64) <0.001

8.62 (4.67-15.90)<0.001
5.00 (3.73-6.70) <0.001

2.05(1.57-2.68) <0.001
1.79(1.39-2.30) <0.001
1.44(1.09-1.90) <0.01

7.04 (4.28-11.59)<0.001
3.76 (2.93-4.84) <0.001

GP recommended IV during pregnancy
Obstetrician recommended IV during pregnancy
Midwife recommended IIV during pregnancy

4.41 (3.45-5.64) <0.001
1.88 (1.51-2.36) <0.001
4.88 (4.08-5.83) <0.001

6.07 (3.93-9.37) <0.001
3.47 (2.22-5.42) <0.001
Data not collected

7.25(5.07-10.37) <0.001
3.16(2.27-4.41) <0.001
Data not collected

4.36(3.04-6.24) <0.001  4.19(2.98-5.86) <0.001
1.98(1.34-2.92) <0.001  3.15(2.28-4.34) <0.001
(

Received pertussis vaccine during pregnancy* 2.78(1.62-4.77) <0.001  7.26(5.68-9.27) <0.001
Notes:

aORs and 95%(ls not shown when variables did not remain statistically significant in the multivariable logistic regression model

a: Includes hypertension (essential, gestational and pre-eclampsia), emphysema or severe asthma requiring frequent hospital visits, HIV/AIDS, type 1, type 2 and gestational diabetes

b: Health care provider (GP, obstetrician or midwife)

¢ Variable restricted to year 2014 and 2015 due to data collection for dTpa for these years only

Table 2b: Predictors of self-reported influenza vaccine uptake in pregnancy in FluMum study participants by study site, Australia 2012-2015.

Multivariable logistic Darwin Brishane Sydney Melbourne Adelaide Perth

regression

Variables from Table 1 aO0R (95% (1) P a0R (95%Cl) P a0R (95%Cl) P aO0R (95% Cl) P aO0R (95%Cl) P aOR (95%Cl) P

remaining in the model

Maternal education diploma/

higher

Received IIV within 12mnthsof  2.60 (1.74-3.91) <0.001
current pregnancy

1.98 (1.05-3.74) <0.05

2.56(1.64-3.99) <0.001  3.84(2.10-6.99) <0.001 2.95(1.77-4.93) <0.001  3.53(2.31-5.39) <0.001

2.14(1.43-3.21) <0.001  1.68(1.01-2.79) <0.05

1.74(1.08-2.79) <0.05

Received IV ever 1.75(1.00-3.05) <0.05

Risk factor as indication for IV
(excl. pregnancy)*

Exposed to household smoke
during pregnancy

Children attend day care facility

0.55(0.31-0.98) <0.05

0.55(0.32-0.93) <0.05

HCP recommended IV during ~ 7.96 (3.54-17.90) <0.001 ~ 3.60(1.37-9.51)<0.01  7.17(2.17-23.70) <0.001  12.21(3.39-43.99) <0.001  2.39(1.32-4.31) <0.01  4.71(2.42-9.16) <0.001
pregnancy’

GP recommended IV during
pregnancy

Obstetrician recommended IIV

in pregnancy

3.06(2.01-4.68) <0.001  5.12(3.39-7.71) <0.001 ~ 7.22(4.23-12.34) <0.001 ~ 8.71(5.08-14.94) <0.001 ~ 1.96(1.18-3.27) <0.01 3.79(2.37-6.05) <0.001

3.10(1.76-5.49) <0.001 3.9 (2.26-7.05) <0.001 10.51(4.78-23.12) <0.001 5.31(3.47-8.11) <0.001

Midwife recommended IV in
pregnancy

2.96(1.95-4.49) <0.001  2.99(1.17-7.61)<0.05  5.40(2.62-11.11) <0.001  5.22(2.19-12.42) <0.001

Received pertussis vaccine in 4.26(2.89-6.28) <0.001  4.00 (2.64-6.06) <0.001  4.16(2.44-7.11) <0.001  3.31(1.96-5.57) <0.001 7.60 (4.66-12.40) <0.001  4.70 (3.14-7.03) <0.001
pregnancy®

Notes:

a: Health care provider (GP, obstetrician or midwife)

b: Data collected for dTpa from 2014 - 2015 only

influenza infection in infants (61% vs. 40%).
Unvaccinated women were twice as likely to
report they were concerned about vaccines
in pregnancy (40% vs. 22%), and to believe
IIV causes illness (61% vs. 34%) and can
harm their unborn baby (27% vs. 5%). An
IIV was recommended in pregnancy for
32% of all study participants, and 67% of
unvaccinated participants (n=3,652/5,472)
stated they would have accepted IIV during
pregnancy if it was recommended by

their doctor. Also, 10% of unvaccinated

participants (n=605/6,194) stated it was
recommended they not be given IIV during
pregnancy, and of these, 25% (n=152/605)
were recommendations from HCPs (GP,
obstetrician, midwife, immunisation nurse,
pharmacist).

Views, attitudes and beliefs about
vaccination in pregnancy

Overall, 80% of women considered influenza
a serious disease in pregnancy, and 81%
thought that IIV in pregnancy reduced the
disease severity (Supplementary Table 1).
Women who received IIV in pregnancy

were twice as likely to have had influenza Discussion
infection discussed with them during
pregnancy compared to unvaccinated Over a four-year study period (2012-2015),
women (81% vs. 40%), and more likely to IIV uptake in pregnancy was low (36%),

report understanding that IV also prevented which - notwithstanding moderate
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variation of 30-49% uptake between the six
sites — is sub-optimal. Healthcare provider
recommendation for IIV in pregnancy,
previous vaccination with an IIV, particularly
receipt in the previous 12 months, and dTpa
vaccination in pregnancy were key factors
that consistently predicted the uptake of IV in
pregnancy over time and by study site.

The recommendation of IIV in pregnancy

by an HCP is a recognised key driver for
acceptance and uptake.'"'* Most women in
our unvaccinated cohort (67%) would have
accepted IV during pregnancy if it had have
been offered to them by their HCP. Since lIV in
pregnancy is a nationally recommended and
publicly funded strategy, this was a missed
opportunity by HCPs for many of the women
in our study. Based on the perspective of
participants, it seems that the intention of
HCPs to offer pregnant women vaccines is
not translating into practice, despite their
awareness of the recommendations. While
seasonal lIV is typically available for ~11
months of each calendar year, the window of
opportunity to offer [IV in pregnancy appears
to have been unnecessarily constrained to

a narrow period coinciding with the early
months of vaccine availability. In our cohort,
50% of IIV given during pregnancy was
administered over a seven-week period in
each calendar year. Here the focus appears to
be on the early influenza season, rather than
an offer of IV at any time during pregnancy.
Very few women in our cohort (3-4%)
received IIV in the first trimster, while 11-14%
had received IIV in the second trimester.
Receipt of IIV in the 12 months preceding

the current pregnancy, or ever, was also a
strong predictor of uptake during pregnancy.
This is consistent with the influence of GP
recommendation of IV in pregnancy,''®

and the familiarity of normally getting the
seasonal IIV when not pregnant.'®

We observed an almost whole trimester shift
of IIV from the second to the third trimester
of pregnancy in 2015. The shift coincided
with the introduction of the maternal dTpa
program that targeted women during their
third trimester of pregnancy. Opportunistic
vaccination with the convenience of getting
both (IIlV and dTpa) vaccines at the one visit
may have been one of the major drivers.
Possibly, women also felt more accepting of
vaccination later in their pregnancy due to
concerns around the safety of IIV earlier in
pregnancy, given that safety was recognised
as a concern for 40% of our unvaccinated
study participants. Since morphology
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screening (ultrasound) is conducted at
~18-22 weeks gestation, and the optimal
timing for dTpa is now recommended from
20-32 weeks gestation,'” it may be more
acceptable for women to have both vaccines
(IIV and dTpa) at or following the morphology
scan, especially for those women who have
previously had safety concerns about IV in
the first trimester.

Reported IIV uptake in pregnancy in Australia
has varied from ~24 to 61% between
jurisdictions'®2° and influenza seasons,°

but has consistently been sub-optimal. In
2015, IV uptake in non-Indigenous pregnant
women was 24% in the Northern Territory,?°
61% and 72%, respectively, for [IV and

dTpa in Western Australia,'® and 62% and
63%, respectively, for Western Australian
First Nations women.?! More recently, IV
uptake in pregnancy was 76% in South
Australia and 39% in Victoria.'® Differences
in uptake between jurisdictions are most
likely multifactorial; states with shared-care
models of antenatal care indicate higher IIV
uptake, and areas where English is a second
language and with lower socioeconomic
status indicate lower IIV uptake.?? Regardless
of the differences, a conversation with
pregnant women about the risks associated
with influenza infection during pregnancy
and infancy and what is known about IIV
safety and effectiveness, as well as offering IV
to every pregnant woman, is required. Given
our cohort were recruited from major capital
cities, not rural or remote-living areas, access
to HCPs (and hence vaccinations) should not
have been an issue unless the co-payment
cost of a GP visit was a factor; however,

<2% of women indicated that cost was an
issue. Most of those who were unvaccinated
believed that influenza in pregnancy was
serious (76%) and that IIV reduced the
severity of influenza in pregnancy (77%).

Strengths and limitations

We were able to confirm IIV uptake in
pregnancy by HCPs for 77% of participants.
This, along with our large sample size, broad
geographic distribution over multiple study
sites and data collection through consecutive
influenza seasons are strengths of this

study. Although a non-random sample,

the study design enabled within-cohort
comparisons that are generalisable to the
general Australian population during this
time period, and our one-on-one participant
interviews conducted by trained researchers
to capture demographic, pregnancy and

© 2021 The Authors
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birth characteristics and views, attitudes
and beliefs about vaccination in pregnancy
further strengthen our results.

We acknowledge that our eligibility criteria
excluded non-English speaking women,
potentially introducing selection bias.
Budgetary restraints precluded us from
employing interpreters; however, 18% of
study participants stated English was not
their main spoken language, and this did
not differ between women who received IV
and unvaccinated women. Other limitations
include non-representation of remote-
living women and women who had either

a stillbirth, miscarriage or late spontaneous
abortion. We cannot know what proportion
of these, or women who did not consent to
be part of the study, received IIV or pertussis
in pregnancy, and these areas require further
research.

Conclusions

The uptake of IV in Australia was poor prior
to the introduction of the maternal dTpa
vaccination program. Healthcare provider
discussions with pregnant women about
the risks associated with influenza infection
during pregnancy and early infancy and
evidence about the safety and effectiveness
of IIV are required. Recommending and
offering IV in pregnancy needs to be
included in these discussions to improve
uptake.

Implications for public health

Although HCP recommendation for lIV in
pregnancy remains the strongest predictor
of uptake, a national systematic approach

to ascertain vaccination status in pregnancy
is still required. Key data elements should
capture and prioritise: First Nations

status, non-English speaking women, and
geographic location for remote-living women
to identify areas of disparity in vaccine
uptake. Meanwhile, education for the public,
HCPs and other advocates in healthcare
settings are needed, and improving coverage
in the general population of women may
influence positive vaccine choices during
pregnancy.
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