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Influenza and pertussis
vaccination of women during
pregnancy in Victoria, 2015-
2017

Abstract

Objectives:/To assess variations by time of year and hospital in the uptake of influenza
and pertussis vaccinations by pregnant women in Victoria; to identify factors associated
with vaccination uptake.

Design, setting: Retrospective analysis of data in the Victorian Perinatal Data Collection
(VPDC), a population surveillance system for obstetric conditions, procedures, and
pregnancy and birth outcomes.

Participants: Women whose pregnancies ended in a live or stillbirth during July 2015 —
June 2017

Main outcome/measures: Influenza and pertussis vaccinations during pregnancy.
Resultsi153,980 pregnancies in 67 hospitals ended during July 2015 — June 2017; 59 968
pregnant women (39.0%) were vaccinated against influenza and 98 583 (64.0%) against
pertussissiCoverage varied by pregnancy end date, rising for influenza during winter and
spring, but rising continuously across the two years for pertussis from 37.5% to 82.2%.
Differences between hospitals in coverage were marked. Factors associated with
vaccinatien included greater maternal age, primigravidity, early antenatal care, and GP-
led care. The odds of vaccination were statistically significantly lower for women born
overseas and those who smoked during pregnancy; the odds of vaccination were also
lower for Aboriginal and Torres Strait Islander women.

Conclusions: Pertussis vaccination of pregnant women in Victoria has increased, but
influenzawvaccination rates remain moderate and variable. Structural changes at the
system.' level _may improve maternal vaccination rates. Embedding the delivery of

maternal vaccination programs in antenatal care pathways should be a priority.

Summary box

Thelknown: Influenza and pertussis vaccinations during pregnancy are safe and effectively
prevent infections in women and their infants.

The new: Pertussis vaccination of pregnant women in Victoria increased during 2015-17
from 38% to 82%. The overall rate of influenza vaccination was 39%, but the level varied by

season. Individual and hospital-level contributions to variations in uptake included lower
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rates among overseas-born women, women who smoked during pregnancy, and Aboriginal
and Torres Strait Islander Australian women.

The implications: Structural changes at the system level may improve maternal
vaccination rates. Embedding the delivery of vaccinations in antenatal care pathways

should be a priority.

Vaccination of pregnant women against influenza and pertussis is recommended to reduce
thesisks of infection for both mother and child.!? Despite strong evidence for their safety
and effectiveness,3” rates of vaccination are suboptimal in many countries.®8 Influenza
vaccine can be given at any time during pregnancy, but preferably before the influenza
season; pertussis vaccine should be given during the third trimester (preferably 28-32
weeks).’

In this investigation, we explored variations by time of year and hospital in the uptake
of influenza and pertussis vaccination by pregnant women in Victoria and the hospital-
and individual-level factors associated with vaccination uptake. Influenza vaccination for
pregnant women was added to the Australian National Immunisation Program in 2010, as
was pertussis vaccination (replacing state-based programs) in 2018.° In Victoria, the
maternal pertussis vaccination program had commenced in June 2015, the main objective

being to protect infants before they receive scheduled vaccinations at 2, 4 and 6 months

of age.”

Methods

Data sources

We analysed data from the Victorian Perinatal Data Collection (VPDC), a population
surveillance system that captures information on obstetric conditions, procedures,
pregnancy, and birth outcomes (live and stillbirths) required to be registered under the
Victorian Birth, Deaths and Marriages Registration Act 1996.1%-11

To examine variations in vaccination uptake by time of year, we analysed data for all
pregnancies captured by the VPDC that ended during 1 July 2015 — 30 June 2017. Data
were aggregated by the month and year the pregnancy ended, hospital of birth, and
maternal vaccination status. We restricted analyses of hospital-level variation to
pregnancies that ended during the most recent financial year (2016-17) to reflect
contemporary vaccination uptake.

To examine individual-level factors associated with vaccination, we separately
analysed data for all pregnancies that ended during 1 January 2016 — 31 December 2016:
maternal vaccination status, socio-demographic status, gravidity, date the pregnancy
ended, gestational age at birth, hospital campus of birth (or home births), and discipline
of antenatal care provider. The midwife attending the birth generally supplies information
on maternal vaccination status to the VPDC according to the woman’s self-reported
understanding of her vaccination status during the current pregnancy or any available

written records, including medical or antenatal care files.
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To explore hospital-level variations in vaccination practice, senior maternity managers,
maternity clinicians, midwife practitioners, and researchers who attended a VPDC forum
in July 2018 were surveyed. The voluntary survey comprised eight closed questions
related to local systems and practices for promoting and administering maternal
vaccinations. Data on the respondents’ places of work were captured, including hospital
capability level, public or private status, and whether the respondent was a privately

practising midwife.

Data preparation

Pregnancies ending in non-maternity or interstate hospitals or terminations were excluded
from analyses. Hospitals were classified according to their capability level, which reflects
the complexity of maternal and neonatal care offered. Level 6 hospitals are high
capability tertiary maternity care services that can support complex pregnancies and have
neonatal intensive care facilities; level 1 services are able to support normal and low risk
pregnancies.!2 Private hospitals and homebirths in Victoria are not included in this
framework, andywere therefore treated separately. For analyses of individual-level factors
associatediwith pertussis vaccination, pregnancies ending earlier than 28 weeks’ gestation

were excluded:

Statistical analyses

Vaccination uptake (coverage) was calculated as the number of pregnant women reported
to have received a vaccine as a proportion of all pregnancies ending during the relevant
time period or in the relevant birth hospital, summarised as descriptive statistics.

We identified factors associated with vaccination by logistic regression, constructing
separate models for our two main outcome measures, vaccination against influenza or
pertussis. We developed a number of candidate models, each incorporating known and
plausible confounding factors. Subsequent candidate models were developed iteratively,
incorporatingmall available variables in a stepwise fashion, entered in order of their
strengthof association in univariate analyses. Each candidate model was assessed for
goodness, of fit with the Akaike information criterion (AIC);'3 the model with the
smallest _AIC _value was selected as the final adjusted model. All variables in the
univariate model were ultimately included in the final multivariate models. Analyses

were performed in Stata 14.0 (StataCorp).

Ethics approval

Ethics approval was obtained from the Australian Department of Health and Human
Services (DHHS) Human Research Ethics Committee (reference, 15/17) and from the
Consultative Council for Obstetric and Paediatric Morbidity and Mortality. The study was

supported bysDHHS as part of vaccine program evaluation.
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Results

In Victoria, 154 053 pregnancies ended between July 2015 and June 2017. The total
number of births was stable over time (median, 6560 births per month). After excluding
nine pregnancies that ended in non-maternity hospitals and 64 that were terminated,
153 980 pregnancies (from 67 hospitals) were included in our analyses, of which 117 275
(76.2%) ended in public hospitals, including 75 643 in capability level 5 or 6 hospitals
(64.5% of pregnancies ending in public hospitals). About one-quarter of pregnancies
(36 427, 23.7%) ended in private hospitals, and 84 (<0.1%) ended at home (Box 1).
During the 2-year period, 59 968 pregnant women (38.9%) were vaccinated against

influenza and 98 583 (64.0%) against pertussis.

Differences in vaccination uptake by time of year and hospital

Vaccination uptake varied by month of pregnancy end date. The median proportion of
women vaccinated against influenza was 40.4% (interquartile range [IQR], 31.4-48.2%;
range, 20.1-60.9%). Uptake was higher for pregnancies ending in winter or spring, and
the proportions vaccinated in each month of the first six months of 2017 were higher than
for the corresponding months of 2016 (Box 2, A). The proportion of women vaccinated
against pertussis increased steadily over time, without seasonal variation; the median
coverage was 64.6% (range, 37.5-82.2%; IQR, 57.1-70.2%) (Box 2, B).

Uptake varied considerably between hospitals (Box 3). After excluding 194
pregnancies for which hospital data were missing, the median influenza vaccination
coverage for pregnancies that ended during 2016-17 was 45.0% (IQR, 34.7-52.6%;
range, 0—75.3%). For pertussis vaccination, median coverage was 80.4% (IQR, 65.1-
86.3%; range; 0-100%). The proportions of women whose pregnancies ended at home
who were vaccinated during pregnancy were low (influenza, 7.3%; pertussis, 11.9%). In
one capability level 6 hospital and two capability level 5 hospitals with a total of 16 000
births annually, overall uptake of pertussis vaccination was about 55%; that is, about
7200 women whose pregnancies ended at these three hospitals were not vaccinated
against pertussis.

During the 2016 calendar year, women whose pregnancies ended in public hospitals
were more likely to be vaccinated than those in private hospitals (influenza: adjusted odds
ratio [aOR], 1.15; 95% confidence interval [CI], 1.09—1.22; pertussis: aOR, 1.37; 95% CI,
1.28-1.46). Women giving birth in level 6 public hospitals were more likely to be
vaccinated against influenza than in lower level public hospitals, but there was

considerable variation in rates between hospitals within capability levels (Box 3, Box 4).

Factors associated with vaccination uptake

A total of 79 310 pregnancies ended during 1 January 2016 — 31 December 2016. Overall,
31 925 pregnant women were vaccinated against influenza (40.3%), 40 590 (51.2%) were
not vaccinated, and data were missing for 6795 (8.6%) (Box 4); 51 024 (64.7%) were
vaccinated against pertussis, 19 292 (24.5%) were not vaccinated, and data were missing

for 8541 (10.8%) (Box 5). After excluding 453 pregnancies that ended earlier than 28
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weeks’ gestation, 78 887 pregnancies were included in our analyses of factors influencing
maternal pertussis vaccination. In total, 28 432 women (36.1%) were vaccinated against
both influenza and pertussis, and 16 872 (21.4%) against neither (data not shown).

Factors associated with influenza vaccination included greater maternal age (35 years
or older,v under, 20 years of age: aOR, 1.35; 95% CI, 1.18-1.56), primigravidity (aOR,
1.37; 95% CI, 1.32—1.41), and early contact with an antenatal care provider (by 11 weeks
v at 24 weeks or later: aOR, 1.63; 95% CI, 1.52-1.75). Women receiving GP-led
antenatal care’werenmore likely to be vaccinated than women receiving obstetrician-led
care(aOR;™ 1u57; 95% CI, 1.49-1.65), as were women in rural areas and with partners.
The odds, of vaccination were statistically significantly lower for women who smoked
during pregnancy (aOR, 0.65; 95% CI, 0.61-0.70) and women born overseas (aOR, 0.91;
95% CI, 0.88-0.94); they were also lower for Aboriginal and Torres Strait Islander
women (aOR, 0.91; 95% CI, 0.88-1.04) (Box 4).

Factors associated with pertussis vaccination included greater maternal age (20-34
years v under 20 years of age: aOR, 1.42; 95% CI, 1.16-1.63), residing in rural Victoria
(v metropolitan,Victoria: aOR, 1.87; 95% CI, 1.77-1.97), being married or in a de facto
relationship=(@OR, 1.18; 95% CI, 1.12-1.25), primigravidity (aOR, 1.80; 95% CI, 1.73—
1.87), and"eatlycontact with antenatal care provider (by 11 weeks v at 24 weeks or later:
aOR, 1.83; 95% CI, 1.70-1.97). Women receiving GP-led antenatal care were more likely
to be vaccinated, than women receiving obstetrician-led care (aOR, 1.49; 95% CI, 1.40—
1.58); the lodds, of vaccination also rose with socio-economic status of residence.
Aboriginal and Torres Strait Islander women (aOR, 0.69; 95% CI, 0.60-0.79), women
born overseas (aOR, 0.68; 95% CI, 0.65-0.70), and women who smoked during
pregnancy (aOR, 0.69; 95% CI, 0.65-0.74) were less likely to have been vaccinated

against pertussis (Box 5).

Hospital maternal vaccination practices

Fifty-five'ofsl34 VPDC forum participants responded to the survey (response rate, 41%),
including™@0“ftem public hospitals (73% of respondents), with good representation from
all capability levels (level 2, two; level 3, twelve; level 4, eight; level 5, eleven; level 6,
seven). Seven respondents (13%) worked in private hospitals; three (6%) were privately
practising midwives. Twenty-three respondents (42%) indicated that influenza vaccines
were always (8; 15%) or usually (15; 27%) administered to pregnant women as part of
routine’ antenatal care at their place of work; 25 (46%) indicated that pertussis vaccines
were always(17; 31%) or usually (8; 15%) administered as part of routine antenatal care.
After excluding respondents who said that maternal vaccines were always administered,
37 of 47 (79%) indicated that practitioners routinely discussed and referred women to
GPsgfor influenza vaccination and 32 of 38 (84%) that practitioners routinely discussed
and referred women to GPs for pertussis vaccination. Workplace systems for promoting
maternal vaccination included antenatal care checklists prompting discussion of maternal
vaccines (42; 76%), providing educational material about maternal vaccination (35; 64%),
immunisation services in antenatal care clinics (11; 20%), and standing orders for

delivery of maternal vaccines by midwives (10; 18%). Three respondents from private
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hospitals indicated that dedicated immunisation services were provided in antenatal care

clinics.

Discussion

Uptake of pertussis vaccination by pregnant women in Victoria increased from 38% in
July 2015 to 82% in June 2017, a higher rate than estimates for other countries (eg,
United Kingdom, 2017: 72%; United States, 2017: 49%).%7 Uptake of influenza
vaccination was only 39% during 2015-17, similar to estimates in other countries with
comparable programs;’-® however, the rate varied seasonally, typically rising to more than
50% during winter and spring, with coverage reaching 60% during the severe 2017
influenza season.

Uptake of influenza vaccination may be influenced by concerns among pregnant

women and antenatal care providers about the severity of infection during pregnancy!'#!3

and the safety of influenza vaccines.'® Pregnant women are generally more concerned
about health risks to their infants than to themselves; as they view influenza as primarily
as their own problem, but pertussis as a greater risk for their babies, women are more
likely to accept pertussis vaccination.'> Uptake of influenza vaccination during 2015-17
increased markedly during the influenza season (typically May—October), probably
reflecting both awareness and availability of the vaccine. Additional public education and
targeted communications to antenatal care providers may improve awareness about the
importance of influenza vaccination during pregnancy, regardless of the time of year.

In contrast, uptake of pertussis vaccination increased steadily across 2015-17. This
may reflect continued promotion by state and national bodies of the importance of
maternal pertussis vaccination, and increased awareness among pregnant women of the
seriousness of pertussis in infants. Media reports of infant deaths caused by pertussis and
active campaigning by affected parents may have influenced vaccination uptake.

The reasons for the hospital-level variation in maternal vaccination rates are unclear,
but the responses to our survey suggest that system factors may be involved. Fewer than
half the respondents indicated that the vaccines were always or usually administered
during routine antenatal care; it was also reported that many women were referred to GPs
for maternal vaccination. Few respondents reported standing orders or dedicated
immunisation services that enabled midwives to vaccinate women during antenatal
appointments. Other structural barriers may include the lack of midwives certified as
nurse immunisers. Uptake of maternal vaccination could be improved by system-level
modifications to antenatal care in hospitals, with standing orders for midwife delivery!’
and educational and other structural interventions, such as antenatal care checklists,'® as
employed in a variety of settings, including obstetric medicine.!® Standing orders for
maternal vaccination or accreditation of “vaccine champion” nurse immunisers could be
included in hospital-based antenatal care.

At the individual level, we identified several groups for whom vaccination rates were

particularly low. In Australia, uptake of maternal vaccination by Aboriginal and Torres
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Strait Islander women has been reported to be low?? to moderate.2! In our study, uptake
of maternal influenza and pertussis vaccination by Aboriginal and Torres Strait Islander
women was lower than among non-Indigenous women; the difference for maternal
influenza vaccination was not statistically significant, but the coverage gap should be
further investigated. Uptake was also lower among women born overseas, particularly
pertussis vaccination. Lower uptake of pertussis vaccines during pregnancy has been
reported for ethnic minorities with geographic problems of access and lower health
literacy/®% Targeted'messaging to these communities and their antenatal care providers, as
well as improved pregnancy care models, may increase their vaccination rates. Smoking,
an impertantyrisk factor for respiratory infection, was also associated with lower
coverages

Our results suggest several steps for improving vaccination coverage among pregnant
women (Boxg6). Commencing antenatal care late was associated with lower coverage, and
recommendations by health care providers have a strong influence on the likelihood of
vaccination during pregnancy.?? Further, we found that GP-led care was associated with
higher rates of vaccination than obstetrician-led care, possibly reflecting the expertise of
GPs in delivering a range of vaccines. It may also indicate attitudinal, logistic or other
barriers to obstetricians offering vaccines, such as the lack of systems and processes for

their orderingron storing vaccines.

Limitations

Although we used a stable population-wide dataset, we were unable to explore factors
that influence vaccination uptake but are not captured by the VPDC; nor could we assess
the timelinessrof vaccination during pregnancy relative to gestational age. Missing data
and thespotential for vaccination status misclassification are also possible. Influenza and
pertussis vaccination data were incorporated into the VPDC only in July 2015, and the

quality ©f their collection has not been formally assessed.

Conclusions

We found, that{the uptake of pertussis vaccination by pregnant women in Victoria was
high andqinereasing, but that uptake of influenza vaccination was moderate and variable.
Differences related to hospital- and individual-level factors were identified, indicating
that many women and their infants are still at risk of these infections.

Preventing influenza and pertussis in pregnant women and infants remains a global
challenge. Multimodal prevention strategies are required, particularly for women who
have netysbeen vaccinated during pregnancy. For preventing pertussis, cocoon
immunisationsof women and others likely to have direct contact with infants in the
immediate post partum period may offer limited protection,?* and recent findings suggest
there may be @l complementary role for pertussis vaccination at birth.?> Nevertheless,
maternal vaccination remains the most effective strategy for preventing influenza and
pertussis in pregnant women and their infants, and embedding its delivery into antenatal

care pathways should be a priority.
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Box 1. Pregnancies ending in Victoria between July 2015 and June 2017, by

capability level of hospital

Capability level

Pregnancies

Hospitals

Public hospitals

Level 2

!

Level 3

P

vel 4

Gl

Level 5
Level 6
rivate hospitals
Homebirth

issing data

9

Total

alu

M

reg

o

(=]

F
T

jonof p
-

£

T

[&]
(]
=]
&

T

2015

Autho

117 725 (76.2%)
911 (0.6%)
19 885 (12.9%)
20 836 (13.5%)
41 212 (26.8%)
34 431 (22.4%)
36 427 (23.7%)
84 (< 0.1%)
194 (0.1%)
153 980

influenza; B, pertussis

Jul Sep Nov Jan Mar May July Sep Nov Jan Mar May

2016 2017

Maonth of end of pregnancy

51 (76%)
11 (16%)
19 (28%)
9 (13%)
9 (13%)
3 (4%)
15 (22%)
1(1%)

67

ox 2. Vaccination of women in Victoria who had pregnancies that ended
between July 2015 and June 2017, by month in which pregnancy ended. A,

4]
Jul Sep Nov Jan Mar May July Sep Nov Jan Mar May
2005 2018 2017

Month of end of pregnancy
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B vaccinated
W notvarcinated
B Missing data




Box 3.

Vaccination of women in Victoria who had pregnancies that ended during
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July 2016 —dJune 2017, by hospital. A, influenza; B, pertussis
Box 4. Vaccination status and factors associated with uptake of influenza
vaccination by 79 310 women in Victoria who had pregnancies that ended
during,1 January 2016 — 31 December 2016
Vaccination status Odds ratio* Adjusted odds
Characteristic Vaccinated Not vaccinated Missing data (95% ClI) P ratio* (95% CI) P
Number of women 31925 (40.3%) 40 590 (51.2%) 6795 (8.6%)
Age (years)
<20 357 (30.5%) 728 (62.3%) 84 (7.2%) 1 1
20-34 23 209 (40.0%) 29 937 (51.6%) 4889 (8.4%) 1.58 (1.39-1.80) < 0.001 1.31 (1.15-1.50) <0.001
> 35 8359 (41.6%) 9922 (49.4%) 1819 (9.0%) 1.72 (1.51-1.96) < 0.001 1.35 (1.18-1.56) < 0.001
Missing data 0 3 (50%) 3 (50%) — —
Indigenous status
Not Indigenous 310491 (40.4%) 39782 (51.0%) 6677 (8.6%) 1 1
Indigenous 369 (33.3%) 680 (61.4%) 58 (5.2%) 0.69 (0.60-0.78)  <0.001  0.91 (0.80-1.04) 0.17
Missing data 65 (26%) 128 (50.6%) 60 (24%) 0.64 (0.48-0.86) 0.004 0.75 (0.54-1.02) 0.07
Country of birth
Australia 20 420 (41.8%) 25 084 (51.4%) 3321 (6.8%) 1 1
Overseas 1382 (37.9%) 15283 (50.8%) 3404 (11.3%)  0.91(0.89-0.94) <0.001  0.91 (0.88-0.94) < 0.001
Missing data 123 (29.6%) 223 (53.6%) 70 (17%) 0.68 (0.54-0.85)  0.001 0.83 (0.66—1.04) 0.10

Area of residence

Metropolitan

24 423 (39.8%)

30 623 (49.9%)

6286 (10.2%)
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Rural

Missing data

6849 (42.0%)

653 (38.6%)

Socio-economic status (IRSD quintile)

1 (most disadvantaged)
2
3
4
5 (least disadvantaged)
Missing data
Marital status
Not partnered

Partnered (married/de

facto)

Missing data

5575 (35.1%)
6241 (39.2%)
6181 (38.1%)
64405(41.2%)
7470 (47.8%)

18 (38%)

3040 (33.6%)

28 666 (41.2%)

219 (30.6%)

Smoked at any time during.pregnancy

Did not smoke
Smoked
Missing data
Gravidity
Multigravida
Primigravida
Missing data
Plurality
Singleton

Multiple birth

301381 (41.2%)
1471 (28.1%)

73 (20%)

20,273 (37.9%)
11,652 (45.0%)

0

31 492 (40.3%)

433 (38.1%)

Discipline of antenatal care provider

Obstetrician

No provider
General practitioner
Midwife

Missing data

17 442 (40.7%)
23 (9.9%)
5101 (49.9%)
9194 (36.0%)

165 (36.2%)

Gestational age at first antenatal visit (weeks)

Missing data

Hospital type

1469 (29.5%)
14 540 (38.3%)
15 727 (44.1%)

189 (26.1%)
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8992 (55.2%)

975 (57.7%)

8852 (55.8%)
8415 (52.8%)
8722 (53.8%)
7805 (50.0%)
6773 (43.3%)

23 (48%)

5256 (58.2%)

34 959 (50.3%)

375 (52.4%)

36 973 (50.2%)
3440 (65.7%)

177 (49.4%)

28 649 (53.6%)
11 939 (46.1%)

2 (67%)

40 017 (51.2%)

573 (50.4%)

21 484 (50.1%)
183 (78.9%)

4725 (46.2%)

13 949 (54.7%)

249 (54.6%)

2988 (60.0%)
20 179 (53.2%)
17 023 (47.7%)

400 (55.2%)

447 (2.7%)

62 (3.7%)

1450 (9.1%)
1279 (8.0%)
1301 (8.0%)
1372 (8.8%)
1386 (8.9%)

7 (15%)

742 (8.2%)

5932 (8.5%)

121 (16.9%)

6362 (8.6%)
325 (6.2%)

108 (30.2%)

4507 (8.4%)
2287 (8.8%)

1 (33%)

6664 (8.5%)

131 (11.5%)

3955 (9.2%)
26 (11%)
401 (3.9%)
2371 (9.3%)

42 (9.2%)

523 (10.5%)
3219 (8.5%)
2918 (8.2%)

135 (18.6%)

0.96 (0.92-0.99)

0.84 (0.76-0.93)

1
1.18 (1.12-1.23)
1.13 (1.07-1.18)
1.31 (1.25-1.37)
1.75 (1.67-1.84)

1.24 (0.67-2.30)

1.42 (1.35-1.49)

1.01 (0.85-1.20)

’
0.52 (0.49-0.55)

0.50 (0.38-0.66)

1

1.38 (1.34-1.42)

1

0.96 (0.85-1.09)

1
0.15 (0.10-0.24)
1.33 (1.27-1.39)
0.81 (0.79-0.84)

0.82 (0.67-0.99)

1
1.47 (1.37-1.57)
1.88 (1.76-2.01)

0.96 (0.80—1.16)

0.011

0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.49

< 0.001

0.91

< 0.001

< 0.001

< 0.001

0.53

< 0.001

< 0.001

< 0.001

0.044

< 0.001

< 0.001

0.67

1.15 (1.10-1.20)

0.88 (0.79-0.98)

1
1.12 (1.07-1.18)
1.05 (1.00-1.11)
1.10 (1.04-1.16)
1.34 (1.27-1.42)

1.26 (0.66-2.37)

1.11 (1.05-1.17)

0.97 (0.81-1.16)

1
0.65 (0.61-0.70)

0.70 (0.53-0.93)

1

1.37 (1.32-1.41)

1

1.03 (0.90-1.17)

1
0.26 (0.16-0.43)
1.57 (1.49-1.65)
0.98 (0.94-1.02)

0.97 (0.79-1.20)

1
1.36 (1.27-1.45)
1.63 (1.52-1.75)

1.37 (1.09-1.72)

< 0.001

0.017

< 0.001

0.039

0.001

<0.001

0.48

<0.001

< 0.001

0.013

<0.001

<0.001

< 0.001

0.30

0.80

< 0.001

< 0.001

<0.001



Private 8541 (45.2%) 8066 (42.7%) 2304 (12.2%) 1 1
Public 23 380 (38.8%) 32 415 (53.9%) 4399 (7.3%) 0.68 (0.66-0.71) < 0.001 1.15 (1.09-1.22) <0.001
Missing data 4 (2%) 109 (53.2%) 92 (45%) 0.03 (0.01-0.09)  0.047  0.05(0.02-0.12) < 0.001
Capability level of hospital of birth (public)
6 (highest capability) 7760 (44.1%) 7844 (44.6%) 1988 (11.3%) 1 1
5 7237 (34.2%) 12 875 (60.8%) 1074 (5.1%)  0.57 (0.54-0.59) <0.001  0.58 (0.55-0.61) < 0.001
4 4054(37.4%) 5728 (52.9%) 1047 (9.7%)  0.71 (0.68-0.75) 0.024 0.64 (0.61-0.68) < 0.001
3 4160 (41.1%) 5777 (57.0%) 196 (1.9%) 0.73 (0.69-0.77) 0.037 0.67 (0.63-0.71) < 0.001
2 472 (37.6%) 191 (41.8%) 94 (20.6%)  0.91(0.74-1.12) 0.67 (0.54-0.84) < 0.001
Private hospital 8541 (45.2%) 8066 (42.7%) 2304 (12.2%)  1.07 (1.02-1.12) 0.13 = =
Missing data 4 (2%) 109 (53.2%) 92 (45%) 0.04 (0.01-0.10)  <0.001  0.04 (0.01-0.11)  <0.001
Gestational age at birth (weeks)
<28 55 (12%) 308 (68.0%) 90 (20%) 1 1
28-36 1957 (36.1%) 2865 (52.9%) 598 (11.0%) 3.83 (2.85-5.13) < 0.001 4.13 (3.07-5.56) <0.001
>37 29913 (40.7%) 37417 (51.0%) 6107 (8.3%)  4.48 (3.36-5.97) <0.001 4.74 (3.54-6.35) < 0.001
IRSD = Index of Relative Socioeconomic Disadvantage. * Adjusted odds ratios are adjusted for all other
factors in the table. Missing data were excluded from odds ratio calculations.
Box 5. Vaccination status and factors associated with uptake of pertussis
vaccination’by 78 887 women in Victoria who had pregnancies of at least 28
weeks’ gestation that ended during 1 January 2016 — 31 December 2016
Vaccination status Odds ratio* Adjusted odds
Characteristic Vaccinated Not vaccinated Missing data (95% Cl) P ratio* (95% CI) P
Number of women 51 024 (64.7%) 19 292 (24.5%) 8541 (10.8%)
Age (years)
<20 713 (61.5%) 361 (31.1%) 85 (7.3%) 1 1
20-34 37 933 (65.7%) 13 941 (24.2%) 5845 (10.1%) 1.38 (1.21-1.57) < 0.001 1.42 (1.23-1.63) < 0.001
> 35 12,378 (62.0%) 4987 (25.0%) 2608 (13.1%)  1.26 (1.10-1.43) 0.001 1.34 (1.16-1.55) < 0.001
Missing data 0 3 (50%) 3 (50%)
Indigenous status
Not Indigenous 50.250 (64.8%) 18 834 (24.3%) 8420 (10.9%) 1 1
Indigenous 650 (59.0%) 390 (35.4%) 62 (5.6%) 0.62 (0.55-0.71) < 0.001 0.69 (0.60-0.79) <0.001
Missing data 124 (49.4%) 68 (27%) 59 (24%) 0.68 (0.51-0.92) 0.012 0.95 (0.68-1.32) 0.76
Country of birth
Australia 331398 (68.8%) 10 572 (21.8%) 4586 (9.4%) 1 1
Overseas 17 428 (58.3%) 8578 (28.7%) 3881 (13.0%) 0.64 (0.62-0.67) <0.001  0.68 (0.65-0.70) < 0.001
Missing data 198 (47.8%) 142 (34.3%) 74 (18%) 0.44 (0.36-0.55) < 0.001 0.59 (0.47-0.74) < 0.001

Area of residence
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Metropolitan
Rural

Missing data

37 325 (61.2%)
12 431 (76.8%)

1268 (75.4%)

Socio-economic status (IRSD quintile)

1 (most disadvantaged)
2
3
4
5 (least disadvantaged)
Missing data
Marital status
Not partnered

Partnered (married/de

facto)

Missing data

9680 (61.4%)
100284 (64.9%)
10-358,(64.3%)
10°402 (67.0%)
10:269 (66.0%)

31 (65%)

5476 (61.1%)

45177 (65.3%)

371 (52.4%)

Smoked at any time during'pregnancy

Did not smoke
Smoked
Missing data
Gravidity
Multigravida
Primigravida
Missing data
Plurality
Singleton

Multiple birth

47 831 (65.2%)
3061 (58.9%)

132 (38.0%)

32,846 (61.8%)
18 178 (70.7%)

0

50 393 (64.8%)

631 (58.8%)

Discipline of antenatal care provider

Obstetrician

No provider
General practitioner
Midwife

Missing data

26 672 (62.7%)
59 (27%)
8047 (78.9%)
15,965 (62.7%)

281 (62.6%)

Gestational age at first antenatal visit (weeks)

Missing data

2646 (53.6%)
24 535 (65.0%)
23 544 (66.3%)

299 (43.6%)
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15 715 (25.8%)
3227 (19.9%)

350 (20.8%)

4585 (29.1%)
4153 (26.2%)
4092 (25.4%)
3425 (22.1%)
3027 (19.4%)

10 (21%)

2715 (30.3%)

16 400 (23.7%)

177 (25.0%)

17 394 (23.7%)
1802 (34.7%)

96 (28%)

14 648 (27.6%)
4642 (18.0%)

2 (67%)

19 007 (24.4%)

285 (26.6%)

10 137 (23.8%)
139 (63.2%)
1771 (17.4%)
7120 (28.0%)

125 (27.8%)

1774 (35.9%)
9938 (26.3%)
7322 (20.6%)

258 (37.6%)

7949 (13.0%)
528 (3.3%)

64 (3.8%)

1499 (9.5%)
1404 (8.9%)
1660 (10.3%)
1699 (10.9%)
2272 (14.6%)

7 (15%)

768 (8.6%)

7613 (11.0%)

160 (22.6%)

8092 (11.0%)
330 (6.4%)

119 (34.3%)

5638 (10.6%)
2902 (11.3%)

1 (33%)

8384 (10.8%)

157 (14.6%)

5730 (13.5%)
22 (10%)
383 (3.8%)
2363 (9.3%)

43 (9.6%)

516 (10.5%)
3246 (8.6%)
4650 (13.1%)

129 (18.8%)

1
1.62 (1.55-1.69)

1.53 (1.35-1.72)

1
1.17 (1.12-1.23)
1.20 (1.14-1.26)
1.44 (1.37-1.52)
1.61 (1.52-1.70)

1.47 (0.72-3.00)

1

1.37 (1.30-1.43)

1.04 (0.86-1.25)

1
0.62 (0.58-0.66)

0.50 (0.38-0.65)

1

1.75 (1.68-1.81)

1

0.84 (0.73-0.96)

1
0.16 (0.12-0.22)
1.73 (1.63-1.83)
0.85 (0.82-0.88)

0.85 (0.69—1.06)

1
1.66 (1.55-1.77)
2.16 (2.02-2.30)

0.78 (0.65-0.93)

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.29

< 0.001

0.68

< 0.001

< 0.001

< 0.001

0.012

< 0.001

<0.001

< 0.001

0.15

< 0.001

< 0.001

0.005

1
1.87 (1.77-1.97)

1.52 (1.34-1.73)

1.22 (1.15-1.29)
1.30 (1.23-1.37)
1.57 (1.48—-1.66)
1.77 (1.66-1.89)

1.38 (0.65-2.92)

1

1.18 (1.12-1.25)

1.00 (0.82—1.22)

1
0.69 (0.65-0.74)

0.64 (0.48-0.86)

1

1.80 (1.73-1.87)

1

1.00 (0.86-1.16)

1
0.36 (0.24-0.53)
1.49 (1.40-1.58)
0.97 (0.93-1.01)

1.12 (0.89-1.40)

1
1.50 (1.40-1.61)
1.83 (1.70-1.97)

1.08 (0.85-1.38)

< 0.001

<0.001

<0.001

<0.001

< 0.001

<0.001

0.40

<0.001

0.99

< 0.001

0.003

<0.001

0.98

< 0.001

< 0.001

0.14

0.35

< 0.001

< 0.001

0.53



Hospital type

Private 11061 (58.7%)
Public 39 946 (66.8%)
Missing data 17 (8.3%)

Capability level of hospital ef birth (public)

6 (highest capability) 11377 (65.6%)

5 13-2004(62.5%)
4 7368 (68.3%)
3 7693 (76.1%)
2 308 (67.5%)

Private hospital 11061 (58.7%)

Missing data 17 (8.3%)
Gestational age at birth (weeks)
28-36 3056 (56.4%)

> 37 47 968 (65.3%)

3692 (19.6%)
15 504 (25.9%)

96 (47%)

4054 (23.4%)
6855 (32.5%)
2319 (21.5%)
2222 (22.0%)
54 (12%)
3692 (19.6%)

96 (47%)

1664 (30.7%)

17 628 (24.0%)

4100 (21.7%)
4349 (7.3%)

92 (45%)

1902 (11.0%)
1053 (5.0%)
1104 (10.2%)
196 (1.9%)
94 (21%)
4100 (21.7%)

92 (45%)

700 (12.9%)

7841 (10.7%)

1
0.86 (0.82-0.90)

0.06 (0.04-0.10)

1
0.69 (0.66-0.72)
1.13 (1.07-1.20)
1.23 (1.16-1.31)
2.03 (1.52-2.72)
1.07 (1.01-1.12)

0.06 (0.04-0.11)

1

1.48 (1.39-1.58)

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.013

< 0.001

< 0.001

IRSD = Index of Relative Socioeconomic Disadvantage. * Adjusted odds ratios are adjusted for all other

factors in the table. Missing data were excluded from odds ratio calculations.

Box 6. Recommendations for practice

= All'antenatal care providers should offer maternal vaccinations according to national

recommendations during each pregnancy, regardless of the interval between

pregnancies

® The influenza vaccine can be given at any time during pregnancy, but preferably before

the influenza season

" The pertussisivaccine should be given during the third trimester, preferably between 28

and 32:weeks’ gestation

® Maternal vaccinations should be offered to all pregnant women, particularly women from

groups for which rates are currently relatively low: Aboriginal and Torres Strait Islander

women, women born overseas, and women who smoke

= Maternal vaccination should be embedded in all antenatal care pathways, and systems

shouldsbesimproved to increase the uptake of vaccination by pregnant women
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1
1.37 (1.28-1.46)

0.07 (0.04-0.12)

1

0.64 (0.61-0.68)
0.85 (0.79-0.91)
1.12 (1.05-1.19)
1.10 (0.81-1.49)

0.04 (0.03-0.08)

1

1.42 (1.33-1.52)

<0.001

< 0.001

<0.001

< 0.001

<0.001

0.53

<0.001

<0.001



