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Abstract

Background

Maternal immunization is an effective strategy to protect pregnant women and their infants

from vaccine-preventable diseases. Despite the recommendation of maternal influenza and

more recently pertussis immunization in Australia, uptake of these vaccines has been sub-

optimal. A midwife delivered immunization program for pregnant women at the Women’s

and Children’s Hospital in South Australia commenced in April 2015. Monitoring the uptake

of the current funded vaccine programs for pregnant women is limited. The study aimed to

estimate maternal vaccine uptake and assess factors associated with influenza and pertus-

sis vaccine uptake among pregnant women.

Methods

This prospective study was undertaken between November 2014 and July 2016 at the

Women’s and Children’s Hospital. Following consent, demographic details and vaccination

history for South Australian pregnant women who attended the antenatal clinic were col-

lected. A standardised self-reported survey was completed during pregnancy with a follow

up telephone interview at 8–10 weeks post-delivery.

Results

205 women consented and completed the self-reported survey. Of the 180 pregnant women

who completed the study, 76% and 81% received maternal influenza and pertussis vaccines

respectively. The adjusted odds of women receiving maternal vaccines during pregnancy

were significantly higher for women delivering after the implementation of the midwife deliv-

ered program compared with women who delivered babies prior to the program for both per-

tussis vaccination (AOR 21.17, 95% CI 6.14–72.95; p<0.001) and influenza vaccination

(AOR 5.95, 95% CI 2.13–16.61, p<0.001). Women receiving a recommendation from a
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health care provider and first time mothers were significantly more likely to receive influenza

vaccination during pregnancy.

Conclusions

High uptake of influenza and pertussis vaccines during pregnancy can be attained with

health care provider recommendation and inclusion of maternal immunization as part of

standard antenatal care. A midwife delivered maternal immunization program is a promising

approach to improve maternal vaccine uptake by pregnant women.

Introduction

Pregnant women are at increased risk of morbidity and death from influenza infection during

seasonal and pandemic influenza outbreaks [1–3]. This was particularly evident during the

2009 ‘H1N1’ influenza pandemic outbreak in Australia, in which the admission rate of preg-

nant women to an intensive care unit following infection with influenza was significantly

higher compared to non-pregnant adults [4, 5]. Infants born to women affected by influenza

during pregnancy are at increased risk of adverse birth outcomes such as preterm birth and

low birthweight [6]. Similarily, Bordetella pertussis infections can also pose high risk to infants

prior to their receipt of a complete primary course of pertussis immunization [7,8].

Immunization of pregnant women with influenza and pertussis has now been shown to be

effective in not only protecting the mother but also the fetus /newborn via transfer of transpla-

cental antibodies [9, 10] and through breastfeeding [11]. Maternal pertussis vaccination at

least 7 days before delivery can prevent up to 91% of pertussis disease in infants under 3

months of age [12]. Similarly, influenza vaccination during pregnancy can prevent up to 91%

of influenza related hospital admissions in infants under 6 months of age [13] and has been

shown to reduce influenza infections in pregnant women [14]. The safety of maternal influ-

enza and pertussis immunization is well established, with no reports of serious adverse compli-

cations to the unborn infant and pregnant women [15, 16]. Concomitant influenza and

pertussis vaccination will occur in pregnancies that overlap with the influenza season, with the

potential for different responses compared to separate adminsation of the vaccines in pregnant

women [17]. However, a study evaluating the safety of co-administering pertussis-containing

vaccine (Tdap) and influenza vaccines in pregnant women has not found an increased risk of

adverse events [18].

The Australian Immunisation Handbook was updated in March 2015 to recommend per-

tussis-containing vaccine (Tdap) for all pregnant women during the third trimester of each

pregnancy [19]. State government funded pertussis vaccination programs for pregnant women

were introduced progressively between August 2014 and June 2015 in all Australian states and

territories [20]. All Australian states provide pertussis vaccine for pregnant women via general

practitioners and hospital antenatal clinics, local councils, community health care centres, and

obstetricians. In South Australia, the funded vaccine was introduced from April 2015 and

accompanied with a large state-wide promotional campaign targeting health professionals and

pregnant women [20]. Influenza immunization for pregnant women has been supplied free of

charge and recommended at any time during pregnancy in Australia through the National

Immunization Program since 2010 [19]. Additionally, a midwife delivered maternal immuni-

zation program for influenza and pertussis vaccine was introduced in the antenatal clinic at

the Women’s and Children’s Hospital in South Australia (WCH) from April 2015. This
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program enables registered midwives to administer maternal influenza and pertussis vaccina-

tion using a standing medication order, without the need for a prescription from a medical

doctor [19].

Despite the recommendation of maternal influenza and more recently pertussis vaccina-

tions in Australia, uptake of the recommended vaccines has historically been poor. Maternal

influenza vaccine uptake in Australia has been estimated to range from about 7% to 40% [21–

26]. However, these estimates are usually derived from relatively small sample studies. There

are no published data on national maternal pertussis vaccine coverage in Australia. It is impor-

tant to monitor and evaluate the impact of government funded pertussis vaccination programs

for pregnant women and determine strategies to maximize uptake of vaccination for this pop-

ulation group. The primary objective of this study was to identify factors associated with the

uptake of pertussis and influenza vaccines during pregnancy and to determine the uptake of

influenza and pertussis vaccines among pregnant women in South Australia.

Materials and methods

Study population and design

This observational prospective study was undertaken between Nov-2014 and Jun-2016 at the

WCH (a major tertiary maternity hospital in South Australia with an annual birth cohort of

approximately 5000). Participation involved answering 26 questions about vaccination for pro-

tection against influenza and pertussis. A total of 300 pregnant women were approached and

invited to participate in this research study. Participation in the survey was voluntary. A

research nurse/medical officer discussed the study with the participants prior to obtaining

written informed consent

Eligibility criteria

Pregnant women were eligible to participate if they were aged 18 years or over at the time of

enrolment and had sufficient understanding of the English language. Pregnant women were

eligible to partake in this study regardless of their gestational stage or expected delivery date.

Data collection instrument

A standardised self-report questionnaire was designed to collect socio-demographic details

and information on awareness and uptake of the recommended maternal influenza and per-

tussis immunizations among pregnant women. A follow up telephone interview were con-

ducted 8–10 weeks post-delivery. Participants were classified as ‘lost to follow- up’ and

omitted from the analysis, if incorrect contact details were provided, if they refused further

participation, or did not answer six phone call attempts at different times and on different

days. The follow up telephone interview included questions to confirm whether they received

influenza and/or pertussis vaccination during their pregnancy, a date and location, and if not

during pregnancy, whether they had received influenza or pertussis vaccine post birth of their

baby (See supplement). Delivery date of the woman was used to compare maternal influenza

and pertussis immunization coverage prior to and following the implementation of the mid-

wife delivered maternal immunization program. The midwife vaccine delivery program

equipped midwives with knowledge and skills to engage with pregnant women on the topic of

maternal immunizations and administer pertussis and influenza immunizations to pregnant

women [27].
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Statistical analysis

The sample size was calculated assuming 55% of pertussis vaccine uptake during pregnancy

based on a self-reported survey (FluMum cohort study) [28] in 2015 collected over a three

month period at the Women’s and Children’s Hospital in South Australia. For this study, an

expected sample size of 200 participants enabled the uptake of pertussis vaccination amongst

pregnant women to be estimated and to determine predictors of maternal influenza and per-

tussis vaccination uptake with a ±5% precision at a 95% confidence level.

Survey data were analysed using STATA Version 14. Descriptive analysis such as propor-

tions for categorical variables and mean (median) for continuous variables were calculated.

Chi squared tests (χ2) were used to determine any crude association between categorical vari-

ables. Results were considered to indicate statistical significance, if a two-tailed p-value was

less than 0.05. Univariate and multivariable logistic regression models were used to estimate

unadjusted (ORs) and adjusted odds ratios (AORs) to identify variables related to the uptake

of maternal influenza and pertussis vaccines.

Human research ethics approval

The study protocol was approved by the Women’s and Children’s Health Network Human

Research Ethics Committee (HREC/14/WCHN/3).

Results

Participant’s characteristics

Of 300 pregnant women approached at the WCH, 205 women consented and completed the

antenatal survey questionnaire. Of the 205 participants, 24 were lost to follow up for the post-

natal interview and one participant was excluded from the study because of fetal death during

the pregnancy. Overall, 180 (88%) of the enrolled participants completed both the antenatal

survey and the postnatal follow-up telephone call questionnaire (Fig 1). Data analysis was per-

formed based on the 180 participants who completed both portions of the study.

The median age of participants was 31.1 years (range 21–43 years old), similar to the

median age (30.6 years) of South Australian pregnant women reported by Australian Bureau

of Statistics (ABS) in 2014 [29]. The majority of the pregnant women who participated in this

study were born in Australia (74%) (Table 1). These sample characteristics are similar to South

Australian for pregnant women according to the 2013 Pregnancy outcome SA report [30]. No

indigenous women particpated in this study. A total of 82 (46%) of the women were first time

mothers, while 54% of the participants were multiparous (Table 1).

Uptake of the recommended maternal vaccines

Pertussis. Almost all the participants (167/180, 93%) had heard of ‘pertussis’, regardless of

their immunization status. Of the 180 participants, 66% (n = 119) were aware of the recom-

mendation of pertussis vaccination during the 3rd trimester and 46% (n = 83) were aware that

they could receive a pertussis vaccination shortly after delivery if the vaccine was not given

during pregnancy. Overall, 82% (148/180) of the participants received pertussis vaccination;

81% (n = 145/180) during pregnancy and 2% (n = 3/180) post-delivery of their baby. Overall,

63% (92/145) of the women reported receiving the vaccine during pregnancy from a midwife

during their antenatal visit at WCH, 32% (47/145) from a general practitioner (GP), 3% (4/

145) from an occupational immunization provider and 1% from a community health center.

Women who had heard of the availability of maternal pertussis vaccination prior to study par-

ticipation had almost 8 times higher odds of receiving the vaccine during pregnancy (OR 7.8,

Predictors of influenza and pertussis vaccination uptake in pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0197867 June 14, 2018 4 / 14

https://doi.org/10.1371/journal.pone.0197867


CI 3.3–18.3; p<0.001) (Table 2). Almost all infants 97% (175/180) were vaccinated with the

routine diphtheria, tetanus and acellular pertussis (DTaP) vaccines (scheduled at 6–8 weeks of

age).

Fig 1. Recruitment flowchart.

https://doi.org/10.1371/journal.pone.0197867.g001

Table 1. Baseline characteristics of the study population.

Study population (n = 180)

Characteristics Level Total number Percentage

Maternal Age 18–31 96 53

32–41 84 47

Born in Australia Yes 116 74

No 42 26

Parity Primiparous 82 46

Multiparous 98 54

Pregnancy trimester (at the time of enrolment) 1st 17 9

2nd 62 34

3rd 101 56

NB: Country of birth missing data, n = 22.

https://doi.org/10.1371/journal.pone.0197867.t001
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Influenza. Overall, 80% (144/180) of the women who participated in this study received

influenza vaccination; 76% (n = 136) of the participants received influenza vaccination during

pregnancy and 5% (n = 8) received the vaccine post-delivery. Overall, 38% of the women

reported receiving the vaccine during pregnancy from a general practitioner (GP), 37% from a

midwife at WCH, 8% from occupational immunization provider, 1% from a community

health center and 16% of the women failed to report where they have received the vaccine. Of

the 180 study participants, 82% of them were aware that influenza vaccine is recommended

during pregnancy, 67% were aware that they could receive influenza vaccine at any stage of

their pregnancy and 65% of the women had discussed maternal influenza vaccination with

their health care providers (HCPs). Pregnant women who had received a recommendation

from their HCP had 3 times greater odds of receiving maternal influenza vaccination than

women who had not received a recommendation (Table 3). Of the 130 women who received

influenza vaccination during pregnancy (6 participants did not report their dates of vaccina-

tion), the majority (62%, 81/130) received the influenza vaccine in April (n = 47) or May

(n = 34). A further 45 women (35%) received the vaccine during the influenza season which is

typically between May to October in South Australia, with very few women (3%) being vacci-

nated between January and March. It should also be noted that influenza vaccine has generally

not been available between January and March prior to release of the new seasonal vaccine.

Among the most common reasons women cited for not receiving the vaccine during preg-

nancy were lack of recommendations from their HCPs (28%, n = 14) (Table 4).

Maternal vaccine uptakes pre-post introduction of a midwife delivered

immunization program at WCH in SA

Pertussis. The proportion of women who received pertussis vaccine during pregnancy

following the introduction of the midwife delivered vaccination program for pregnant women

was significantly higher (140/155, 90%) compared with women who delivered prior to the

introduction of the program (5/25, 20%; p<0.001) (Fig 2). The univariate odds of women

Table 2. Factors potentially associated with pertussis vaccine uptake during pregnancy.

Univariate binomial

regression

Multivariable logistic regression

Variable Level Received maternal pertussis

vaccine n (%)

Odds

ratio

(OR)

95% CI p-valueb Adjusted odds

ratio

(AOR)a

95% CI p-value

Maternal age category 21–31 85/96 (89%) 1.00 1.00

32–43 60/82 (73%) 0.35 0.18–0.78 0.010 0.39 0.130–

1.11

0.078

Country of birth Australia 102/116(88%) 1.00

Other 32/42(76%) 0.30 0.28–2.14 0.124

Parity Primiparous 70/82 (85%) 1.00

Multiparous 75/98 (77%) 0.53 0.24–1.18 0.116

Awareness of maternal pertussis

recommendation

No 37/64 (63%) 1.00 1.00

Yes 108/117(82%) 7.78 3.31–18.2 <0.001 4.43 1.61–

12.23

0.009

A midwife delivered maternal

immunization program

Prior 5/25 (20%) 1.00 1.00

Post

introduction

140/155(90%) 31.73 10.25–

98.27

<0.001 21.17 6.14–

72.95

<0.001

aAdjusted odds ratio comparing odds of receiving pertussis vaccine during pregnancy if offered, controlling for other variables.
bOnly univariate associations with p value <0.1 were included in the multivariable logistic regression.

https://doi.org/10.1371/journal.pone.0197867.t002
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receiving maternal pertussis vaccine following the implementation of the government funded

pertussis program and midwife delivered maternal immunization program in the antenatal

clinic of the WCH was almost 32 times higher than women who delivered babies prior to the

program (OR 31.73, CI 10.24–98.27; p<0.001) (Table 2).

Influenza. Women who had received pertussis vaccine during pregnancy were also more

likely to have both been recommended the influenza vaccine during their pregnancy (90% vs

66%; p<0.001) and been immunized against influenza during pregnancy (92% vs 49%,

p<0.001) compared to pregnant women who had not received pertussis vaccine. The univari-

ate odds of women receiving influenza vaccine following the implementation of the midwife

program was 8 times higher than women who have given birth prior to the program (OR 8.0,

CI 3.06–20.9; p<0.001) (Table 3).

Table 4. Reasons cited for not receiving maternal influenza vaccination.

Reasons cited for NOT receiving the influenza vaccination during pregnancy Number (n) Percentage %

It was not suggested/recommended to me 14 28%

Prior experience of an adverse reaction after being vaccinated 8 16%

I did not know that pregnant women should be vaccinated 8 16%

I was unsure of the benefits or effectiveness of the vaccine 5 10%

Never had time to receive the vaccine 3 6%

Received the vaccine earlier this year 3 6%

I was not pregnant during the flu season 3 6%

Prefer natural immunity 2 4%

Flu vaccine exacerbates my Asthma 2 4%

Prefer to receive the vaccine after the baby is born 2 4%

NB. Women were allowed to report >1 reason.

https://doi.org/10.1371/journal.pone.0197867.t004

Table 3. Factors potentially associated with influenza vaccine uptake during pregnancy.

Univariate binomial regression Multivariable binomial regression

Variable Level Received maternal influenza

vaccine n (%)

Unadjusted odds

ratio

(OR)

95% CI p-

valueb
Adjusted odds

ratio

(AOR)a

95% CI p-value

Maternal age category 21–31 81/96 (84%) 1.00 1.00

32–43 55/83 (66%) 0.36 0.17–

0.74

0.005 0.40 0.17–

0.92

0.031

Country of birth Australia 91/116 (78%) 1.00

Other 32/42 (76%) 0.50 0.16–

1.57

0.763

Parity Primiparous 69/82 (84%) 1.00

Multiparous 67/97 (71%) 0.42 0.20–

0.87

0.021 0.43 0.19–

0.99

0.048

Provider recommendation received No 40/64 (63%) 1.00 1.00

Yes 96/115 (83%) 3.03 1.49–

6.14

0.001 2.81 1.19–

6.68

0.002

A midwife delivered maternal

immunization program

Prior 8/25 (32%) 1.00 1.00

Post

introduction

128/155(83%) 8.00 3.06–

20.91

<0.001 5.95 2.13–

16.61

<0.001

a Adjusted odds ratio comparing odds of receiving influenza vaccine during pregnancy if offered, controlling for other variables.
b Only univariate associations with p value <0.1 were included in the multivariable logistic regression

https://doi.org/10.1371/journal.pone.0197867.t003
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Association between socio-demographic factors and maternal vaccination

rates

Maternal age. The median age of participating women was 31 years. Maternal age older

than 31 years was associated with lower uptake of maternal influenza and pertussis immuniza-

tions. The odds of older women (32–43 years) receiving maternal influenza vaccine was less

than half that of younger women (OR 0.36; CI 0.17–0.74; p = 0.005). In multivariable logistic

regression analysis, maternal age remained a strong predictor for the uptake of influenza vac-

cine during pregnancy (AOR 0.40; CI 0.17–0.92 p = 0.031) (Table 3). Similarly, the odds of

older women receiving maternal pertussis vaccine was less than half that of younger women

(OR 0.35; CI 0.18–0.78; p = 0.010). However, after adjusting for all independent variables, the

association between maternal age and pertussis vaccine uptake during pregnancy was no lon-

ger statistically significant (AOR 0.39 CI 0.130–1.11; p = 0.078) (Table 2).

Country of birth. The proportion of women vaccinated against influenza and pertussis

during pregnancy was not statistically significantly different between women who were born

Fig 2. Maternal receipt of pertussis and influenza vaccine pre-and post-implementation of a midwife delivered maternal immunization program at the WCH in

South Australia.

https://doi.org/10.1371/journal.pone.0197867.g002
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in Australia and women born overseas (78% vs 76%; p = 0.763) (88% vs 76%; p = 0.124)

(Tables 2 and 3).

Parity. In the univariate analysis, the odds of multiparous women having received mater-

nal influenza vaccine was less than half that of first time mothers (OR 0.42 CI 0.20–0.87;

p = 0.022). In multivariate analysis, the odds of mothers with previous children receiving

maternal influenza vaccine remained less than half that of women with no previous children

(AOR 0.43; 95% CI 0.19–0.99 p = 0.048) (Table 3). However, for pertussis vaccine uptake,

whilst the odds of multiparous women receiving the vaccine was lower compared to first time

mothers in a univariate analysis, this was not statistically significant (OR 0.53 CI 0.24–1.18;

p = 0.116) (Table 2).

Discussion

Our results showed high uptake of pertussis (81%) and influenza (76%) vaccines during preg-

nancy. The higher uptake of pertussis vaccine during pregnancy compared to influenza vac-

cine in our study could be because most women perceive influenza as a disease affecting the

mother, whereas they see pertussis as a threat to the infant and thus relatively more risky [31].

Uptake of maternal pertussis vaccine by women who delivered at the WCH prior to the gov-

ernment funded immunization programs was 20%, which significantly improved to 90% fol-

lowing the introduction of a midwife delivered and government funded pertussis program.

Similarly, the uptake of influenza vaccine during pregnancy has improved from 32% to 83%

following the implementation of a midwife delivered immunization program. National cover-

age for maternal pertussis vaccination programs in other countries is limited to local surveys

of vaccine coverage, for example an estimated coverage of over 60% was reported in the UK in

2016 [32], and 51% of women delivering during March 2014 in Wisconsin [33] while uptake

of 51–67% was reported in Argentina in 2014 [34].

The rise in vaccination rates could also be attributed to introduction of free pertussis vac-

cine for all pregnant women in South Australia in March 2015 [15]. The higher uptake of per-

tussis compared to influenza vaccine suggests pertussis vaccine uptake is driving influenza

vaccine uptake in pregnant women as the vaccines are co administered. Our results demon-

strate that the provision of maternal pertussis and influenza vaccination by midwives at the

place of antenatal service was an independent strong predictor of vaccination uptake during

pregnancy. It is a relatively low cost intervention, which has produced a significant increase on

vaccine uptake. Pregnant women view midwives as a trusted source of health information

[35]. A previous study suggested that administering maternal immunizations into standard

antenatal care through midwives could improve immunization uptake among pregnant

women [36].

Our study demonstrated that receiving a recommendation from a HCP was a strong predic-

tor for receipt of maternal influenza vaccine. Women who had not received influenza vaccine

during their pregnancy were less likely to have been offered influenza vaccines. About one-

quarter of the women who had not received the vaccines reported they had not received a rec-

ommendation to have influenza vaccine during pregnancy. This suggest there is room for

improvement for HCPs in discussing maternal vaccinations with pregnant women. Several

other studies suggested that a recommendation from a HCP is the most significant factor in

improving vaccination uptake during pregnancy [27, 37, 38].

Previously identified factors associated with poor uptake of vaccines in pregnancy include

lack of perceived benefit by pregnant women [22], concern about the safety of maternal vacci-

nation [39], lack of awareness of vaccine recommendation during pregnancy [40, 41] and

expectant mother’s attitudes toward immunization during pregnancy [42, 43]. In this study,
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maternal age and parity were associated with uptake of influenza vaccines during pregnancy.

Multiparous women were less likely to be vaccinated against the influenza during pregnancy

compared to first time mothers. A similar finding has been reported from a previous study in

South Australia [44]. Multiparous women are more likely to attend fewer antenatal visits than

first time mothers [45]. They also tend to have lower emotional attachment to their unborn

baby [46] and have been found to think less about the health of their fetus than first time moth-

ers [47]. This may describe why women who had been pregnant before were less likely to be

immunized against influenza vaccine during pregnancy. However, our findings have shown

that there is no influence of parity on pertussis vaccine uptake during pregnancy

Our study also demonstrated that older women were less likely to be vaccinated against

influenza during pregnancy. A previous study also suggested that older women are less likely

to seek antenatal health care [48]. This could explain why older women were less likely to be

vaccinated against influenza during pregnancy. Our study findings indicate the need for tai-

lored and targeted interventions for older multiparous women in maternal influenza vaccina-

tion campaigns. However, a study conducted in the Netherlands has found that influenza

vaccine uptake during pregnancy was higher among older and multiparous pregnant women

which is in contrast to our study findings [49]. Our study also indicates that there is no influ-

ence of age on pertussis vaccination coverage, which is in contradiction with previous studies

[44, 50]. Hence, further research is needed to explore if older multiparous women are more or

less likely to receive maternal influenza or pertussis vaccine compared with young first time

mothers.

The primary strength of our study sample is the inclusion of pregnant women prior to and

following the implementation of a midwife delivered pertussis immunization programs for

pregnant women. This enabled us to compare the antenatal vaccination uptake rates prior to

and following the introduction of midwife delivered maternal immunization program. This

study has also examined the intention of pregnant women to receive the recommended vac-

cines during or post pregnancy and uptake of these vaccines was verified by follow up tele-

phone interview with the mothers after delivery.

This study was subject to some limitations. The participants in this study were recruited

through a public hospital antenatal clinic. Thus, the study findings may not be a representative

of the overall population of pregnant women in South Australia. Our relatively small sample

size could also be a limitation to this study. Results from the vaccination coverage before the

government funded immunization programs are based on a very small sample size and this

could be a potential limitation of the study. The study sample also excluded non-English-

speaking women and no indigenous women participated in the study therefore our findings

may not be representative of culturally and linguistically diverse (CALD) and Aboriginal and

Torres Strait Islander women. Vaccine uptake among women who reported they had received

influenza and pertussis vaccination during their pregnancy was not verified through audit of

medical records. Our study has also a potential selection bias, as women who are more accept-

ing of vaccination may have been more likely to agree to participate in the survey. Another

limitation of the study is that the questionnaire did not capture primary language, ethnicity,

household income, educational level, working situation and marital status, which may also be

important variables in assessing factors related to vaccine uptake during pregnancy.

Conclusions

High uptake of influenza and pertussis vaccines during pregnancy can be attained with health

care provider recommendation and inclusion of maternal immunization as part of standard

antenatal care. A midwife delivered maternal immunization program is a promising approach
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to improve maternal vaccine uptakes by pregnant women. Additional studies are needed to

monitor and evaluate the impact of government funded pertussis programs for pregnant

women to ensure optimum protection for pregnant women and their infants.

Supporting information

S1 File. Maternal vaccination survey.

(DOCX)

S2 File. Dataset.

(XLSX)

Acknowledgments

The authors would like to acknowledge and thank all the women who participated in the ques-

tionnaire and the staff of the Vaccinology and Immunology Research Trials Unit (VIRTU) at

the Women’s and Children’s Hospital; Louise Goodchild, Sue Evans, Suja Mathew, Mary

Walker and Kathryn Riley for their assistance with recruitment and survey data collection

Author Contributions

Conceptualization: Michelle Clarke, Maureen Watson, Helen Marshall.

Data curation: Hassen Mohammed.

Formal analysis: Hassen Mohammed, Michelle Clarke.

Funding acquisition: Ann Koehler, Helen Marshall.

Methodology: Hassen Mohammed, Michelle Clarke, Ann Koehler, Maureen Watson, Helen

Marshall.

Project administration: Helen Marshall.

Resources: Helen Marshall.

Supervision: Michelle Clarke.

Validation: Ann Koehler, Maureen Watson, Helen Marshall.

Writing – original draft: Hassen Mohammed.

Writing – review & editing: Hassen Mohammed, Michelle Clarke, Ann Koehler, Maureen

Watson, Helen Marshall.

References
1. Jamieson DJ, Theiler RN, Rasmussen SA. Emerging infections and pregnancy. Emerg Infect Dis 2006;

12:1638–43. https://doi.org/10.3201/eid1211.060152 PMID: 17283611

2. Rasmussen SA, Jamieson DJ, Uyeki TM. Effects of influenza on pregnant women and infants. Am J

Obstet Gynecol 2012; 207:S3–S8. https://doi.org/10.1016/j.ajog.2012.06.068 PMID: 22920056

3. Yudin MH. Risk management of seasonal influenza during pregnancy: current perspectives. Int J Wom-

ens Health. 2014; 6:681–9. https://doi.org/10.2147/IJWH.S47235 PMID: 25114593

4. ANZIC Influenza Investigators and Australasian Maternity Outcomes Surveillance System. Critical ill-

ness due to 2009 A/H1N1 influenza in pregnant and postpartum women: population based cohort

study. BMJ. 2010; 340:c1279. https://doi.org/10.1136/bmj.c1279 PMID: 20299694

5. Somerville LK, Basile K, Dwyer DE, Kok J. The impact of influenza virus infection in pregnancy. Future

Microbiol. 2018; 13;263–74. https://doi.org/10.2217/fmb-2017-0096 PMID: 29320882

Predictors of influenza and pertussis vaccination uptake in pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0197867 June 14, 2018 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197867.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197867.s002
https://doi.org/10.3201/eid1211.060152
http://www.ncbi.nlm.nih.gov/pubmed/17283611
https://doi.org/10.1016/j.ajog.2012.06.068
http://www.ncbi.nlm.nih.gov/pubmed/22920056
https://doi.org/10.2147/IJWH.S47235
http://www.ncbi.nlm.nih.gov/pubmed/25114593
https://doi.org/10.1136/bmj.c1279
http://www.ncbi.nlm.nih.gov/pubmed/20299694
https://doi.org/10.2217/fmb-2017-0096
http://www.ncbi.nlm.nih.gov/pubmed/29320882
https://doi.org/10.1371/journal.pone.0197867


6. McNeil SA, Dodds LA, Fell DB, Allen VM, Halperin BA, Steinhoff MC, et al. Effect of respiratory hospital-

ization during pregnancy on infant outcomes. Am J Obstet Gynecol. 2011; 204:S54–7. https://doi.org/

10.1016/j.ajog.2011.04.031 PMID: 21640231

7. Munoz FM. Pertussis in infants, children, and adolescents: diagnosis, treatment, and prevention. Semin

Pediatr Infect Dis. 2006; 17:14–9. https://doi.org/10.1053/j.spid.2005.11.005 PMID: 16522501

8. Quinn HE, McIntyre PB. Pertussis epidemiology in Australia over the decade 1995–2005 trends by

region and age group. Communicable diseases intelligence quarterly report.2007; 31:205–15. PMID:

17724997

9. Blanchard-Rohner G, Siegrist CA. Vaccination during pregnancy to protect infants against influenza:

why and why not? Vaccine. 2011; 29:7542–50. https://doi.org/10.1016/j.vaccine.2011.08.013 PMID:

21820480

10. Reuman PD, Ayoub EM, Small PA. Effect of passive maternal antibody on influenza illness in children:

a prospective study of influenza A in mother-infant pairs. Pediatr Infect Dis J. 1987; 6:398–403. PMID:

3588113

11. Maertens K, De Schutter S, Braeckman T, Baerts L, Van Damme P, De Meester I, et al. Breastfeeding

after maternal immunisation during pregnancy: providing immunological protection to the newborn: a

review. Vaccine. 2014; 32:1786–92. https://doi.org/10.1016/j.vaccine.2014.01.083 PMID: 24530929

12. Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K, et al. Effectiveness of mater-

nal pertussis vaccination in England: an observational study. The Lancet. 384:1521–8.

13. Benowitz I, Esposito DB, Gracey KD, Shapiro ED, Vázquez M. Influenza Vaccine Given to Pregnant

Women Reduces Hospitalization Due to Influenza in Their Infants. Clin Infect Dis. 2010; 51:1355–61.

https://doi.org/10.1086/657309 PMID: 21058908

14. Madhi SA, Cutland CL, Kuwanda L, Weinberg A, Hugo A, Jones S, et al. Influenza Vaccination of Preg-

nant Women and Protection of Their Infants. N Engl J Med. 2014; 371:918–31. https://doi.org/10.1056/

NEJMoa1401480 PMID: 25184864

15. McMillan M, Clarke M, Parrella A, Fell DB, Amirthalingam G, Marshall HS. Safety of Tetanus, Diphthe-

ria, and Pertussis Vaccination During Pregnancy: A Systematic Review. Obstet Gynecol. 2017;

129:560–73. https://doi.org/10.1097/AOG.0000000000001888 PMID: 28178054

16. McMillan M, Porritt K, Kralik D, Costi L, Marshall H. Influenza vaccination during pregnancy: a system-

atic review of fetal death, spontaneous abortion, and congenital malformation safety outcomes. Vac-

cine. 2015; 33:2108–17. https://doi.org/10.1016/j.vaccine.2015.02.068 PMID: 25758932

17. Szekeres-Bartho J. Immunological relationship between the mother and the fetus. Int Rev Immunol.

2002; 21:471–95. PMID: 12650238

18. Sukumaran L, McCarthy NL, Kharbanda EO, Weintraub ES, Vazquez-Benitez G, McNeil MM, et al.

Safety of Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis and Influenza Vaccina-

tions in Pregnancy. Obstet Gynecol. 2015; 126;5:1069–74 https://doi.org/10.1097/AOG.

0000000000001066 PMID: 26444109

19. The Australian Government Department of Health and Ageing. The Australian Immunisation Handbook

10th Edition. Canberra 2015.

20. Beard FH. Pertussis immunisation in pregnancy: a summary of funded Australian state and territory pro-

grams. Communicable diseases intelligence quarterly report. 2015; 39:E329–36. PMID: 26620346

21. McCarthy EA, Pollock WE, Tapper L, Sommerville M, McDonald S. Increasing uptake of influenza vac-

cine by pregnant women post H1N1 pandemic: a longitudinal study in Melbourne, Australia, 2010 to

2014. BMC Pregnancy Childbirth. [journal article]. 2015; 15(1):1–7.

22. Wiley KE, Massey PD, Cooper SC, Wood NJ, Ho J, Quinn HE, et al. Uptake of influenza vaccine by

pregnant women: a cross-sectional survey. Med J Aust. 2013; 198:373–5. PMID: 23581957

23. Australian Institute of Health and Welfare. 2009 Adult Vaccination Survey. Canberra: AIHW; 2011.

Available from: http://www.aihw.gov.au/publication-detail/?id=10737418409.

24. McCarthy EA, Pollock WE, Nolan T, Hay S, McDonald S. Improving influenza vaccination coverage in

pregnancy in Melbourne 2010–2011. Aust N Z J Obstet Gynaecol. 2012; 52

25. Lu AB, Halim AA, Dendle C, Kotsanas D, Giles ML, Wallace EM, et al. Influenza vaccination uptake

amongst pregnant women and maternal care providers is suboptimal. Vaccine. 2012; 30:4055–9.

https://doi.org/10.1016/j.vaccine.2012.04.012 PMID: 22521842

26. Taksdal S, Mak D, Joyce S, Tomlin S, Carcione D, Armstrong P, et al. Predictors of uptake of influenza

vaccination A survey of pregnant women in Western Australia. Aust Fam Physician. 2013; 42:582–6.

PMID: 23971070

27. SA Health. Understanding Vaccines for Midwives-vaccination requirements during pregnancy and early

childhood Adelaide: Goverment of South Australia. Available from: http://www.sahealth.sa.gov.au/wps/

wcm/connect/public+content/sa+health+internet/clinical+resources/professional+development/

Predictors of influenza and pertussis vaccination uptake in pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0197867 June 14, 2018 12 / 14

https://doi.org/10.1016/j.ajog.2011.04.031
https://doi.org/10.1016/j.ajog.2011.04.031
http://www.ncbi.nlm.nih.gov/pubmed/21640231
https://doi.org/10.1053/j.spid.2005.11.005
http://www.ncbi.nlm.nih.gov/pubmed/16522501
http://www.ncbi.nlm.nih.gov/pubmed/17724997
https://doi.org/10.1016/j.vaccine.2011.08.013
http://www.ncbi.nlm.nih.gov/pubmed/21820480
http://www.ncbi.nlm.nih.gov/pubmed/3588113
https://doi.org/10.1016/j.vaccine.2014.01.083
http://www.ncbi.nlm.nih.gov/pubmed/24530929
https://doi.org/10.1086/657309
http://www.ncbi.nlm.nih.gov/pubmed/21058908
https://doi.org/10.1056/NEJMoa1401480
https://doi.org/10.1056/NEJMoa1401480
http://www.ncbi.nlm.nih.gov/pubmed/25184864
https://doi.org/10.1097/AOG.0000000000001888
http://www.ncbi.nlm.nih.gov/pubmed/28178054
https://doi.org/10.1016/j.vaccine.2015.02.068
http://www.ncbi.nlm.nih.gov/pubmed/25758932
http://www.ncbi.nlm.nih.gov/pubmed/12650238
https://doi.org/10.1097/AOG.0000000000001066
https://doi.org/10.1097/AOG.0000000000001066
http://www.ncbi.nlm.nih.gov/pubmed/26444109
http://www.ncbi.nlm.nih.gov/pubmed/26620346
http://www.ncbi.nlm.nih.gov/pubmed/23581957
http://www.aihw.gov.au/publication-detail/?id=10737418409
https://doi.org/10.1016/j.vaccine.2012.04.012
http://www.ncbi.nlm.nih.gov/pubmed/22521842
http://www.ncbi.nlm.nih.gov/pubmed/23971070
http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/clinical+resources/professional+development/immunisation+provider+training+and+education/understanding+vaccines+for+midwives-vaccination+requirements+during+pregnancy+and+early+childhood
http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/clinical+resources/professional+development/immunisation+provider+training+and+education/understanding+vaccines+for+midwives-vaccination+requirements+during+pregnancy+and+early+childhood
https://doi.org/10.1371/journal.pone.0197867


immunisation+provider+training+and+education/understanding+vaccines+for+midwives-vaccination

+requirements+during+pregnancy+and+early+childhood Accessed 15 November, 2016.

28. O’Grady K-AF, McHugh L, Nolan T, Richmond P, Wood N, Marshall HS, et al. FluMum: a prospective

cohort study of mother–infant pairs assessing the effectiveness of maternal influenza vaccination in pre-

vention of influenza in early infancy. BMJ open. 2014; 4(6).

29. Australian Bureau of Statistics. 3301.0—Births, Australia Canberra, Australia2013. Available from:

http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3301.02013?OpenDocument.

30. Scheil W SJ CB, Sage L, Kennare R,. Pregnancy Outcome in South Australia South Australia Preg-

nancy Outcome Unit. 2013.

31. Wiley KE, Cooper SC, Wood N, Leask J. Understanding Pregnant Women’s Attitudes and Behavior

Toward Influenza and Pertussis Vaccination. Qual Health Res. 2015; 25(3):360–70. https://doi.org/10.

1177/1049732314551061 PMID: 25246330

32. Amirthalingam G, Letley L, Campbell H, Green D, Yarwood J, Ramsay M. Lessons learnt from the

implementation of maternal immunization programs in England. Hum Vaccin Immunother. 2016;

12:2934–9 https://doi.org/10.1080/21645515.2016.1210730 PMID: 27454010

33. Koepke R, Kahn D, Petit AB, Schauer SL, Hopfensperger DJ, Conway JH, et al. Pertussis and Influenza

Vaccination Among Insured Pregnant Women—Wisconsin, 2013–2014. MMWR Morb Mortal Wkly

Rep. 2015; 64:746–50. PMID: 26182193

34. Vizzotti C, Neyro S, Katz N, Juarez MV, Perez Carrega ME, Aquino A, et al. Maternal immunization in

Argentina: A storyline from the prospective of a middle income country. Vaccine. 2015 Nov 25; 33

(47):6413–9. https://doi.org/10.1016/j.vaccine.2015.07.109 PMID: 26277071

35. Soltani H, Dickinson FM. Exploring women’s views on information provided during pregnancy. British

Journal of Midwifery. 2005; 13(10):633–6. Cited in: Scopus.

36. Robbins SC, Leask J, Hayles EH, Sinn JK. Midwife attitudes: an important determinant of maternal

postpartum pertussis booster vaccination. Vaccine. 2011 Aug 5; 29(34):5591–4. https://doi.org/10.

1016/j.vaccine.2011.05.049 PMID: 21624420

37. Webb H, Street J, Marshall H. Incorporating immunizations into routine obstetric care to facilitate Health

Care Practitioners in implementing maternal immunization recommendations. Hum Vaccin Immun-

other. 2014; 10:1114–21. https://doi.org/10.4161/hv.27893 PMID: 24509790

38. Hayles EH, Cooper SC, Sinn J, Wood N, Leask J, Skinner SR. Pertussis vaccination coverage among

Australian women prior to childbirth in the cocooning era: a two-hospital, cross-sectional survey, 2010

to 2013. Aust N Z J Obstet Gynaecol. 2016; 56:185–91. https://doi.org/10.1111/ajo.12429 PMID:

26751804

39. Bodeker B, Walter D, Reiter S, Wichmann O. Cross-sectional study on factors associated with influenza

vaccine uptake and pertussis vaccination status among pregnant women in Germany. Vaccine. 2014

Jul 16; 32(33):4131–9. https://doi.org/10.1016/j.vaccine.2014.06.007 PMID: 24928791

40. Collins J, Alona I, Tooher R, Marshall H. Increased awareness and health care provider endorsement is

required to encourage pregnant women to be vaccinated. Hum Vaccin Immunother. 2014; 10:2922–9.

https://doi.org/10.4161/21645515.2014.971606 PMID: 25483464

41. Wilson RJ, Paterson P, Jarrett C, Larson HJ. Understanding factors influencing vaccination acceptance

during pregnancy globally: A literature review. Vaccine. 2015; 33:6420–9. https://doi.org/10.1016/j.

vaccine.2015.08.046 PMID: 26320417

42. Yuen CY, Tarrant M. Determinants of uptake of influenza vaccination among pregnant women—a sys-

tematic review. Vaccine. 2014; 32:4602–13. https://doi.org/10.1016/j.vaccine.2014.06.067 PMID:

24996123

43. MacDougall DM, Halperin BA, Langley JM, McNeil SA, MacKinnon-Cameron D, Li L, et al. Knowledge,

attitudes, beliefs, and behaviors of pregnant women approached to participate in a Tdap maternal

immunization randomized, controlled trial. Hum Vaccin Immunother. 2016; 12:879–85. https://doi.org/

10.1080/21645515.2015.1130193 PMID: 27176822

44. Wong CY, Thomas NJ, Clarke M, Boros C, Tuckerman J, Marshall HS. Maternal uptake of pertussis

cocooning strategy and other pregnancy related recommended immunizations. Hum Vaccin Immun-

other. 2015; 11:1165–72. https://doi.org/10.1080/21645515.2015.1019188 PMID: 25874807

45. Zafar AA, Ehiri JE, Anyanwu EC. Use of antenatal services in Kampung District, Cambodia. Scientific-

WorldJournal. 2003; 3:1081–92. https://doi.org/10.1100/tsw.2003.95 PMID: 14612613

46. Condon JT, Esuvaranathan V. The influence of parity on the experience of pregnancy: a comparison of

first- and second-time expectant couples. Br J Med Psychol. 1990; 63 (Pt 4):369–77.

47. van Bakel HJ, Maas AJ, Vreeswijk CM, Vingerhoets AJ. Pictorial representation of attachment: measur-

ing the parent-fetus relationship in expectant mothers and fathers. BMC Pregnancy Childbirth. 2013;

13:138. https://doi.org/10.1186/1471-2393-13-138 PMID: 23806122

Predictors of influenza and pertussis vaccination uptake in pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0197867 June 14, 2018 13 / 14

http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/clinical+resources/professional+development/immunisation+provider+training+and+education/understanding+vaccines+for+midwives-vaccination+requirements+during+pregnancy+and+early+childhood
http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/clinical+resources/professional+development/immunisation+provider+training+and+education/understanding+vaccines+for+midwives-vaccination+requirements+during+pregnancy+and+early+childhood
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3301.02013?OpenDocument
https://doi.org/10.1177/1049732314551061
https://doi.org/10.1177/1049732314551061
http://www.ncbi.nlm.nih.gov/pubmed/25246330
https://doi.org/10.1080/21645515.2016.1210730
http://www.ncbi.nlm.nih.gov/pubmed/27454010
http://www.ncbi.nlm.nih.gov/pubmed/26182193
https://doi.org/10.1016/j.vaccine.2015.07.109
http://www.ncbi.nlm.nih.gov/pubmed/26277071
https://doi.org/10.1016/j.vaccine.2011.05.049
https://doi.org/10.1016/j.vaccine.2011.05.049
http://www.ncbi.nlm.nih.gov/pubmed/21624420
https://doi.org/10.4161/hv.27893
http://www.ncbi.nlm.nih.gov/pubmed/24509790
https://doi.org/10.1111/ajo.12429
http://www.ncbi.nlm.nih.gov/pubmed/26751804
https://doi.org/10.1016/j.vaccine.2014.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24928791
https://doi.org/10.4161/21645515.2014.971606
http://www.ncbi.nlm.nih.gov/pubmed/25483464
https://doi.org/10.1016/j.vaccine.2015.08.046
https://doi.org/10.1016/j.vaccine.2015.08.046
http://www.ncbi.nlm.nih.gov/pubmed/26320417
https://doi.org/10.1016/j.vaccine.2014.06.067
http://www.ncbi.nlm.nih.gov/pubmed/24996123
https://doi.org/10.1080/21645515.2015.1130193
https://doi.org/10.1080/21645515.2015.1130193
http://www.ncbi.nlm.nih.gov/pubmed/27176822
https://doi.org/10.1080/21645515.2015.1019188
http://www.ncbi.nlm.nih.gov/pubmed/25874807
https://doi.org/10.1100/tsw.2003.95
http://www.ncbi.nlm.nih.gov/pubmed/14612613
https://doi.org/10.1186/1471-2393-13-138
http://www.ncbi.nlm.nih.gov/pubmed/23806122
https://doi.org/10.1371/journal.pone.0197867


48. Hildingsson I, Waldenstrom U, Radestad I. Women’s expectations on antenatal care as assessed in

early pregnancy: number of visits, continuity of caregiver and general content. Acta Obstet Gynecol

Scand. 2002; 81:118–25. PMID: 11942901

49. van Lier A, Steens A, Ferreira JA, van der Maas NAT, de Melker HE. Acceptance of vaccination during

pregnancy: Experience with 2009 influenza A (H1N1) in the Netherlands. Vaccine. 2012; 30:2892–9.

https://doi.org/10.1016/j.vaccine.2012.02.030 PMID: 22374374

50. Butler AM, Layton JB, Li D, Hudgens MG, Boggess KA, McGrath LJ, et al. Predictors of Low Uptake of

Prenatal Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis Immunization in Privately

Insured Women in the United States. Obstet Gynecol. 2017; 129:629–37. https://doi.org/10.1097/AOG.

0000000000001927 PMID: 28277354

Predictors of influenza and pertussis vaccination uptake in pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0197867 June 14, 2018 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/11942901
https://doi.org/10.1016/j.vaccine.2012.02.030
http://www.ncbi.nlm.nih.gov/pubmed/22374374
https://doi.org/10.1097/AOG.0000000000001927
https://doi.org/10.1097/AOG.0000000000001927
http://www.ncbi.nlm.nih.gov/pubmed/28277354
https://doi.org/10.1371/journal.pone.0197867

