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Abstract

Background

Maternal pertussis vaccination has been introduced in several countries to prevent pertussis

morbidity and mortality in infants too young to be vaccinated. Our review aimed to systemati-

cally collect and summarize the available evidence on the effectiveness of interventions

used to improve pertussis vaccination uptake in pregnant women.

Methods

We conducted a systematic search of MEDLINE/PubMed, PMC and CINAHL. Before and

after studies and those with a concurrent control group were considered for inclusion. Stan-

dardized effect sizes were described as the ratio of the odds to be vaccinated in the interven-

tion group compared with the standard care group and absolute benefit increase (ABI) were

calculated.

Results

Six studies were included in the review, of which three were randomized controlled trials

(RCTs). Strategies to improve uptake were focused on healthcare providers, pregnant

women, or enhancing vaccine access. Healthcare provider interventions included provider

reminder, education, feedback and standing orders. Interventions directed at pregnant

women focused solely on education. Observational studies showed: (1) the provision of

maternal pertussis vaccination by midwives at the place of antenatal care has improved

uptake of pertussis vaccine during pregnancy from 20% to 90%; (2) introduction of an auto-

mated reminder within the electronic medical record was associated with an improvement in

the pertussis immunization rate from 48% to 97%; (3) an increase in prenatal pertussis vac-

cine uptake from 36% to 61% after strategies to increase provider awareness of recommen-

dations were introduced. In contrast to these findings, interventions in all three RCTs (2

involved education of pregnant women, 1 had multi-component interventions) did not dem-

onstrate improved vaccination uptake.
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Conclusions

Based on the existing research, we recommend incorporating midwife delivered maternal

immunization programs at antenatal clinics, use of a provider reminder system to target

unvaccinated pregnant women and include maternal pertussis immunization as part of stan-

dard antenatal care.

Introduction

There has been a global resurgence in pertussis in recent years, particularly in the US, the UK

and Australia, with the highest rates of hospitalization and death in young infants, mainly

those less than 2 months of age, prior to the recommended age for vaccination [1–6]. Infection

of young infants occurs primarily at the household level with new mothers identified as the

most common sources [7, 8]. Maternal pertussis immunization protects infants through

passive and active transfer of maternal antibodies that protect the infant until the primary

immunization series commences in infants at 6–8 weeks of age [9–11]. The highest level of

protection is not achieved in infants until they have received 3 doses at 6 months of age [12].

Pertussis vaccination in pregnancy at least 7 days before delivery can prevent up to 91% of per-

tussis disease in infants age <3 months [11]. In 2011, the US became the first country to rec-

ommend that health care personnel administer pertussis vaccine to pregnant women [13] and

many countries have recently adopted this policy in an attempt to reduce the burden of pertus-

sis in young infants [14]. Despite the recommendation of maternal pertussis vaccination from

immunization advisory groups internationally [13–15], uptake remains suboptimal [16–19].

The barriers to vaccination in pregnancy are more complicated than the barriers identified for

low uptake in childhood immunization programs [20].

Some recent studies have evaluated the effectiveness of strategies in improving maternal

immunization uptake, which predominantly focussed on educational interventions for preg-

nant women or healthcare providers while others included a multi-component intervention

package [21–25]. A systematic review has been recently published to identify effective strate-

gies in improving the uptake of vaccination in pregnancy in high-income countries [26].

However, the review [26] was aimed to make recommendations to an English setting and the

majority of the published articles (18/22) identified in the review evaluated the effectiveness of

strategies in improving seasonal influenza vaccination uptake in pregnancy. Limited data exist

on rigorously evaluated interventions to improve pertussis immunization uptake among preg-

nant women. Given the well-documented benefits of maternal pertussis immunization in pro-

tecting very young infants, determining effective strategies to improve pertussis vaccine

uptake during pregnancy should be a public health priority. This is the first review aimed to

systematically collect and summarize the available evidence on the effectiveness of interven-

tions in improving pertussis vaccination uptake in pregnant women. The protocol for this

review is published in PROSPERO International prospective register of systematic reviews—

CRD42017058178.

Materials and methods

This systematic review was conducted in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) statement (see S1 Table) [27].
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Search strategy

The search strategy included the following electronic databases:—PubMed, PMC, Medline,

Cochrane Library, CINAHL and ClinicalTrials.gov. Other sources include conference pro-

ceedings—World Society for Paediatric Infectious Diseases (WSPID) and European Society

for Paediatric Infectious Diseases (ESPID). Specific search terms suitable to the individual

databases were developed. These search terms included combinations of Medical Subject

Headings (Messi)/Emtree and text words contained in the title and abstract (see S2 Table).

Eligibility criteria

Our systematic review includes all original studies that reported on interventions to improve

pertussis uptake during pregnancy. Some countries recommending pertussis vaccination dur-

ing pregnancy are using combined tetanus toxoid, reduced diphtheria toxoid, and acellular

pertussis (Tdap) or with inactivated polio vaccine (Tdap-IPV) in their programs. Hence, stud-

ies comparing pertussis vaccination uptake in pregnancy combined with or without other anti-

gens either pre-post introduction of intervention or a concurrent control group during the

same observation period were considered. The primary outcome measured was pertussis vac-

cination uptake during pregnancy, with confirmation in electronic medical records or self-

reported data (Table 1).

Study selection

Two independent reviewers (HM and MM) completed initial screening based on titles and

abstracts of potentially relevant studies. If the articles reported interventions to improve per-

tussis vaccination uptake during pregnancy, the reviewers performed a more detailed subse-

quent assessment by looking at the full text. The reference lists considered for inclusion were

searched for additional studies that might have been missed in the database search. Disagree-

ments about the inclusion or exclusion of studies were resolved through consensus discussions

among reviewers.

Data analysis

The primary measures extracted were percentage changes in uptake of pertussis vaccination

during pregnancy from standard care group to intervention group. Standardized effect sizes

were described as the ratio of the odds to be vaccinated in the intervention group compared

with the standard care group and absolute benefit increase (ABI) with 95% confidence

Table 1. The inclusion and exclusion criteria used during the screening process.

Criteria Included

Study design • Studies comparing pertussis vaccine uptake among pregnant women who were exposed to an

intervention vs. standard care

• Observational studies

• Randomised controlled trials

• Interventions that include pertussis as a compound of the immunization i.e. Tdap or Tdap-IPV

Population Pregnant women

Outcomes Pertussis vaccination uptake during pregnancy

(Standard care vs. intervention group)

Publication

date

Up to January 2019

Language Studies published in English

https://doi.org/10.1371/journal.pone.0214538.t001
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intervals (CI), were calculated. In studies with concurrent comparison groups, the overall

change in pertussis vaccination uptake was calculated by using the difference in vaccine uptake

change observed in the intervention and comparison groups. In studies without a concurrent

comparison group, the absolute percentage change was calculated from measurements of per-

tussis vaccination uptake during pregnancy in pre- and post-intervention. Additionally, a list

of all confounders adjusted for in the data analysis was reported. To strengthen the generalisa-

bility of our review results, we used the intervention classification guidelines adopted from the

Task Force on Community Preventive Services [28].

1. Provider-focused interventions

2. Pregnant woman-focused interventions

3. Interventions to enhance maternal pertussis vaccination access

Our review did not conduct meta-analysis because of the broad heterogeneity in study

design and types of interventions used to improve pertussis vaccination uptake during

pregnancy.

Data quality assessment

Two independent reviewers (HM and MM) assessed the quality of the included studies. The

Cochrane Collaboration method was used for the risk of bias assessment of randomized con-

trolled trials (RCTs) [29]. The risk of bias was assessed in six domains: sequence generation,

allocation concealment, blinding, incomplete outcome data, selective outcome reporting and

‘other issues’. A ‘risk of bias summary’ displaying the quality assessment of all included RCT

studies was generated. For each outcome, the Grading of Recommendations Assessment,

Development and Evaluation (GRADE) criteria were also used to evaluate the quality of the

RCT studies [30]. The GRADE criteria were used along with the Cochrane Collaboration tool

because these criteria, take into account assessment of three additional domains: consistency,

directness, and precision of the results in addition to the risk of bias. Randomized trials began

as high-quality evidence but were rated down if trials demonstrated limitations (see S3 Table).

The Joanna Briggs Institute (JBI) critical appraisal tools were used to assess the quality of

experimental studies without random allocation (observational studies) (see S4 Table) [31].

Results

Search results

The initial search generated 3542 published studies. After removing duplicates, screening titles

and abstracts of the remaining 1935 studies, 16 studies were identified for full text review (Fig

1). Of these, we excluded 10 papers because they did not include an intervention component

(n = 4), eligible population (n = 3), outcome of interest (n = 1) or did not have a standard care

group for comparison (n = 2) (see S5 Table). Six studies that met the selection criteria were

included. No additional studies were obtained from the reference lists of the included studies.

Study characteristics

The six included studies were published between 2015 and 2017. Five studies were conducted

in the United States (US) [23–25, 32, 33] and one study was conducted in Australia [34]. The

sample sizes varied from 106 to 10,600 participants. Pregnant women were recruited from

public maternity hospitals, tertiary hospitals, antenatal clinics, university hospitals and a multi-

specialty medical organization.
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The studies investigated a variety of interventions; two studies used provider-based inter-

ventions only [25, 32], two studies used pregnant woman-focused interventions only [24, 33]

and two studies incorporated provider-focused interventions, pregnant woman-focused inter-

ventions, as well as interventions to enhance maternal pertussis vaccination access (Table 2)

[23, 34]. Standard care varied and included pre-intervention routine prenatal care [23, 24, 32,

34], routinely offered pertussis vaccination only during the postpartum period [25] and stan-

dard Vaccine Information Statements (VISs) produced by the Centers for Disease Control and

Prevention (CDC) [33].

Critical appraisal

Randomized controlled trials. The evidence quality of the two RCTs were rated “moder-

ate” [23, 32] and “low” [24]. In two studies, the proportion of missing outcomes likely resulted

in bias of the effect estimates [23, 24]. Self-report was the primary method used to judge if a

pertussis vaccine was administered in two of the RCTs [23, 24]. In Chamberlain et al. [23]

there was a higher proportion of self-reported vaccination in the intervention group compared

to the standard care group, which may have introduced bias. Kris et al. [24] assessed the

Fig 1. Flow diagram of the process and results of study selection.

https://doi.org/10.1371/journal.pone.0214538.g001

Table 2. Strategies used to improve pertussis vaccination uptake among pregnant women.

Included

studies

Interventions for health care providers Pregnant women focussed

intervention

Interventions to enhance

vaccination access

Provider reminder/

recall

Provider

Education

Standing

orders

Provider

feedback

Pregnant women education Extend service

location

Increase

stock

Kriss [24]
p

Payakachat [33]
p

Chamberlain

[23]

p p p p p

Morgan [25]
p p

Healey [32]
p p p

Mohammed

[34]

p p p p

https://doi.org/10.1371/journal.pone.0214538.t002
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outcome via self-report during a follow-up survey which could introduce recall bias (Supple-

mentary File).

Two of the RCT studies [23, 24] did not have a sufficient number of participants in both

arms to achieve 80% power to detect effects caused by the interventions while only one of

the RCT studies met the required sample size [33]. One RCT targeted minority women who

were African American women [24]. One of the RCT [33] studies was conducted in only one

public hospital and the majority of participants were from low socioeconomic backgrounds

and had poor health literacy. Hence, these findings may not be representative of other preg-

nant women in different US regions [33]. The risk of bias of all RCTs is summarized in Fig 2.

Observational studies. For all observational studies, interventions were introduced with

the aim to improve the uptake of pertussis vaccines among pregnant women. These were

assessed using electronic medical records [25, 32] or self-reported data [34]. Two studies [25,

34] included pregnant women who were recruited prior to the recommendation as the stan-

dard care groups and the intervention groups included women recruited after the change in

the pertussis vaccination recommendations. Hence, observed improvement in vaccination

rates could also be attributed to the change in national recommendations in these studies [25,

34]. These observational studies are likely to result in chronology bias and an overestimation

of the effect of an intervention. Adjustment for confounding was performed in two of the

observational studies (Table 3) [23, 34]. However, not all of the observational studies have con-

sidered potential confounders influencing vaccination uptake during pregnancy in their

adjusted analysis such as maternal age, parity, primary language, ethnicity, socioeconomic fac-

tors, educational level and marital status.

Effect of various interventions in increasing pertussis vaccine uptake

Provider-focused interventions. Two retrospective cohort studies [25, 32] implemented

intervention solely on provider-focused interventions while one RCT study used multi inter-

vention components that targeted both HCPs and pregnant women [23]. One of the retrospec-

tive studies involved delivering an electronic reminder “best practice alert” within the medical

record system by alerting HCPs to offer maternal pertussis vaccination to their pregnant

patients [25]. Post-implementation of best practice alert, uptake of pertussis vaccine during

pregnancy was significantly improved to 97% compared with 48% of postpartum pertussis vac-

cination uptake prior to the program. The computed absolute benefit increase (ABI) of the

intervention was 49% (95% CI 48% to 50%) (Table 3). Healy et al. [32] evaluated an American

College of Obstetricians and Gynaecologists (ACOG) tool kit that aimed to improve HCPs’

awareness of the recommendation to vaccinate pregnant women with pertussis vaccines. The

uptake of pertussis vaccine among pregnant women was significantly improved after the

Fig 2. Risk of bias in included RCT studies.

https://doi.org/10.1371/journal.pone.0214538.g002
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Table 3. Absolute benefit increase and 95% confidence intervals of each intervention.

Author Study design, period and methods Participants and setting Uptake of maternal

Tdap vaccine (n, %)

Absolute benefit

increase, ABI (95%

CI)

Confounders adjusted for

A. Pregnant women focused intervention programs

Payakachat

[33]

RCT: Academic medical centre

Arkansas, USA

Standard care 0.03 (-0.07, 0.15) None

May–August 2014 65/144 (45%)

Standard care:

Vaccine information statement (sVIS) Intervention

66/135 (49%)

Intervention:

Plain language version (mVIS)

Kriss [24] RCT: Pregnant African American

women in 4 antenatal clinics in

metropolitan Atlanta, USA

Standard care Intervention 1 None

January 30-April 3, 2013. 2/34 (6%)during

pregnancy

0.00 (-0.13,0.15)

Follow up: after delivery 4/34 (12%)

postpartum

Intervention 2

Standard care: Intervention 1

(Video)

0.00 (-0.13, 0.16)

Routine prenatal care 2/31 (6%) during

pregnancy

Postpartum

Intervention: 7/31 (23%)

Postpartum

Intervention 1

1. Messaging video Intervention 2

(iBook)

0.10 (-0.07,0.29)

2. Messaging iBook 2/30 (7%) during

pregnancy

Intervention 2

13/30 (43%)

postpartum

0.31 (0.09, 0.50)

B. Healthcare provider focused intervention programs

Morgan [25] Retrospective study Pregnant women from Parkland

Hospital, USA

Standard care 0.49 (0.48,0.50) None

Standard care: Routinely offered Tdap during the

postpartum period. Historical control, Jan 2012 to

May 2013

5,064/10,600 (48%)

Intervention

9,879/10,201 (97%)

Intervention A best-practice alert, June 2013 to

July 2014

Healey [32] Retrospective study Women delivering at Texas

Children’s Hospital, USA

Standard care 0.25 (0.11,0.37) None

Standard care: Routine antenatal care. Historical

control April to Sept 2013

(36%)a

Intervention:

Intervention: ACOG “toolkit” Physicians

information through email and regular meetings.

Sep 2013 to Jun 2014

(61%)a

N = 6577

C. Interventions with bundled components

Mohammed

[34]

Observational prospective study Pregnant women attending a

territory obstetric hospital in

Adelaide, Australia

Standard care 0.70 (0.50, 0.82) Age, parity, country of birth,

provider recommendation5/25 (20%)

November 2014 and July 2016

Standard care: Routine antenatal care Intervention

140/155 (90%)

Intervention: A midwife delivered immunization

program

(Continued)
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release of the ACOG tool kit in the tertiary care centre. The ABI generated from this study was

25% (95% CI 11% to 37%) (Table 3).

Pregnant woman-focused interventions. Two RCT studies [24, 33] evaluated the sole

effect of pregnant women-focused interventions alone while three studies also incorporated

other intervention components [23, 25, 34]. Kris et al. [24] assessed the effect of two Elabora-

tion Likelihood Model (ELM) based vaccine educational interventions—an affective messag-

ing video and a cognitive messaging iBook intervention among pregnant African American

women [24]. Only 6% and 7% received the pertussis vaccination during pregnancy in the

iBook and video groups, respectively. Sample sizes were too small to obtain meaningful esti-

mates in the improvement of pertussis vaccination during pregnancy. However, of the two

interventions, the iBook was significantly associated with uptake of the postpartum pertussis

vaccination compared with women in the control group (Table 3). Payakchat et al. [33] con-

ducted a prospective study among pregnant women who were randomized to receive either

the standard CDC pertussis vaccine information statement (sVIS) or a modified version

(mVIS). There was no significant differences in the pertussis vaccination uptake during preg-

nancy between the sVIS and mVIS groups. The computed ABI for the study was 3% (95% CI

-7% to 15%) (Table 3).

Interventions to enhance access to pertussis vaccination. Our review found no studies

that implemented interventions solely focused on enhancing access to the pertussis immuniza-

tion during pregnancy. However, two of the reviewed studies included strategies to enhance

vaccine access along with two of the classified intervention types: pregnant woman-focused

and provider-focused strategies [23, 34]. One of the studies was a cluster-randomized trial [23]

while the other was a prospective observational study [34].

Bundled interventions. The reviewed studies included only two intervention components

as part of bundled interventions [23, 34]. Chamberlain et al. [23] introduced multi-component

antenatal vaccine promotion package among 11 obstetric practices in Georgia. Each interven-

tion obstetric practice was instructed to hand out iPads pre-loaded with lessons demonstrating

the importance of maternal immunization to obstetric patients in examination rooms. Cham-

berlin et al. [23] also evaluated the use of identification of a vaccine champion and assessed

whether stocking of influenza and pertussis vaccines in obstetric practices could improve vac-

cine uptake during pregnancy. Women who received pertussis vaccination during pregnancy

were significantly more likely to have been enrolled from a practice stocking pertussis vaccines

Table 3. (Continued)

Author Study design, period and methods Participants and setting Uptake of maternal

Tdap vaccine (n, %)

Absolute benefit

increase, ABI (95%

CI)

Confounders adjusted for

Chamberlain

[23]

A cluster RCT Pregnant women from obstetric

practices in Georgia, USA

Standard care 0.04 (-0.02,0.12) Adjusted for clustered study design

and intention to receive the vaccine

before delivery
December 2012–April 2013 13/151 (9%)

Standard care Routine antenatal care

Intervention

Intervention Vaccine Champions, provider-to-

patient talking points, educational brochures,

posters, lapel buttons & iPads loaded with

tutorials

19/140 (14%)

a The authors did not state the number of vaccinated women pre-and post-intervention

https://doi.org/10.1371/journal.pone.0214538.t003
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than women who did not receive a pertussis vaccine during pregnancy (78% vs 51%; p< 0.01).

Overall, antenatal pertussis vaccination uptake was higher in the bundled intervention group

than the control group, although improvements were not significant (RR 1.58, 95% CI 0.81,

3.07) [23].

Mohammed et al. [34] aimed to estimate maternal vaccine uptake pre-post introduction of

a midwife delivered maternal immunization program at a territory obstetric hospital, South

Australia. The midwife vaccine delivery program in South Australia equipped midwives with

knowledge and skills to engage with pregnant women on the topic of maternal immunization

and administer pertussis immunizations to pregnant women [35]. The adjusted odds of

women receiving pertussis vaccination during pregnancy were significantly higher after the

implementation of the midwife delivered program compared with women who delivered

babies prior to the program (AOR 21.1, 95% CI 6.14–72.9; p<0.001) [33]. The calculated ABI

for this study was 70% (95% CI 50% to 82%).

Discussion

Given the well-documented benefits of maternal pertussis immunization in protecting young

infants, our review findings are relevant to HCPs and public health policy makers, to guide the

establishment of effective maternal pertussis immunization programs. Our review identified

six studies evaluating the effectiveness of interventions that promote pertussis vaccination in

pregnant women. These studies primarily focused on interventions targeting either HCPs or

pregnant women. Our review included three RCTs and three observational studies. RCTs are

the most rigorous scientific method for appraising the effectiveness of health care interven-

tions [36]. The interventions in all the three RCTs included in this review did not demonstrate

a significant improvement in the uptake of pertussis vaccination during pregnancy, although

two studies failed to attain their sample size estimates.

The three observational studies in our review have reported statistically significant absolute

increases in the vaccination rate of at least 25% [25, 32, 34]. Mohammed et al. [34] demon-

strated provision of pertussis vaccination by midwives at the place of antenatal service was

strongly associated with increased pertussis vaccination uptake during pregnancy. The pro-

gram enables registered midwives to administer vaccination during pregnancy using a stand-

ing medication order, without seeking permission from a referring medical doctor [34].

Previous studies suggested that administering maternal immunizations through standard ante-

natal care by midwives could improve vaccination uptake among pregnant women [37, 38].

However, the relatively small sample size of the reviewed study could be a limitation to the

study findings [34].

Previous studies have shown the implementation of a “best practice alert” with in the elec-

tronic medical record is associated with improved uptake of influenza vaccines in several

high-risk groups [39–41] which supports our reviewed observational study findings in

pregnant women [25]. Installing an automated reminder within electronic medical records

in an antenatal care setting may encourage health care provider–patient discussions on the

safety, efficacy, and necessity of pertussis vaccination during pregnancy. The use of the best-

practice alert would also enable prenatal care providers to administer the vaccine at a

moment when the pregnant women can act immediately with a minimum of additional

time, effort or cost.

The finding of one of the reviewed observational studies [32] is also consistent with earlier

research that multiple educational interventions to improve provider awareness has improved

vaccine uptake among pregnant women in antenatal care settings [38, 39, 42]. Several studies

have also reported that recommendation from maternity care providers is the most important

Interventions to improve uptake of pertussis vaccination in pregnancy
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factor in improving vaccination uptake during pregnancy [43–49]. Many of the barriers cited

for pregnant women often apply to HCPs as well, including lack of knowledge about the bene-

fits of maternal vaccinations [50–54]. Pregnant women’s misperceptions about the risk of the

disease, effectiveness and safety of vaccination during pregnancy are the main barriers to the

delivery of vaccinations during pregnancy [55–58]. Hence, overcoming pregnant women and

HCP barriers play a major role in improving pertussis vaccination uptake among pregnant

women.

Two of the studies assessing the sole effect of pregnant woman-focused interventions were

RCTs and found no significant effect of pregnant woman-focused educational interventions

[24, 33]. Although, these studies have shown a positive effect of educational interventions on

improving pertussis vaccination uptake among pregnant women, they did not significantly

improve uptake of pertussis vaccination during pregnancy. It could be argued that interven-

tions solely focussed on educating pregnant women on the benefits of vaccines might not be

an effective strategy. Moniz et al. [59] argued that the content of the message in educational

interventions might influence its effectiveness and further studies assessing messaging would

be of value. There is a need for high-quality patient education highlighting the role of maternal

pertussis vaccination in preventing severe pertussis infection in very young infants. Educa-

tional materials on maternal pertussis immunization should also be easily readable and accessi-

ble to women from culturally and linguistically diverse backgrounds. There is also a need for

studies in other countries and low resource settings as it is likely that interventions will need to

be cognisant of cultural considerations. In addition, understanding the psychological and

social factors influencing women’s decisions to accept vaccines during pregnancy could help

in designing strong maternal immunization programs.

Limitations

Although our review tried to standardize intervention into distinct classifications to enhance

their comparability, some studies included interventions of more than one classification,

which complicated comparability between interventions. Some of the studies were not ade-

quately powered and were susceptible to bias and thus may only provide indirect evidence of

effectiveness. Vaccination behaviour influences the self-report and explains a tendency to

overestimate vaccination coverage in self-reporting compared to the electronic medical record

[60]. Hence, the reviewed studies with self-reported vaccination are likely biased toward over-

estimating the intervention’s effect. Moreover, none of the reviewed studies takes into account

the impact of contemporaneous vaccination for influenza as a predictor of pertussis vaccina-

tion uptake. In other words, participants could be more likely to be vaccinated for pertussis

during the time of year when HCPs were also recommending vaccination for influenza partic-

ularly during the flu season. Furthermore, recommended national changes in timing of mater-

nal pertussis vaccination from postpartum to antepartum may have introduced bias in

comparison of vaccination coverage between standard care and intervention groups in some

of the observational studies. In addition, most of the reviewed studies were done in the US and

the difference in access to the antenatal health care system among countries limits the gener-

alizability of the results internationally.

Overall, the certainty of the findings in this review are low. To improve the certainty of evi-

dence more RCTs are required. In situations where only observational designs are feasible,

consideration of how best to limit potential bias is paramount. Before and after studies should

use at least three data points before and after the implementation of the intervention, and

adjust for secular trend in the analysis [61].
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Conclusions

The best available evidence suggests that to improve maternal pertussis vaccination to protect

young infants, HCPs should inform all pregnant women about the importance of pertussis

vaccination during pregnancy, incorporate midwife delivered maternal immunization pro-

gram at antenatal clinics, use provider reminder systems to target unimmunized pregnant

women, and include maternal pertussis immunization as part of standard antenatal care.

Supporting information

S1 Table. PRISMA checklist.

(PDF)

S2 Table. Database search strategies.

(PDF)

S3 Table. Quality assessment of the reviewed randomized controlled trials.

(PDF)

S4 Table. Quality assessment of the reviewed observational studies.

(PDF)

S5 Table. Characteristics of the excluded studies.

(PDF)

Author Contributions

Conceptualization: Hassen Mohammed, Mark McMillan, Claire T. Roberts, Helen S.

Marshall.

Formal analysis: Hassen Mohammed, Mark McMillan.

Methodology: Hassen Mohammed, Mark McMillan, Helen S. Marshall.

Supervision: Claire T. Roberts, Helen S. Marshall.

Validation: Helen S. Marshall.

Writing – original draft: Hassen Mohammed.

Writing – review & editing: Hassen Mohammed, Mark McMillan, Claire T. Roberts, Helen S.

Marshall.

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

Pediatr Infect Dis. 2006; 17 (1):14–9. https://doi.org/10.1053/j.spid.2005.11.005 PMID: 16522501

2. Vitek CR, Pascual FB, Baughman AL, Murphy TV. Increase in deaths from pertussis among young

infants in the United States in the 1990s. Pediatr Infect Dis J. 2003; 22 (7):628–34. https://doi.org/10.

1097/01.inf.0000073266.30728.0e PMID: 12867839

3. Smith C, Vyas H. Early infantile pertussis; increasingly prevalent and potentially fatal. Eur J Pediatr.

2000; 159 (12):898–900. PMID: 11131347

4. Cortese MM, Baughman AL, Zhang R, Srivastava PU, Wallace GS. Pertussis hospitalizations among

infants in the United States, 1993 to 2004. Pediatrics. 2008; 121(3):484–92. https://doi.org/10.1542/

peds.2007-1393 PMID: 18310196

5. 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

Interventions to improve uptake of pertussis vaccination in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0214538 March 28, 2019 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214538.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214538.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214538.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214538.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214538.s005
https://doi.org/10.1053/j.spid.2005.11.005
http://www.ncbi.nlm.nih.gov/pubmed/16522501
https://doi.org/10.1097/01.inf.0000073266.30728.0e
https://doi.org/10.1097/01.inf.0000073266.30728.0e
http://www.ncbi.nlm.nih.gov/pubmed/12867839
http://www.ncbi.nlm.nih.gov/pubmed/11131347
https://doi.org/10.1542/peds.2007-1393
https://doi.org/10.1542/peds.2007-1393
http://www.ncbi.nlm.nih.gov/pubmed/18310196
http://www.ncbi.nlm.nih.gov/pubmed/17724997
https://doi.org/10.1371/journal.pone.0214538


6. Crowcroft N, Andrews N, Rooney C, Brisson M, Miller E. Deaths from pertussis are underestimated in

England. Archives of Disease in Childhood. 2002; 86(5):336–8. https://doi.org/10.1136/adc.86.5.336

PMID: 11970924

7. Baptista PN, Magalhaes VS, Rodrigues LC. The role of adults in household outbreaks of pertussis. Int J

Infect Dis. 2010; 14(2):e111–4. https://doi.org/10.1016/j.ijid.2009.03.026 PMID: 19559636

8. Wiley KE, Zuo Y, Macartney KK, McIntyre PB. Sources of pertussis infection in young infants: a review

of key evidence informing targeting of the cocoon strategy. Vaccine. 2013; 31(4):618–25. https://doi.

org/10.1016/j.vaccine.2012.11.052 PMID: 23200883

9. Mooi FR, de Greeff SC. The case for maternal vaccination against pertussis. Lancet Infect Dis. 2007;

7(9):614–24. https://doi.org/10.1016/S1473-3099(07)70113-5 PMID: 17537674

10. Gall SA, Myers J, Pichichero M. Maternal immunization with tetanus-diphtheria-pertussis vaccine: effect

on maternal and neonatal serum antibody levels. Am J Obstet Gynecol. 2011; 204(4):334 e1–5

11. 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 (9953):1521–8.

12. Quinn HE, Snelling TL, Macartney KK, McIntyre PB. Duration of protection after first dose of acellular

pertussis vaccine in infants. Pediatrics. 2014; 133(3):e513–9. https://doi.org/10.1542/peds.2013-3181

PMID: 24515514

13. Centers for Disease Control and Prevention (CDC). Updated recommendations for use of tetanus tox-

oid, reduced diphtheria toxoid, and acellular pertussis vaccine (Tdap) in pregnant women—Advisory

Committee on Immunization Practices (ACIP), 2012. MMWR—Morbidity & Mortality Weekly Report.

2013; 62 (7):131–5.

14. World Health Organization. Pertussis vaccines: WHO position paper–September 2015. Wkly Epidemiol

Rec. 2015; 90:433–458. PMID: 26320265

15. Australian Technical Advisory Group on Immunisation (ATAGI). Australian Immunisation Handbook,

Australian Government Department of Health, Canberra; 2018. immunisationhandbook.health.gov.au.

Accessed March 15, 2018.

16. Deverall EJ, Gilmore B, Illing S, Peiris-John R. Pertussis vaccination uptake in pregnancy: lessons to be

learned from an integrated healthcare approach. N Z Med J. 2018; 131(1473):42–7. PMID: 29649195

17. Laenen J, Roelants M, Devlieger R, Vandermeulen C. Influenza and pertussis vaccination coverage in

pregnant women. Vaccine. 2015; 33(18):2125–31. https://doi.org/10.1016/j.vaccine.2015.03.020

PMID: 25796339

18. Barber A, Muscoplat MH, Fedorowicz A. Coverage with Tetanus, Diphtheria, and Acellular Pertussis

Vaccine and Influenza Vaccine Among Pregnant Women—Minnesota, March 2013-December 2014.

MMWR Morb Mortal Wkly Rep. 2017; 66(2):56–9. https://doi.org/10.15585/mmwr.mm6602a4 PMID:

28103212

19. Housey M, Zhang F, Miller C, Lyon-Callo S, McFadden J, Garcia E, et al. Vaccination with tetanus, diph-

theria, and acellular pertussis vaccine of pregnant women enrolled in Medicaid—Michigan, 2011–2013.

MMWR Morb Mortal Wkly Rep. 2014; 63(38):839–42. PMID: 25254561

20. Pearce A, Marshall H, Bedford H, Lynch J. Barriers to childhood immunisation: Findings from the Longi-

tudinal Study of Australian Children. Vaccine 2015; 33(29):3377–83 https://doi.org/10.1016/j.vaccine.

2015.04.089 PMID: 26003493

21. Chamberlain AT, Seib K, Ault KA, Rosenberg ES, Frew PM, Cortes M, et al. Impact of a multi-compo-

nent antenatal vaccine promotion package on improving knowledge, attitudes and beliefs about influ-

enza and Tdap vaccination during pregnancy. Hum Vaccin Immunother. 2016; 12(8):2017–24. https://

doi.org/10.1080/21645515.2015.1127489 PMID: 27082036

22. Mazzoni SE, Brewer SE, Pyrzanowski JL, Durfee MJ, Dickinson LM, Barnard JG, et al. Effect of a multi-

modal intervention on immunization rates in obstetrics and gynecology clinics. Am J Obstet Gynecol.

2016; 214(5):617 e1–7.

23. Chamberlain AT, Seib K, Ault KA, Rosenberg ES, Frew PM, Cortes M, et al. Improving influenza and

Tdap vaccination during pregnancy: A cluster-randomized trial of a multi-component antenatal vaccine

promotion package in late influenza season. Vaccine. 2015; 33(30):3571–9. https://doi.org/10.1016/j.

vaccine.2015.05.048 PMID: 26044495

24. Kriss JL, Frew PM, Cortes M, Malik FA, Chamberlain AT, Seib K, et al. Evaluation of two vaccine educa-

tion interventions to improve pertussis vaccination among pregnant African American women: A ran-

domized controlled trial. Vaccine. 2017; 35:1551–8. https://doi.org/10.1016/j.vaccine.2017.01.037

PMID: 28216190

25. Morgan JL, Baggari SR, Chung W, Ritch J, McIntire DD, Sheffield JS. Association of a Best-Practice

Alert and Prenatal Administration With Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular

Interventions to improve uptake of pertussis vaccination in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0214538 March 28, 2019 12 / 14

https://doi.org/10.1136/adc.86.5.336
http://www.ncbi.nlm.nih.gov/pubmed/11970924
https://doi.org/10.1016/j.ijid.2009.03.026
http://www.ncbi.nlm.nih.gov/pubmed/19559636
https://doi.org/10.1016/j.vaccine.2012.11.052
https://doi.org/10.1016/j.vaccine.2012.11.052
http://www.ncbi.nlm.nih.gov/pubmed/23200883
https://doi.org/10.1016/S1473-3099(07)70113-5
http://www.ncbi.nlm.nih.gov/pubmed/17537674
https://doi.org/10.1542/peds.2013-3181
http://www.ncbi.nlm.nih.gov/pubmed/24515514
http://www.ncbi.nlm.nih.gov/pubmed/26320265
http://www.ncbi.nlm.nih.gov/pubmed/29649195
https://doi.org/10.1016/j.vaccine.2015.03.020
http://www.ncbi.nlm.nih.gov/pubmed/25796339
https://doi.org/10.15585/mmwr.mm6602a4
http://www.ncbi.nlm.nih.gov/pubmed/28103212
http://www.ncbi.nlm.nih.gov/pubmed/25254561
https://doi.org/10.1016/j.vaccine.2015.04.089
https://doi.org/10.1016/j.vaccine.2015.04.089
http://www.ncbi.nlm.nih.gov/pubmed/26003493
https://doi.org/10.1080/21645515.2015.1127489
https://doi.org/10.1080/21645515.2015.1127489
http://www.ncbi.nlm.nih.gov/pubmed/27082036
https://doi.org/10.1016/j.vaccine.2015.05.048
https://doi.org/10.1016/j.vaccine.2015.05.048
http://www.ncbi.nlm.nih.gov/pubmed/26044495
https://doi.org/10.1016/j.vaccine.2017.01.037
http://www.ncbi.nlm.nih.gov/pubmed/28216190
https://doi.org/10.1371/journal.pone.0214538


Pertussis Vaccination Rates. Obstet Gynecol. 2015; 126(2):333–7. https://doi.org/10.1097/AOG.

0000000000000975 PMID: 26241423

26. Bisset KA, Paterson P. Strategies for increasing uptake of vaccination in pregnancy in high-income

countries: A systematic review. Vaccine. 2018; 36(20):2751–9. https://doi.org/10.1016/j.vaccine.2018.

04.013 PMID: 29661584

27. Moher D, Liberati A, Tetzlaff J, Altman DG, and the PG. Preferred reporting items for systematic reviews

and meta-analyses: The prisma statement. Ann Intern Med. 2009; 151(4):264–9. PMID: 19622511

28. Briss PA, Rodewald LE, Hinman AR, Shefer AM, Strikas RA, Bernier RR, et al. Reviews of evidence

regarding interventions to improve vaccination coverage in children, adolescents, and adults12. Am J

Prev Med. 2000; 18:97–140.

29. Higgins JPT, Sally G, editors. Cochrane Handbook for Systematic Reviews ofInterventions Version

5.1.0 [updated March 2011]. 2011. http://handbook.cochrane.org/. Accessed February 25, 2018.

30. Balshem H, Helfand M, Schünemann H, Oxman A, Kunz R, Brozek J, et al. GRADE guidelines: 3. Rat-

ing the quality of evidence. J Clin Epidemiol 2011; 64(4):501–6.

31. Tufanaru C, Munn Z, Aromataris E, Campbell J, Hopp L. Chapter 3: Systematic reviews of effective-

ness. In: Aromataris E, Munn Z (Editors). Joanna Briggs Institute Reviewer’s Manual. The Joanna

Briggs Institute, 2017. https://reviewersmanual.joannabriggs.org/. Accessed April 2, 2018.

32. Healy CM, Ng N, Taylor RS, Rench MA, Swaim LS. Tetanus and diphtheria toxoids and acellular

pertussis vaccine uptake during pregnancy in a metropolitan tertiary care center. Vaccine. 2015;

33(38):4983–7. https://doi.org/10.1016/j.vaccine.2015.07.018 PMID: 26192356

33. Payakachat N, Hadden KB, Ragland D. Promoting Tdap immunization in pregnancy: Associations

between maternal perceptions and vaccination rates. Vaccine. 2016; 34(1):179–86. https://doi.org/10.

1016/j.vaccine.2015.09.062 PMID: 26428452

34. Mohammed H, Clarke M, Koehler A, Watson M, Marshall H. Factors associated with uptake of influenza

and pertussis vaccines among pregnant women in South Australia. PLoS One. 2018; 13(6):e0197867.

https://doi.org/10.1371/journal.pone.0197867 PMID: 29902184

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

childhood Adelaide: Goverment of South Australia; 2012. https://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. Accessed April 2, 2018.

36. Akobeng AK. Understanding randomised controlled trials. Archives of Disease in Childhood. 2005; 90

(8):840–4. https://doi.org/10.1136/adc.2004.058222 PMID: 16040885

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

postpartum pertussis booster vaccination. Vaccine. 2011; 29(4):5591–4.

38. MacDougall DM, Halperin SA. Improving rates of maternal immunization: Challenges and opportunities.

Hum Vaccin Immunother. 2016; 12(4):857–65. https://doi.org/10.1080/21645515.2015.1101524 PMID:

26552807

39. Klatt TE, Hopp E. Effect of a best-practice alert on the rate of influenza vaccination of pregnant women.

Obstet Gynecol. 2012; 119(2):301–5.

40. Ledwich LJ, Harrington TM, Ayoub WT, Sartorius JA, Newman ED. Improved influenza and pneumo-

coccal vaccination in rheumatology patients taking immunosuppressants using an electronic health

record best practice alert. Arthritis Rheum. 2009; 61(11):1505–10. PMID: 19877088

41. Fiks AG, Hunter KF, Localio AR, Grundmeier RW, Bryant-Stephens T, Luberti AA, et al. Impact of elec-

tronic health record-based alerts on influenza vaccination for children with asthma. Pediatrics. 2009;

124(1):159–69. https://doi.org/10.1542/peds.2008-2823 PMID: 19564296

42. Wallis DH, Chin JL, Sur DK, Lee MY. Increasing rates of influenza vaccination during pregnancy: a mul-

tisite interventional study. J Am Board Fam Med. 2006; 19(4):345–9. PMID: 16809648

43. 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.

44. 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

45. 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(7):373–5. PMID: 23581957

46. Ding H, Santibanez TA, Jamieson DJ, Weinbaum CM, Euler GL, Grohskopf LA, et al. Influenza vaccina-

tion coverage among pregnant women–National 2009 H1N1 Flu Survey (NHFS). Am J Obstet Gynecol.

2011; 204(6):S96–S106.

Interventions to improve uptake of pertussis vaccination in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0214538 March 28, 2019 13 / 14

https://doi.org/10.1097/AOG.0000000000000975
https://doi.org/10.1097/AOG.0000000000000975
http://www.ncbi.nlm.nih.gov/pubmed/26241423
https://doi.org/10.1016/j.vaccine.2018.04.013
https://doi.org/10.1016/j.vaccine.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/29661584
http://www.ncbi.nlm.nih.gov/pubmed/19622511
http://handbook.cochrane.org/
https://reviewersmanual.joannabriggs.org/
https://doi.org/10.1016/j.vaccine.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26192356
https://doi.org/10.1016/j.vaccine.2015.09.062
https://doi.org/10.1016/j.vaccine.2015.09.062
http://www.ncbi.nlm.nih.gov/pubmed/26428452
https://doi.org/10.1371/journal.pone.0197867
http://www.ncbi.nlm.nih.gov/pubmed/29902184
https://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://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://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://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/10.1136/adc.2004.058222
http://www.ncbi.nlm.nih.gov/pubmed/16040885
https://doi.org/10.1080/21645515.2015.1101524
http://www.ncbi.nlm.nih.gov/pubmed/26552807
http://www.ncbi.nlm.nih.gov/pubmed/19877088
https://doi.org/10.1542/peds.2008-2823
http://www.ncbi.nlm.nih.gov/pubmed/19564296
http://www.ncbi.nlm.nih.gov/pubmed/16809648
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
http://www.ncbi.nlm.nih.gov/pubmed/23581957
https://doi.org/10.1371/journal.pone.0214538


47. Bonville CA, Cibula DA, Domachowske JB, Suryadevara M. Vaccine attitudes and practices among

obstetric providers in New York State following the recommendation for pertussis vaccination during

pregnancy. Hum Vaccin Immunother. 2015; 11(3):713–8. https://doi.org/10.1080/21645515.2015.

1011999 PMID: 25714987

48. Link-Gelles R, Chamberlain AT, Schulkin J, Ault K, Whitney E, Seib K, et al. Missed opportunities: a

national survey of obstetricians about attitudes on maternal and infant immunization. Maternal and child

health journal. 2012; 16(9):1743–7. https://doi.org/10.1007/s10995-011-0936-0 PMID: 22198260

49. Gauld NJ, Braganza CS, Babalola OO, Huynh TT, Hook SM. Reasons for use and non-use of the per-

tussis vaccine during pregnancy: an interview study. J Prim Health Care. 2016; 8(4):344–50. https://doi.

org/10.1071/HC15049 PMID: 29530159

50. Boyd CA, Gazmararian JA, Thompson WW. Knowledge, attitudes, and behaviors of low-income

women considered high priority for receiving the novel influenza A (H1N1) vaccine. Maternal and child

health journal. 2013; 17(5):852–61. https://doi.org/10.1007/s10995-012-1063-2 PMID: 22729697

51. Kharbanda EO, Vargas CY, Castaño PM, Lara M, Andres R, Stockwell MS. Exploring pregnant wom-

en’s views on influenza vaccination and educational text messages. Prev Med 2011; 52(1):75–7.

https://doi.org/10.1016/j.ypmed.2010.10.009 PMID: 21047526

52. Shavell VI, Moniz MH, Gonik B, Beigi RH. Influenza immunization in pregnancy: Overcoming patient

and health care provider barriers. Am J Obstetr Gynecol 2012; 207(3 Suppl):S67–74.

53. Vitek WS, Akers A, Meyn LA, Switzer GE, Lee BY, Beigi RH. Vaccine eligibility and acceptance among

ambulatory obstetric and gynecologic patients. Vaccine 2011; 29(11):2024–8. https://doi.org/10.1016/j.

vaccine.2011.01.026 PMID: 21272604

54. Leddy MA, Anderson BL, Power ML, Gall S, Gonik B, Schulkin J. Changes in and current status of

obstetrician-gynecologists’ knowledge, attitudes, and practice regarding immunization. Obstet Gynecol

Surv 2009; 64(12):823–9. https://doi.org/10.1097/OGX.0b013e3181c4bbb7 PMID: 19939296

55. Broughton DE, Beigi RH, Switzer GE, Raker CA, Anderson BL. Obstetric health care workers’ attitudes

and beliefs regarding influenza vaccination in pregnancy. Obstet Gynecol 2009; 114(5):981–7. https://

doi.org/10.1097/AOG.0b013e3181bd89c2 PMID: 20168097

56. Power ML, Leddy MA, Anderson BL, Gall SA, Gonik B, Schulkin J. Obstetrician-gynecologists’ practices

and perceived knowledge regarding immunization. Am J Prev Med 2009; 37(3):231–4. https://doi.org/

10.1016/j.amepre.2009.05.019 PMID: 19596538

57. Wu P, Griffin MR, Richardson A, Gabbe SG, Gambrell MA, Hartert TV. Influenza vaccination during

pregnancy: opinions and practices of obstetricians in an urban community. South Med J 2006; 99

(8):823–8. https://doi.org/10.1097/01.smj.0000231262.88558.8e PMID: 16929876

58. Ishola DA Jr, Permalloo N, Cordery RJ, Anderson SR. Midwives’ influenza vaccine uptake and their

views on vaccination of pregnant women. J Public Health (Oxf) 2013; 35(4):570–7.

59. Moniz MH, Hasley S, Meyn LA, Beigi RH. Improving influenza vaccination rates in pregnancy through

text messaging: a randomized controlled trial. Obstet Gynecol. 2013; 121(4):734–40. https://doi.org/10.

1097/AOG.0b013e31828642b1 PMID: 23635672

60. Llupia A, Garcia-Basteiro AL, Mena G, Rios J, Puig J, Bayas JM, et al. Vaccination behaviour influences

self-report of influenza vaccination status: a cross-sectional study among health care workers. PLoS

One. 2012; 7(7):e39496. https://doi.org/10.1371/journal.pone.0039496 PMID: 22808039

61. Polus S, Pieper D, Burns J, Fretheim A, Ramsay C, Higgins JPT, et al. Heterogeneity in application,

design, and analysis characteristics was found for controlled before-after and interrupted time series

studies included in Cochrane reviews. J Clin Epidemiol. 2017; 91:56–69. https://doi.org/10.1016/j.

jclinepi.2017.07.008 PMID: 28750849

Interventions to improve uptake of pertussis vaccination in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0214538 March 28, 2019 14 / 14

https://doi.org/10.1080/21645515.2015.1011999
https://doi.org/10.1080/21645515.2015.1011999
http://www.ncbi.nlm.nih.gov/pubmed/25714987
https://doi.org/10.1007/s10995-011-0936-0
http://www.ncbi.nlm.nih.gov/pubmed/22198260
https://doi.org/10.1071/HC15049
https://doi.org/10.1071/HC15049
http://www.ncbi.nlm.nih.gov/pubmed/29530159
https://doi.org/10.1007/s10995-012-1063-2
http://www.ncbi.nlm.nih.gov/pubmed/22729697
https://doi.org/10.1016/j.ypmed.2010.10.009
http://www.ncbi.nlm.nih.gov/pubmed/21047526
https://doi.org/10.1016/j.vaccine.2011.01.026
https://doi.org/10.1016/j.vaccine.2011.01.026
http://www.ncbi.nlm.nih.gov/pubmed/21272604
https://doi.org/10.1097/OGX.0b013e3181c4bbb7
http://www.ncbi.nlm.nih.gov/pubmed/19939296
https://doi.org/10.1097/AOG.0b013e3181bd89c2
https://doi.org/10.1097/AOG.0b013e3181bd89c2
http://www.ncbi.nlm.nih.gov/pubmed/20168097
https://doi.org/10.1016/j.amepre.2009.05.019
https://doi.org/10.1016/j.amepre.2009.05.019
http://www.ncbi.nlm.nih.gov/pubmed/19596538
https://doi.org/10.1097/01.smj.0000231262.88558.8e
http://www.ncbi.nlm.nih.gov/pubmed/16929876
https://doi.org/10.1097/AOG.0b013e31828642b1
https://doi.org/10.1097/AOG.0b013e31828642b1
http://www.ncbi.nlm.nih.gov/pubmed/23635672
https://doi.org/10.1371/journal.pone.0039496
http://www.ncbi.nlm.nih.gov/pubmed/22808039
https://doi.org/10.1016/j.jclinepi.2017.07.008
https://doi.org/10.1016/j.jclinepi.2017.07.008
http://www.ncbi.nlm.nih.gov/pubmed/28750849
https://doi.org/10.1371/journal.pone.0214538

