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EPHPP = Effective Public Health Practice Project, GP = General Practitioner, NHS = National 
Health Service, PHE = Public Health England, PRISMA = Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses, RCT = Randomised Control Trials, WHO = World 
Health Organization 
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Introduction: Vaccination in pregnancy is an effective method to protect against disease for the 22 

pregnant woman, foetus and new born infant. In England, it is recommended that pregnant women 23 

are vaccinated against pertussis and influenza. Improvement in the uptake of both pertussis and 24 

influenza vaccination among pregnant women is needed to prevent morbidity and mortality for both 25 

the pregnant women and unborn child.  26 

 27 

Aim: To identify effective strategies in increasing the uptake of vaccination in pregnancy in high-28 

income countries and to make recommendations for England. 29 

 30 

Methods: A systematic review of peer reviewed literature was conducted using a keyword search 31 

strategy applied across six databases (Medline, Embase, PsychInfo, PubMed, CINAHL and Web of 32 

Science). Articles were screened against an inclusion and exclusion criteria and papers included 33 

within the review were quality assessed. 34 

 35 

Results and conclusions: Twenty-two articles were included in the review. The majority of the papers 36 

included were conducted in the USA and looked at strategies to increase influenza vaccination in 37 

pregnancy. There is limited high quality evidence for strategies in high-income countries to increase 38 

coverage of pertussis and influenza vaccination in pregnancy. A number of strategies have been 39 

found to be effective; reminders about vaccination on antenatal healthcare records, midwives 40 

providing vaccination, and education and information provision for healthcare staff and patients. 41 

Future interventions to increase vaccination in pregnancy should be evaluated to ensure efficacy 42 

and to contribute to the evidence base. 43 

 44 

Key Words:  45 

Pertussis vaccine; influenza vaccine; pregnancy; vaccine hesitancy; maternal vaccination; strategies. 46 

 47 
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1. Introduction 55 

 56 

Vaccination in pregnancy protects the pregnant woman, foetus and new born infant from harmful 57 

diseases [1-4]. For high-income countries, World Health Organisation (WHO) [5] recommends 58 

pregnant women are vaccinated against influenza and pertussis. In England, influenza vaccination in 59 

pregnancy has been offered since 2010 [6]. In April 2012, a pertussis outbreak occurred in England 60 

with 9,300 confirmed cases of pertussis and the death of 14 infants under three months old [7]. This 61 

prompted the Department of Health (DH) to offer the pertussis vaccine to all pregnant women from 62 

October 2012 to protect babies who are too young to be immunised [8]. The pertussis vaccination in 63 

pregnancy has been found to be 90 per cent effective at protecting infants in the first months after 64 

birth [9], safe to mother and foetus [2, 10] and is recommended by WHO [11] to prevent premature 65 

infant mortality. The vaccination is offered from 16 to 32 weeks gestation [6], and is also available 66 

up until delivery but does not offer the same level of protection to the infant [6].  67 

 68 

Pregnant women and infants are more at risk of morbidity and mortality from influenza than the 69 

general population [3-5, 12, 13, 14]. Between 2009 and 2012 influenza caused one out of 11 70 

maternal deaths [14]. Influenza in pregnant women can also have an impact on the growth and 71 

development of the foetus [4] and delivery complications, such as low birth weight and premature 72 

birth [14]. Infants under six months old are more at risk of severe complications and mortality from 73 
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contracting the influenza virus [15]. Infants in England are unable to receive the flu vaccination until 74 

they are six months old and only if they are in a clinical risk group, or ages two to seventeen years 75 

old otherwise [6].  76 

 77 

1.1 Vaccination rates in England 78 

 79 

Pertussis vaccination coverage in pregnancy in England has recently been increasing. Latest figures 80 

from Public Health England (PHE) indicate that 73.8 per cent of women were vaccinated in 81 

pregnancy between January and March 2017 [15]. However, previous years saw a dip in vaccination 82 

rates during the summer months. PHE have hypothesised that this is due to an increase in pertussis 83 

vaccination during flu season when influenza vaccination is also being promoted. 84 

 85 

Despite improvements in pertussis vaccination uptake in pregnancy, there have been 18 infant 86 

deaths related to pertussis in England since the programme began in 2012 [16]. For 16 of these 87 

deaths, the mother had not been vaccinated against pertussis during her pregnancy and for the 88 

other two infant deaths, the vaccination was administered too close to delivery to effectively protect 89 

the new born child [16]. Vaccination uptake also differs across regions in England, with some areas 90 

reporting lower uptake than others.  91 

 92 

Influenza vaccination rates during pregnancy in England were 44.9 per cent in 2016/17 season [17]. 93 

While this has increased from 42.3 per cent in the previous year (2015/16) [17] it compares 94 

unfavourably to uptake of influenza vaccination in 65 year olds (70.5%, 2016/17) [17] and other 95 

countries in the UK (for example, Scotland 61.5%, 2016/17) [18].  96 

 97 
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Caution should be taken when interpreting these pregnancy vaccination rates as data collection can 98 

be difficult due to the complexities of recording pregnancy and non-pregnancy accurately and in a 99 

timely manner on electronic health records [16].  100 

 101 

1.2 Current research on determinants of vaccination uptake in pregnancy 102 

 103 

Only a small portion of existing published research on determinants of vaccination uptake relates to 104 

vaccination in pregnancy [19, 20]. Wilson et al [19] conducted a literature review, which specifically 105 

focused on vaccine hesitancy in pregnancy. This paper found that the main factors reported to 106 

contribute to vaccine hesitancy were [19]: 107 

 Concerns about the safety of vaccination in pregnancy 108 

 Low knowledge about vaccine efficacy, the diseases and availability of vaccine 109 

 A healthcare worker not recommending the vaccination 110 

 111 

It is important to understand the factors that influence the decision to receive a vaccination to 112 

support the development of strategies and interventions to increase coverage of vaccination in 113 

pregnancy. While Wilson et al’s [19] review provides insight into the reasons pregnant women may 114 

be hesitant to receive a vaccination, it does not analyse the strategies that could help to increase 115 

uptake. 116 

 117 

A systematic review has been published to look at strategies to increase influenza vaccination in 118 

pregnancy in 2016 [21]. While this review by Wong et al [21] identified a number of strategies to 119 

increase influenza vaccination in pregnancy, it did not include pertussis vaccination. Also, the review 120 

only included papers up to August 2014. In order to make recommendations to an English setting on 121 

strategies to improve vaccination uptake in pregnant women in England, pertussis vaccination must 122 
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also be reviewed, especially since pertussis has different recommendations around the timing of 123 

vaccination in pregnancy compared with the influenza vaccine [6].  124 

 125 

The reason for selecting England rather than the UK as a whole is due to the Health and Social Care 126 

Act (2012) [22], which resulted in commissioning arrangements for vaccination delivery differing 127 

across the UK. However, it is expected that the findings of this paper will translate to other high-128 

income countries. 129 

 130 

1.3 Aims and objectives 131 

 132 

The aim of this systematic review is to identify strategies that are effective in increasing the uptake 133 

of vaccination in pregnancy in high-income countries and to make recommendations for England.  134 

 135 

Objectives 136 

 To identify and describe interventions to increase uptake of vaccination in pregnancy in 137 

high-income countries  138 

 139 

 To explore the effectiveness of any identified interventions and/or strategies to increase 140 

uptake of vaccination in pregnancy 141 

 142 

 To make recommendations on strategies to increase vaccination uptake in pregnancy in 143 

England 144 

 145 

 146 

2. Methods 147 

 148 



 7 

2.1 Systematic Review Search Strategy 149 

 150 

The search strategy was developed around vaccination type, pregnancy and keywords to identify 151 

strategies or interventions to increase vaccination uptake (table 1 for search terms). The search term 152 

‘maternal’ was excluded from the search strategy due to the large number of irrelevant papers this 153 

generated in preliminary literature searches (which focused more on child vaccinations rather than 154 

vaccinations in pregnancy). 155 

 156 

The following six databases were searched: Medline, Embase, PsychInfo, PubMed, CINAHL and Web 157 

of Science using the same search terms (table 1 and figure 1) for peer reviewed journal articles. The 158 

search was conducted on 4th August 2017. 159 

 160 

2.2 Study Selection 161 

 162 

The papers were screened according to the inclusion and exclusion criteria detailed in table 2. We 163 

did not exclude studies based on their design but included all types of studies (e.g. Randomised 164 

Control Trials (RCTs), observational). 165 

 166 

 167 

Papers that purely focused on pandemic flu vaccination were excluded since pandemic flu 168 

vaccination is only available during a pandemic outbreak and strategies to increase vaccination 169 

uptake differ to those to increase seasonal influenza vaccination uptake. 170 

 171 

Studies that used cocooning or postnatal vaccination of mothers and family members of the child 172 

were also excluded as this method is not recommended in England and the aim of this systematic 173 

review was to review strategies to increase vaccination in pregnancy, not postnatal vaccination. 174 
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 175 

The outcome measure ‘intention to vaccinate’ was also excluded as this does not measure actual 176 

vaccination behaviour and research has shown that not all people that ‘intend to vaccinate’ go on to 177 

get the vaccine [23]. 178 

 179 

2.3 Analysis 180 

 181 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [24] flow 182 

diagram guidance was used to display studies that were identified by the database search and met 183 

inclusion and exclusion criteria (see figure 1). Papers were assessed using the Effective Public Health 184 

Practice Project’s (EPHPP) Quality Assessment Tool for Quantitative studies [25, 26] (appendix 2).  185 

This assessment tool was selected as it allows RCTs and observational studies to be assessed easily 186 

within one tool and has been shown to have excellent inter-rater agreement for the quality grade 187 

awarded to papers within systematic reviews [27]. 188 

 189 

The EPHPP framework [25] assesses the quality of studies against the following criteria: 190 

• Selection bias 191 

• Design 192 

• Confounding 193 

• Blinding 194 

• Data collection 195 

• Withdrawal and opt out of participants 196 

• Intervention integrity  197 

• Analysis 198 

 199 
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Papers were awarded a score of ‘weak’, ‘moderate’ or ‘strong’ based on their design and analysis. 200 

Each paper’s assessment is presented in appendix 2 and the quality score is reported in appendix 1 201 

and 2. 202 

 203 

Where sufficient data was provided in the papers, and the assumptions were met, a risk difference 204 

and a Chi-Squared test for proportions was calculated for each paper (appendix 1). This was done to 205 

allow for a comparison to be made between the effect of the interventions in each paper. The types 206 

of interventions identified in the papers were too heterogeneous to conduct a meta-analysis. The 207 

components of the interventions in these studies were described (appendix 1).  208 

 209 

 210 

3. Results 211 

 212 

3.1 Literature search 213 

 214 

The database search identified 1,062 articles. After duplicates were removed the total number of 215 

articles was 687 (figure 1). Articles were initially screened by title and abstract to assess relevancy 216 

and were also assessed against the inclusion and exclusion criteria. Forty-three articles (including 217 

three articles found through snowballing technique) appeared relevant to the research question and 218 

were assessed against the inclusion and exclusion criteria by full text, at which point a further 21 219 

were excluded. Twenty-two papers were included in this review (figure 1). 220 

 221 

3.2 Main findings 222 

 223 

The majority of the included studies focused on influenza vaccination in pregnancy (18/22) and of 224 

these, 12 were conducted in the USA. The other four studies focusing on influenza vaccination in 225 
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pregnancy occurred in Australia, Canada, Hong Kong and UK. Only four studies looked at strategies 226 

to increase pertussis vaccination and all occurred in the USA. 227 

 228 

Nine studies included in the review were RCTs and the remaining 13 were observational studies 229 

(appendix 1). 230 

 231 

Randomised control trials 232 

 233 

Of the nine RCTs, three were assessed as ‘strong’ [28, 29, 30], three ‘moderate’ [31, 32, 33] and 234 

three ‘weak’ [34, 35, 36] in quality. The weak-quality studies had methodological flaws with 235 

allocation concealment, blinding and power.  236 

 237 

Observational studies 238 

 239 

None of the observational studies presented high quality evidence. Of the 13 papers identified, five 240 

were graded as ‘moderate’ (38.5%) [36-40], and eight as ‘weak’ evidence (61.5%) [35, 41-47 241 

(appendix 2). 242 

 243 

Fifty-four per cent of the observation studies (7/13) assessed the impact of strategies or 244 

interventions that had multiple components so it was difficult to determine which specific elements 245 

of the interventions resulted in an increase of vaccination uptake in pregnant women [35, 38-41, 43, 246 

45]. Elements of each intervention are detailed in appendix 1. 247 

 248 

Also, many of the observational studies were retrospective cohort studies (appendix 1). It was 249 

difficult to ascertain whether changes in vaccination status in observational studies were due to the 250 

intervention, as the control group vaccination rates were taken at a different time period to the 251 
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intervention group. External confounding factors may have influenced the uptake of vaccinations in 252 

the study population, such as greater public awareness of pertussis or influenza. 253 

 254 

Recording vaccination status 255 

 256 

All of the studies used either self-reported vaccination status or electronic health records to record 257 

whether a vaccination had been received during pregnancy. There are problems with both of these 258 

measures for assessing outcome; self-reporting is susceptible to response bias (although perhaps 259 

less so than self-reporting of vaccinations in childhood, since vaccination during pregnancy would 260 

have happened fairly recently), and assessment of electronic records were only able to detect if 261 

vaccination had been received in the facility where the study took place. Only one study [39] 262 

included ‘vaccination received elsewhere’ in electronic medical records. The use of electronic health 263 

records is likely to underestimate vaccine coverage but it is uncertain how self-reported vaccination 264 

status would impact results in the papers. For both of these methods it is likely to have a non-265 

differential impact on the intervention and control groups so this was not recorded as a significant 266 

weakness when grading these papers (appendix 2). 267 

 268 

3.3 Strategies and interventions to increase uptake of pertussis and influenza vaccination in 269 

pregnancy 270 

 271 

We have grouped the effective interventions into three main themes, illustrated in figure 2. We 272 

describe these interventions in more detail below. 273 

 274 

Fifty-five per cent (12/22) of papers found significant improvement (at 95% significance level) in 275 

vaccination coverage following interventions or strategies to increase uptake (appendix 1). 276 

Intervention components in the papers that showed a significant increase in vaccination uptake in 277 
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pregnant women can been seen in table 3. Of these 12 papers, 11 focused on influenza vaccination 278 

in pregnancy and one on pertussis [44].  279 

 280 

The observational studies that were graded as moderate or strong quality [36-40] found a risk 281 

difference of between 9.85 - 36.90 per cent between intervention and control groups for 282 

vaccination. The highest difference between the control and intervention groups were found for 283 

strategies that included education for staff and allowing midwives to provide vaccination with a risk 284 

difference of 36.45 per cent (95% CI: 29.21%, 43.72%; p<0.001) [39], and adding a reminder to 285 

health records about vaccination, risk difference 36.90 per cent (95% CI: 32.10%, 41.40%; p<0.001) 286 

[36]  (appendix 1). 287 

 288 

One RCT found a modest risk difference of 11.12 per cent (95% CI: 2.80%, 19.38%; p<0.01) between 289 

the intervention and control group for a 1-2-1 brief education session for pregnant women including 290 

information on safety, vaccine recommendations and benefits of vaccination [30] (appendix 1). The 291 

other RCT found a risk difference of 39.17 per cent (95% CI: 17.76%, 56.27%; p<0.001) between the 292 

intervention and control group, with the intervention comprising of a patient information pamphlet 293 

with a statement about the importance of vaccination to protect the baby from influenza (appendix 294 

1) [32].  295 

 296 

Midwives vaccinating pregnant women 297 

 298 

In the USA, the majority of vaccination is not provided by midwives. Where healthcare institutions 299 

had implemented a ‘standing order’, allowing midwives to administer pertussis or influenza 300 

vaccination, without seeking permission from a physician or referring to a General Practitioner (GP) 301 

or physician to administer vaccine, vaccination coverage increased [39, 42, 45].  302 

 303 
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Reminders on medical records 304 

 305 

Adding a reminder to medical records (electronic or paper) to prompt antenatal care staff to discuss 306 

and offer vaccination was shown to increase vaccination coverage [33, 37, 38, 44-46].  307 

 308 

Text message reminders 309 

 310 

Three RCTs focusing specifically on text messaging to pregnant women found a lack of significant 311 

effect of text message reminders as method of increasing vaccination in pregnancy [29, 31, , 33].  312 

 313 

Information and education for patients 314 

 315 

Information and education was important for both staff and patients separately. Information for 316 

patients was found to be effective at increasing vaccine coverage when administered through 317 

education sessions, posters or pamphlets [30, 32, 38, 40].  318 

 319 

Three papers [28, 34, 48] used an educational video (providing information on the importance of 320 

vaccination based on theoretic methods of behaviour change) as the intervention to increase 321 

vaccination uptake and found no difference between the control and intervention arms of their 322 

study. However, two of the papers [34, 48] had small sample sizes (n< 35 in each arm of the RCT), 323 

meaning they are unlikely to be sufficiently powered to detect any effect. For one study the 324 

educational video intervention did positively influence vaccination health beliefs but not actual 325 

vaccine behaviour [28]. 326 

 327 

Staff training and education 328 

 329 
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Staff education was important to ensure that staff were equipped with the current information on 330 

vaccination in pregnancy and current guidance on discussing vaccination with pregnant women [38, 331 

40].   332 

 333 

In summary, the intervention components supported by strong or moderate quality studies to 334 

increase vaccination coverage in pregnancy: 335 

 Provision of vaccination by midwives (rather than just physicians or in GP practices) 336 

 Alerts on medical records to prompt staff to discuss vaccination 337 

  Staff education and training 338 

- Information of efficacy, safety, benefits and timing of vaccination 339 

 Education and information for patients  340 

- Information of efficacy, safety, benefits and timing of vaccination 341 

- Distribution of information and education materials within antenatal clinics and 342 

facilities 343 

- Education and information provided by healthcare staff 344 

- Information/referral to places to access vaccination 345 

 346 

 347 

4. Discussion 348 

 349 

4.1 Findings 350 

 351 

The aim of the systematic review was to identify strategies that were effective in increasing uptake 352 

of pertussis and influenza vaccination in pregnant women in high-income countries.  353 

 354 
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The majority of the published articles identified in the review looked at strategies to increase 355 

seasonal influenza vaccination in pregnancy and were conducted in the USA. There were limited 356 

articles that aimed to evaluate strategies to increase pertussis vaccination in pregnancy, which may 357 

be due to recommendations for universal pertussis vaccination being released more recently than 358 

the recommendations around seasonal influenza vaccination in pregnancy. 359 

 360 

Of the articles that found effective strategies to increase vaccination uptake, it was difficult to 361 

identify effectiveness by individual interventions, since many of the studies used multi-component 362 

strategies to address low uptake of vaccination in their study population. However, assessing the 363 

elements of strategies that significantly increased vaccine coverage, in high or moderate quality 364 

papers, we identified that education and information for staff and patients, reminder alerts on 365 

medical records and allowing midwives to also administer vaccination are effective strategies in 366 

increasing vaccination uptake. There is currently no evidence to support the use of text messaging or 367 

educational video-based interventions to increase vaccination uptake in pregnancy in high income 368 

countries. 369 

 370 

4.2 Support for intervention themes identified in the systematic review  371 

There are no other systematic or literature views that solely focus on strategies to increase both 372 

pertussis and influenza vaccination uptake in pregnancy in high-income countries. However, one 373 

systematic review [21], published in 2016, did look at strategies to increase influenza vaccination in 374 

pregnancy and found similar results suggesting the use of vaccination reminders in healthcare 375 

systems and patient information pamphlets can increase vaccine coverage. The authors of this 376 

systematic review [21] also conclude that there is a lack of high quality evidence around 377 

interventions to increase vaccination coverage in pregnancy. It is a public health priority to address 378 

vaccination uptake in pregnancy, given the benefit to infants and pregnant women [21]. 379 

 380 
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While there is limited evidence on strategies to increase vaccination uptake, by looking at previous 381 

research into vaccine hesitancy, it appears the reasons women report for not wanting to receive 382 

vaccination in pregnancy links in with the intervention themes identified in our findings. For 383 

example, two literature reviews [20, 49] have looked at factors that influence vaccine hesitancy in 384 

pregnancy. Both papers found that concerns regarding vaccine safety and efficacy were identified as 385 

barriers to vaccination, as well as not receiving a recommendation from a healthcare professional 386 

and lack of knowledge about vaccination in pregnancy.  387 

 388 

Midwives providing vaccination 389 

Evidence from qualitative interviews suggests that women are left to make their own arrangements 390 

with their GPs for pertussis vaccination during pregnancy and feel vaccination should be provided in 391 

antenatal care [49]. Midwives providing vaccination could improve vaccination uptake [49, 50] and 392 

midwives providing vaccination is currently being trialled in Lewisham and Greenwich National 393 

Health Service (NHS) Trust in London [50]. This supports the findings of this systematic review, that 394 

midwives providing the vaccine themselves could be an effective strategy to increase vaccination 395 

uptake in pregnancy by increasing convenience.  396 

 397 

Staff education and training 398 

Lack of conversation with a healthcare professional about influenza and pertussis vaccination in 399 

pregnancy has been identified as a barrier to vaccination in previous original research into vaccine 400 

hesitancy [51-53]. Survey data has found that 16 - 24 per cent of women had a meaningful 401 

discussion with their GP about pertussis vaccination in pregnancy [54, 55]. Cross-sectional survey 402 

data suggests the principal reason for accepting pertussis vaccination was encouragement or 403 

recommendation from a health professional. A meaningful conversation with a health professional 404 

has been identified as a facilitator to influenza and pertussis vaccination [49, 51, 53-56] with 73 - 96 405 

per cent [51, 55] of women accepting vaccination if a health professional (especially an NHS health 406 
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professional [51]) recommends it. This previous research supports the findings of this paper that 407 

education and training for staff and reminders on health records could increase vaccine uptake. 408 

 409 

Information and education for patients 410 

It has been suggested that women may decline vaccination due to a lack of information and 411 

awareness [54]. Additionally, safety concerns have been identified as a barrier for vaccination in 412 

pregnancy [19, 52, 55] despite extensive research into vaccine safety [2, 10]. Qualitative evidence 413 

from London suggests that many mothers trust the NHS and if the NHS are providing vaccination, 414 

they are more likely to trust the vaccine [51]. It is important to ensure pregnant women are 415 

provided with accurate information about safety, efficacy and the vaccination schedule in 416 

pregnancy, which was identified as an effective strategy in this paper. 417 

 418 

4.3 Limitations 419 

Study limitations include the possibility of selection bias or subjective review. Due to funding 420 

constraints, the papers were screened and assessed by only one researcher. As the papers were 421 

selected from high-income countries, the directness (or generalisability) to England was not 422 

considered a limitation. Although, the majority of papers (n=18) were published in the USA, where a 423 

different healthcare payment system means that individuals (who are not eligible for social support) 424 

are reliant on purchasing insurance to access healthcare and may need to pay for vaccinations if 425 

these are not covered as part of their insurance policy. This may be an additional barrier to 426 

vaccination that is not seen in England due to vaccination being provided for free by the NHS. 427 

 428 

4.4 Recommendations  429 

 430 
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Based on the current evidence and given that vaccination in pregnancy is a public health priority, it 431 

would be advisable that the NHS England and PHE work with Clinical Commissioning Groups and the 432 

providers of antenatal care to put a number of strategies in place: 433 

 434 

1. Implement an alert on health records to prompt healthcare professionals to discuss 435 

vaccination with women during pregnancy. This should be on GP systems as well as 436 

antenatal care systems.  437 

 438 

2. Ensure staff have the knowledge and confidence to discussion vaccination with women 439 

during pregnancy, via staff education and training.  440 

 441 

3. Commissioners of vaccinations and antenatal services should work together to make it 442 

possible for midwives to vaccinate pregnant women during antenatal appointments. This 443 

will remove the additional barrier of mothers needing to make an appointment with their 444 

GP to receive the vaccination.  445 

 446 

4. Provide up-to-date vaccine information leaflets to pregnant women and have posters in GP 447 

surgeries, antenatal clinics, and childcare facilities. 448 

 449 

5. Further research and evaluation of strategies to increase uptake of pertussis and influenza 450 

vaccination in pregnancy.  451 

 452 

 453 

5. Conclusions 454 

 455 
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While there is limited high quality evidence for strategies in high-income countries to increase 456 

coverage of pertussis and influenza vaccination in pregnancy, there are a number of strategies that 457 

have been found to be effective; reminders about vaccination on antenatal healthcare records, 458 

midwives providing vaccination, and education, and information provision for healthcare staff and 459 

patients. We recommend that any futureinterventions to increase influenza and pertussis 460 

vaccination in pregnancy are evaluated to ensure efficacy and to contribute to the evidence base. 461 

 462 

Contributors 463 

KB and PP contributed to the conception/design of the review. KB conducted the systematic review. 464 

KB drafted the initial manuscript. KB and PP contributed to multiple reviews and feedback on the 465 

manuscript and gave final approval before submission. 466 

 467 

Declarations of interest 468 

PP - The LSHTM research group “The Vaccine Confidence Project” has received primary research 469 

funding from the Bill & Melinda Gates Foundation, with additional support from the Center for 470 

Strategic and International Studies, EU Innovative Medicines Initiative (IMI), GSK, National Institute 471 

for Health Research (UK), Novartis, and WHO.  472 

KB - Declarations of interest: none 473 

 474 

 475 

References 476 

 477 

[1] Fawcett AN, Unger BL, Gonik, B, Chen K. Maternal vaccination: moving the science forward. Hum 478 

Reprod Update. 2015;21(1):119–135. 479 

 480 



 20 

[2] Gkentzi D, Katsakiori P, Marangos M, Hsia Y, Amirthalingham G, Health, PT, Ladhani, S. Maternal 481 

vaccination against pertussis: a systematic review of the recent literature. Arch Dis Child Fetal 482 

Neonatal Ed. 2017;0: 1-8. Available from: doi:10.1136/archdischild-2016-312342 [Accessed: 15 483 

August 2017]. 484 

 485 

[3] Mullooly JP, Barker WH and Nolan TF. Risk of acute respiratory disease among pregnant women 486 

during influenza A epidemics. Public Health Rep. 1986;101(2): 205–211. 487 

 488 

[4] Cox S, Psner SF, McPheeters M, Jamieson DJ, Kourtis AP, Meikle S. Hospitalisation with 489 

respiratory illness among pregnant women during influenza season. Obstet Gynaecology. 490 

2006;107(6): 1315-22. 491 

 492 

[5] WHO. Influenza (Seasonal). 2016. Available from: 493 

http://www.who.int/mediacentre/factsheets/fs211/en/ [Accessed 10 August 2017]. 494 

 495 

[6] Public Health England. Immunisation against Infectious Disease (The Green Book). 2013. Available 496 

from: https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-497 

green-book#the-green-book [Accessed: 01 September 2017]. 498 

 499 

[7] Health Protection Authority. Health Protection Report: Volume 6 (No 15) 13 April 2012. 2012. 500 

Available from: 501 

http://webarchive.nationalarchives.gov.uk/20140722070033/http://www.hpa.org.uk/hpr/archives/502 

2012/news1512.htm#prtsss [Accessed 10 August 2017]. 503 

 504 



 21 

[8] Department of Health. Pregnant women to be offered whooping cough vaccination. 2012. 505 

Available from: https://www.gov.uk/government/news/pregnant-women-to-be-offered-whooping-506 

cough-vaccination [Accessed 10 August 2015]. 507 

 508 

[9] Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K, Fry NK, et al. 509 

Effectiveness of maternal pertussis vaccination in England: an observational study. Lancet. 510 

2014;384(9953): 1521-1528. 511 

 512 

[10] Donegan K, King B, Bryan P. Safety of pertussis vaccination in pregnant women in UK: 513 

observational study. BMJ. 2014;349: g4219. Available from: 514 

https://doi.org/10.1136/bmj.g4219 [Accessed 13 August 2017]. 515 

 516 

[11] WHO. WHO Pertussis vaccines: WHO position paper – August 2015. Wkly Epidemiol Red. 517 

2015;90(35): 433-460. Available from: http://www.who.int/wer/2015/wer9035.pdf?ua=1 [Access 10 518 

August 2017].  519 

 520 

[12] Hawker J, Begg, N, Blair, I, Reintjes R, Weinberg J, Ekdahl K. Communicable Disease Control and 521 

Health Protection Handbook. Third Edition. Chichester: Wiley-Blackwell; 2012. 522 

 523 

[13] Dodds L, McNeil SA, Feel DB, Allen VM, Coombs A, Scott J, MaCDonald N. Impact of influenza 524 

exposure on rates of hospital admissions and physician visits because of respiratory illness among 525 

pregnant women. CMAJ. 2007;176(4): 463–468. 526 

 527 

[14] Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ. MBRRACEUK: Saving 528 

Lives, Improving Mothers’ Care - Lessons learned to inform future maternity care from the UK and 529 



 22 

Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: University of 530 

Oxford; 2014. 531 

 532 

[15] Public Health England. Infection Report: Pertussis vaccination programme for pregnant women 533 

update: vaccine coverage in England, January to March 2017. Available from: 534 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/616198/hpr1917_535 

prntl-prtsssVC.pdf [Accessed on 14 August 2017]. 536 

 537 

[16] Public Health England. Infection Report: Laboratory Confirmed Pertussis in England: Data to End-538 

February 2017. 2017. Available from: 539 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/609193/hpr1417_540 

prtsss1702c.pdf [Accessed 23 August 2017]. 541 

 542 

[17] Public Health England. Seasonal influenza vaccine uptake in GP patients: winter season 2016 to 543 

2017. 2017. Available from: 544 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/613452/Seasonal545 

_influenza_vaccine_uptake_in_GP_patients_winter_season_2016_to_2017.pdf [Accessed 15 August 546 

2017]. 547 

 548 

[18] Chief Medical Officer Directorate, The Scottish Government. Seasonal Influenza Vaccination 549 

Programme 2017-18. 2017. Available from http://www.sehd.scot.nhs.uk/cmo/CMO(2017)11.pdf 550 

[Accessed 1 September 2017]. 551 

 552 

[19] Wilson RJ, Paterson P, Jarrett C, Larson H. Understanding factors influencing vaccination 553 

acceptance during pregnancy globally: A literature review. Vaccine. 2015;33: 6420-6429. 554 

 555 



 23 

[20] Larson H, Jarrett C, Eckersberger E, Smith D, Paterson P. Understanding vaccine hesitancy 556 

around vaccines and vaccination from a global perspective: a systematic review of published 557 

literature, 2007-2012. Vaccine. 2014;32(19): 2150-2159. 558 

 559 

[21] Wong VWY, Lok KYW, Tarrant M. Interventions to increase the uptake of seasonal influenza 560 

vaccination among pregnant women: A systematic review. Vaccine. 2016;34: 20-32. 561 

 562 

[22] Health and Social Care Act 2012. Available from: 563 

http://www.legislation.gov.uk/ukpga/2012/7/contents/enacted. [Accessed 3rd September 2017]. 564 

 565 

[23] Liao Q, Cowling BJ, Lam WWT, Fielding R. Factors Affecting Intention to Receive and Self-566 

Reported Receipt of 2009 Pandemic (H1N1) Vaccine in Hong Kong: A Longitudinal Study. PLOS ONE. 567 

2011;6(3): e177713. 568 

 569 

[24] Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred Reporting Items for 570 

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLOS Med. 2009;6(7): 571 

e1000097. Available from: https://doi.org/10.1371/journal.pmed.1000097 [Accessed 01 August 572 

2015].  573 

 574 

[25] Effective Public Health Practice Project. Quality Assessment Tool for Quantitative Studies. 2009. 575 

Available from: http://www.ephpp.ca/PDF/Quality%20Assessment%20Tool_2010_2.pdf [Accessed 576 

10 August 2017]. 577 

 578 

[26] Effective Public Health Practice Project. Quality Assessment Tool for Quantitative Studies 579 

Dictionary. 2009. Available from: http://www.ephpp.ca/PDF/QADictionary_dec2009.pdf [Accessed 580 

10 August 2017]. 581 



 24 

 582 

[27] Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assessment of study quality for 583 

systematic reviews: a comparison of the Cochrane Collaboration Risk of Bias Tool and the Effective 584 

Public Health Practice Project Quality Assessment Tool: methodological research. J Eval Clin Pract. 585 

2012 Feb;18(1):12-8 586 

 587 

[28] Goodman K, Mossad SB, Taksler GB, Emery J, Schramm S, Rothberg MB. Impact of video 588 

education on influenza vaccination in pregnancy. J Reprod Med. 2015;60(11-12): 471-9. 589 

 590 

[29] Moniz MH, Hasley S, Meyn LA, Beigi RH. Improving influenza vaccination rates in pregnancy 591 

through text messaging: a randomized controlled trial. Obstet Gynecol. 2013;121(4): 734-40. 592 

 593 

[30] Wong VWY, Fong DYT, Lok KYW, Wong JYH, Sing C, Choi AY, Yuen CYS, Tarrant M. Brief 594 

education to promote maternal influenza vaccine uptake: A randomized controlled trial. Vaccine. 595 

2016;34(44): 5243-5250.  596 

 597 

[31] Jordan ET, Bushar JA, Kendrick JS, Johnson P, Wang J. Encouraging Influenza Vaccination Among 598 

Text4baby Pregnant Women and Mothers. Am J Prev Med. 2015;49(4): 563-72. 599 

 600 

[32] Meharry PM, Cusson RM, Stiller R, Vazquez M. Maternal influenza vaccination: evaluation of a 601 

patient-centered pamphlet designed to increase uptake in pregnancy. Matern Child Health J. 602 

2014;18(5): 1205-14. 603 

 604 

[33] Stockwell MS, Westhoff C, Kharbanda EO, Vargas CY, Camargo S, Vawdrey DK, Castaño PM. 605 

Influenza vaccine text message reminders for urban, low-income pregnant women: a randomized 606 

controlled trial. Am J Public Health. 2014 Feb;104(1): 7-12. 607 



 25 

 608 

[34] Frew PM, Kriss JL, Chamberlain AT, Malik F, Chung Y, Cortes M, et al. A randomized trial of 609 

maternal influenza immunization decision-making: A test of persuasive messaging models. Hum 610 

Vaccin Immunother. 2016 Aug 02;12(8): 1989-96. 611 

 612 

[35] McCarthy EA, Pollock WE, Nolan T, Hay S, McDonald S. Improving influenza vaccination 613 

coverage in pregnancy in Melbourne 2010-2011. Aust N Z J Obstet Gynaecol. 2012;52(4): 334-41. 614 

 615 

[36] Sherman MJ, Raker CA, Phipps MG. Improving influenza vaccination rates in pregnant women. J 616 

Reprod Med. 2012;57(9-10): 371-6. 617 

 618 

[37] Klatt TE, Hopp E. Effect of a best-practice alert on the rate of influenza vaccination of pregnant 619 

women. Obstet Gynecol. 2012;119(2): 301-5.  620 

 621 

[38] McCarthy EA, Pollock WE, Tapper L, Sommerville M, McDonald S. Increasing uptake of influenza 622 

vaccine by pregnant women post H1N1 pandemic: a longitudinal study in Melbourne, Australia, 623 

2010 to 2014. BMC Pregnancy and Childbirth. 2015;15(53): DOI 10.1186/s12884-015-0486-3.  624 

 625 

[39] Ogburn T, Espey EL, Contreras V, Arroyo P. Impact of clinic interventions on the rate of influenza 626 

vaccination in pregnant women. J Reprod Med. 2007;52(9): 753-6. 627 

 628 

[40] Panda B, Stiller R, Panda A. Influenza vaccination during pregnancy and factors for lacking 629 

compliance with current CDC guidelines. J Matern Fetal and Neonatal Med. 2011;24(3): 402-6. 630 

 631 

[41] Baxter D. Approaches to the vaccination of pregnant women: Experience from Stockport, UK, 632 

with prenatal influenza. Hum Vaccin Immunother. 2013 June;9(6):1360-3 633 



 26 

 634 

[42] Dexter LJ, Teare MD, Dexter M, Siriwardena AN, Read RC. Strategies to increase influenza 635 

vaccination rates: outcomes of a nationwide cross-sectional survey of UK general practice. BMJ 636 

Open. 2012;2:e000851. doi: 10.1136/bmjopen-2011-000851 637 

 638 

[43] Healy CM, Ng N, Taylor RS, Rench MA, Swaim LS. Tetanus and diphtheria toxoids and acellular 639 

pertussis vaccine uptake during pregnancy in a metropolitan tertiary care center. Vaccine. 2015; 640 

33(38): 4983-7. 641 

 642 

[44] Morgan JL, Baggari SR, Chung W, Ritch J, McIntire DD, Sheffield JS. Association of a Best-Practice 643 

Alert and Prenatal Administration With Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular 644 

Pertussis Vaccination Rates. Obstet Gynecol. 2015;126(2): 333-7. 645 

 646 

[45] Mouzoon ME, Munoz FM, Greisinger AJ, Brehm BJ, Wehmanen OA, Smith FA, et al. Improving 647 

influenza immunization in pregnant women and healthcare workers. Am J Manag Care. 2010;16(3): 648 

209-16. 649 

 650 

[46] Pierson RC, Malone AM, Haas DM. Increasing Influenza Vaccination Rates in a Busy Urban Clinic. 651 

J Nat Sci. 2015;1(3) 652 

 653 

[47] Yudin MH, Salaripour M, Sgro MD. Acceptability and feasibility of seasonal influenza vaccine 654 

administration in an antenatal clinic setting. J Obstet Gynaecol Can. 2010;32(8): 745-8. 655 

 656 

[48] Kriss JL, Frew PM, Cortes M, Malik FA, Chamberlain AT, Seib K, et al. Evaluation of two vaccine 657 

education interventions to improve pertussis vaccination among pregnant African American women: 658 

A randomized controlled trial. Vaccine. 2017;35(11): 1551-8. 659 



 27 

 660 

[49] MacDougall DM, Halperin SA. Improving rates of maternal immunization: Challenges and 661 

opportunities. Hum Vaccin Immunother. 2016;12(4): 857-865. 662 

 663 

[50] Green D, Labriola G, Smeaton L, Falconer M. Prevention of neonatal whopping cough in 664 

England: The essential role of the midwife. Br J of Midw. 2017;25(4): 224-228. 665 

 666 

[51] Winslade CG, Heffernan CM, Atchison CJ. Experience and perspectives of mothers of the 667 

pertussis vaccination programme in London. Public Health. 2017;146: 10-14. 668 

 669 

[52] Dempsey AF, Brewer SE, Sevick C, Pyrzanowski J, Mazzoni S, O’Leary ST. Tdap vaccine attitude 670 

and utilization among pregnant women from a high-risk population. Hum Vaccin Immunother. 671 

2016;12(4): 872-878. 672 

 673 

[53] Laenen J, Roelants M, Devlieger R, Vandermeulen C. Influenza and pertussis vaccination 674 

coverage in pregnant women. Vaccine. 2015;33(18): 2125-2131. 675 

 676 

[54] Donaldson B, Jain P, Holder BS, Lindsay B, Regan L, Kampmann B. What determines uptake of 677 

pertussis vaccination in pregnancy? A cross sectional survey in an ethnically diverse population of 678 

pregnant women in London. Vaccine. 2015;33(43): 5822-5828. 679 

 680 

[55] Wong CY, Thomas NJ, Clarke M, Boros C, Tuckerman J, Marshall HS. Maternal uptake of 681 

pertussis cocooning strategy and other pregnancy related recommended immunisations. Hum 682 

Vaccin Immunother. 2015;11(5): 1165-1172. 683 

 684 



 28 

[56] Song Y, Zhang T, Chen L, Yi B, Hao X, Zhou S, Zhang R, et al. Increasing seasonal vaccination 685 

among high risk groups in China: Do community health workers have a role to play? Vaccine. 686 

2017;35(33): 4060-4063. 687 

 688 

[57] Payakachat N, Hadden KB, Ragland D. Promoting Tdap immunization in pregnancy: Associations 689 

between maternal perceptions and vaccination rates. Vaccine. 2016;34(1): 179-186. 690 

  691 



 29 

Tables 692 

Table 1 Search terms 693 

Table 2 Inclusion and exclusion criteria for papers 694 

Table 3 Effective interventions in increasing vaccination uptake in pregnant women 695 

 696 

  697 



 30 

Figures 698 

Figure 1 Search process flow chart (adapted from PRISMA flow chart [24]) 699 

Figure 2 Effective strategies to increase vaccination in pregnancy 700 

 701 


