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ABSTRACT

During the last decades pertussis incidence raised globally. Several vaccination strategies targeting adults
to reduce pertussis among young infants have been proposed, including vaccination of healthcare work-
ers (HCWs). The aim of this study was to analyse, by performing a systematic review of literature, pub-
lished papers that evaluated Tdap coverage among HCWs, variables associated with vaccine uptake and
efforts implemented to raise vaccination rates. We searched the MedLine, Embase, SCOPUS, LILACS, Web
of Science and Cochrane for full-text studies that evaluated Tdap coverage in HCW. Two independent
reviewers screened the articles and extracted the data. Twenty-eight studies published from 2009 to
2018 were reviewed. Most studies were conducted in the USA. Initial Tdap coverage varied from 6.1%
to 63.9%. USA and France are the only two countries with studies evaluating Tdap coverage within
HCWs using national data. In the USA, Tdap coverage in HCWs raised from 6.1% to 45.1% from 2007 to
2015. In the analysis of French national data, a Tdap coverage of 63.9% was observed. Five studies used
interventions to raise Tdap coverage in HCWSs. Two intervention studies implemented mandatory vacci-
nation and three used educational strategies. All of them achieved coverages over 86%. Only eleven stud-
ies analysed the association of Tdap vaccination with variables of interest. Previous immunization with
other vaccines recommended for HCWs (like influenza, hepatitis B and MMR) was positively associated
with Tdap uptake in four studies. In conclusion, overall Tdap coverage among HCWs is low, but seems to
increase over the years after the vaccine introduction and with implementation of interventions to
increase coverage.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Pertussis is an infectious disease caused by Bordetella pertussis, a
Gram-negative bacillus transmitted by aerosol droplets [1,2]. It
affects people of all ages, but children aged less than one year
are the most affected and may have severe disease [3]. Adults usu-
ally have milder disease and are the source of infection for young
children [1]. During the last decades, pertussis incidence rose glob-
ally, despite the sustained high childhood vaccination coverage [2].
Waning immunity after vaccination or infection, reduced effective-
ness/shorter duration of protection conferred by acellular pediatric
vaccines, increased disease awareness, improved diagnoses and
surveillance, and B. pertussis mutations allowing it to escape from
vaccine immunity have been proposed to explain pertussis
reemergence in developed countries [1,2].

Several vaccination strategies targeting adults to reduce pertus-
sis among young infants have been proposed, including vaccina-
tion of pregnant women, the cocooning strategy (vaccinating all
newborn’s contacts), and vaccination of healthcare workers
(HCWs) [1]. Recommendations on the adult tetanus-diphtheria-
acellular pertussis (Tdap) vaccination for HCWs vary by country.
Some countries, such as the United States, Canada, Australia,
Netherlands, Germany and the United Kingdom adopted Tdap vac-
cination for all HCWs, while others, such as Austria, Finland, Nor-
way and Brazil introduced Tdap only for those in contact with
newborns and infants [4].

There are few data about Tdap coverage among HCWs. Thus, the
aim of this study was to analyse, by performing a systematic
review of literature, all published papers which evaluated Tdap
coverage among HCWs, variables associated with the vaccination
and efforts implemented to raise vaccination rates.

2. Methods

This study followed the recommendations for systematic
reviews published by the Centre for Reviews and Disseminations
(CRD), Institute of Medicine (IOM) and Cochrane Collaboration
and Community Guide to Community Preventive Services [5-7].

3. Study identification and selection

The following six databases were searched in Dec 7th, 2016 and
updated in Apr 26, 2018: MedLine, Embase, SCOPUS, LILACS, Web
of Science and Cochrane. Appendix 1 describes the search strate-
gies in detail. The studies were eligible for inclusion if they were
full-text article that evaluated Tdap coverage in any HCWs. The
searches were not limited by date or language restriction.

Two reviewers (BAR, ONES) independently screened the papers’
titles and abstracts for inclusion. The same inclusion criteria were
used to assess full-text articles and any disagreements were
resolved by discussion and consensus between the two reviewers
or resort to the opinion of a third reviewer (AMCS).

4. Data extraction

Data from included articles were extracted by two reviewers
(BAR, ONES), using a form designed for this review. The following
data were extracted:

e General information: date of publication, type of study and
studys country of origin.

e Vaccine Coverage evaluation: place of the study, HCWs anal-
ysed, number of HCWs evaluated, Tdap coverage in the whole
population and by profession (physicians, nurses and others)

and methodology used to check HCWs vaccination (self-report
or confirmation by vaccination card/electronic medical report).
e Strategies to raise coverage: any strategy used with the objec-
tive of increasing Tdap coverage.
e Variables of interest associated to Tdap vaccination.

5. Results

We identified 456 studies that met the selecting criteria, 368
non-duplicate titles were screened for eligibility and 41 were
retrieved for full-text evaluation. Thirteen were excluded because
they do not evaluate Tdap coverage in HCWs. Thus, 28 studies were
included in the analysis (Fig. 1) [8-35].

The first two studies evaluating Tdap coverage among HCWs
were published in 2008, in France [21,25]. All studies were con-
ducted in developed countries. Sixteen studies (57.1%) were from
North America: United States (14) and Canada (2); ten from Europe
(35.7%): France (6), United Kingdom (1), Germany (1), Switzerland
(1) and Italy (1); one study (3.57%) was from Asia: Israel; and one
(3.57%) from Oceania: Australia (Table 1).

Most (23) studies were cross-sectional; only five studies (17.8%)
were intervention studies aiming to raise Tdap coverage [22-
24,34,35]. Table 2 presents the main findings of the studies. Initial
Tdap coverage varied from 6.1% [8] to 63.9% [16].

United States and France are the only two countries that have
studies evaluating Tdap coverage within HCWs using national data.
Data from the Centers for Diseases Control and Prevention (CDC-
USA) from 2007 to 2015 [8,9,11,12,26,29-31] showed that Tdap
coverage in HCWs rose from 6.1% [8] to 45.1% [31] in those eight
years. It was observed that White HCWs have higher vaccine cov-
erage (21.5 [29]-49.2% [31]) comparing to Black (14 [29]-28.3%
[31]) and Hispanics (13.8 [29]-38.7% [31]). HCWs aged from 19
to 64 years-old have higher Tdap coverage (32.6 [29]-46.3% [31])
when compared to those over 65 years-old (16.9 [29]-38.7% [31]).
In the analysis of French national data, a higher Tdap coverage
(63.9%) was observed in HCWs [24].

Table 3 shows the studies that used interventions to raise Tdap
coverage in HCWs. Two intervention studies implemented manda-
tory vaccination, achieving coverages >90% [22,24]. In a small
pediatric hospital (116 beds) in Switzerland, a Tdap vaccination
program was developed within one year. The program involved
informative messages, lectures and scheduled appointments for
counseling and vaccinating each HCW. From 852 HCWs of the hos-
pital, 50.1% (4 2 7) responded to the campaign. The overall pertus-
sis vaccine coverage was 49%. Among the HCWs who participated
in the campaign, vaccine coverage rose from 17% to 88% [23].

Jiang et al., also evaluated Tdap coverage in a paediatric hospi-
tal, but in the United States. The coverage rose from 58% to 90%
after 15 months. This was achieved by sending information by
email and through the institution intranet, conducting individual
interviews with the unvaccinated HCWs and setting up vaccination
sites in places of high flow of HCWs (as the coffee shop) [34]. In the
United Kingdom, Paranthaman K et al. achieved a coverage rate of
86% in one hospital and 95% in another after 3 months of imple-
mentation of informative posters, oral presentations and vaccina-
tion of HCWs in their work sites [35].

Only eleven of the 28 studies (39.2%) evaluated a possible
association of Tdap vaccination with variables of interest
[10,13,16-20,23,28,31,33]. Two studies did not find any associa-
tion [15,18]. In the other nine studies, variables positively associ-
ated with Tdap coverage were: age under 49 years old [10,16],
higher education level [10,33], higher income [33], hospitalization
in the last year, having a clinic or health centre as the usual place
for healthcare [10,33], being physician [16], influenza vaccination
in the last year [10,16,32], previous hepatitis B [16,19] and MMR
[19] vaccination, understanding that influenza could be serious in
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Fig. 1. Flowchart of the selection of the studies included in the systematic review.

infants [19], having contact with infants under 6 months of age
[33], higher volume of activity in work during year [16] and a
higher score on a questionnaire about HCWs knowledge on Tdap
[19]. Srivastav et al. found that living below the poverty line and
being Black were negatively associated with Tdap vaccination
[32]. Two studies found that different regions of their countries
were associated with different Tdap coverages. In USA, western
region had higher coverages rates [10]; in France, professionals
from the Picardy regions had higher vaccine coverage rates while
HCWs from Provence-Alpes-Cote d Azur region had lower cover-
ages [16].

6. Discussion

This systematic review found only 28 studies that evaluated
Tdap coverage on HCWs. The higher initial coverage rate observed
in the reviewed studies included was 63.9%, but most studies
showed coverages under 40.0%. It is important to point out that
some studies reported national data, whereas others reported sin-
gle hospitals data. Therefore, it is not possible to draw a solid con-
clusion on HCWs immunization rates.

Adult vaccination is difficult to implement. Many countries do
not have vaccination policies targeting specifically adult popula-

tions; for example, only 45% of 115 WHO members have influenza
programs targeting elderly as a risk group [36]. Barriers to achieve
high vaccination coverage rates in adults include: vaccine hesi-
tancy, lack of awareness due to insufficient information, prioritiza-
tion of childhood programs by governments, limited promotion of
adult vaccination and low healthcare practitioner’'s awareness of
adult immunization [36]. HCWs immunization is also challenging,
as they usually show low perception of personal risk involved in
their professional activities [15,37].

A cross-sectional study involving HCWs carried out in Italy
observed insufficient knowledge of recommended occupational
vaccinations (with exception for hepatitis B and tuberculosis)
[38]. Partially, low Tdap coverage could be attributed to lower
awareness of the vaccine recommendations, fear of injection, mis-
conceptions about efficacy and safety of vaccines and lack of time
[39]. Miller et al. found that 39% of HCWs reported having never
heard of Tdap vaccine [8]. La Torre et al. observed that only
36.4% of HCWs perceived pertussis as a risk for their health and
49.2% as a risk for patients health [38].

HCWs are at increased risk of acquiring pertussis because of
contact with infected patients and waning immunity following
childhood vaccination or natural infection [10,40]. Nosocomial
outbreaks of pertussis have already been reported, with about
8.5-23% of HCWs being infected [41-43]. HCWs can be a source



Table 1

Characteristics of the studies included in this review that evaluated Tdap coverage in healthcare workers (HCWs): country and year, study design, population evaluated and data source for Tdap coverage.

Reference Year Country Recommendation of Tdap vaccine for Study design Population Data source of
HCW in the country Tdap coverage
Miller, 2010 2008 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Miller, 2011 2007 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients
Williams, 2012 2010 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Esolen, 2013 2010-2011 USA HCW of hospitals and clinics in direct Intervention Hospitals of the Geisinger Health System Continous evaluation during
contact with patients campaign
Williams, 2013 2011 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Lu, 2014 2011 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA Self report
contact with patients (household survey)
Williams, 2014 2012 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Williams, 2015 2013 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Leibu, 2015 2012-2013 USA HCW of hospitals and clinics in direct Intervention Hospitals of the Atlantic Health System Continous evaluation during
contact with patients campaign
Williams, 2016 2014 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Williams, 2017 2015 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA NHIS Data
contact with patients (household survey)
Srivastav, 2017 2012-2014 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA Internet Panel Survey”
contact with patients
OHalloran, 2018 2013 USA HCW of hospitals and clinics in direct Cross-sectional with national data All regions of USA 2013 Behavior Risk Factor
contact with patients Surveillance System®
Jiang C, 2018 2014 USA HCW in direct contact with patient Intervention One pediatric hospital Continous evaluation during
campaign
Duclos, 2008 2003-2006 France HCW in direct contact with patients Cross-sectional Experts who meet every two years to discuss Self report
vaccines
Hees, 2009 2007 France HCW in direct contact with patient Cross-sectional One hospital Self report
Loulergue, 2009 2007 France HCW in direct contact with patient Cross-sectional One hospital Self report
Vic, 2011 2009 France HCW in direct contact with patients Cross-sectional One hospital Self report
Loulergue, 2013 2009 France HCW in direct contact with patients Cross-sectional All hospitals with maternity, school hospitals and Vaccination card check
public hospitals of Paris
Pulcini, 2013 2010 France HCW in direct contact with patients Cross-sectional with national data Several health services of all regions of France Self report
MacDougall, 2015 2010 Canada HCW in direct contact with newborns or  Cross-sectional National survey Self report
infants
MacDougall, 2015 2010 Canada HCW in direct contact with newborns or ~ Cross-sectional National survey Self report
infants
Boéhmer, 2013 2009-2010 Germany All HCW Cross-sectional with national data Pharmacies linked to hospitals and clinics Health system data
Baron-Epel, 2013 2011 Israel All HCW Cross-sectional Maternity care clinics of one district of Israel Self report
Taddei, 2014 2011 Italy All HCW Cross-sectional Six public hospitals in Florence-Italy Self report
Tuckerman, 2015 2013 Australia HCW in direct contact with newborns or  Cross-sectional One hospital Self report
infants
Walther, 2015 2012-2013 Switzerland HCW in direct contact with newborns Intervention One pediatric university hospital Continous evaluation during
campaign
Paranthaman, 2016 2012 United HCW in direct contact with patient Intervention Two pediatrics hospitals Continous evaluation during
Kingdon campaign

" NHIS - National Health Interview Survey.
* Internet survey conducted by Abt Associates Inc. for the Centers for Disease Control and Prevention (CDC).
& State based telephone survey that collects information on health conditions and risk behaviours from non-institutionalized U.S. adults.
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Table 2

Main findings of the studies that evaluate Tdap coverage in healthcare workers (HCWs).

Reference HCW evaluated No. of HCW Initial Tdap coverage (%) Coverage in specific groups (%)
Miller, 2010 HCW of hospitals, clinics and nursing homes 984 Overall: 15.9 NA
Miller, 2011 HCW of hospitals, clinics and nursing homes 420 Overall: 6.1 NA
Williams, 2012 HCW of hospitals, clinics and nursing homes 1427 Overall: 20.3 Ages between 19 and 64 (Whites: 21.5; Blacks: 14.0;
Hispanics: 13.8; Asians: 26.9)
Esolen, 2013 Physicians, nurses and others 15,267 Risk areas’: 9.0 NA
Other Areas: 11.0-12.0
Williams, 2013 HCW of hospitals, clinics and nursing homes 1759 Overall: 26.8 Ages between 19 and 64 (White: 27.2; Blacks: 21.7;
Hispanic: 30.1; Asians: 27.8; Others: 31.2)
Lu, 2014 Physicians, nurses and others 1769 Overall: 26.9; NA
Physicians: 41.5;
Nursing: 36.5;
other: 27.0
Williams, 2014 HCW of hospitals, clinics and nursing homes 2015 Overall: 31.4 All Ages (White: 33.0; Blacks:22.5; Hispanics: 25.1; Asians:
39.4; Others: 46.1)
Ages from 19 to 64 (Total: 32.6; Whites: 34.5; Blacks: 22.9;
Hispanics: 25.1; Asians: 41.4; Others: 46.1)
Older than 65 (Total: 16.9; Whites: 17.5) *
Williams, 2015 HCW of hospitals, clinics and nursing homes 1965 Overall: 37.3 All Ages (White: 39.9; Blacks: 32.3; Hispanics: 29.5; Asians:
32.7; Others: 46.8)
Ages from 19 to 64 (Total: 37.9; Whites: 40.7; Blacks: 33.2;
Hispanics: 28.6; Asians: 33.8; Others: 48.8)
Older than 65 (Total: 30.7; Whites: 32.4) *
Leibu, 2015 Physicians, nurses and others 12,000 NA NA
Williams, 2016 HCW of hospitals, clinics and nursing homes 2062 Overall: 42.1 All Ages (White: 46.4; Blacks: 24.8; Hispanics: 35.8; Asians:
41.2; Others: 39.5)
Ages from 19 to 64 (Total: 43.0; Whites: 47.9; Blacks: 25.0;
Hispanics: 25.0; Asians: 42.0; Others: 39.6)
Older than 65 (Total: 28.7; Whites: 29.6) *
Williams, 2017 HCW of hospitals, clinics and nursing homes 1853 Overall: 45,1% All ages (White: 49,2; Blacks: 28,3; Hispanics: 38,7)
Ages from 19 to 64: 46,3
Older than 65: 38,7
Srivastav, 2017 Physicians, nurses and others 2012: 2038 2012 (overall: 34.8; physicians: 50.9; nurses: 48.1) NA
2013: 1613 2013 (overall: 40.2; physicians: 60.1; nurses: 58.8)
2014: 1633 2014 (overall: 42.4; physicians: 60.7; nurses: 63.8)
OHalloran, 2018 Physicians, nurses and others 10,229 Overall: 47.4; NA
Physicians: 66.8;
Nurses: 59.5
Jiang, 2018 Physicians and nurses 984 Overall: 58; NA
Physicians: 57;
Nurses: 59
Duclos, 2008 Physicians 75 30.0 NA
Hees, 2009 Physicians and nurses 84 Overall: 33.3; NA
Physicians: 45.8; Nursing: 28.0
Loulergue, 2009 Physicians, nurses and medical students 395 Overall: 12.0; NA

Physicians: 22.0;
Nursing 13.0;

Nursing technicians: 5.0
Medical students: 11.0
Others: 4.0

veol
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Table 2 (continued)

Reference HCW evaluated No. of HCW Initial Tdap coverage (%) Coverage in specific groups (%)

Vic, 2011 Physicians and nurses 138 Overall: 50.7; NA
Physicians: 48.0;
Nursing: 57.7;
Otherr: 25.0
Loulergue, 2013 Medical and nursing students 376 Overall: 44.0; NA
Physicians: 40.6; Nursing: 51.3;
Midwife students: 51.0
Pulcini, 2013 Physicians 1431 63.9 NA
MacDougall, 2015  Physicians, nurses and pharmacists 1167 Overall: 47.5; NA
Family physicians: 44.4
Internal medicine: 53.8; Nursing: 48.0; Pharmacists:

50.0
MacDougall, 2015  Physicians, nurses and pharmacists 1167 Physicians: 54.5; Nursing: 58.9; Pharmacists: 44.3 NA
B6hmer, 2013 Physicians 2009: 712 2009: 13.7 NA
2010: 916 2010: 16.4
Baron-Epel, 2013 Nurses 107 42.0 NA
Taddei, 2014 Physicians, nurses, nursing assistants and 436 Overall: 6.9 NA
midwifes
Tuckerman, 2015  Physicians, nurses and others 92 Overall: 50.5 3 wards with higher influenza coverage: 56.4
3 wards with lower influenza coverage: 41.7
Walther, 2015 Physicians, nurses, paramedics and medical 852 (total); Campaign responders: 17.0 NA
students 427 campaign Not responders: not available;
responders Physicians: 24.0; Nursing: 9.0;
Paramedics: 14.0
Medical students: 41.0
Paranthaman, Physicians and nurses Hospital A: 243 NA NA
2016 Hospital B: 189

* Maternity, pediatrics and emergency.
# No data for other ethnicities.
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Table 3

Interventions to raise Tdap coverage among healthcare workers (HCWs) and final Tdap coverage.

Reference Interventions Final Tdap coverage (%) Time between initial and
final coverage (months)
Esolen, 2013 Mandatory vaccination General: 90 12

Walther, 2015 Information on intranet; Informative
newsletter; Note on hospital newspaper;
Oral presentations; Individual propaganda

for HCWs! emails; Individual interviews

with HCW!
Leibu, 2015 Mandatory vaccination
Jiang, 2018 Information on intranet; Information by

email; Vaccination in sites of HCWs' high
flux (i.e.: hospital coffee shop); Individual
interviews with HCW!

Vaccination on HCW site of work; Oral
presentation; Posters

Paranthaman, 2016

Risk areas: 98.6

Other areas: 97.6

Campaign responders: 88.0 12
Physicians: 88.0

Nurses: 85.0

Paramedics: 95.0

Medical students: 98.0

Total coverage : 49.0

94.9 24
90 15
Hospital A: 86; Hospital B: 95 3

" Includes campaign responders and non-responders.

of infection for susceptible patients and relatives as well as other
HCWSs [43-46]. Pertussis outbreaks are expensive for health ser-
vices [47,48]. In a pertussis outbreak involving 17 confirmed cases
among HCWs in a hospital in the United States, 307 contacts were
identified, and extensive infection-control measures were imple-
mented. This outbreak costed US$81382. Vaccinating HCWs may
be a cost-effective strategy [47]. A mathematical model suggested
that vaccinating HCWs against pertussis would prevent 46% of
HCW exposures to pertussis per year and the net savings for the
hospital was estimated to be 2.38 times the amount invested in
vaccinating HCWs [47]. An outbreak in a neonatology ward in a
hospital in Amsterdam costed €48682 for the hospital. It was found
that 4 Euros could be saved by every Euro invested in vaccinating
HCWs to avert outbreaks [49].

Only five studies included in this review implemented interven-
tions to raise Tdap coverage [22-24,34,35]. Three used educational
strategies [23,34,35] and two of them implemented mandatory
vaccination [22,24]. Both strategies raised Tdap coverage over
85%. However, no study evaluated how the coverage rate would
be sustained over time after the implementation of such strategies.

Strategies to increase influenza vaccine coverage among HCW
were deeper studied. These strategies include free vaccination,
work-site vaccination, mobile vaccination carts, educational mate-
rials, communication campaigns and declination form [50]. Other
strategies reported were mandatory vaccination and the require-
ment that all unvaccinated staff should wear a mask when in con-
tact with patients. Mandatory immunization have been more
practiced in USA, where its implementation resulted in vaccination
rates > 95%, even with initial coverage of less than 30% [50].

Recently, regarding adult immunization, the 4 Pillars [51] pro-
gram has been strengthened. It is a compilation of practices based
on scientific evidence, developed to raise vaccine coverage and
decrease opportunity loss in the adult vaccination at the primary
health care level. The domains are: Pillar 1 - Convenient vaccina-
tion services; Pillar 2 - Communication with patients about the
importance of immunization and the availability of vaccines; Pillar
3 - Enhanced office systems to facilitate immunization; Pillar 4 -
Motivation through an office immunization champion. Despite
the fact that none of the reviewed studies had implemented the
4 Pillar program in a systematic way, three [23,34,35] used compo-
nents of it and successfully raised vaccine coverage.

In conclusion, overall Tdap coverage among HCWs is low, but
seems to increase after years of vaccine introduction (as we could
notice with USA national data) and after implementation of inter-
ventions to increase coverage.
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