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a b s t r a c t

Pertussis continues to be an important cause of morbidity and mortality in children too young to be
fully protected despite high vaccination coverage. This has been attributed to waning immunity in older
people, leading to the development of strategies to increase levels of immunity. A systematic review was
conducted to assess the clinical and cost effectiveness of four population-based strategies for pertussis
booster vaccination: single booster at 12–24 months old, single pre-school booster, single adolescent
booster and multiple boosters in adulthood every 10 years. Electronic databases and Internet resources
Keywords:
Pertussis vaccination
S
B
E

were searched to June 2006. Nine observational studies, four mathematical models and eight economic
evaluations were included, evaluating four different strategies. Strong evidence to recommend any of
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these strategies was not found.
© 2008 Elsevier Ltd. All rights reserved.
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. Introduction

Pertussis (also known as ‘whooping cough’) remains one of the
east well-controlled vaccine-preventable diseases for which rou-
ine vaccination exists.

The majority of cases of clinically recognisable pertussis occur in
hildren aged 1–5 years, however, severe disease and death occur
ainly in infants under 6 months who have either not been vacci-

ated or are incompletely immunised [1].
An increase in incidence since the early-1990s has been noted

n developed countries despite high vaccination coverage [2,3].
on-immunised children and older individuals with waning immu-
ity may serve as reservoir for the infection and increase the risk
f transmission of Bordetella pertussis to vulnerable infants [1,4].
everal different strategies for booster vaccination have been con-
idered, with substantial variation in both the number of doses

iven and the age of administration [5].

In most countries three primary doses of pertussis vaccine are
dministered to infants aged 2–6 months. One or two booster doses
re commonly offered between 1 and 7 years later. A first booster
ose may be given at 12–24 months of age or pre-school at age 3–6

Fig. 1. Flow chart of se
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ears. Adolescent boosters may be used, with or without previous
oosters [6–8]. Some experts advocate a booster every 10 years
hroughout life [9].

The most robust evidence regarding the efficacy of pertussis
accine boosters comes from randomised controlled trials (RCTs).
owever, these studies have compared different types of booster
accine rather than booster strategies. In addition, while the safety
nd immunogenicity of pertussis vaccine boosters have already
een demonstrated in these trials [10–12] the effectiveness of
pecific booster strategies in reducing morbidity and mortality at
opulation level cannot be inferred from serological outcomes. This
ystematic review provides evidence regarding the clinical and cost
ffectiveness of different pertussis vaccine booster strategies.

. Materials and methods
lection process.

.1. Search strategy

Searches were carried out in Medline (1966–2006); Embase
1980–2006); the Cochrane Library and internet resources related
o communicable disease and vaccination including those of
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Table 1a
Characteristics of descriptive studies.

Country/region Dates Source of data Evaluated booster Previous vaccination Estimated Coverage Quality

Hamed (1995) [16] France (Indre et Loire region) 1993 Survey of 490 doctors
(suspected cases)

5–6 years old voluntary
booster (type of
vaccine not reported)

3 primary doses + first
booster at 18 months

89% in 1991 for priming
doses and first booster

Low response rate
45.5%; voluntary
boostera

Andrews (1997) [17] Australia 1991–1997 Notification rates
(crude and
age-specific)

4–5 years old
introduced 1994
(whole-cell)

3 primary doses + first
booster at 18 months

77% in 1997 for
primary doses;
unknown for boosters

Limitations of reported
datab

Torvaldsen (2003) [18] Australia 1993–2001 Notification rates
(crude and
age-specific)

4–5 years old
introduced 1994
(acellular and
whole-cell)

3 primary doses + first
booster at 18 months

90% in 2000 for
primary doses; 75% for
evaluated booster (fifth
dose)

Limitations of reported
datab

De Greeff (2005) [19] Netherlands 1996 –2003 Notification rates
(crude and
age-specific)

4 years old introduced
2001 (acellular)

3 primary doses 85% for primary doses
in 1996; unknown for
booster

Limitations of reported
datab

a Based on survey of doctors using different local booster policies; this approach may be particularly susceptible to confounding.
b Limitations for studies based on notification data include variation in diagnostic and surveillance methods over time, reliance on limited information available from notification forms, and potential underreporting of cases.

Table 1b
Characteristics of case–control studies.

Country/region Dates Population Number of
cases/controls

Evaluated booster Previous vaccination Estimated coverage

De Serres (2001)a [20] Canada (Quebec) 1 January 1998–15
January 1999

11 months–3 years old 120 cases 4 controls
per case (469 + 11
excluded)

18 months old
(acellular and
whole-cell)

3 primary doses 94.5% primary
vaccination (coverage
in controls)

De Serres (2001)a [20] Canada (Quebec) 1 January 1998–15
January 1999

4–7 years old 197 cases 4 controls
per case (776 + 12
excluded)

5–6 years old (acellular
and whole-cell)

3 primary doses + 18
months old booster

96% primary
vaccination (coverage
in controls)

Gonzalez (2002) [21] Spain (Castellón) 6 February–29 July
2000

7–12 years (studied
during an outbreak;
controls were contacts)

94 cases (44 excluded)
36 controls (18
excluded)

18 months old
(whole-cell)

3 primary doses 95% primary
vaccination

a De Serres 2001 includes two case–control studies.
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enters for Diseases Control; Health Protection Agency; World
ealth Organization; Centro Nacional de Epidemiología; Euro-

urveillance; Asociación Española de Vacunología; Advisory
ommittee on Immunization Practices and Asociación Española
e Pediatría. All databases were searched up to June 2006. Key
ords used were: pertussis; Bordetella pertussis; pertussis vaccine;
iphtheria-tetanus acellular pertussis vaccine; whooping cough;
accines; secondary immunisation and booster. The reference lists
f articles identified from these sources were examined for addi-
ional studies not obtained through the electronic databases. No
anguage restriction was applied.

.2. Inclusion criteria

Full copies of relevant papers were retrieved and the inclusion
riteria were applied to them independently by two assessors. Dis-
repancies were resolved through a third independent assessor.
tudies were selected for inclusion if they met the following criteria.

.2.1. Design
RCTs or observational studies (including cohort studies,

ase–control studies and descriptive studies), mathematical pre-
ictive models and economic evaluations.

.2.2. Population
General population (children, adolescents and adults) in devel-

ped countries who have already received primary pertussis
accination.

.2.3. Intervention
Pertussis vaccine booster administered to a whole age group;

tudies of booster vaccination targeted at specific population sub-
roups were excluded.

.2.4. Comparator
Any alternative population-based vaccination strategies for per-

ussis vaccine booster (including no booster dose).

.2.5. Outcomes
For clinical studies, the primary outcome of interest was mortal-

ty and fatality rate from whooping cough. Secondary outcomes of
nterest were any kind of morbidity indicators (incidence, notified
ases, consultations or hospitalisations) associated with whoop-
ng cough. Economic evaluations which considered costs, cost per
ife-year gained (LYG), cost per death avoided, cost per case of

hooping cough prevented or cost per quality adjusted life-year
QALY) gained were included.
.3. Data extraction, quality assesment and synthesis of results

A data extraction form was developed by adapting those used
n previously published studies [13–15] and was piloted in a repre-

able 1c
haracteristics of cohort studies.

Country Follow-up Dates Population

lennow (1990) [22] Sweden Retrospective 4 years
(2 years for pertussis
exposure)

1984–1988 Subjects prev
participated
clinical trial

indberg (1999) [23] Sweden Retrospective 10 years
(2 years for pertussis
exposure)

1984–1994 Subjects prev
participated
clinical trial

viid (2006) [24] Denmark Retrospective 24 years 1977–2001 All children b
Denmark 197

3

c
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entative sample of included studies. Data was extracted from each
aper by the main reviewer and independently checked by a second
eviewer. Two reviewers independently carried out quality assess-
ent for each included study using the checklists included in the

ata extraction form. Disagreements were resolved by discussion.
Results were tabulated and described. Meta-analyses were con-

idered inappropriate because of heterogeneity in quality and
esign of the included studies.

. Results

Altogether 1504 references were identified, 73 of which were
onsidered potentially relevant to the review question. Twenty-
ne articles were finally included (Fig. 1): 9 observational papers
ncluding 10 observational studies [16–24] (Tables 1a–1c), 4 math-
matical models [25–28] (Table 2) and 8 economic evaluations
29–35] (Table 3).

Four different pertussis booster strategies were identified for
valuation: single booster at 12–24 months old, single pre-school
ooster, single adolescent booster and multiple boosters in adult-
ood every 10 years. The outcome of each booster strategy was
ivided into direct effect (protection given in the eligible age group)
nd herd immunity (indirect protection given by the booster in other
ge groups). The most relevant herd immunity effect to our system-
tic review is that which refers to the most vulnerable age group
infants, especially those up to 6 months).

.1. Booster at 12–24 months old

Four observational studies (2 case–control and 2 cohort studies,
able 4) assessed the direct effect of this booster. One of the stud-
es did not provide numerical estimate as no pertussis case was
eported during the study [22]. Results from the remaining studies
ere consistent despite variations in study design and quality, with

eported odds ratios or relative risk of contracting pertussis ranging
rom 2.8 to 3.0 for no booster compared to booster at 12–24 months.
oth De Serres et al. [20] and González et al. [21] estimated booster
ffectiveness of 66% based on reported clinical cases. This is lower
han estimates of between 85 and 95% based on immunological
esponses observed in RCTs [29–32].

Hethcote HW et al. [28] (Tables 2 and 7) also investigated this
ooster strategy by modelling the potential effect of eliminating it
rom the Australian schedule. The model predicted a large increase
83%) in pertussis incidence in children from 2 to 10 years old and
moderate increase in infants up to 2 years old (27%).

None of the economic evaluations look at the 12–24 months old
ooster dose strategy.
Number of subjects Evaluated booster Estimated coverage

iously
in a

201 (of 304 in
original trial)

17 or 24 months old
(acellular)

100% at least 2
doses of primary
vaccination

iously
in a

207 (of 304 in
original trial)

17 or 24 months old
(acellular)

100% at least 2
doses of primary
vaccination

orn in
7–2001

1,540,832 4, 5 or 6 years old 98% at least 1 dose
of primary
vaccination

.2. Pre-school booster strategy

Focusing on the direct effect, three descriptive studies (Table 5)
ompared national surveillance data before and after the intro-
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uction of this booster dose in the vaccine schedule [17–19]. Each
eported downward trends and observed reduction in pertussis
ncidence in the eligible age groups ranged from 35 to 55%.

A case–control study (Table 5) found that the risk of pertussis
mong the children who had received no booster dose was 1.7 times
igher compared to children who received a pre-school booster
ose, equivalent to an effectiveness of 41% [20]. However, an eco-

ogical study based on a survey of 490 doctors in France found no
ffect for this booster strategy [16].

It was possible to assess the estimated indirect effect in the
escriptive studies and these varied from 0% in Torvaldsen et al.
18] to 38% in De Greeff et al. [19]. In contrast with Torvaldsen et
l. [18], Andrews et al. [17] found 22% herd immunity in the same
opulation and using the same notification data but using differ-
nt time periods for data both before and after the introduction of
ooster vaccination (Table 1a). A further study by Hvidd et al. [24] in
enmark estimates herd immunity at around 18% (plausible range
–33%) in children 0–1 years old.

This booster strategy was considered in two economic evalua-
ions [31,32] (Table 3). Both of them were carried out for England
nd Wales. Stevenson et al. [31] presents the results for two scenar-
os, one more conservative than the other. The reported incremental
ost-effectiveness ratios are £35,000/QALY and £14,500/QALY for
ach of the scenarios, respectively, from the Health Care Provider
HCP) perspective. Discount was applied to costs but not benefits
n this study (Table 6).

The study by Edmund et al. [32] presents cost-effectiveness esti-
ates based on herd immunity achieved (Table 6). Using the higher

stimate of herd immunity reported by Hviid (33%), the cost per LYG
as estimated at £25,800. A more conservative estimate of herd

mmunity of around 20% gave a cost per LYG of £49,500 from the
CP perspective.

.3. Adolescent booster strategy

There are no observational studies regarding this strategy. How-
ver, two mathematical models (Tables 2 and 7) have considered
t and predict a decrease in the disease incidence of 64 and 37%,
espectively, in the adolescent population and 22 and 18% in the
nfant population [26,28]. Both studies are based in the same model
nd make reasonable assumptions (Table 7). Differences may be
ue mainly to the differences in the assumed vaccine coverage.

Six economic evaluations [29,30,32–35] addressed the adoles-
ent booster strategy but some of them have important limitations
n quality (Table 6). Important factors such as herd immunity are
gnored by some of the studies, others assume unrealistically high
overage in this population and sensitivity analyses were frequently
ot reported for some key assumptions. The study reported by
dmunds et al. [32] appears to be subject to least bias. Results
f this study were reported according to the level of herd immu-
ity that was achieved. Assuming a reduction of 14.4% in pertussis

ncidence among children aged 0–14 years according to the mod-
lling results reported by Van Rie et al. [26], the estimated cost
er life-year gained for adolescent booster strategy compared to
o booster would be in excess of £55,900 from HCP perspective
32].

.4. Adolescent and adult booster every 10 years

This booster strategy is taken into account by three of the

ncluded mathematical models [25–27] (Tables 2 and 7) and two
conomic evaluations [34,8] (Tables 3 and 6). The mathematical
odel from Aguas et al. [25] predicts a 27% decrease in pertussis

ncidence for severe disease in all ages with this strategy but they
id not specify this decrease by age-group.
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Table 3
Characteristics of economic evaluations studies and main results.

Evaluated
booster

Country/region Study type Type of
analysis/
model used

Perspective Data sources Cost year Currency Sensitivity
analysis

Time horizon Comments Main results

Iskedjian
(2005) [29]

Adolescents
(14 years)

Canada
(Quebec)

Cost-
effectiveness and
cost–benefit

Decision
analytic spread
sheet analysis

Health care
provider and
societal

Literature,
national
statistical
sources,
experts opinion

2003 CAD$ Univariate,
multivari-
ate and
probabilis-
tic

10 year period
from 2004

Conflicts of
interest

$ CAN 527/case
avoided

Iskedjian
(2004) [30]

Adolescents
(12 years)

Canada
(Ontario)

Cost-
effectiveness and
cost–benefit

Decision
analytic spread
sheet analysis

Health care
provider and
societal

Literature,
national
statistical
sources,
experts opinion

2003 CAD$ Univariate,
multivari-
ate and
probabilis-
tic

10 year period
from 2003

Conflicts of
interest

$CAN 188/case
avoided

Stevenson
(2002) [31]

Pre-school
(4–5 years)

England and
Wales

Cost–benefit,
cost-
effectiveness and
cost-utility

Markov model Health care
provider

Literature,
national
statistical
sources,
experts opinion

2000 UK£ Univariate 5 years period Conflicts of
interest

£35,000/14,500/
QALY

Edmunds
(2002) [32]

Pre-school
Adolescents

England and
Wales

Cost-
effectiveness

Deterministic
transmission
dynamic model

Health care
provider and
societal

Literature,
national
statistical
sources

2001 UK£ Univariate,
multivari-
ate and
probabilis-
tic

Lifetime – £49,500/25,800/
LYG,
£55,900/LYG

Caro (2005)
[33]

Adolescents
(11–18 years)

USA Cost-
effectiveness

Cohort
simulation

Health care
provider and
societal

Literature,
experts opinion

2002 USA$ Univariate Lifetime (10
years for
results)

– £22,000/LYG

Lee (2005)
[34]

Adolescent
and adult
booster
every 10
years,
adolescent
(11 years old)

USA Cost-
effectiveness and
cost-utility

Markov model Health care
provider and
societal

Literature,
experts opinion

2004 USA$ Univariate Lifetime – $1.5
million/QALYa,
$23,000/QALY

Purdy (2004)
[35]

Adolescents
and adults
every 10
years from
10 years old

USA Cost–benefit Estimations
from trials and
literature
review

Societal Literature,
national
statistical
sources

2002 USA$ Univariate,
multivari-
ate

10 year period
from 2001

Conflicts of
interest

$32 break even
cost/vaccination

Lee (2000)
[36]

Adolescents USA Cost–benefit Simple
estimation
from survey
data of costs

Societal Literature,
national
statistical
sources

1995–1996 USA$ No – – $101,000 saved

a Compared with adolescent booster alone.
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Table 4
Results of observational studies assessing 12–24 months old booster.

Study type Estimator Estimate (95% Cl)a Booster dose effectivenessa

De Serres (2001) [20] Case–control OR 2.9 (1.7, 4.9) 66%
Gonzalez (2002) [21] Case–control OR 3 (0.4, 23) 66%
Blennow (1990) [22] Cohort RR – –
Tindberg (1999) [23] Cohort RR 2.8b –

a Comparing no booster dose versus acellular or whole-cell booster dose for the odds/risk of contracting clinically diagnosed pertussis.
b Calculated from information given in the paper.

Table 5
Results of observational studies assessing pre-school booster.

Country Design Type of analysis Outcome measure Direct effect Indirect effect

Andrews (1997) [17] Australia Descriptive (national data) Before and after Notified pertussis cases 35% decrease 22% decrease in
infants < 1 year old

Torvaldsen (2003) [18] Australia Descriptive (national data) Before and after Notified pertussis cases 36% decrease No herd immunity
effect was seen

De Greeff (2005) [19] Netherlands Descriptive (national data) Before and after Notified pertussis cases 55% decrease 38% decrease in
infants < 1 year old

Hamed (1995) [16] France Descriptive (survey data) Ecological Pertussis cases
suspected by doctors

No effect was found Not evaluated

De Serres (2001) [20] Canada Case–control Odds ratio Odds of contracting
clinically diagnosed
pertussis

OR 1.7 (1.2–2.4) Not evaluated

Hviid (2006) [24] Denmark Historical cohort Modelling Avoided pertussis
hospitalisations

Not evaluated 18% (7–33%) in
infants < 1 year old

Table 6
Main base–case assumptions in the economic evaluation studiesa.

Herd immunity Booster
coverage

Under-reporting
factor

Vaccine effectiveness Duration of protection Discounting

Iskedjian (2005) [29] Not taken into account 85% 9 85% 10 years 3% costs and benefits
Iskedjian (2004) [30] Not taken into account 95% 9 85% 10 years 3% costs and benefits
Stevenson (2002) [31] Age-related (from 31 to

69%)
84.5% Age-related

(from 0.06 to 20)
94–88% Age-related 0–6% costs only

Edmunds (2002) [32] All the results are
presented in terms of
this parameter

84% 2.5 95% Average lasting 5 years
(decline at a constant
rate)

3% costs and benefits

Caro (2005) [33] 20% 80% 7.6 85% 10 years 3% costs and benefits
Lee (2005) [34] Not taken into account

in base-case scenario
Age-related
(from 5 to 76%)

Not taken into
account

87% Gradually decreasing
over 15 years

3% costs and benefits

Purdy (2004) [35] 40% 40% 2 88% Gradually decreasing
over 10 years

3% costs and benefits

L into

a er.

i
s
a
u
r

T

T
S

T
R
D
D
V
V
F
D

ee (2000) [36] Unclear 100% Not taken
account

Cells in italics indicate that no sensitivity analysis was carried out for this paramet

Hethcote et al. [27] found a decrease in disease incidence of 24%

n adults, 21% in adolescents and 18% in infants with the more con-
ervative model and 40, 34 and 27%, respectively, with less stringent
ssumptions. This study assumed 100% vaccine coverage which is
nlikely to be achievable, particularly in the adult population. More
eliable coverage was assumed by Van Rie et al. [26] (Tables 2 and 7).

a

[
n
t

able 7
ensitivity analysis of the included mathematical models (bold text indicates parameters

Aguas (2006) [25

ransmission Level/force of infection Yes
elative infectiousness of severe, mild and weak disease No
uration of the infection-acquired and vaccine-induced immunity No
istribution of the severity of disease No
accination coverage No
accine effectiveness No
raction of children infected by parents and siblings No
ifferent models No

a Waning immunity assumptions are changed from the original model.
b Two models are implemented, adult vaccinations cause a larger boost in the immunit
c Immunity levels achieved with different doses are changed from the original model.
Not taken into account Not taken into account Not taken into account

hey predict, for all degrees of disease severity, a 50% reduction in

dults, 39% in adolescents and 33% in infants.

Two economic evaluations modelled this strategy. Purdy et al.
8] reported $32 break–even cost per vaccination. The herd immu-
ity level assumed, however, is very high (40%). Lee et al. [34]
ook herd immunity data from Van Rie et al. [26] in the sensitiv-

to which the results are most sensitive).

] Van Rie (2004) [26] Hethcote (1999) [27] Hethcote (2004) [28]

Yes Yes Yes
Yes Yes Yes
Yes Yes Yes
Yes No No
Yes Yes Yes
No Yes No
Yes No No
Yesa Yesb Yesc

y level in the second model than in the first model.
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Table 8
Summary of results.

Study design 12–24 months old Pre-school Adolescents Adolescents and adults

Direct effecta

OR/RR Observational ∼3 1.7 – –
Case–control methodb Observational 66% 41% – –
Incidence decrease Observational; modelling 83% 35–55% 37–64% 39–50%

Indirect effecta

Incidence decrease Observational; modelling 27% (0–38%)18% 18–22% 33%

Cost-effectiveness (comparator: no booster dose) Economic evaluations;
modelling

– £49,511 per LYG >£55,884 per LYG $1.5 million per QALY
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a Direct effect: protection given by the booster in the eligible group; indirect effe
b Method to calculate vaccine effectiveness: 1 − [(VCa × UVCon)/(VCon × UVCa)] ×

nvaccinated controls.

ty analysis and they concluded that the cost per QALY from the
CP perspective is $ 1.5 million.

. Discussion

This review identified 21 studies that assessed the clinical
ffectiveness and/or cost-effectiveness of four different population
trategies for pertussis vaccine booster. The type of evidence and
uality of studies vary substantially between the strategies. The
est evidence level of this systematic review is rather low (category

II of evidence [36]) derived from observational studies (cohort and
ase–control studies but also descriptive studies). Nevertheless the
vidence may shed some light on comparing one booster policy to
nother.

Table 8 summarises the evidence that is considered most robust
n terms of study design, quality and underlying assumptions
where applicable) for each of the strategies. The reduction in mor-
idity in those vaccinated (direct effect) was substantially lower
han estimates based on immunological status reported in efficacy
rials (around 90%). Also in terms of direct effect, booster vacci-
ation at 12–24 months old seems to be more effective than in
lder groups and this result is consistent across the different study
esigns (Table 8).

The estimated indirect effect of reduction in morbidity in infants
oo young to be completely vaccinated (herd immunity) ranged
rom 18 to 38%. It is not possible to conclude from the available
vidence whether any of the population booster strategies is more
ffective than the other strategies in increasing herd immunity
mong the vulnerable infants, but results from various studies sug-
est that a high level of herd immunity, over 40%, is unlikely to
e achievable by any of the strategies. Although a booster strategy
mploying multiple doses during a person’s lifetime might pro-
ide some additional herd immunity if sufficient coverage rate can
e achieved, it will do so at substantially greater cost and thus is
nlikely to be cost-effective.

Incompletely vaccinated infants are at greatest risk of severe
nfection and death from this disease, so the level of herd immunity
chieved by booster strategies is a decisive factor in their cost-
ffectiveness. Existing evidence suggests that population-based
ooster strategies seem to be able to achieve only modest herd

mmunity in infants. Considering the substantial costs required to
mplement these strategies, they do not appear to be cost-effective.

Non-universal booster strategies, for example vaccination of
arents, health care workers and others in close contact with young

hildren or expectant parents, were not considered in this review.
hese strategies may also be worth investigating given the high cost
f universal strategies.

Attempts to model the effectiveness and cost-effectiveness of
ooster vaccination are complicated by a lack of reliable infor-

[

[

d immnunity given by the booster in infants.
ca: vaccinated cases; UVCa: unvaccinated cases; Vcon: vaccinated controls; UVCon:

ation on the real burden of the disease (underreporting factor),
uration of protection from the vaccine and infection-acquired pro-
ection, transmission level, relative infectiousness of severe, mild
nd weak disease and achievable coverage levels in the adoles-
ent and adult population. The herd immunity effect of any of the
ooster dose strategies is particularly important, but also particu-

arly difficult to measure.

cknowledgements

This work was supported in part by the Juan Canalejo Founda-
ion (A Coruña, Spain) and the Department of Public Health and
pidemiology, University of Birmingham, UK. We thank the follow-
ng: lectures of the How to do a systematic review course (2006) from
his department for methodological advice; Janine Dretzke for qual-
ty assesment and data extraction support; Josie Sandercock for
anguage and critical review; Beatriz Nieto for comments on the

anuscript; Marjolein Hemelt and Alejandra Aris for translations
nd Amanda Burls for making possible all the previous. Conflicts of
nterest: None.

eferences

[1] Pertussis vaccines. WHO Position Paper. Wkly Epidemiol Rec 2005;(4):31-39.
[2] American Academy of Pediatrics Commitee on Infectious Diseases. Prevention

of pertussis among adolescents: recommendations for use of tetanus toxoid,
reduced diphtheria toxoid, and acellular pertussis (Tdap) vaccine. Pediatrics
2006;117(3):965–78.

[3] Baron S, Begue P, Grimprel E. Epidemiology of pertussis in industrialised coun-
tries. Cahiers Santé 1994;4(3):195–200.

[4] Cherry JD. The role of Bordetella pertussis infections in adults in the epidemiol-
ogy of pertussis. Dev Biol Stand 1997;89:181–6.

[5] Therre E, Baron S. Pertussis immunization in Europe. The situation in late 1999.
Eurosurveillance 2000;5(1):6–10.

[6] Forsyth K, Tan T, von Konig CH, Caro JJ, Plotkin S. Potential strategies to reduce
the burden of pertussis. Pediatr Infect Dis J 2005;24(5 Suppl):S69–74.

[7] Campins-Marti M, Cheng HK, Forsyth K, Guiso N, Halperin S, Huang LM. Rec-
ommendations are needed for adolescent and adult pertussis immunisation:
rationale and strategies for consideration. Vaccine 2001;20(5–6):641–6.

[8] Purdy KW, Hay JW, Botteman MF, Ward JI. Evaluation of strategies for use of
acellular pertussis vaccine in adolescents and adults: a cost–benefit analysis.
Clin Infect Dis 2004;39(1):20–8.

[9] Mitka M. Age range widens for pertussis vaccine: boosters advised for adoles-
cents and adults. JAMA 2006;295(8):871–2.

10] Jacquet JM, Begue P, Grimprel E, Reinert P, Sandbu S, Silfverdal SA, et al. Safety
and immunogenicity of a combined DTPa-IPV vaccine administered as a booster
from 4 years of age: a review. Vaccine 2006;24(13):20.

11] Glode M, Joffe L, Reisinger K, Blatter M, Plotkin S, Watson B, et al. Safety
and immunogenicity of acellular pertussis vaccine combined with diphthe-
ria and tetanus toxoids in 17- to 24-month-old children. Pediatr Infect Dis J
1992;11:530–5.
12] Just M, Bogaerts H, Boscia J, Moonsammy G, Andre F. Safety and immunogenicity
of a booster dose of a candidate acellular pertussis vaccine in healthy children.
Pediatr Res 1991;29(Suppl):158A.

13] NHS Centre for Reviews and Dissemination. Undertaking Systematic Reviews
of Research on Effectiveness. CRD’s Guidance for those Carrying Out or Com-
missioning Reviews. Report No.4. York Publishing Services; 2001.



6 Vaccin

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

776 I. Rodríguez-Cobo et al. /

14] Learning & Development Public Health Resource Unit-Oxford. URL: http://
www.phru.nhs.uk/casp/casp.htm.

15] Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, et al. Review
of guidelines for good practice in decision-analytic modelling in health tech-
nology assessment. Health Technol Assess 2004;8(36):1–179.

16] Hamed A, Borderon JC, Baron S, Ramponi N. Pertussis in Indre-et-Loire during
1993 Results of a questionnaire sent to family practitioners and pediatricians
about suspected cases and attitude toward pertussis immunization. Med Mal
Infect 1995;25(3 BIS):522–4.

17] Andrews R, Herceg A, Roberts C. Pertussis notifications in Australia 1991 to
1997. Commun Dis Intell 1997;21(11):145–8.

18] Torvaldsen S, McIntyre PB. Effect of the preschool pertussis booster on national
notifications of disease in Australia. Pediatr Infect Dis J 2003;22(11):956–9.

19] De Greeff SC, Schellekens JF, Mooi FR, de Melker HE. Effect of vaccination against
pertussis on the incidence of pertussis in The Netherlands, 1996–2003. Ned
Tijdschr Geneeskd 2005;149(17):937–43.

20] De Serres G, Shadmani R, Boulianne N, Duval B, Rochette L, Douville FM,
et al. Effectiveness of a single dose of acellular pertussis vaccine to pre-
vent pertussis in children primed with pertussis whole cell vaccine. Vaccine
2001;19(20–22):3004–8.

21] González MF, Moreno CA, Amela HC, Pachón DA, García del BA, Herrero CC, et
al. A study of whooping cough epidemic outbreak in Castellón, Spain. Rev Esp
Salud Publica 2002;76(4):311–9.

22] Blennow M, Granstrom M. Long term serologic follow-up after pertussis immu-
nization. Pediatr Infect Dis J 1990;9:21–6.
23] Tindberg Y, Blennow M, Granstrom M. A ten year follow-up after immuniza-
tion with a two component acellular pertussis vaccine. Pediatr Infect Dis J
1999;18(4):361–5.

24] Hviid A, Stellfeld M, Wohlfahrt J, Andersen PH, Melbye M. The impact of pre-
school booster vaccination of 4–6-year-old children on pertussis in 0–1-year-
old children. Vaccine 2006;24(9):1401–7.

[

[

e 26 (2008) 6768–6776
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