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a b s t r a c t

To reduce pertussis disease burden new vaccination strategies are considered in many countries. Since
not only health benefits, but also economical aspects play a role when introducing new vaccinations,
we estimated medical costs of pertussis in the Netherlands. Besides, we retrospectively performed a
cost-utility analysis of the preschool booster introduced in 2001. Our results show that annual costs for
eywords:
ertussis
ost of illness
accination

pertussis are still considerable (approximately D 1.77 million for a population of 16 million). Although
infants represented only 5% of cases, they accounted for 50% of the total costs. Hence, the economic
burden of pertussis is largely determined by costs per infant case (D 1490) and only to a limited degree by
costs per patient in other age-groups (circa D 75). Despite a substantial reduction in the number of cases,
the preschool booster was not considered cost-effective.

The effectiveness of universal adolescent or adult booster strategies – to prevent pertussis in infants –
from
should also be considered

. Introduction

As in many industrialized countries [1–3] pertussis is endemic
n the Netherlands, despite high vaccination coverage in infancy
approximately 96%) for over fifty years. Vaccination in childhood
rotects against severe disease, however, due to waning vaccine

nduced immunity and possible pathogen adaptation [4]. Borde-
ella pertussis continues to circulate and an increasing incidence
f pertussis in adolescents and adults has been observed in recent
ears [3,5–8]. In many countries pertussis is a mandatory notifiable
isease. However, as pertussis in adolescents and adults is often
linically not recognized, the true number of adolescent and adult
atients is likely to exceed the notified number [9]. Adults appear
o be an important source of severe infection of pertussis in infants
10–12]. To prevent pertussis infection in infants, and to reduce
he disease burden in adolescents and adults, many countries are

xploring the effectiveness of extending current childhood vacci-
ation programs to target also adolescents and (specific groups of)
dults [13].

∗ Corresponding author at: National Institute of Public Health and the Environ-
ent, P.O. Box 1, 3720 BA Bilthoven, The Netherlands. Tel.: +31 30 274 2982;
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264-410X/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2009.01.106
an economical point of view before being implemented.
© 2009 Elsevier Ltd. All rights reserved.

For governmental policymakers not only health benefits, but
also economic aspects are considered when setting priorities for the
introduction of new vaccinations in a National Immunization Pro-
gram (NIP). Economic evaluations of pertussis vaccination are often
strongly affected by assumptions on the amount of unreported
patients and lack of reliable input data [14–19]. Although studies
focusing on costs associated with hospitalizations [20], nosocomial
outbreaks [21,22] and specific subgroups [23,24] are available, no
study includes all direct costs caused by pertussis infections in the
general population.

This study aims to describe age-specific health care utilization
and costs associated with pertussis in the Netherlands, taking into
account costs for patients who are not registered in the routine
notification system. Furthermore, we retrospectively evaluated the
cost-utility of the preschool booster vaccination introduced in the
Netherlands in the end of 2001 [6]. These data are essential for the
decision making process regarding prospective vaccination strate-
gies against pertussis.

2. Methods
2.1. Study population and disease burden

The number of patients with pertussis in the Netherlands in
the period 1998–2005 was estimated from two patient registries:
the mandatory notification system and the continuous morbidity

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:sabine.de.greeff@rivm.nl
dx.doi.org/10.1016/j.vaccine.2009.01.106
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Table 1
Direct medical costs per unit for pertussis, The Netherlands, 2007.

Health care resource Costs (Euro 2007)

GP consult 21.37a

Specialist consult 63.89a,b

Hospital admission per day 371.15a,b

ICU admission per day 1781.18a

Laboratory tests
Serology 40 per testc

PCR/culture 99 per testc

Antibioticsd,e

0 years 13.73
1–9 years 13.87
10–19 years 16.45
≥20 years 16.45

Cough medicined,f

0 years 4.86
1–9 years 8.78
10–19 years 9.04
≥20 years 9.04

Vaccineg,h 18.30
Administration costs 6.20

a Ref. [45], adjusted to 2007 using CPI.
b Weighted average between regional and university hospital.
c Laboratory for Infectious Diseases and Screening (LIS), RIVM.
d Average costs per age-group of the medicines recommended in the 2007 guide-

lines of the Dutch College of General Practitioners (NHG, http://nhg.artsennet.
nl/), the Dutch Pharmaceutical review book 2006 (Farmaceutisch Kompas,
http://www.fk.cvz.nl/) and disease specific fact-sheets of the Dutch Centre
for Infectious Disease Control (http://www.rivm.nl/cib/infectieziekten/Pertussis/
Pertussis kinkhoest.jsp). Doses in children 0–9 years were calculated using the mean
bodyweight obtained from age-specific growth curves [46].

e Azithromycin, erythromycin or clarithromycin.
f Noscapin, codeine or promethazin.
S.C. de Greeff et al. / Va

egistration (CMR). The case definition for mandatory notification
ncludes a clinical picture compatible with pertussis (i.e. serious
ough with a duration of more than two weeks and/or coughing
ttacks and/or cough followed by vomiting) in combination with:
solation of B. pertussis or B. parapertussis; detection of B. pertussis
r B. parapertussis DNA by PCR; a significant rise in IgG antibodies
gainst pertussis toxin (PT) or IgA antibodies against whole cell son-
cate of B. pertussis in paired serum samples; a single serum sample

ith IgA/IgG-PT titres above a defined age-specific cut-off value
25]; contact in the last three weeks with a patient with laboratory
onfirmed B. pertussis or B. parapertussis infection.

To adjust for underreporting, mandatory notifications were
omplemented with the number of patients registered in the CMR
oordinated by the Netherlands Institute of Primary Health Care
NIVEL). The CMR is a registration of general practitioners (GP’s)
overing approximately 1% of the Dutch population, a representa-
ive sample of the population in terms of age, sex, and degree of
rbanization. The GP’s in this sentinel network weekly register the
umber of patients diagnosed with pertussis, divided into labora-
ory confirmed (by paired or single sample serology, culture and/or
CR) and clinical cases. Age-specific incidence rates from the CMR
ere extrapolated for the whole Dutch population (circa 16 million)
sing the number of inhabitants on 1st January for the correspond-

ng years. In our calculations, we considered the difference between
he number of cases in the CMR and the number of notified patients
s the number of clinically or underreported cases. The number of
eaths in the period of study due to pertussis (ICD-10 code A370,
371, A378 and A379) was obtained from Central Statistics in the
etherlands [26].

.2. Health care utilization

Number of patients hospitalized and the median length (days)
f hospital stay were obtained from the National Medical Register,
y extracting all patients with main discharge diagnosis pertussis
ICD-9 codes 0330, 0331, 0338 or 0339). We assumed all hospital-
zed patients were notified.

Based on interim results of a household-contact study on sources
f pertussis in infants ≤6 months of age [27], the proportion of
nfants requiring treatment at an intensive care unit (ICU) was esti-

ated to be 13% with median length of stay of 8 days. As in the same
tudy none of the infected household members above 6 months
f age was admitted to an ICU, and since ICU admission is rarely
eported in studies covering the more severe cases in adult pop-
lations [28,29], we assumed ICU admission in patients above 6
onths was negligible.
The number of GP and specialist consultations per pertussis

ase and the proportion of patients receiving antibiotics or cough
edicine was estimated from a previous study on the disease bur-

en of pertussis among 353 children aged 0–9 years, 54 adolescents
0–18 years and 100 adults who were notified for pertussis in
he Netherlands in October 1997–January 1998 [30]. This study
howed that for notified children aged 0–9 years the percentages
f 1, 2, 3, 4 or 5 GP consultations were 3%, 39%, 38%, 19%, 2%
espectively. For adolescents and adults these percentages were
%, 42%, 41%, 13%, 1%, respectively. Furthermore, it was shown that
3% of all notified patients aged 0–9 years and 20% of notified
ases aged ≥10 years had a single specialist consult in addition to
onsulting a GP. In 2001–2005, the method of laboratory confir-
ation was indicated on the notification form. For the preceding

ears the use of different diagnostics methods was assumed to

e similar to the distribution of methods in 2001–2002. Finally,
he proportion of notified patients receiving antibiotics in the 0-
ear olds, 1–9, 10–19, 20–44 and ≥45-year olds was 73%, 69%, 45%,
1% and 56% respectively. In the same age-groups the proportion
eceiving cough medicine was 40%, 46%, 41%, 46% and 44%, respec-
g A single acellular vaccine (http://www.fk.cvz.nl/).
h The vaccine was given concomitantly, though as a separate shot, with a combined

diphtheria, tetanus, inactivated polio vaccine (DT-IPV) booster.

tively.
For hospitalized cases we counted one GP consult as it is com-

mon practice in the Netherlands to first consult a GP who – if
necessary – refers the patient to the hospital. For clinically or under-
reported patients we counted – as a conservative estimate – only
one GP consultation.

2.3. Costs of health care

The economic burden estimates in this study include only direct
medical costs, i.e. costs originating from health care resource uti-
lization. To estimate the cost-utility ratio for the preschool booster
the vaccine and administration costs were also included. All costs
per unit are presented in Euro 2007 (Table 1).

2.4. Data analysis

In view of possible future vaccination strategies, total costs and
costs per case are presented for different age-groups (<1, 1–9, 10–19,
20–44 and ≥45 years). To address the impact of the acellular per-
tussis preschool booster vaccination introduced in the end of 2001,
we compared the total costs by periods; i.e. 1998–2001 when no
preschool booster was given versus years 2002–2005 when the
booster was included in the NIP. By clustering of these years, the
effect of year to year fluctuations in the occurrence of pertussis was

also minimised.

To relate costs for vaccinating all children at preschool age to
cost-savings due to less pertussis cases (or less severe illness, need-
ing less health care), costs per case averted were calculated for the
targeted age-group as: cost of vaccination plus medical costs in

http://nhg.artsennet.nl/
http://nhg.artsennet.nl/
http://www.fk.cvz.nl/
http://www.rivm.nl/cib/infectieziekten/Pertussis/Pertussis_kinkhoest.jsp
http://www.rivm.nl/cib/infectieziekten/Pertussis/Pertussis_kinkhoest.jsp
http://www.fk.cvz.nl/
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934 S.C. de Greeff et al. / Va

he period with booster minus medical costs in the period with-
ut booster, divided by the difference in number of pertussis cases
etween the periods. We assumed a vaccination coverage of 93%
31].

Health gains due to the preschool booster vaccination were
ombined with costs in a cost-utility analysis and expressed as
uality-adjusted life years (QALYs) gained. The health state val-
es (variously called: utilities, preferences, strength of preference,

ndex, weights, or quality of life weights), reflect the relative desir-
bility of the health state and are measured on an interval scale,
here 1 refers to full health and 0 refers to death. Health state val-
es for pertussis were derived from a study by Lee et al. applying the
ime-trade off (TTO) technique [32]. As a conservative estimate we
sed the median values of disease health states corresponding to a

mild’ health state. Values for ‘infant pertussis’ (0.72) were used for
-year olds, values for ‘adolescents’ (0.87) for age-groups 1–9 and
0–19 years and values for ‘adults’ (0.96) for patients aged 20 years
nd older. For all ages the duration of the health state was eight
eeks, corresponding to 8/52 years. Death was calculated as a loss

f 4 lifeyears (length of registration period), but we also performed
he calculations for the loss of a whole life, using life expectance at
irth in 2005 of 78.8 years and a discount rate of 1.5% (resulting in
6.2 years) [33].

Assuming that the health state with pertussis is P, the total
umber of QALYs lost over the period before the booster can be
alculated as (and correspondingly for period after the booster):

001

1998

QALYs lost = (1 − valuestate P) × duration of state P

×number of cases in state P (1)

he cost-utility ratio describing the cost per QALY gained due to
accination can then be estimated:

Cost
QALY gained

=

Vaccination cost+
∑2005

2002
Health care costs−

∑2001
1998

Health care cost
∑2001

1998
QALYs lost −

∑2005
2002

QALYs lost
(2)

In the Netherlands, such a ratio is generally considered cost-
ffective for preventable diseases if below a threshold value of
20,000.

Analyses were performed using SAS version 9.1 and Microsoft
xcel.

. Results
.1. Disease burden

Table 2 shows number of patients registered in the notification
ystem and CMR, by age-group and period. In 1998–2001 the num-
er of patients with pertussis registered in the CMR was a factor 3.0

able 2
umber of reported patients with pertussis registered in the CMR and notification system

CMR

1998–2001 absolute number (%) 2002–2005 absolute number

year 3,334 (5) 1,165 (3)
–9 years 36,768 (57) 16,511 (48)
0–19 years 9,707 (15) 6,602 (19)
0–44 years 8,502 (13) 4,923 (14)
45 years 5,852 (9) 4,963 (15)

otal 64,163 34,164
27 (2009) 1932–1937

higher than in the notification system, in 2002–2005 the number
was 1.5 higher. In all age-groups the numbers of patients regis-
tered in the CMR decreased from 1998–2001 to 2002–2005, with a
decrease ranging from 15% (≥45 years) to 65% (0 years). In the noti-
fication system the number of patients decreased among 0-year
olds (13%) and 10-year olds (26%), while a 40% increase was seen in
adults aged 20–45 and a 68% increase in both 10–19-year olds and
≥45-year olds.

Five deaths due to pertussis were reported: one in 1998, three in
1999 and one in 2004, all were children less than 3 months of age.

3.2. Health care utilization

In Table 3 the health care consumption for pertussis, per age-
group and period is given. In the 8 years under study, GP’s were on
estimate consulted 173 thousand times with complaints diagnosed
as pertussis, corresponding to almost 22 thousand GP consulta-
tions per year (Table 3). Children aged 1–9 years old accounted
for 54% of all consultations, though this percentage decreased
from 59% in 1998–2001 to 46% in 2002–2005. In 1998–2001 and
2002–2005 a total of respectively 20,955 (97%) and 22,233 (97%)
notified cases were laboratory confirmed. This suggests that one out
of five GP consultations for pertussis led to laboratory confirmation
in 1998–2001, and one out of three in 2002–2005.

The number of patients needing hospitalization also decreased
between the two periods. In both periods, infants below 1 year of
age accounted for 74% of all hospitalizations. Among 0-year olds,
1–9-year olds and 20–44-year olds, the number of hospitalizations
decreased when comparing the two periods, whereas in the other
age-groups a slight increase was seen. The median length of hospi-
talization decreased with 1 day.

3.3. Cost of treatment

In the 8 years of study, the direct costs for pertussis were circa
D14 million, corresponding to D1.77 million per year (Table 4). Total
costs decreased from D8.4 million in 1998–2001 to D5.8 million
in 2002–2005. The majority of costs were attributed to hospi-
talization including ICU admission. Costs for GP consultations
accounted for 26% of all costs in both periods. In general, the
absolute and relative contribution of costs for diagnostics, antibi-
otics and cough medicine were higher in 2002–2005 compared to
1998–2001.

Pertussis in infants was responsible for 51% of total costs in
1998–2001 and 42% of total costs in 2002–2005. The 1–9-year olds,
10–19-year olds, 20–44-year olds and ≥45-year olds accounted in
1998–2001 for respectively 32%, 7%, 6% and 4% of the total costs, and
in 2002–2005 these percentages were 28%, 12%, 9% and 8%, respec-

tively. Over the period of study, the estimated mean direct medical
costs per clinical case for 0-year olds, 1–9-year olds, 10–19-year olds,
20–44-year olds and ≥45-year olds were D1491, D81, D79, D76, and
D77, respectively. For the same age-groups the mean direct costs
per notified case were D3572, D162, D130, D131, D134, respectively.

in The Netherlands, by age-group and period (1998–2001 versus 2002–2005).

Notified patients

(%) 1998–2001 absolute number (%) 2002–2005 absolute number (%)

995 (5) 867 (4)
12,731 (59) 9,484 (46)
3,202 (15) 5,367 (21)
2,772 (13) 3,874 (16)
1,982 (9) 3,333 (13)

21,682 22,925
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Table 3
Utilization of health care by patients with pertussis in The Netherlands, by age-group and period (1998–2001 versus 2002–2005).

Health service 1998–2001 2002–2005 Total 1998–2005

0 1–9 10–19 20–44 ≥45 Total 0 1–9 10–19 20–44 ≥45 Total

GP consultations 3,965 59,275 14,986 13,080 9,116 100,422 1,701 33,364 15,471 11,451 10,338 72,325 172,747

Laboratory tests
Culture/PCR 296 579 76 63 16 1,031 296 540 199 110 85 1,230 2,261
Paired serum 148 1,601 308 220 216 2,493 66 809 365 189 181 1,610 4,103
Single serum 514 10,099 2,718 2,377 1,723 17,431 464 7,787 4,671 3,467 3,004 19,393 36,824
Unknown/epidemiological linked 37 452 100 112 27 728 41 348 132 108 63 692 1,420

Antibiotics 730 8,790 1,451 1,691 1,110 13,771 636 6,548 2,432 2,363 1,866 13,845 27,616
Cough medicine 398 5,833 1,301 1,261 874 9,668 347 4,346 2,180 1,763 1,470 10,105 19,773
Specialist consultations 74 4,104 636 552 393 5,758 88 3,073 1,069 781 653 5,663 11,421
ICU admission 116 – – 116 70 – – 70 186
Hospitalization 997 296 22 14 16 1,345 656 173 24 9 28 890 2,235
Median duration (days) 6 3 3 3 3 5 2 2 2 2 –

Table 4
Costs of health care for pertussis, by age-group and period (1998–2001 versus 2002–2005).

Health service 1998–2001 2002–2005 Total 2002–2005

0 year 1–9 year 10–19 year 20–44 year ≥45 year Total 1998–2001 0 year 1–9 year 10–19 year 20–44 year ≥45 year

GP consultations 84,724 1,266,457 320,181 279,469 194,760 2,145,591 36,353 712,842 330,556 244,650 220,869 1,545,270
Specialist consultations 4,722 262,157 40,631 35,239 25,120 367,869 5,267 184,358 64,116 46,884 39,156 339,781
Hopitalizations 2,469,625 396,387 31,548 21,527 20,784 2,939,870 1,328,713 168,502 23,382 8,536 26,723 1,555,856
ICU admission 1,650,509 1,650,509 991,046 991,046
Diagnostics 61,722 589,354 140,921 119,004 87,790 998,791 53,128 429,643 235,769 164,609 143,072 1,026,221
Antibiotics 10,018 121,911 23,867 27,816 18,258 201,870 8,730 90,818 40,005 38,874 30,704 209,130
Cough medicine 1,934 51,217 11,759 11,402 7,902 84,214 1,685 38,154 19,710 15,935 13,287 88,772

Total costs 4,283,255 2,687,482 568,908 494,456 354,614 8,388,715 2,424,921 1,624,316 713,539 519,488 473,811 5,756,075
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.4. Economic evaluation of preschool booster

The costs for vaccinating children with a preschool booster
mounted to D18.7 million in 2002–2005. Among children aged 1–9
ears the costs per case averted due to the preschool booster were
stimated at D922. Taking into account that the preschool booster
ay also have reduced pertussis in infants <1 year, the costs per

ase averted were D830. Eq. (2) resulted in a cost-utility ratio for the
reschool booster vaccination of D43,463 per QALY gained in chil-
ren aged 1–9 in the period of study. Including life years gained in

nfants <1 year of age would yield a cost-utility ratio of D30,855 per
ALY gained, decreasing to D24,724 per QALY gained if calculating

oss of expected life years at birth (discounted with 1.5%).

. Discussion

To the best of our knowledge this is the first study that attempts
o estimate the national burden of pertussis in monetary terms.
ur results show that annual costs for pertussis are still consider-
ble (approximately D1.77 million) and do not substantially deviate
rom those of varicella zoster virus (D1.2 million for varicella and
3.0 for zoster) [34] for which inclusion in NIP is currently under
onsideration. As shown before [20,35,36], the majority of costs
or pertussis are incurred by costs for hospitalization and infants
ccount for the bulk of these. Thus, despite the high disease burden
n both children and adults, the economic burden of pertussis is
argely determined by costs per infant case (D1490) and only to

limited degree by costs per patient in other age-groups (circa
75).

Costs per case calculated in our study are lower than reported
n previous studies from the US [23,24]. Although charges for med-
cal consumption differ across countries and exchange rates may
uctuate, hampering direct comparison of costs, the costs per case
lso depend on the estimated level of underreporting of clinical
atients [16]. Acknowledging the fact that the true contribution
f underreported or under-diagnosed patients may even be more
ubstantial [9], we think that with inclusion of the CMR estimates
ur results give a more complete picture of the medical costs of
ertussis in the society. First of all, CMR estimates are less likely
o be hampered by under recognition since participating GP’s are
sked to weekly report pertussis and therefore will be more alert for
he disease. Secondly, CMR estimates were validated by estimates
rom other sources: based on an additional questionnaire we know
hat in 2001–2005 the total number of laboratory confirmed patients
n the CMR (45–65%) almost equalled the total number of notified
atients in these years (data not shown), justifying our assumption
hat all laboratory confirmed cases in the CMR were notified. Like-
ise, estimates of the number of laboratory confirmed cases in the
MR corresponded with the number of positive patients according
o the diagnostic serology database for pertussis at the RIVM (data
ot shown).

Remarkably, the number of patients registered in the CMR shows
decreasing trend in recent years, while the number of notified

atients has increased, especially among adolescents and adults.
e have no full explanation for the conflicting trends in the number

f patients reported according to the CMR and notification system.
he narrowing gap between the number of patients in the CMR and
otifications, suggests improved alertness and/or reporting prac-
ice, implying that our estimates of the costs for the period before
001 underestimate the actual costs for pertussis in that period. On

he other hand, the slightly increased number of hospitalizations
n adolescents and adults might suggest that part of the increase
f notified patients may indicate a real increase of more typical –
nd probably better recognizable – pertussis disease in this group
2,7,8].
27 (2009) 1932–1937

Following the trends in disease burden, the costs for GP consulta-
tions and diagnostic testing in adolescents and adults have started
to contribute more to the total economic burden of pertussis in
recent years. In contrast, the absolute and relative contribution of
costs for hospitalization has decreased in the Netherlands. This is
partly related to a general tendency to shorten hospitalizations and
discharge patients on an earlier stage [26]. The absolute decline in
hospitalizations among infants in recent years, is most likely due to
a herd immunity effect of the preschool booster vaccination [6].

In addition to estimating the economic burden of pertussis
we have evaluated the cost effectiveness of the preschool booster
introduced in 2001. Our results show that this acellular preschool
booster vaccination was not cost-saving within the framework of
the NIP. Recognizing that an intervention does not have to be
cost-saving to be worthwhile implementing, we also performed a
cost-utility analysis. This showed that the preschool booster was a
little over the limit of being cost-effective when taking into account
also the observed herd-immunity effect in young infants. However,
the quality of life values used might include altruism when parents
are asked to value states for children [32], and this may underes-
timate the value of the health state and overestimate the QALYs
gained. Despite this and other reported shortcomings by Lee et al.
[32], these values were used in lack of more reliable data. Con-
versely, it may also be argued that we underestimated the health
gain by the preschool booster, when only including the health gain
in the 4 years of study. Edmunds et al. showed by using a dynamic
transmission model that a booster vaccination for 4-year olds could
potentially be cost-effective depending particularly on the number
of deaths prevented and on the size of the herd-immunity effect
in infants and children [36]. Obviously, surveillance has to be con-
tinued to monitor the eventual long term effects of the preschool
booster.

Since recent studies have shown that in The Netherlands per-
tussis was often diagnosed too late to start antibiotic prophylaxis
of family members at high risk [37] and the acellular vaccine was
well tolerated [38] costs associated with prophylactic treatment
and QALYs lost to negative side effects are likely to be negligible.

We acknowledge there are still uncertainties around our esti-
mates of disease burden and assumptions on health care utilization.
Furthermore, in our calculation of costs we did not include indirect
costs (loss of work productivity), while these may add substantially
to the overall costs [14,24,35]. However, preliminary results from
a household study conducted in The Netherlands [27] show that
only 11/175 laboratory confirmed adult pertussis cases stayed at
home for one or more days because of infection (unpublished data).
Still, our results show that costs of pertussis in adolescents and
adults are relatively confined and prevention of pertussis in infants
will be the most effective way to save expenses. More importantly
from a public health point of view, these infants are the ones suf-
fering from the most severe disease sometimes leading to death.
Vaccinating adolescents and adults, as often suggested [13,18,39],
may reduce circulation of B. pertussis and hence transmission to
vulnerable infants. Due to waning vaccine induced immunity boost-
ing has to be repeated. This would be an expensive strategy of
which the (cost) effectiveness is mainly determined by the level
of herd-immunity attained, the true incidence and the duration
of immunity [16–18,40]. A recent review suggested that, consid-
ering the substantial costs necessary to implement population
based vaccination strategies for pertussis, these are unlikely to be
cost-effective [41]. We believe it will be more advantageous to
focus exclusively on directly preventing transmission to infants,

i.e. by vaccinating adults who are in close contact with newborns.
Although the (cost) effectiveness still has to be investigated one
can hypothesize that costs for vaccinating certain target groups
will be lower than for decennial boosting of all adults. Moreover,
feasibility of this approach might be better as young parents can
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e motivated during pre-natal health care visits. For the long term,
esources should be used to study the possibilities to protect young
nfants earlier in life, by vaccination shortly after birth [42,43] or
hrough maternal antibodies induced by vaccination of the mother
uring pregnancy [44]. Ultimately, the development of improved
ertussis vaccines which induce long term immunity is required to
ackle the pertussis problem.
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