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Background: The aim of this study was to evaluate the cost-effectiveness of the on-going decentralised
targeted hepatitis B vaccination program for behavioural high-risk groups operated by regional public
health services in the Netherlands since 1-November-2002. Target groups for free vaccination are men
having sex with men (MSM), commercial sex workers (CSW) and hard drug users (HDU).
Heterosexuals with a high partner change rate (HRP) were included until 1-November-2007.
Methods: Based on participant, vaccination and serology data collected up to 31-December-2012, the
number of participants and program costs were estimated. Observed anti-HBc prevalence was used to
estimate the probability of susceptible individuals per risk-group to become infected with hepatitis B
virus (HBV) in their remaining life. We distinguished two time-periods: 2002–2006 and 2007–2012, rep-
resenting different recruitment strategies and target groups. Correcting for observed vaccination compli-
ance, the number of future HBV-infections avoided was estimated per risk-group. By combining these
numbers with estimates of life-years lost, quality-of-life losses and healthcare costs of HBV-infections
- as obtained from a Markov model-, the benefit of the program was estimated for each risk-group sep-
arately.
Results: The overall incremental cost-effectiveness ratio of the program was €30,400/QALY gained, with
effects and costs discounted at 1.5% and 4%, respectively. The program was more cost-effective in the first
period (€24,200/QALY) than in the second period (€42,400/QALY). In particular, the cost-effectiveness for
MSM decreased from €20,700/QALY to €47,700/QALY.
Discussion and conclusion: This decentralised targeted HBV-vaccination program is a cost-effective inter-
vention in certain unvaccinated high-risk adults. Saturation within the risk-groups, participation of indi-
viduals with less risky behaviour, and increased recruitment investments in the second period made the
program less cost-effective over time. The project should therefore discus how to reduce costs per risk-
group, increase effects or when to integrate the vaccination in regular healthcare.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

With some 248 million people having a chronic hepatitis-B
virus (HBV) infection [1] chronic HBV is a major cause of morbidity
and mortality worldwide. However, regional prevalence of HBV is
highly variable [1] and the Netherlands is a low endemic country,
with an estimated incidence of 1.2 acute HBV-infections/100,000
inhabitants in 2010 [2], and 0.2 percent of the population having
chronic HBV-infections [3].
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By the early nineties, the majority of European countries had
incorporated HBV-vaccination in their national immunisation pro-
gram (NIP) [4]. In the Netherlands this was found to be not cost-
effective due to the very low HBV-carrier prevalence and the rela-
tive high percentage of imported HBV-infections [5,6]. Introduc-
tion was therefore postponed until 2011 [7]. However, diverse
risk-group oriented vaccinations programs were implemented, tar-
geted at newborns of infected mothers (1989), occupational risk-
groups (1999) and newborns with one or two parents originating
from medium or high HBV-prevalence region (2003) [4]. Since
November 2002, after a pilot [8], a national decentralised outreach
program targeting high-risk adults was implemented. This pro-
gram was targeted at: men having sex with men (MSM), hard-
drug users (HDU), including non-intravenous hard-drug use, com-
mercial sex-workers (CSW), and female bisexuals and heterosexual
individuals with a high rate of partner change (HRP) [9]. A first
evaluation of the initial program (i.e. 2002–2006) considered both
direct and indirect effects of the program and showed that the pro-
gram overall was effective and cost-effective [10,11]. However,
that approach did not allow an economic evaluation at risk-
group level, which is the focus of the current study.

The aim of the current study was to estimate the cost-
effectiveness of the targeted HBV-vaccination program for beha-
vioural high-risk adults, both at program and at risk-group level,
using a healthcare perspective. The program was evaluated for
two separate time-periods (2002–2006 vs 2007–2012) and for
the whole period.
2. Methods

2.1. The vaccination program

The risk-group vaccination program started 01.11.2002 and is
ongoing. It is a national decentralised outreach program, operated
by Regional/Public Health Services and coordinated from 2002 to
2008 by the Netherlands Association of Community Health Ser-
vices, and since 2009 by the National Institute of Public Health
and the Environment, in collaboration with the Netherlands Foun-
dation for sexually transmitted infection and AIDS prevention, the
Netherlands Institute of Mental Health and Addiction and the
Foundation to promote Gay and Lesbian Sexual Health. The tar-
geted ‘classical’ risk-groups were: (1) MSM; (2) CSW; (3) HDU
and (4) HRP [12]. In November 2007, a major program change
occurred, consisting of the exclusion of HRPs and the allocation
of more money to improve recruitment strategies directed at
younger MSMs [13]. By end 2011, vaccination of HDUs was trans-
ferred to the regular harm reduction programmes directed at these
groups [14]. In this study we evaluated the program for 2002–
2012.

Potential participants were recruited at a large variety of out-
reach locations and at usual healthcare facilities, such as Public
Health Services, STI clinics or prison healthcare units [12,13,15].
At recruitment (i.e. first contact moment), all participants received
the first vaccination and simultaneously a blood sample was col-
lected for HBV-serology. Samples were tested for hepatitis B core
antigen (anti-HBc) and, if positive, also for hepatitis B surface anti-
gen (HBsAg). Participants negative for anti-HBc were considered
susceptible for HBV-infection. Those testing anti-HBc positive but
HBsAg negative were considered immune. When both anti-HBc
and HBsAg were positive this indicated a chronic infection. Sero-
logical results were used in the second visit to decide for continu-
ation of the vaccine series (in those without markers of previous
infection), refer to regular health care for follow up (for those with
chronic infection), or exclusion of the program (for those immune).
Susceptibles received a second and third vaccination 1 and
6 months after enrolment.

2.2. Data collection

Recruiting Health Services entered participant and vaccination
data in a national web-based database. For the current study, we
extracted and analysed data of participants having received their
first vaccination between 1st-November-2002 and 31st-
December-2012. Information collected at recruitment included:
birth date, gender, nationality, ethnic origin, sexual preference,
working as CSW, using drugs, and date and location of first vacci-
nation. Also, serology results and date of second and third vaccina-
tion were entered in the database.

2.3. Risk-group assignment

The risk-group was determined for each participant based on
following criteria: (1) sexual preference; (2) gender; (3) working
as CSW; (4) drug use; (5) and in case persons fell into more than
one of the risk-groups, the location of the first vaccination deter-
mined the primary risk-group (supplemental Section 1).

Cases that could not be attributed to one of the four risk-groups
were distributed over the four risk-groups in accordance to
observed proportion of the different risk-groups in the year of
recruitment (supplemental Section 1).

2.4. Compliance

Age- and risk-specific compliance was based on observed com-
pliance of participants having had their first-time vaccination
between 01.11.2002 and 31.12.2006 for the first time-period, and
01.01.2007 and 31.12.2010 for the second time-period, respec-
tively (Table 1, supplemental Fig. S.1).

2.5. Estimating the number of avoided hepatitis B infections

Risk-group and time-group specific observed prevalence of
anti-HBc was the starting point for estimating the risk of infection.
The observed age-dependent cumulative anti-HBc prevalence
curves for risk-group r (r stands for MSM, CSW, HRP and HDU)
and time-period t (t stands for t1 being period: 2002–2006 and t2
being period: 2007–2012), as depicted in Fig. 1, were reversed in
order to obtain age-dependent lifetime risk of an infection for sus-
ceptible participants of risk-group r and time period t. We assumed
that susceptible participants of risk-group r in period twould show
similar risk behaviour through their life as their already infected
peers. Taking into account the age at first vaccination of suscepti-
ble individuals in risk-group r and in time-period t, we estimated
for all susceptible individuals in age-class a of risk-group r the
number of expected infections over their remaining life time until
the age of 60 years, assuming that no vaccination would have taken
place. We repeated this analysis for a situation with sub-optimal
compliance to vaccination, based on observed uptake of one, two
and three vaccine doses (Table 1). Based on Williams et al. [16],
we assumed vaccine effectiveness (VE) of 90%, 70% and 40% for
three, two and one vaccine dose, respectively. Furthermore, we
assumed that protection would last life-long [16,17]. The differ-
ence between the two scenarios serves as our estimate of then
the number of avoided hepatitis B infections.

2.6. Vaccination program costs

Program costs were composed of: (1) variable costs such as vac-
cine costs, laboratory testing and consultations; (2) outreach activ-
ities consisting of costs for material and staff (including planning);



Table 1
Baseline characteristics.

MSM CSW HDU HRP

2002–
2006

2007–
2012

2002–
2006

2007–
2012

2002–
2006

2007–
2012

2002–
2006

2007–
2012

Number of participants 15,335a 23,576a 8661a 8985a 11,471a 7117a 30,223a 13,241a

Male (in%) 100.0% 99.5% 16.1% 14.4% 82.2% 81.6% 52.3% 56.3%
Dutch nationality (in%)b 85.0% 81.8% 48.0% 41.5% 73.8% 69.8% 75.3% 72.5%
Mean (median) age in yearsb 32.8 (31.0) 32.8 (31.0) 32.8 (31.0) 32.8 (31.0) 32.8 (31.0) 32.6 (31.0) 32.8 (31.0) 33.0 (31.0)
anti-HBc� (i.e. susceptible)b 85.2% 91.5% 83.7% 87.3% 83.0% 90.6% 94.4% 95.3%
anti-HBc+ (i.e. immune)b 14.7% 8.2% 16.0% 12.4% 16.7% 9.1% 5.5% 4.5%
Carrier rate HBsAg+ /antiHBc+ (in%) of infected casesb 5.7% 5.8% 6.6% 8.2% 4.9% 7.4% 10.2% 12.1%
Susceptible obtaining 2nd vaccinationb 91.4% 87.3% 80.9% 76.5% 89.0% 80.3% 82.4% 80.3%
Susceptible obtaining 3rd vaccinationb 80.9% 73.7% 56.6% 51.1% 66.9% 52.1% 65.2% 52.1%

Abbreviations used: MSM: men having sex with men; HRP: heterosexuals with a high rate of partner change; CSW: commercial sex workers; HDU: hard drug users.
a There were 853 undefined participants (207 in 2002–2006 and 646 in 2007–2012). These were in every single year distributed over the four risk-groups in accordance to

the observed proportion of the different risk-groups in the same year. In total 359 to MSM (48 in t1 and 311 in t2); 143 to CSW (25 in t1 and 118 in t2); 126 to HDU (36 in t1 and
90 in t2); and 225 to HRP (98 in t1 and 127 in t2); see also supplemental Section 1.

b As observed within the risk-group, excluding undefined cases.

Fig. 1. Age-dependent cumulative anti-HBc prevalence curves by risk-group and time-period.
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(3) information material consisting of flyers, banners at websites
and the creation of specific websites [15]; and (4) overhead costs
such as national coordination and building and maintenance costs
for database and websites. Variable costs consisted of (i) material
costs (e.g. vaccine), and (ii) staff costs based on a detailed analysis
of activities in the pilot-project [8]. These were estimated based on
the number of participants reached in risk-group r in time-period t.
All other cost details were obtained from the coordinating offices.
The costs were expressed in 2012 euros, using Dutch consumer
price indexes. Direct costs, outreach activities and information
material were labelled and could be allocated to the corresponding
risk-group. For the overhead costs, we assumed a proportional dis-
tribution over the four risk-groups according to the number of esti-
mated participants in each risk-group. Potential side-effects of
vaccination were considered to be marginal and therefore
neglected in the current study as was also done by other HBV
vaccine modellers (e.g. [18–20]).

2.7. Estimating quality-adjusted life years, life-years lost and
healthcare costs

Estimating cost-effectiveness requires evidence on the life-long
consequences of infection, e.g. with regard to mortality, morbidity
and healthcare costs. For 5-year age groups, we used estimates
from a Markov-chain disease model on the age-dependent life-
years lost due to HBV-infection, number of quality-adjusted-life-
years (QALYs) lost due to HBV-infection, and life-time healthcare
costs. These estimates are summarized in supplemental Table S.6.
This Markov model [6] was updated to represent current medical
practice (details in supplemental Section 3).

By adding-up the estimated number of avoided infections over
all susceptible individuals in risk-group r and in time-period t,
while considering risk- and age-dependent probabilities for com-
pliance, we estimated the number of QALYs gained, life years
gained (LYG) and the healthcare costs avoided because of the pro-
gram in risk-group r in time-period t. Discounting was applied
according to Dutch guidelines, i.e. 1.5% for effects and 4% for costs
[21].
2.8. Cost-effectiveness analysis

The cost-effectiveness model was implemented in Microsoft
Excel. Costs and effects at the level of the vaccinated individuals
were considered until the age of 60 years. Susceptible persons that
were �60 years were excluded as most of these persons, if chron-
ically infected at an age over 60, would not develop chronic com-
plications before death. Net costs per risk-group r for time-period
t were obtained by subtracting the estimated healthcare savings
for risk-group r and time-period t from the vaccination costs for
risk-group r and time-period t. Incremental cost-effectiveness
ratios (ICER) were estimated, relating the net costs to different
effects: (1) persons reached; (2) infection avoided; (3) QALYs
gained and (4) life years gained.
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2.9. Sensitivity and scenario analyses

Univariate sensitivity analyses was conducted. For international
comparison, different discount rates for costs and effects were
applied. Assumed life-time risk was decreased/increased by 10%.
Assumed constant VE was decreased/increased by 5%. Age-
dependent VE rather than constant VE was modelled using the
estimated three-dose VE of Vermeiren et al. [22]. For the second-
and one-dose VE, the same age-dependent curve was followed,
but assuming, based on Williams [20], that VE would be 30% and
50%, respectively lower than the three-dose VE (supplemental
Fig. S.4). As a scenario analysis we further assumed that all partic-
ipants would have been vaccinated at young age, i.e. seventeen
years at first-vaccination - an unattained objective in t2.
3. Results

A total of 118,609 participants were reached between 1st-
November-2002 and 31th-December-2012, whereof 32.8%, 14.9%,
15.7% and 36.6% being classified as MSMs, CSWs, HDUs and HRPs,
respectively. Distinguishing the two periods, 55% was reached
between 2002 and 2006 and 45% between 2007 and 2012 (Table 1,
Supplemental Fig. S.5).

Overall, 853 cases could not be attributed to one of the four
risk-groups. They were distributed/year over the four risk-groups
in accordance to observed proportion of the different risk-groups
in the year of recruitment (supplemental Section 1).The average
age of all participants was 32.8 years (median = 31). There was
no significant difference in age between risk-groups or between
time-periods (Table 1). The percentage of susceptibles reached var-
ied between 83.0% for HDU in t1 and 95.3% for HRP in t2 (Table 1),
and was slightly higher in all four risk-groups in t2. Compliance
varied between risk-groups and time-periods. In t1, 80.9% of
MSM finished the complete vaccination schedules versus 51.1%
of CSW in t2 (Table 1). Compliance was slightly lower in t2.

The vaccination program costed €23.4 million (€19.5 million, if
discounted at 4%), with €11.5 million and €11.9 million spend in t1
and t2, respectively. During the whole period were 44%, 14%, 18%
and 24% of the program costs made to reach MSM, CSW, HDU
and HRP, respectively (Fig. 2).

The whole vaccination program from 2002 to 2012 was esti-
mated to result in 4285 avoided infections (3.6/100 participants),
resulting in €1.55 million saved lifetime costs, 592 QALYs gained
and 350 LYG (Table 2). More than 60% of the avoided infections
would be realised in participants from t1. With 4.9 avoided infec-
tions/100 participants reached, vaccinating CSW is most effective,
while vaccinating HRPs, with 2.1 avoided infection/100 partici-
pants reached was least effective (Supplemental Table S.7).

The net-cost per person reached varied from €83 for HRPs in t2
up to €210 for MSM in t2 (Table 2). The program was more cost-
effective in t1 than in t2, independent of the outcome measure
used, i.e. cost/avoided infection (€3480 in t1 versus €5440 in t2),
cost/QALY gained (€24,200 in t1 versus €42,400 in t2), cost/LYG
(€40,800 in t1 versus €71,800 in t2), Table 2 and Fig. 3. Vaccination
of HDU, CSW and MSM costed less than €21,000/QALY in t1,
whereas for HRP this was €35,900/QALY. The program was less
cost-effective in t2, resulting in ICERs of €25,800/QALY, €47,700/
QALY and €54,000/QALY for CSW, MSM and HDU (Table 2 and
Fig. 3).

Sensitivity analyses show that assumed lifetime risk and/or
assumed VE had little impact on estimated ICERs (Fig. 4, supple-
mental Fig. S.6 and Fig. S.7). The most influential variable was
the discount rate for health effects, using 4% rather than 1.5%
would result in an ICER of the whole program of €56,000/QALY ver-
sus €30,400/QALY. Vaccinating all participants at age seventeen
would have been more cost-effective (€11,600/QALY gained) than
vaccination at higher age, as observed in this study.
4. Discussion

Only in 2011 was HBV included in the NIP, necessitating
enhanced efforts to reach high-risk groups for vaccination. For
behavioural risk-groups a decentralised outreach program was
developed. In the current cost-effectiveness analysis (CEA) we
show that the initial 4-year program (t1:2002–2006) was reason-
able cost-effective with an ICER of €24,400/QALY. The extension
of the program (t2:2007–2012) resulted in less favourable ICERs.

In t1, vaccination of HDUs and CSWs was most (cost)-effective,
despite their low compliance, and vaccination of HRP was found to
be least (cost)-effective. The relatively favourable ICER of €38,700/
QALY for HRP in t2 is somewhat misleading. This program stopped
in November 2007, meaning no expensive outreach activities, but
only vaccination of HRPs in healthcare facilities during almost
one year. CSWwas the most (cost)-effective risk-group for vaccina-
tion in both time-periods. It is important to realize that over 50% of
CSWs do not have Dutch citizenship. This group of CSWs, fre-
quently originating from countries of high HBV endemicity, travels
to The Netherlands on tourist visa and are working in this sector
for three month time periods, travelling onwards for similar work
in neighbouring countries, returning home periodically, and also
re-entering the Netherlands to work in other cities. Consequently,
the estimated benefits are not only gained in The Netherlands but
also in their home country as well as other European countries,
resulting in less favourable ICERs than presented. Vaccinations of
CSWs originating from countries with high hepatitis B endemicity
will have to be continued until also in those countries the vaccina-
tion coverage has included their age group. The cost-effectiveness
for the MSM decreased dramatically from €20,700/QALY gained in
t1 to €47,700/QALY gained in t2. High investments made to (out-)
reach younger MSMs did not pay off. The average age of MSM
(32.8 years) was similar in both periods, despite all efforts to
decrease the age of vaccination. Should participants indeed have
been reached at a younger age, the program would have been far
more cost-effective (Fig. 4). The challenge therefore is how to reach
younger ages. The best solution for providing protection at an early
age is universal childhood vaccination. HBV was introduced in
2011 in NIP, hence, it will need another two decades before this
will have effect in reducing transmission in the high-risk groups.
Vaccinations of CSWs originating from countries with high hepati-
tis B endemicity will have to be continued until also in those coun-
tries the vaccination coverage has included their age group.
Another important finding is that in the second period the preva-
lence of hepatitis B is lower in all high-risk groups. This might be
interpreted as a sign that the Dutch and worldwide efforts to
reduce transmission of the HBV are having some effect. This is in
line with the observed decrease in number of notified acute infec-
tions [3]. Furthermore, other factors, such as saturation within the
risk-groups [23], extension to lower risk behaviour and increased
recruitment investments over time may have contributed to less
favourable cost-effectiveness in t2.

Anti-HBc prevalence is a driving variable in the study, and Fig. 1
shows that vaccination should take place early in life (before age
15) to optimally prevent hepatitis B infections. The problem of
the whole program is that the participants are frankly spoken too
old (average age was �33 years). In case of hepatitis B vaccination
it is crucial to vaccinate the young ones (which the program failed
to do). The older you are at time of vaccination, the fewer compli-
cations to prevent, and therefore the fewer lifetime costs and QALY
losses to prevent. Discounting further impacts these lifetime costs
and QALY losses that might be prevented by an avoided infection.
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Fig. 2. Undiscounted vaccination program cost by risk-group, time-period and cost-category in 2012 euros.

Table 2
Main results for the whole program (i.e. all risk-groups together) and for each single risk-group for the two separate periods (t1 = 2002–2006 vs t2 = 2007–2012).

MSM CSW HDU HRP Whole program

t1 t2 t1 t2 t1 t2 t1 t2 t1 t2

Number of persons reached 15,335 23,576 8661 8985 11,471 7117 30,223 13,241 65,690 52,919
Program costs, in million € (4%) 3.07 5.20 1.53 1.24 2.13 1.40 3.81 1.17 10.54 9.00
Saved lifetime costs, in million € (4%) 0.36 0.25 0.18 0.11 0.26 0.06 0.27 0.07 1.07 0.49
Net costs, in million € (4%) 2.71 4.95 1.34 1.13 1.87 1.34 3.54 1.10 9.47 8.52
Number of infections avoided 874 777 493 363 652 200 699 227 2718 1567
QALYs gained (1.5%) 131.4 103.8 67.4 43.9 93.6 24.7 98.8 28.3 391.1 200.7
YLLs gained (1.5%) 77.7 61.2 40.0 26.0 55.3 14.6 58.8 16.8 231.9 118.5
ICER: Costs/person reacheda 177 210 155 126 163 188 117 83 144 161
ICER: Costs/avoided infectiona 3100 6400 2700 3100 2900 6700 5100 4800 3500 5400
ICER: Costs/QALYa 20,700 47,700 19,900 25,800 20,000 54.000 35,900 38,700 24,200 52,400
ICER: Costs/YLLa 34,900 80,900 33,600 43,700 33,800 91,300 60,200 65,400 40,800 71,800

a Results are rounded to 3-significant numbers.

Fig. 3. Incremental cost-effectiveness ratios expressed as € per QALY for the whole
period (2002–2012) and for the two separated periods (2002–2006 vs 2007–2012),
for the whole program (i.e. all risk-groups together) and for each single risk-group.

Fig. 4. Sensitivity and scenario analyses conducted for the whole vaccination
program from 2002–2012.
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In MSMs, the anti-HBc prevalence decreased from 14.7% in t1 to
8.2% in t2. The prevalence in t1 was similar to the 15.3% for British
MSM recruited via outreach activities [24]. In HRPs, the anti-HBc
prevalence was with 5.5% (t1) and 4.5% (t2), higher than the 0.8%-
3.2% reported in heterosexual STI clinics visitors in other low-
endemic countries [25,26]. This is in line with the high participa-
tion of ‘‘swingers” in the HRPs, of whom it is known that they have
a high STI prevalence [27]. The anti-HBc prevalence found in CSWs
is similar to what is found in neighbouring countries [28]. In HDUs,
the anti-HBc prevalence was 16.7% (t1) and 9.1% (t2) respectively.
This is lower than the 22.5% reported for injecting drug users and
higher than the 7.4% for non-injecting drug users in Spain [29].
The lower prevalence in t2 is according to the observed trend of
abstaining from injecting drug use [14].

To our knowledge, this study is the first to report cost-
effectiveness of risk-group vaccination at the level of different
risk-groups. Other strengths of our study are the large number of
participants and the long observation period. However, there are
also some limitations. A major limitation of the current study is
that we only considered direct benefits in participants, and omitted
potential indirect benefits of avoided infections in third persons.
Consequently, the actual cost-effectiveness of the program will
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be more favourable than currently estimated. With an estimated
4285 prevented infections, of which 2700 in the first 4-years, we
differ from Kretzschmar et al. [10] who obtained, a total of 5700
(4,100–6900) prevented infections assuming that participants are
in the two highest sexual-activity levels. However, they considered
both direct and indirect benefits, whereas we estimated only the
direct benefit. Also, it is unlikely that all vaccinated MSM belong
to the two highest sexual-activity levels. Furthermore, by consider-
ing CSWs, HDUs and HRPs together with all other heterosexuals,
their model was less suitable to account for particularities in life-
style of the different risk-groups. Both our study and the Kret-
zschmar et al. study agree on the fact that a targeted catch-up
vaccination might be effective in preventing HBV-infections. One
final limitation is related to the fact that we did not adjust for back-
ground quality of life, implicitly assuming that quality of life of
non-diseased populations is always 1. Obviously, quality of life
decreases with older age and correction for such sub-optimal qual-
ity of life would have limited the importance of prevention of HBV
related disease states slightly, especially in older age-groups in
which quality of life further deviates from 1. However, this limita-
tion adds to the conclusion that vaccination of older age groups is
not cost-effective, even more so if less QALYs are to be gained by
vaccination after correction for background quality of life.

By not testing for previous vaccination in non-Dutch citizens,
the program may have wrongly classified them as being ‘‘suscepti-
ble”. As a consequence, we may have overestimated the lifetime
risk of infection and therefore the ICER. This holds in particular
for CSWs, where the proportion of non-Dutch citizens was high.
Furthermore, this high-risk adult population is expected to be
more often infected with other sexually transmitted diseases with
a considerable impact on both quality-of-life and longevity of indi-
viduals. Therefore, the average life expectancy for risk-groups as
CSWs and HDUs might be lower than for the average Dutch popu-
lation, as used for calculating LYG. Consequently, estimated health-
care savings, QALYs gained and LYG gained due to vaccination
might be overestimated, causing an overestimation of cost-
effectiveness of the program. At the same time, the avoidance of
a HBV-infection in persons with other sexually transmitted dis-
eases (super-infections) might compensate part of this overestima-
tion, because super-infections are associated with disproportional
higher healthcare costs and premature death. A further limitation
is the choice of treatment when estimating lifetime costs. In
2002, the starting year of the program, interferon was the recom-
mended therapy for chronic hepatitis B-infections, and the under-
lying therapy in our study for estimating healthcare savings and
QALYs gained. Progress in medicine has result in new, but more
costly therapies (i.e., higher lifetime costs to prevent), but with
fewer side-effects (i.e., fewer QALYs to gain when preventing infec-
tion). Our ICERs therefore may be regarded as conservative
estimates.

We conclude that this targeted HBV-vaccination program is a
cost-effective intervention in certain unvaccinated high-risk
adults, and was a good alternative to NIP. In the Netherlands,
HBV vaccination was only introduced in the NIP in 2011. In order
to have prevented HBV transmission in adult populations as of
2002, HBV vaccination should have been introduced in the NIP at
the earliest availability of the HBV vaccine in the 1980s. At that
time, vaccine costs were far higher and introduction of HBV vac-
cine in the NIP was deemed not cost-effective (i.e. €57,600/life year
gained [6]). However, over the time the adult risk-group vaccina-
tion program became less cost-effective, while the NIP became
more cost-effective due to decreasing vaccine cost. The challenge
for the future is to reach the ‘‘last mile” in a cost-effective way
up to that date that the majority of persons will be protected via
NIP. It should therefore be discussed how to reduce costs per
risk-group, increase effects or when to integrate the vaccination
in regular healthcare i.e. during regular consultations with the
GP, STI clinics or Public Health Services.
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