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SUMMARY

A population-based anti-hepatitis C virus (HCV) prevalence is important for surveillance
purposes and it provides insight into the burden of disease. The outcomes of recent studies in
the general Dutch population as well as recent HCV data from specific risk groups including
migrants, men who have sex with men (MSM) and injecting drug users (IDUs), were
implemented in a modified version of the Workbook Method (a spreadsheet originally designed
for HIV estimations), to estimate Dutch HCV seroprevalence. The estimated national
seroprevalence of HCV was 0-:22 % (min 0-07 %, max 0-37 %), corresponding to 28 100

(min n=9600, max n=48 000) HCV-infected individuals in The Netherlands. Of these,
first-generation migrants from HCV-endemic countries (HCV prevalence >2 %) accounted

for the largest HCV-infected group, followed by IDUs and HIV-positive MSM.
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INTRODUCTION

The World Health Organization (WHO) estimated
that 3% of the world’s population has been infected
with the hepatitis C virus (HCV). Globally an esti-
mated 130-170 million people are chronically in-
fected, including about nine million in the WHO
European region [1]. The estimated HCV prevalence
in Europe ranges from 0-1 % to 6-0 %, with the highest
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prevalence rates (>1-2%) in Southern and Eastern
European countries [2, 3]. Up-to-date knowledge on
the general population prevalence of HCV in The
Netherlands is limited. A Dutch cross-sectional sero-
survey in 1995-1996 (PIENTER-1 study) estimated
a national prevalence of 0-1% [4]. However, groups
with higher risk profiles like individuals of non-
Dutch nationality were underrepresented in this
study, resulting in a possible underestimation of
HCYV prevalence. In a second serosurvey in 2006—-2007
(PIENTER-2 study) more individuals of non-Dutch
nationality were included leading to an estimated
prevalence of 0-3 % [5]. Two recent population-based
studies in the two largest cities, Amsterdam and
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Rotterdam, where a substantial proportion of the
migrant population resides, found prevalences of 0-6
and 1-1 %, respectively [6, 7]. As expected, the preva-
lence found in specific risk groups, e.g. injecting
drug users (IDUs), (HIV-positive) men who have
sex with men (MSM), and haemophilia and dialysis
patients, is much higher (2:6-82:2 %) [8—14].

In the literature, mathematical modelling has been
used to estimate national HCV prevalence rates.
An overall HCV prevalence of 0-4% was modelled
in The Netherlands in 2004 using suboptimal data
of HCV risk groups [15]. In the UK, a Bayesian ap-
proach was used which was based on three main
groups: current IDUs, ex-IDUs and non-IDUs, re-
sulting in an overall prevalence of 0-6% (0-4—1-0%)
[16]. Australia included IDUs, migrants and other
risk groups (including transmission by transfusion
of blood or blood products) and estimated 264 000
HCV-infected persons at the end of 2005 [17]. Con-
sidering a population size of 20409 100 (Year Book
Australia, 2008) this would correspond to a pre-
valence of about 1-3%. Canada, distinguishing five
different risk groups: migrants, IDUs, blood trans-
fusion patients, haemophilia patients and others,
estimated the HCV prevalence at 0-8 % in 2007 [18].

Since the HCV epidemiology in The Netherlands
has changed with (HIV-positive) MSM now account-
ing for most new infections, and lower numbers
of HCV infections are observed in former high-risk
groups like haemophilia patients and IDUs, there is a
need for a new HCV estimation [8, 14, 19, 20]. Recent
studies in the general population and specific (risk)
groups, gave us the unique opportunity to estimate
the national HCV seroprevalence.

MATERIALS AND METHODS
Workbook method

The Workbook Method was used to estimate
the national HCV seroprevalence. The Workbook
Method is an Excel spreadsheet designed to estimate
adult HIV prevalence, it was also recently used to
estimate HIV prevalence in The Netherlands [21].
This method was developed by the Joint United
Nations programme on HIV/AIDS (UNAIDS) and
the WHO, with support from the UNAIDS Reference
Group on Estimates, Modelling and Projections
[22, 24]. Since the method is independent of mode of
transmission, it is applicable for similar concentrated
infectious diseases like HCV, whose epidemic spread
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in The Netherlands is, as for HIV, restricted to specific
high-risk populations. The method is based on HCV
prevalence in populations with high-risk behaviour
and populations at low risk, as well as estimates of the
sizes of these populations. The target population was
restricted to the 15-79 years age group; the target year
was 2009. Individuals were classified into the follow-
ing groups defined as being mutually exclusive:

(1) HIV-positive IDUs;

(2) HIV-negative IDUs;

(3) HIV-positive MSM;

(4) Haemophilia patients treated before 1992;

(5) First-generation migrants originating from HCV-
endemic countries (=2%);

(6) Individuals at low risk of infection (not in any of
the previous groups).

Dutch studies included in the model

Data input for the Workbook Method was obtained
from several data sources as described below. We
included prevalence rates of antibodies against HCV
(anti-HCV, in this report referred to as HCV).

PIENTER-2 serosurvey

From February 2006 to June 2007, this population-
based cross-sectional serosurvey included 6386
participants donating blood (response rate 32 %, in-
cluding 646 immigrants) of which 6243 samples were
tested for HCV and 6211 questionnaires were ad-
ministered. The study design is described extensively
elsewhere [25, 26]. Presence of antibodies against
HCV was assayed using a micro-particle enzyme
immunoassay (MEIA, Abbott Laboratories, USA).
For estimation of the HCV seroprevalence in the
PIENTER-2 dataset, the data was weighted by gen-
der, age and ethnicity. More detailed information
about laboratory methods, statistical analyses and
population characteristics are described elsewhere [5].

Dutch  HIV  Monitoring  Foundation (SHM).
Longitudinal data of all newly registered HIV-
infected individuals are collected by the SHM. The
goal of SHM is to monitor HIV-infected individuals
registered in the 25 recognized HIV treatment
centres in The Netherlands to study changes in the
epidemic and the effects of treatment. All HIV-infected
individuals registered in this cohort are followed
prospectively from the time of reporting for care.
In total, out of 16451 HIV-infected patients aged
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> 18 years at the time of HIV diagnosis, 15734 (96 %)
were tested for HBV or HCV co-infection (www.hiv-
monitoring.nl [27]).

Amsterdam drug cohort. The Amsterdam cohort
study is a longitudinal cohort of drug users that started
in 1985. Participants were recruited at methadone
outposts, the sexually transmitted infection (STI)
clinic for drug-using prostitutes and by word of mouth.
HIV-negative and asymptomatic HIV-positive IDUs
and non-IDUs were invited to participate. Partici-
pants were seen every 4-6 months regardless of HIV
status, but many returned more irregularly. Clinical,
epidemiological and drug-use related information
was collected on each occasion by interviewing par-
ticipants using a standardized questionnaire. In 2009,
the cohort existed of 377 non-IDUs with a known
HCYV status. Of these, 172 men and 81 women ever
injected drugs, having a mean age of 48 years
(www.amsterdamcohortstudies.org [8]).

The Hague IDU survey. Between March and July
2000, a serum sample and a questionnaire on risk
behaviour were obtained from 217 drug users who
have ever injected drugs in The Hague with a mean
age of 39 years [28]. Participants were recruited at
methadone treatment sites (35 %) and low-threshold
daytime care projects (65%). Despite the voluntary
method of participation the response rate was high,
only 10 persons refused. In total 199 samples were
tested for the presence of HCV antibodies (181 males,
18 females).

Amsterdam Health Monitor. From April to June
2004, a health monitoring survey was conducted in
the general Amsterdam population. A random sample
of residents aged >18 years was drawn from the
Population Registry of Amsterdam, including 1736
individuals (response rate 42-9%). The sample was
stratified by age and ethnicity, with oversampling of
people from Turkish and Moroccan origin. In total
1364 (78:6%) donated blood of which 1355 were
tested for anti-HCV antibodies. Details on the study
design and laboratory methods have been described
elsewhere [6].

Van Creveld clinic. The Van Creveld clinic (part of the
Haematology department of the University Medical
Center Utrecht) is the largest treatment centre in
The Netherlands for children and adults with haemo-
philia and related coagulation disorders. Half of the
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haemophilia patients in The Netherlands are treated
at this clinic including more than 900 patients of
which 560 patients aged > 18 years have haemophilia
type A or B (www.vancreveldkliniek.nl)

Model parameters

From above-mentioned data sources, prevalence
rates of specific groups were obtained and used for
input in the model. Furthermore, group sizes were
estimated.

IDUs. In the model we stratified the population
of IDUs by HIV status. The lower estimation
was extracted from the SHM. In 2009, 91:6% (95%
CI 88:0-94-2) of all HIV-positive drug users who
ever injected were positive for HCV (n/N=294/321).
For the upper estimation we used data from
the Amsterdam drug cohort; 959% (95% CI
86:3-98-9) of HIV-positive IDUs were HCV positive
(n/N=47/49).

For the HIV-negative IDUs, a HCV prevalence
of 47-2% (95% CI 40-1-54-4) was used from the
The Hague IDU survey (n/N=94/199) as the lower
estimation [28]. As the upper estimation we used data
from the Amsterdam drug cohort showing a preva-
lence of 78-4% (95 % CI 72-3-83-5) (n/N =160/204).

Population sizes were extracted from the study of
Van Veen et al. [21], who used the Multi Parameter
Evidence Synthesis Method along with other model-
ling methods to estimate population sizes of high-risk
groups and the HIV prevalence in The Netherlands,
these were estimated at 603-1017 and 7009-15263
for HIV-positive and HIV-negative (ever) IDUs, re-
spectively [21].

MSM. In this study we defined HIV-positive MSM,
in whom HCV has spread sexually since the intro-
duction of effective HIV therapy [13], as a risk group
since currently virtually all acute HCV cases in
MSM in The Netherlands are diagnosed among
HIV-positive MSM [14, 20]. Of HIV-positive MSM
in care in 2009 in The Netherlands (SHM data),
9-8% (n/N=694/7086) were HCV positive. The
95% CI of 9-1-10-5 was used as input for the
model. The low and high estimations of the popu-
lation size of HIV-positive MSM (8670 and 17573,
respectively) were extracted from the study of Van
Veen et al. [21].

For this study, based on recent prevalence data, we
assumed that HIV-negative MSM are not at increased
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Table 1. Low and high population size estimates and estimated national HCV prevalences, by using a modified
Workbook Method

Population size estimate Anti-HCV prevalence estimate (%)

Population groups Low High Low High
HIV-positive IDU 603 1017 91-60 95-90
HIV-negative IDU 7009 15263 4670 78-40
HIV-positive MSM 8670 17573 9-10 10-50
Haemophilia patients treated before 1992 1120 1120 42-50 50-70
First-generation migrants from HCV-endemic countries 1130512 1130512 0-40 1-64
Individuals at low risk of infection 11766036 11783607 0-00 0-12

IDU, Injecting drug user; MSM, men who have sex with men.

risk for HCV (prevalence about 0-2%, excluding
IDUs [14]) and were therefore not included as a sep-
arate risk group.

Haemophilia patients. Another important but small
risk group is patients with haemophilia who received
blood (products) before 1992. Data from the Van
Creveld clinic reported a HCV prevalence of 46:6 %
(95% CI 42-5-50-7%) (n/N=261/560) in treated per-
sons aged >18 years in 2009. In addition, the clinic
estimated the number of haemophilia patients treated
before 1992 and still alive in 2009 at about 1120.

Migrants. Since a growing number of migrants from
HCV-endemic countries are living in Western Europe,
including The Netherlands, they become an increas-
ing risk group in low-prevalence countries. In our
model we included only first-generation migrants
from high-endemic countries (=2%) as a separate
risk population since the prevalence in this group
is notably higher (0:7-2-3%) compared to second-
generation non-Western migrants (0-1:6%) and
Dutch indigenous inhabitants (0-1-0-3 %) [29]. For the
low estimation of HCV prevalence in first-generation
migrants from HCV-endemic countries, data from the
Amsterdam Health Monitor survey was used (0-4 %,
95% CI 0-1-1-2) (n/N=3/706). The PIENTER-2
study estimated a HCV prevalence of 1:6% (95%
CI 0:4-29) (n/N=9/391) and was used as the upper
estimation.

Population size of first-generation migrants was
extracted from Statistics Netherlands (http://statline.
cbs.nl); at 1 January 2009 there were 1178722 mi-
grants from high-endemic countries aged between 15
and 79 years living in The Netherlands. Subtracting
an estimated 4% of MSM and 0:09% of IDUs [21]
gives a population size of about 1130512.
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Individuals at low risk of HCV infection. All persons
who were not assigned to a risk group were cat-
egorized as individuals at low risk of infection. The
PIENTER-2 study provided the lower as well as
the upper estimate. After excluding HIV-positive
MSM, IDUs and first-generation migrants from
high-endemic countries we found a HCV prevalence
of 0:05% (95% CI 0-00-0-12) (n/N=2/4046). Popu-
lation size was estimated by subtracting the above-
mentioned group sizes from the total number of
individuals aged 15-79 years and living in
The Netherlands in 2009 (N=12931521) (Statistics
Netherlands; http://statline.cbs.nl).

RESULTS

Estimating HCV prevalence based on the Workbook
Method

The Workbook Method estimated an overall HCV
prevalence of 0-22% (min 0-07 %, max 0:37%) cor-
responding to about 28100 (min 7=9600, max
n=48000) HCV-infected persons aged between 15
and 79 years in The Netherlands. The estimated
number of infected persons per risk group and the
estimated prevalence rates are presented in Table 1.
The main risk groups are first-generation migrants,
with an estimated 11500 (min »7=4500, max
n=18500) infected persons, followed by HIV-positive
and HIV-negative (former) IDUs, with an estimated
7800 (min n=3900, max n=12900) infected indivi-
duals, about 1300 HIV-positive MSM (min n=_800,
max n=1800) and an estimated 500 haemophilia
patients who were treated before 1992 (Fig. 1).
The large group of persons at low risk, with an esti-
mated prevalence of 0-05%, contained about 7100
(min n=0, max n=14100) infected individuals.
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Fig. 1. Estimated number (including low and high estimates) of adults (aged 15-79 years) living with HCV antibodies in The
Netherlands using a modified version of the Workbook Method per main subgroup.

DISCUSSION

Using the Workbook Method, including recent data,
the current HCV seroprevalence in Dutch inhabitants
aged 15-79 years was estimated at 022 % (min 0-07 %,
max 0-37%). From this we can conclude that about
28 100 (min 7 =9600, max n =48 000) individuals have
antibodies against HCV. Our model included data
on the changing HCV epidemiology with a growing
number of people immigrating from low- and middle-
income countries and recent spread of HCV in HIV-
positive MSM. First-generation migrants are now
the largest risk group for HCV in The Netherlands,
followed by IDUs.

The previous modelling of Kretzschmar et al. [15]
in 2004 resulted in a prevalence of 0-4% in the
Netherlands, but group sizes were uncertain due to a
lack of data. In 1997 the Dutch Health Council esti-
mated a seroprevalence of 0-1-0-4% resulting in
an estimated infected population of 15000-60000
individuals [30]. This estimation was based on limited
data of the Dutch donor population from almost
15 years ago. Although the HCV epidemiology has
changed, our results lie within the range of these esti-
mations. An explanation of this steady rate could
be the decrease in the absolute number of HCV
infections in blood donors, haemophilia patients and
IDUs, due to a decline in new infections but also due
to natural death, accompanied by an increase of
new HCV infection in MSM and growing numbers
of first-generation migrants.
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Our study presents an updated and specific preva-
lence estimation, based on data from the general
population and current data of the main relevant risk
groups. The model also gives an overview of the esti-
mated HCV prevalence rates per risk group. First-
generation migrants from HCV-endemic countries
account for more than half of all HCV-positive
persons in The Netherlands, followed by IDUs
and HIV-positive MSM. Up to 2004, IDUs were
the main risk group in The Netherlands for acquiring
an acute HCV infection, but since the last few years
there has been a shift towards HIV-positive MSM
[20]. Regarding migrants, only individuals born in
HCV-endemic countries form a risk group [29]. Our
findings support the view that immigration from
endemic areas significantly contributes to the changes
in HCV in European countries seen in the last
15 years [31].

In this study we used different data sources, leading
to different biases which could have influenced the
outcome. For example, the data sources had different
study designs, such as random sampling or testing the
total population, and were based on different regions.
Data used for prevalence parameters per risk group in
the model were partly derived from local studies from
the capital city Amsterdam. The population com-
position of this city is not representative for the total
population of The Netherlands, although no conse-
quences are expected for first-generation migrants
as they acquired the infection in their country of
birth. The estimates for IDUs could be slightly
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overestimated compared to the general Dutch IDU
population. Furthermore, although based on a robust
Bayesian model, population sizes like the number of
IDUs and MSM and their HIV status are difficult to
estimate. We used the confidence intervals of these
groups for input in our model; however, bias cannot
be fully excluded. Furthermore, it should be noted
that haemodialysis patients and patients who (spor-
adically) received blood or blood products before
1992, were not included as a risk group but are cap-
tured in the last group of individuals at low risk of
infection. For these groups no recent Dutch data were
available, but due to small numbers of haemodialysis
patients treated before 1992 and high death rates
within this population no effect is expected of this
specific group on the overall prevalence. Furthermore,
for patients who received blood (products) before
1992, it is expected that a large proportion of those
who frequently received blood (products), and there-
fore had a higher risk of becoming infected with
HCYV, have already deceased since they were probably
less healthy compared to persons who sporadically
received blood (products). There are no recent
data available for this population, but we expect the
group size to be small. Since there is no reason to
expect that this specific group was underrepresented
in PIENTER-2 we have grouped them with the over-
all low-risk group. Despite these limitations, we ex-
pect that our anti-HCV prevalence estimate gives a
more accurate range of HCV prevalence in The
Netherlands than previous studies.

Based on the results, screening of individuals living
or migrating to The Netherlands from HCV-endemic
countries could be considered, since infections are
often silent and undiagnosed. Early diagnosis may
prevent adverse events from HCV infection if treat-
ment is indicated. About 75% of patients with acute
HCV will progress to chronic infection. Of all
chronically infected patients 10-20% develop liver
cirrhosis within 20 years [32]. In The Netherlands
cirrhosis is the primary cause of 4 % (4-8 patients per
year) of all (split) liver transplants (Dutch Transplant
Foundation). Hepatocellular carcinoma (HCC) de-
velops solely in patients with cirrhosis with a risk
of 0-3% each year [33]. Offering antiviral HCV
treatment can suppress the virus and reduce the
chance of developing these complications and further
transmission. Unfortunately, not all HCV genotypes
have good treatment results with the current standard
of care treatment, but a direct acting antiviral (DAA)
drug has recently been approved by the U.S. Food
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and Drug Administration [32]. Information about the
cost-effectiveness of preventing the development of
complications by screening and treating HCV exists
but is lacking for the targeted screening of migrants.
Therefore, future research should focus on the cost-
effectiveness of preventing complications of HCV by
screening migrants born in HCV-endemic countries.
MSM and drug users who are in care for their HIV
infection and/or drug dependence are currently being
screened for HCV infections.

CONCLUSION

Using recent data on HCV epidemiology, we esti-
mated that the HCV seroprevalence in the Dutch
population aged 15-79 years is 0-22 %. The majority
of these are first-generation migrants born in HCV-
endemic countries. An assessment seems appropriate
to determine whether screening of this specific sub-
group would be feasible and cost-effective in order
to reduce adverse events due to HCV infection
and to improve quality of life of those infected
with HCV.
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