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Introduction
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Chapter 1.1

Hepatitis B virus: a general introduction

Based on: Modern Infectious Disease Epidemiology, part III, chapter 19.2
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Hepatitis B virus: a general introduction

Hepatitis is a clinical entity due to infectious and non-infectious causes. Most of the global hepatitis burden can be 
attributed to hepatitis B virus (HBV), one of the five viruses that cause hepatitis (hepatitis A-E virus). The causal 
agent for hepatitis B was identified in 1965 by Blumberg and colleagues (2). The burden of liver disease and death 
associated with HBV infection mainly results from sequelae of chronic infection including hepatocellular carci-
noma (HCC) and cirrhosis. An estimated 400 million people worldwide are infected with HBV, accounting for 
an estimated one million deaths annually (3-5). A safe and effective vaccine to prevent HBV infection has been 
available since 1982. It is included in universal vaccination programmes of more than 170 countries (6). Treatment 
options to prevent sequelae of chronic infections are improving rapidly. Despite the fact that HBV infection and a 
large part of its sequelae are preventable, it is still associated with a high burden of morbidity and mortality. This 
makes prevention and control of HBV infection one of the major public health priorities.

Based on Modern Infectious Disease Epidemiology, part III, chapter 19.2 (1) © Springer 2010

EPIDEmIology 
Transmission routes and global patterns of infection
HBV is acquired by percutaneous or permucosal 
exposure to blood or body fluids from an infected 
person. Transmission usually takes place through 
sexual contact, blood contact or perinatally. Perina-
tal transmission usually occurs at the time of deliv-
ery, although infection in utero is also possible (7). 
The risk of perinatal transmission is related to the 
HBeAg status of the mother: without treatment, 
children born to HBeAg positive mothers virtually 
all acquire perinatal infection compared to about 
25% of children born to HBeAg negative mothers 
(8,9). HBV is also transmitted within households 
through close non-sexual contact (10). An infection 
with HBV can resolve but it can also lead to chronic 
infection. The main determinant of this is the age at 
infection: infants and young children who are HBV 
infected are at much higher risk of chronic infection 
than older people (11). The most striking feature of 
the global distribution of HBV is the large difference 
in prevalence of infection. The lifetime risk of ac-
quiring HBV infection varies between around 0.4% 
in western Europe to 90% in East Asia (12,13). In 
high endemic areas, 8% or more of the population 
is chronically infected. In medium and low endemic 
areas this is 2-7% and <2%, respectively (Figure 1) 
(12). In the Netherlands, the prevalence of chronic 
HBV infection in its population of about 17 million 
inhabitants is 0.2%, which is among the lowest prev-
alences reported worldwide (14,15).
The main explanation for the extreme variation in 
HBV prevalence between geographical regions is 
that the HBV incidence, average age of infection and 
age-related probability of developing chronic infec-

tion are linked in a positive feed-back loop. This leads 
to ‘catastrophic’ behaviour of HBV transmission 
dynamics, whereby non-linear behaviour of preva-
lence patterns over time are instable at intermediate 
levels and stabilise at discrete, highly different, lev-
els (13). This phenomenon can also be observed in 
other systems where positive feed-back loops cause 
catastrophic dynamics, where it e.g. explains the 
earth differentiation in ecological zones, the spread 
of wildfires, or, in geopolitics, the different states of 
war and peace (16,17).  Since several aspects of the 
natural history of HBV infection, including the age 
at HBeAg seroconversion, are genotype dependent, 
the differences in genotype distribution between  
geographical regions likely contributes to heteroge-
neity in prevalence (8).

Risk groups for HBV infection
The prevalence of HBV in a country is associated 
with its predominant transmission modes and the 
duration and quality of its vaccination strategy. In 
countries with high prevalence (HBsAg seroprev-
alence ≥ 8%), most infections are acquired perina-
tally or in early childhood (12). In these countries, 
health-care associated HBV transmission is also fre-
quent (19). In low prevalence countries, most infec-
tions are acquired through adult risk behaviour in-
cluding male homosexual contact and injecting drug 
use (IDU) (20).  Other groups with increased risk for 
acquiring HBV include close contacts of people with 
chronic infection, infants born to infectious moth-
ers, health care workers, children with developmen-
tal disabilities, patients undergoing haemodialysis, 
close contacts of infected people, migrants and long-
term travellers to endemic areas (21-24). 
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Figure 1. Prevalence of chronic HBV infection, 2006 (18)

Diagnosis and clinical course
Diagnosis
HBV infection can be diagnosed by testing serum 
for antibodies against the virus, detection of viral 
antigens, or by detecting HBV DNA using nucleic 
acid amplification tests. Serologically, several hepati-
tis B antigens (HBsAg, HBeAg) and antibodies (an-
ti-HBc, anti-HBs, anti-HBe) can be distinguished. 
Based on the pattern of these the phase of infection 
can be determined (Table 1). Once chronic infection 
is diagnosed, further clinical follow-up is required 
including testing of liver biochemistry, virus serol-
ogy, viral load and abdominal imaging.  The viral 
load can be quantified by HBV-DNA detection by 
PCR, and is used to assess infectiousness and thera-
peutic effect. Patients who do not have an indication 
for antiviral treatment should be monitored because 
disease activity can increase (38).

Clinical disease
HBV is non-cytopathic to the hepatocyte. The 
pathogenesis of HBV therefore mostly results from 
the host’s immune response, although the virus is 
likely to be also directly oncogenic (7,8). Infection 
with HBV can result in a broad spectrum of disease 

outcomes. After an incubation period of on average 
2-3 months, symptoms of acute HBV infection can 
occur, including jaundice, nausea, upper abdominal 
pain and malaise. About 1% of acute infections 
results in fulminant liver failure, for which liver 
transplant is usually indicated. The probability of 
developing symptoms of acute HBV infection is 
age-dependent: among adults about a third of those 
infected develop symptoms whilst among chil-
dren this is less than 10% (25-27). The majority of 
neonates who become infected perinatally remain 
asymptomatic (7). 
Chronic HBV infection is defined as persistence of 
HBsAg (and/or HBV-DNA) for over 6 months after 
infection. The risk of developing chronic infection 
decreases with age of acquisition of HBV infection. 
Infants who acquire the infection perinatally devel-
op chronic infection in 90% of cases. This risk is 20-
50% in children aged 1-5 years, and less than 5% in 
adults (11,28). The risk is increased in those with im-
paired immunity or when there is co-infection with 
hepatitis C virus (29). A recent study among MSM 
and IDUs in Amsterdam, found an unexpected high 
proportion (about 25%) of HBV infected individuals 
developing chronic infection (30). For IDUs this
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table 1. serological status in HBV infection (1) 
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HBV infection can be diagnosed by testing serum for antibodies against the virus, detection of 

viral antigens, or by detecting HBV DNA using nucleic acid amplification tests. Serologically, 

several hepatitis B antigens (HBsAg, HBeAg) and antibodies (anti-HBc, anti-HBs, anti-HBe) can 
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Table 1. Serological status in HBV infection (1)  

 

 

 

 

 

 

 

N.a. = not applicable. 

 

Clinical disease 

HBV is non-cytopathic to the hepatocyte. The pathogenesis of HBV therefore mostly results from 

the host’s immune response, although the virus is likely to be also directly oncogenic (7,8). 

Infection with HBV can result in a broad spectrum of disease outcomes. After an incubation 

period of on average 2-3 months, symptoms of acute HBV infection can occur, including 

jaundice, nausea, upper abdominal pain and malaise. About 1% of acute infections results in 

fulminant liver failure, for which liver transplant is usually indicated. The probability of 

developing symptoms of acute HBV infection is age-dependent: among adults about a third of 

those infected develop symptoms whilst among children this is less than 10% (25-27). The 

majority of neonates who become infected perinatally remain asymptomatic (7).  

 Phase 1 Phase 2 Phase 3 Phase 4 Prolonged 
Phase 1 

Prolonged 
Phase 2 

Prolonged 
Phase 3 

Not infected 

 Late in 
incubation 
period 

Acute 
hepatitis B 

Late acute 
hepatitis B 

Recent 
hepatitis B  

Ever 
hepatitis B 

Chronic active hepatitis B Chronic 
inactive 
hepatitis B 

After 
successful 
vaccination 

HBeAg pos HBeAg neg Time since 
infection 2-12 weeks 2-4 months 3-6 months <1 year > 1year > 6 months > 6 months > 6 months n.a. 

ALAT normal increased normal/increased normal normal increased increased normal normal 
HBsAg + + + - - + + + - 
HBeAg + / - + - - - + - - - 
IgM-anti-HBc - ++ ++ + - - (+) - (+) - - 
Total anti-HBc - + ++ ++ ++ ++ ++ ++ - 
Anti-HBe - - + + + - + + - 
Anti-HBs - - + / - ++ + - - - ++ 
HBV-DNA + + + / - - - + + + / - - 
Infectiousness + ++ + - - ++ ++ + - 
Symptoms - + + / - - - + / - + / - - - 
 

N.a. = not applicable.

may be partly explained by HIV/HCV co-infection. 
The explanation for the high rate among MSM re-
mains unclear.

Each year, about 1% of people with chronic HBV in-
fection clear HBsAg and HBV-DNA, resulting in a 
much improved prognosis (31). In those not clearing 
the infection, the natural history of disease is char-
acterised by four phases, which can be distinguished 
by serological, virological and clinical markers (32). 
The transition through these phases depends mainly 
on the age at acquisition of infection, and highly in-
fluences the outcome of infection. 
The main sequelae of chronic HBV infection are 
cirrhosis and HCC. The risk of developing these 
increases with the duration and type of chronic in-
fection and the viral load (33). The 5-year risk of cir-
rhosis in patients with chronic HBV infection ranges 
from 8-20% (34). The annual risk of HCC in patients 
with chronic HBV infection ranges from 0.1% to 
10% depending mainly on the underlying stage of 
liver disease (35). The outcome and treatment ef-
fectiveness of chronic HBV infection is negatively 
affected by co-infection with HIV, hepatitis A virus 
and HCV (34).  HCC is the fifth most common can-
cer among men and the seventh among women. It is 
a leading cause of cancer-related mortality in many 
developing countries. In the US, the 5-year survival 
rate of HCC is less than 12% (36).

Therapy
Acute hepatitis B is a self-limiting disease. In the rare 
case of fulminant liver failure antiviral therapy may 
be beneficial but liver transplantation is usually the 
only life saving treatment (37). The indication for 
pharmaceutical treatment of chronic hepatitis virus 
infection depends on the presence of cirrhosis and/

or active hepatitis, disturbances of the liver function 
(which can be assessed by serum serum alanine ami-
notransferase (ALAT) levels) and HBV DNA levels 
(38). Treatment options include immune modu-
lation (with interferon alfa or peginterferon alfa) 
and antiviral treatment with nucleoside/nucleotide 
analoges (such as lamivudine, entecavir, telbivudine, 
adefovir and tenofovir) (39). Pegulated interferon 
alfa during 12 months leads to sustained viral re-
sponse in 35% of patients and complete cure in 7% 
(40). However, inconvenient administration (sub-
cutaneous) and frequent side effects hamper wide 
use. Antiviral nucleos(t)ide analoges can be given 
for prolonged periods: one year of treatment leads to 
reduction in viral load, lowering of transaminases, 
and improvement of the liver histology in almost all 
patients. However, after discontinuation of antiviral 
therapy the viral load may increase to pre-treatment 
values. A serious risk associated with long term use 
of antivirals (especially lamivudine, but also adefovir 
and telbivudine) is the occurrence of viral resistance. 
Resistance against the newer entecavir and tenofovir 
is at present limited, but the follow-up period is still 
short. 

Prevention and control of HBV infection at a 
population level
Immunisation
HBV vaccines, available since 1982, are safe and ef-
fective in preventing HBV infection, and were the 
first vaccines against a virus that can cause human 
cancer. The first HBV vaccines were made from plas-
ma from chronically infected individuals. Currently, 
mostly recombinant vaccines are used, derived from 
yeast or mammalian cells (40a). Several injections 
over months are needed for an effective antibody re-
sponse to vaccination. Hepatitis B immunoglobulin 
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(HBIg) is derived from humans and has high levels 
of antibody to hepatitis B surface antigen. HBIg is 
immediately protective after injection.
Since vaccination only prevents new infections, im-
pact on the burden of disease can only be expect-
ed several decades after implementation of pro-
grammes, depending on the pre-vaccination HBV 
epidemiology, age-groups targeted and coverage 
achieved (41). In low prevalence countries such as 
the Netherlands, most of the disease burden now 
and in the immediate future is in migrants from 
endemic areas who acquired the infection before 
migrating. In 1992, the World Health Organization 
(WHO) called for all countries to implement univer-
sal vaccination, and over 170 of 192 member states 
comply (6). However, in areas with very low preva-
lence the cost-effectiveness of universal vaccination 
is under debate. Universal vaccination in high and 
medium prevalence countries has led to great reduc-
tions in prevalence, morbidity and mortality (42,43). 
Costs are the major barrier for vaccine introduction 
in developing countries. Fortunately, the Global Al-
liance for Vaccines and Immunization, a coalition 
between public and private institutions, and the 
Global Fund for Children’s Vaccines is making HBV 
vaccine available for 74 low-income countries (44).
Some low prevalence countries such as the Unit-
ed Kingdom do not have universal vaccination but 
instead target groups at increased risk of infection 
(21). Irrespective of universal vaccination, pro-
grammes targeting behavioural high-risk groups 
will be needed for the coming decades, depending 
on the coverage achieved and the age groups target-
ed for universal vaccination. Selective HBV vacci-
nation of population subgroups at increased risk of 
HBV infection are therefore recommended in all Eu-
ropean countries and the USA (45,46). Selective pro-
grammes have, however, frequently been criticised 
as ineffective since the reported vaccine coverage 
achieved in the target populations was considered 
too low (47-50). The impact on HBV transmission of 
selective vaccination programmes targeting behav-
ioural high-risk groups was, prior to work presented 
in this Thesis in Chapter 2.4, never demonstrated on 
a national level. 

Prevention of perinatal transmission
Prevention of perinatal transmission is a cornerstone 
in the control of HBV infection, as the risk of perina-
tal infection from HBsAg positive mothers is high, 
infected neonates usually develop chronic infection 
and of those about 25% eventually develop severe, 

often fatal, liver disease (12). Hepatitis B vaccine, 
HBIg, and a combination of both are effective to pre-
vent hepatitis B occurrence in newborns of HBsAg 
positive mothers (51,52). Failure of these interven-
tions is associated with a high viral load during preg-
nancy (53). Lamivudine treatment of chronic HBV 
infection during pregnancy for women with a high 
viral load can reduce the risk of perinatal transmis-
sion (53), and is recommended in Dutch and Euro-
pean guidelines for pregnant women with a high vi-
ral load (34,38,54). HBIg treatment of HBV infected 
pregnant women was also shown to reduce the risk 
of perinatal transmission (55). However, the relative 
effectiveness compared to antiviral treatment is un-
clear, and HBIg treatment during pregnancy is not 
included in clinical practice guidelines (34,38,54).

HBV notification and post-exposure prophylaxis
In areas of low endemicity notification remains 
important for HBV control. For reported patients, 
serological markers are evaluated and source and 
contacts are traced and vaccinated if susceptible. 
Needle stick injuries and other percutaneous and 
permucosal exposures, including sexual risk expo-
sures warrant risk-assessment for immediate post 
exposure prophylaxis (with HBV vaccine and pos-
sibly HBIG).

Hygienic precautions
For control of blood born pathogens such as HBV, 
hepatitis C virus (HCV) and human immunode-
ficiency virus (HIV), hygienic precautions in the 
healthcare setting are essential. This includes screen-
ing of blood products, tissues and organs, avoiding 
the use of contaminated instruments and other uni-
versal precautions for invasive procedures. Outside 
health care, the use of contaminated instruments 
by e.g. tattoo, piercing, nail studios and IDU can 
be avoided, e.g. by offering needle exchange pro-
grammes for IDUs. Condom use is effective to pre-
vent sexual transmission of HBV. 

Secondary prevention
Secondary prevention is the early detection of dis-
ease to allow interventions to prevent disease pro-
gression and death. Possibilities for secondary pre-
vention of HBV are improving, as treatment options 
are advancing rapidly. Several new antiviral drugs 
have become available in the past decade. Evidence 
is accumulating that these therapies are cost-effec-
tive to reduce the morbidity and mortality associat-
ed with chronic infection with HBV and HCV (56-
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58). In addition to improving the outcome of chron-
ic hepatitis, antiviral treatment is likely to reduce 
transmission by reducing the viral load and there-
fore infectivity of chronic carriers, similar to what 
has been documented for HIV (59-61). For HBV, 
vaccination of susceptible contacts of identified car-
riers can prevent new infections. Non-pharmaceuti-
cal interventions, such as the advice to limit alcohol 
intake and cease smoking, can improve outcomes for 
people living with chronic viral hepatitis (62,63). 
Since the acquisition of HBV is often asymptomat-
ic or subclinical, and sequelae take several decades 
to develop, between 40% and 80% of people with 
chronic hepatitis are unaware of their infection 
(14,64-70). Therefore, screening programmes for 
chronic HBV infection have the potential to contrib-
ute considerably to primary and secondary preven-
tion. However, existing HBV screening programmes 
in Europe stem from an era when treatment options 
for were limited. Hence they are mainly aimed at pri-
mary prevention, targeting blood donors, pregnant 
women, and behavioral high-risk groups (71). Now 
that secondary prevention of HBV is possible, there 
is an urgent need to identify chronic carriers who 
may benefit from treatment (72).

National HBV vaccination programmes in the 
Netherlands
Several groups are targeted for HBV vaccination 
in the Netherlands, including health care workers 
and certain patient groups. The four HBV vaccina-
tion programmes funded by the Dutch Ministry of 
Health are the main topic of this Thesis: 
(1) Selective vaccination for infants born to HBsAg 
positive mothers (started in 1989)
This programme is arguably the most important as 
infants born to HBsAg positive mothers are at high 
risk of infection, chronic infection and death due 
to HBV related liver disease. The Netherlands was 
among the first countries in the world to offer uni-
versal screening for HBV to all pregnant women, a 
key component of the programme to prevent peri-
natal transmission. The vaccination schedule for this 
group has varied. Currently, infants born to HBsAg 
positive women receive HBIg and HBV vaccination 
at birth, with 4 subsequent doses of HBV vaccine.
(2) Selective vaccination of population subgroups at 
increased risk of HBV due to risk behaviour (started 
in 2002) 
This programme provides free HBV vaccination for 
men having sex with men (MSM) and commercial 
sex workers (CSWs). Heterosexuals who change 

partners frequently were excluded from the target 
population from 2007 onwards as there was insuf-
ficient evidence of an increased risk in this group. 
From 2012 onwards, drug users were excluded since 
cases of HBV infection among drug users were no 
longer reported. As a precautionary measure, vacci-
nation of drug users is now provided through drug 
treatment services.
(3) Selective vaccination of infants of whom one or 
both of the parents was born in a midor highly endem-
ic country (started in 2003, ceased in 2011)
This programme followed an advice by the Health 
Council in 2001 which assumed these children were 
at increased risk of HBV infection (73). The pro-
gramme was ceased upon implementation of uni-
versal infant HBV vaccination in August 2011. 
(4) Universal infant HBV vaccination (started in 
August 2011)
This was introduced following an assessment by the 
Dutch Health Council that included a cost-effective-
ness analysis with favourable results (74). 
 
surveillance of hepatitis B virus in low endemic 
countries
Public health surveillance is “the ongoing, system-
atic collection, analysis and interpretation of health 
data, essential to the planning, implementation and 
evaluation of public health practice, closely integrat-
ed with the dissemination of these data to those who 
need to know and linked to prevention and control” 
(75). The main intervention for primary prevention 
of HBV is vaccination. Since this can only prevent 
transmission, it is important that new infections are 
distinguished within HBV surveillance. Secondary 
prevention is possible through early diagnosis and 
treatment. An important focus of surveillance of 
chronic HBV infection should therefore be the mon-
itoring of timely and equal access to care. 
Tools used in the surveillance of HBV are case-based 
reporting, sero-epidemiology, immunogenicity 
studies, vaccine coverage monitoring, monitoring 
adverse event following immunisation, molecular 
epidemiology, phylodynamics and behavioural sur-
veillance.

outline of this Thesis
This Thesis resulted from a decade of studying the 
epidemiology of HBV in the Netherlands, England 
& Wales and at a European level, starting in 2003. 
The studies were mainly aimed at improving the 
knowledge of the local epidemiology of HBV and 
to assess the effectiveness of HBV vaccination 
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programmes, in order to inform public health 
policy for prevention and control of HBV and 
its associated burden of disease and death in the 
Netherlands and elsewhere. Study methods included 
sero-epidemiology, case-control analyses, cross-
sectional studies, systematic literature review, 
immunogenicity studies, molecular epidemiology 
and phylodynamics. 
Following a General Introduction of the HBV in 
Chapter 1, I focus on the Netherlands in Chapter 
2. Here included papers are dedicated to studying 
the prevalence and routes of transmission of HBV 
(2.1, 2.2) and the effectiveness of three national HBV 
vaccination programmes: the programme targeting 
behavioural high-risk groups (2.3), the programme 
to prevent perinatal transmission (2.4, 2.5) and 
the programme for children of migrants (2.6-2.8). 
Chapter 3 focuses on England and Wales, including 
a study on the incidence and routes of transmission, 
both overall (3.1) and in a population subgroup at 
increased risk of infection (3.2). Chapter 4 presents 
the results of a study commissioned by the European 
Centre for Disease Control and Prevention (ECDC) 
regarding the prevalence of HBV/HCV and the cost 
effectiveness of screening in 34 countries in the Eu-
ropean neighbourhood. In the final chapter (Chap-
ter 5) I synthesize the previous by outlining what the 
Thesis adds to what was already known regarding 
HBV and discussing its implications for HBV sur-
veillance, prevention, control and research.
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in 1996 and 2007
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SUMMARY 

We aimed to assess differences in the prevalence of hepatitis B virus (HBV) infection in The Netherlands 
between 1996 and 2007, and to identify risk factors for HBV infection in 2007. Representative samples of 
the Dutch population in 1996 and 2007 were tested for antibodies to hepatitis B core antigen (anti-HBc), 
hepatitis B surface antigen (HBsAg) and HBV-DNA. In 2007, the weighted anti-HBc prevalence was 3.5% 
(95% CI 2.2–5.5) and the HBsAg prevalence was 0.2% (95% CI 0.1–0.4). In indigenous Dutch participants, 
the anti-HBc prevalence was lower in 2007 than in 1996 (P=0.06). First-generation migrants (FGMs) had 
a 13-fold greater risk of being HBsAg and/or HBV-DNA-positive than indigenous Dutch participants. In 
indigenous Dutch participants, risk factors for anti-HBc positivity were older age and having received a 
blood product before 1990. In FGMs, being of Asian origin was a risk factor. In second-generation migrants, 
having a foreign-born partner and injecting drug use were risk factors. FGMs are the main target group for 
secondary HBV prevention in The Netherlands.

Key words: Anti-HBc, HBsAg, HBV-DNA, hepatitis B, prevalence, The Netherlands.
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INtRoDUCtIoN 

Hepatitis B virus (HBV) infects the liver and 
can cause chronic infection, resulting in a broad 
spectrum of disease outcomes including liver 
cirrhosis, liver carcinoma and death. It is estimated 
that about 25% of persons who become chronically 
infected in childhood and 15% of those who 

become infected later in life die from cirrhosis or 
liver cancer [1]. Globally, an estimated 360 million 
people are chronically infected with HBV [2]. 
The prevalence of HBV in adults varies markedly 
by country: over 90% of the population in some 
countries in the Far East have serological markers 
indicating past or active infection compared to less 
than 5% in some Western European countries [2, 3].

Even in low-endemic countries such as The 
Netherlands, HBV prevention and control is a 
public health priority, particularly since safe and 
effective vaccines are available. In The Netherlands, 
HBV vaccination has been recommended since 
1983 for high-risk occupations and certain 
patient groups. In 1989, universal antenatal HBV 
screening was implemented with passive and active 

* Author for correspondence : Dr S. J. M. Hahn. , MD,
MSc, EPIET, FFPHM (UK), RIVM – Centre for Infectious
Disease Control, PO Box 1, 3720 BA Bilthoven, The Netherlands.
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Part of the included data were presented as a poster presentation
at the European Scientific Conference for Applied
Infectious Disease Epidemiology, November 2010, Lisbon,
Portugal.
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immunization of infants born to mothers with 
chronic HBV infection [4]. In 2002, a national 
programme was introduced for vaccination of 
behavioural high-risk groups [including men 
who have sex with men (MSM), drug users 
(DUs), prostitutes and heterosexuals with a high 
rate of partner change]. Since 2003, children of 
migrant(s) from countries with a moderate or 
high HBV prevalence have been offered HBV 
vaccination within the national immunization 
programme. In autumn 2011, universal infant 
HBV vaccination was implemented [5, 6].

In addition to primary prevention, recent 
advancements in the treatment of chronic HBV 
infection now allow secondary prevention. 
Currently, hepatitis B screening programmes in 
The Netherlands target individuals who are most 
at risk of transmitting HBV, such as blood donors 
and pregnant women, rather than groups with the 
highest prevalence of infection [7].

Since new and chronic HBV infections are often 
asymptomatic, seroepidemiology, which studies 
serological markers of HBV infection in a population 
sample, is needed to identify population subgroups 
with an increased prevalence of infection. In The 
Netherlands, a nationally representative serological 
survey was conducted in 1995/1996 and 2006/2007, 
primarily for the evaluation of the national 
immunization programme (the ‘ Pienter ’ studies) 
[8, 9]. With the aim of evaluating and informing 
national policy on primary and secondary HBV 
prevention, we used these surveys to assess whether 
the prevalence of HBV infection in The Netherlands 
changed between 1996 and 2007, and to identify risk 
factors for HBV infection in 2007.

mAtERIAls AND mEtHoDs 
study population and sample design
In the Pienter studies, cross-sectional samples 
of the Dutch population aged 0–79 years were 
taken from municipal registers in 1995/1996 and 
2006/2007. For ease of reference, in this article 
the two surveys will be referred to as having taken 
place in 1996 and 2007. In each of five geographical 
regions, eight municipalities were randomly drawn 
with probability proportional to size. In each of 
these municipalities, individuals were randomly 
selected within 17 age groups. Further details of 
the sampling design can be found elsewhere [9]. 
In 1996 and 2007, 15 189 and 19 781 individuals 
were invited, respectively [9], including in 2007 

oversampling of the largest migrant groups in The 
Netherlands. Participants completed a questionnaire 
and an informed consent form, and visited a clinic 
for venepuncture. A separate questionnaire was used 
for participants aged 0–14 years, to be completed by 
their parents. The questionnaire included questions 
on demographic characteristics, vaccination history, 
activities possibly related to infectious diseases 
and information related to sexually transmissible 
diseases for 15 to 79-year-olds. Residents born in 
a foreign non-Western country received a letter 
of invitation in their own language (Turkish) or 
a partly translated letter in English, French and 
Arabic along with a Dutch version. Participants 
received a gift voucher of €10. People who declined 
participation were asked to complete a short 
questionnaire including questions on demographic 
characteristics, reasons for non-participation, 
educational degree and general health status. The 
study proposal was approved by the Medical Ethics 
Testing Committee of the Foundation of Therapeutic 
Evaluation of Medicines (METC-STEG) in Almere, 
The Netherlands (ISRCTN 20164309).

laboratory methods

Serum was tested for antibodies to HBV core 
antigen (anti-HBc) using the AxSYM Core assay 
(Abbott Laboratories, USA). In both surveys the 
same test was used with identical specifications. 
Samples positive for anti-HBc were tested for HBV 
surface antigen (HBsAg) using the AxSYM HBsAg 
(V2) assay (Abbott Laboratories). Anti-HBc-positive 
samples taken in the 2007 survey were also tested 
for presence of HBV-DNA using a S-region-based 
PCR method with a lower limit of detection of 50 
genomic equivalents/ml serum [10]. PCR-positive 
samples were genotyped on the basis of the S-region 
sequence. AntiHBs tests were not performed.

Definitions

The Dutch population was defined as individuals 
registered in municipal registers. Countries of 
origin were divided in two groups: those with a low 
prevalence of HBV (HBsAg prevalence <2%) and 
HBVendemic countries [those with a moderate to 
high HBV prevalence (HBsAg >2%)] [1]. Indigenous 
Dutch participants were born in The Netherlands to
parents born in The Netherlands. A first-generation 
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migrant (FGM) was a person born in a HBV-
endemic country, of whom at least one parent 
was born outside The Netherlands. A second-
generation migrant (SGM) was a person born in The 
Netherlands, of whom at least one parent was born 
in an HBVendemic country. Past or present HBV 
infection was defined by the presence of anti-HBc. 
Chronic HBV infection was defined by the presence 
of anti-HBc and HBsAg and/or HBV-DNA.

statistical analyses

All analyses took account of the survey design. We 
estimated the hepatitis B prevalence weighted to 
the Dutch population, taking into account sex, age 
group and migrant status. We used 1997 and 2007 
population estimates from the National Statistics 
Office (CBS). For all analyses of anti-HBc results, 
including prevalence estimates, we excluded 
children aged <18 months as it can not be excluded 
that their anti-HBc reflects maternal infection [11].

We assessed differences in the hepatitis B 
prevalence between 1996 and 2007 by calculating 
prevalence ratios (PRs). We tested whether these PRs 
differed significantly from 1 using the Delta method 
[12]. We assessed determinants for HBV infection 
only for the 2007 survey data, as in 1996 potentially 
important determinants such as injecting drug 
use, having received blood products and partner’s 
country of birth were not ascertained. We used 
univariable and multivariable Poisson regression 
to estimate PRs for anti-HBc positivity and HBsAg 
and/or HBVDNA positivity. Risk factor analyses 
were performed separately for children (aged <15 
years) and older participants, for the overall dataset, 
as well as stratified by migrant status. Variables with 
a P value <0.1 in univariable analyses were included 
in a multivariable model. The effect of migrant status 
and country of birth was estimated adjusting for 
age and sex. The effect of other determinants was 
assessed by a multivariable model, which included 
age, sex, migrant status and all determinants with 
a univariable P value >0.1, The final model was 
selected by removing de-terminants with a P value 
>0.05, unless they changed the effect parameter of 
one or more of the remaining variables by >10%. 
Only determinants included in the final model are 
included in the tables. We estimated population 
attributable fractions (PAFs), which represent the 
estimated proportion of HBV infections that is 
attributable to a determinant, for determinants that 

were significantly associated with HBV infection 
on multivariable analysis. These were derived from 
the multivariable model by changing the actual 
individual value for the determinant to that of the 
reference category [13]. Bootstrapping was used to 
obtain 95% confidence intervals (CIs) using SAS 
version 9.2 (SAS Institute Inc., USA) [14]. All other 
analyses were performed in Stata 10.0 (StataCorp LP, 
USA).

REsUlts 

Information from the questionnaire and an anti-
HBc test result were available for 7249 individuals in 
1996 and for 6246 individuals in 2007, representing 
a response of 47.7% and 31.6%, respectively. In both
surveys, men, certain age groups and FGMs were 
less likely to participate. Educational degree was not 
an independent determinant for non-participation. 
Those who perceived themselves as less healthy were 
less likely to participate.

The proportion of Dutch citizens born in an 
HBV-endemic country increased from 7.2% in 1996 
to 8.7% in 2007 (P<0.0001) (source data: CBS).

The overall population

In 1996, of 7249 sera tested, 150 anti-HBc positives 
were found. For 142 of these an HBsAg result was 
available, of which six were HBsAg positive. The 
estimated population prevalence of anti-HBc and
HBsAg was 2.9% and 0.1%, respectively.

In 2007, of 6246 sera tested, 211 anti-HBc positives 
were found. For 203 of these, an HBsAg result was 
available, of which 14 were HBsAg positive and 11 were 
HBV-DNA positive. Nine of the 14 HBsAg positives 
and two of the 189 HBsAg negatives were HBV-DNA 
positive. For 10 of the 11 HBV-DNApositive samples, 
the genotype could be determined [A (n=4), B (n=1), 
D (n=4) and E (n=1)]. The estimated population 
prevalence of anti-HBc and HBsAg was 3.5% and 
0.2%, respectively. The prevalence of HBsAg and/or 
HBV-DNA was also 0.2%. This corresponds to 39 469 
persons with chronic HBV infection (HBsAg and/or 
HBV-DNA positive) in the Dutch population in 2007 
(95% CI 18 572–83 721).

The prevalence of HBsAg and anti-HBc did not 
statistically differ between 1996 and 2007 (Table 
1). In both 1996 and 2007, the prevalence of anti-
HBc increased with age until age 45 years (Fig. 1a).
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Fig. 1. Prevalence of anti-HBc in the Dutch population by age group, The Netherlands, 1996 and 2007. (a) All 
participants aged >18 months (1996: N=7015; 2007: N=5930). (b) Indigenous Dutch participants aged >18 months 
(1996: N=6209; 2007: N=4414).

The 2007 anti-HBc prevalence in FGMs and SGMs 
was, respectively, 32.7 and 2.9 times higher than in 
indigenous Dutch participants (P<0.01 and P=0.06,
respectively). The HBsAg prevalence in FGMs was
10.4 times higher than in indigenous Dutch 
participants (P=0.2). The HBsAg and/or HBV DNA 
prevalence was 1.4% in FGMs. This corresponds to 
20 284 FGMs with chronic HBV infection in the 
Dutch population in 2007 (95% CI 10 399–39 301). 
This constitutes 51% of the estimated total number 
of people with chronic HBV infection while only 
9% of the population were FGMs. The anti-HBc 
prevalence in SGMs was much lower than in FGMs 
(PR 0.09, P<0.01). There were no HBsAg and/or 
DNA positive SGMs in 1996 or 2007.

Combining data from both surveys, 4% of the 
anti-HBc positives (10/240 with information on 
this question) and 20% (3/15) of the HBsAg and/
or HBVDNA positives reported they had previously 
been diagnosed with hepatitis B.

In 2007, independent risk factors for anti-HBc 
positivity in adults were being a FGM (PAF 70%) 
or a SGM (4%), having a foreign-born partner 
(33%) and having received a blood product before 
1977 (3%). The PR for being a FGM was more than 
halved when the variable ‘partner born abroad’ was 
added to the model. This suggests that a consid-
erable proportion of HBV infections in FGMs are 
sexually acquired. For SGMs the PR changed less. 
Independent risk factors for HBsAg and/or HBV-
DNA positivity were being a FGM (PAF 58%) and 
having received a blood product (31%) (Table 2b).

In 2007, there were 11 anti-HBc-positive and two 
HBsAg-positive children among the participants. 
Independent risk factors for anti-HBc positivity in 
children were being a FGM or a SGM (PAF 59% and 
56%, respectively). By adding travel to the model, 
the PR for migrant status decreased, suggesting 
part of the increased risk in migrant children is 
explained by travel to endemic countries (Table 3).
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Indigenous Dutch participants

There were 6410 and 4649 indigenous Dutch 
participants in 1996 and 2007, respectively. There was 
a borderline significantly lower prevalence of anti-HBc 
in 2007 compared to 1996 (0.9% and 1.2%, respectively, 
P=0.06). The difference was largest in the 30–44 years 
age group where the prevalence decreased from 1.0% 
to 0.4% (P<0.01) (Table 1, Fig. 1b). When stratified 
by educational level, the anti-HBc PR between 2007 
and 1996 was 0.6, 0.8 and 0.5 in participants with a 
low, medium and high educational level, respectively 
(P=0.08, 0.79 and 0.04, respectively). The HBsAg 
prevalence in indigenous Dutch participants did not 
differ in 2007 from 1996 (0.1% in both years). The 
proportion of indigenous Dutch participants with a 
record of at least three doses of HBV vaccination was 
higher in 2007 than in 1996 (3.50% and 0.07%, P=0.03).

In 2007, older age and having received a blood 
product before 1977 or between 1977 and 1990 were the 
only significant independent risk factors for antiHBc 
positivity in indigenous Dutch participants (PAF 14% 
and 6%, respectively) (Table 4). Having received a 
blood product was the only significant risk factor for 
being HBsAg and/or HBV DNA positive [adjusted PR 
11.7, P=0.01, PAF 46% (95% CI –12 to 100)].

Fgms from endemic countries

There were 240 and 673 FGM participants in 1996 
and 2007, respectively. There was no difference 
between the anti-HBc and HBsAg prevalence in 
FGMs in 2007 compared to 1996 (Table 1). In 2007, 
being of Asian origin was a risk factor for anti-HBc 
positivity in FGMs (PAF 15%). Having a partner 
born in an endemic country was a borderline 
significant risk factor (P=0.06) (Table 5). None of the 
determinants studied was an independent risk factor 
for HBsAg and/or DNA positivity in FGMs.

sgms from endemic countries

There were 243 and 495 SGM participants in 1996 
and 2007, respectively. There was no difference 
between the anti-HBc prevalence in SGMs in 2007 
compared to 1996 (Table 1). In 2007, independent 
risk factors for anti-HBc positivity in SGMs were 
having a foreign-born partner (PR 9.1, P=0.04, PAF 
31%, 95% CI-17 to 100) and a history of injecting drug 
use (PR 32.4, P=0.01). There was only one SGM who
reported injecting drug use, and this participant was 

anti-HBc positive. The PAF could not be estimated 
due to low numbers.

DIsCUssIoN 

Our analyses of two large, population-based HBV 
seroprevalence studies showed that the prevalence 
of HBV infection in the Dutch population did not 
differ between 1996 and 2007, and remained in 
2007 among the lowest worldwide (anti-HBc 3.5%,
HBsAg 0.2%) [15–17]. FGMs had a much higher
HBV prevalence than the indigenous Dutch 
participants. Moreover, in SGMs the anti-
HBc prevalence in 2007 was higher than in the 
indigenous population, although their prevalence 
was much lower than in FGMs. This is the first time 
the increased risk of hepatitis B in SGMs compared 
to indigenous Dutch people has been documented 
[18]. Since 2003, SGMs have been targeted for HBV 
vaccination within the national immunization 
programme [19]. As our study was conducted only 
4 years later, the impact of this targeted vaccination 
programme can not yet be assessed.

In indigenous Dutch participants, the prevalence 
of anti-HBc was lower in 2007 than in 1996 (P=0.06), 
with the largest and significant difference in 30 to 
44 year-olds. It may be argued that this is a biased 
observation due to a lower representation of high-
risk groups in indigenous Dutch participants in 
2007 compared to 1996. However, the proportion 
of participants reporting risk behaviours that may 
be related to acquisition of HBV (male homosexual 
contact and a high rate of partner change) was not 
lower in 2007 compared to 1996. Given also that the 
laboratory tests used did not differ, the lower anti-
HBc prevalence in indigenous Dutch participants in 
2007 compared to 1996 probably reflects a genuine 
difference. The higher HBV vaccination coverage in 
indigenous Dutch participants in 2007 compared 
to 1996 is a probable explanation for the reduced 
anti-HBc prevalence, and may reflect the impact 
of targeted vaccination programmes such as for 
travellers and behavioural and occupational high-risk 
groups. However, the lower prevalence in the more 
recent survey could also reflect other prevention 
strategies such as improved screening of blood 
products. Surveillance of acute hepatitis B infections 
coupled with phylogenetic analyses and behavioural 
surveillance will be crucial to monitor and disentangle 
the impact of different prevention strategies [20].
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Table 2. Prevalence rate ratios (PRs) and 95% confidence intervals (CIs) for determinants of hepatitis B virus

infection, 2007
(a) All participants aged o15 years (N=4454), determinants for anti-HBc positivity

Determinants N

Anti-HBc positive

PR P value aPR P value aPR P value

PAF

n % % 95% CI

Gender

Male 1931 101 5.2 Ref. Ref. Ref.

Female 2523 94 3.7 0.7 0.02 0.8 n.s. 0.7 n.s.

Age group (yr)

15–29 1002 12 1.2 Ref. Ref. Ref.

30–44 1021 31 3.0 2.4 0.02 2.0 0.05 1.3 n.s.

45–59 1044 68 6.5 4.4 <0.01 3.2 <0.001 2.3 0.05

60–79 1387 84 6.1 4.0 <0.01 3.4 <0.001 1.8 n.s.

Migrant status

Indigenous Dutch participants 3537 38 1.1 Ref. Ref. Ref.

FGM 411 141 34.3 31.9 <0.001 29.3 <0.001 13.2 <0.001 70 43–82

SGM 186 8 4.3 4.0 <0.001 5.0 <0.001 3.9 <0.01 4 0–11

County of birth of partner

The Netherlands or low

endemic country

3088 48 1.6 Ref. Ref.

Medium or high endemic country 267 77 28.8 17.2 <0.001 2.5 <0.01 33 8–55

Received transfusion of blood products

No 3430 132 3.8 Ref. Ref.

In The Netherlands before 1977 93 11 11.8 3.4 <0.001 3.9 <0.01 3 0–10

In The Netherlands after/in

1977, before 1990

110 5 4.5 1.4 n.s. 1.4 n.s.

In The Netherlands after/in 1990 272 10 3.7 0.9 1.5 n.s.

Abroad 23 6 26.1 5.1 <0.01 2.4 n.s.

(b) All participants aged o15 years (N=4454), determinants for HBsAg and/or HBV-DNA positivity

Determinant N

HBsAg and/or

HBV-DNA positive

PR P value aPR P value aPR P value

PAF

n % % 95% CI

Gender

Male 1928 7 0.4 Ref. Ref. Ref.

Female 2518 7 0.3 0.7 n.s. 0.8 0.64 0.5 n.s.

Age group (yr)* 1.0 n.s. 1.0 0.34 1.0 n.s.

15–29 1002 0 0.0

30–44 1020 3 0.3

45–59 1041 5 0.5

60–79 1383 6 0.4

Migrant status

Indigenous Dutch participants 3536 5 0.1 Ref. Ref.

FGM 406 9 2.2 14.3 <0.001 13.4 <0.001 1.9 n.s. 58 x5 to 100

SGM 184 0 0.0 <0.01 n.s. <0.01 n.s. <0.01 n.s.

County of birth of partner

The Netherlands or low

endemic country

3085 5 0.2 Ref. Ref.

Medium or high endemic country 265 4 1.5 8.9 <0.01 2.7 n.s.

Received transfusion of blood products

No 3424 7 0.2 Ref. Ref.

Yes 526 4 0.8 4.1 0.05 5.8 0.03 31% x29 to 100

Ref., Reference category ; n.s., not significant ; aPR, adjusted prevalence ratio ; PAF, population attributable fraction ; FGM, first-generation

migrant ; SGM, second-generation migrant.

Determinants that were significant only in univariable analyses were for anti-HBc: sexual preference, travel to Asia, travel to Central or

South America, net monthly income and educational level ; for HBsAg and/or DNA none of the determinants was only significant in

univariable analyses.

* Age included as a continuous variable since effects for grouped estimates could not be calculated.
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In indigenous Dutch participants, no current inde-

pendent risk factor was identified. However, blood

transfusion before 1990 was a significant risk for be-

ingHBsAg- and/or anti-HBc-positive, with the highest

risk when transfused before 1977. The actual question

in the 2007 questionnaire asked about the most recent

year a blood transfusion was received. The number of

transfusions and first year of transfusion were not

ascertained. It is therefore not possible to establish

the exact period associated with an increased risk of

hepatitis B.

In FGMs and SGMs, having a partner from an

endemic country was an important risk factor, con-

sistent with our earlier work [21]. It suggests that a

considerable proportion of FGMs and SGMs resident

in The Netherlands acquire HBV through sexual

contact. This conclusion is further supported by the

observation that in FGMs and SGMs only 5% of the

anti-HBc positives were HBsAg positive (10/209,

Table 1), suggesting acquisition of infection took

place during or after adolescence [22]. Current vacci-

nation for FGMs and SGMs is only targeted at

children. Our results suggest an assessment of the

need for catch-up vaccination of older FGMs and

SGMs may be required.

The Pienter studies are the only source of infor-

mation on the prevalence of HBV infection in the

general Dutch population. Marschall et al. estimated

the general population HBsAg prevalence in The

Netherlands as between 0.4% and 0.6%, based on the

1996 Pienter survey datawith an adjustment for under-

representation of high-risk groups including migrants

[23]. This estimate is considerably higher than our

current weighted estimate for 1996 of 0.1%. A likely

explanation is that Marschall et al. assumed an

HBsAg prevalence of 3.8% in FGMs, whereas in

our 1996 and 2007 data we estimated this as around

1%. In 2004, the HBsAg prevalence in FGMs in

Amsterdam ranged from 0.6% to 4.8% in a survey

where only adults were included [18].

The main limitation of our study is the relatively

low response, particularly in the 2007 survey. Under-

representation of males and certain age groups

and migrant groups was adjusted for by weighting

prevalence estimates. However, our HBV prevalence

estimates probably underestimate the true population

prevalence, as high-risk groups for HBV such as un-

documented migrants and injecting drug users are

likely to be under-represented. Non-response analyses

indicated that those who perceived their health

status as relatively unfavourable were less likely to

participate. However, among participants, this was

not an independent risk factor for being anti-HBc

positive.

Table 3. Prevalence rate ratios (PRs) and 95% confidence intervals (CIs) for determinants of hepatitis B virus

infection (anti-HBc positivity) in children aged <15 years, 2007 (N=1476)

Determinant N

Anti-HBc positive

PR P value aPR P value aPR P value

PAF

n % % 95% CI

Gender

Male 743 8 1.1 Ref. Ref.

Female 733 3 0.4 0.3 n.s. 0.4 n.s.
Age group (yr)
1–4 434 2 0.5 Ref. Ref.

5–9 612 6 1.0 0.5 n.s. 0.6 n.s.
10–14 430 3 0.7 1.0 n.s. 0.7 n.s.

Migrant status

Indigenous Dutch
participants

877 1 0.1 Ref. Ref. Ref.

FGM 258 6 2.3 21.3 <0.01 23.2 <0.01 16.9 0.01 59 x2 to 100
SGM 243 3 1.2 10.8 0.04 11.6 0.03 8.1 n.s. 56 x16 to 100

Travel outside Europe

Not to Africa 1300 8 0.6 Ref. Ref.
To Africa 152 3 2.0 2.3 n.s. 2.2 n.s.

Not to Asia 1226 7 0.6 Ref. Ref.
To Asia 226 4 1.8 3.2 n.s. 2.7 n.s.

Ref., Reference category ; n.s., not significant ; aPR, adjusted prevalence ratio ; PAF, population attributable fraction; FGM,
first-generation migrant ; SGM, second-generation migrant.
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In indigenous Dutch participants, no current 
independent risk factor was identified. However, 
blood transfusion before 1990 was a significant risk 
for being HBsAgand/or anti-HBc-positive, with 
the highest risk when transfused before 1977. The 
actual question in the 2007 questionnaire asked 
about the most recent year a blood transfusion was 
received. The number of transfusions and first year 
of transfusion were not ascertained. It is therefore 
not possible to establish the exact period associated 
with an increased risk of hepatitis B.

In FGMs and SGMs, having a partner from an 
endemic country was an important risk factor, 
consistent with our earlier work [21]. It suggests 
that a considerable proportion of FGMs and SGMs 
resident in The Netherlands acquire HBV through 
sexual contact. This conclusion is further supported 
by the observation that in FGMs and SGMs only 
5% of the anti-HBc positives were HBsAg positive 
(10/209, Table 1), suggesting acquisition of infection 
took place during or after adolescence [22]. Current 
vaccination for FGMs and SGMs is only targeted at 
children. Our results suggest an assessment of the 
need for catch-up vaccination of older FGMs and 
SGMs may be required.

The Pienter studies are the only source of 
information on the prevalence of HBV infection 
in the general Dutch population. Marschall et al. 

estimated the general population HBsAg prevalence 
in The Netherlands as between 0.4% and 0.6%, 
based on the 1996 Pienter survey data with an 
adjustment for underrepresentation of high-risk 
groups including migrants [23]. This estimate is 
considerably higher than our current weighted 
estimate for 1996 of 0.1%. A likely explanation is 
that Marschall et al. assumed an HBsAg prevalence 
of 3.8% in FGMs, whereas in our 1996 and 2007 
data we estimated this as around 1%. In 2004, the 
HBsAg prevalence in FGMs in Amsterdam ranged 
from 0.6% to 4.8% in a survey where only adults were 
included [18].

The main limitation of our study is the relatively 
low response, particularly in the 2007 survey. 
Underrepresentation of males and certain age 
groups and migrant groups was adjusted for by 
weighting prevalence estimates. However, our HBV 
prevalence estimates probably underestimate the 
true population prevalence, as high-risk groups for 
HBV such as undocumented migrants and injecting 
drug users are likely to be under-represented. Non-
response analyses indicated that those who perceived 
their health status as relatively unfavourable were less 
likely to participate. However, among participants, 
this was not an independent risk factor for being 
anti-HBc positive. Conversely, our estimate of the 
population antiHBc prevalence could be somewhat 
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Conversely, our estimate of the population anti-

HBc prevalence could be somewhat overestimated

due to the relatively low positive predictive value of a

positive anti-HBc test due to non-specific reactivity

[24]. This affects low-risk populations more than

those with a high prevalence. Indeed, in our 2007

sample, indigenous Dutch participants had more

quantitative anti-HBc values close to the cut-off than

Table 4. Prevalence rate ratios (PRs) and 95% confidence intervals (CIs) for determinants of hepatitis B virus

infection (anti-HBc) in indigenous Dutch participants o15 years of age, 2007 (N=3537)

Determinant N

Anti-HBc positive

PR P value aPR P value

PAF

n % % 95% CI

Gender
Male 1526 16 1.0 Ref. Ref.

Female 2011 22 1.1 1.0 n.s. 1.1 n.s.
Age group (yr)

15–29 817 1 0.1 Ref. Ref.

30–44 823 3 0.4 2.9 n.s. 2.5 n.s.
45–59 811 13 1.6 12.6 0.01 9.6 0.02
60–79 1086 21 1.9 15.1 0.01 10.2 0.02

Received transfusion of blood products
No 2749 21 0.8 Ref. Ref.
In The Netherlands before 1977 79 7 8.9 11.4 <0.001 7.0 <0.001 14% 0 to 33
In The Netherlands after/in 1977,

before 1990

94 4 4.3 5.5 <0.01 3.5 0.02 6% x4 to 25

In The Netherlands after/in 1990 228 4 1.8 2.3 n.s. 1.7 n.s.
Abroad 7 0 0.0 <0.1 n.s. <0.01 n.s.

Ref., Reference category ; n.s., not significant ; aPR, adjusted prevalence ratio ; PAF, population attributable fraction.

Travel to Africa was only significant in univariable analysis.

Table 5. Prevalence rate ratios (PRs) and 95% confidence intervals (CIs) for determinants of hepatitis B virus

infection (anti-HBc) in first generation migrants (FGMs) aged o15 years, 2007 (N=411)

N

Anti-HBc positive

PR P value aPR P value aPR P value

PAF

n % % 95% CI

Gender

Male 174 76 43.7 Ref. Ref. Ref.

Female 237 65 27.4 0.6 <0.01 0.7 0.03 0.7 n.s.

Age group (yr)

15–29 49 8 16.3 Ref. Ref. Ref.

30–44 85 27 31.8 2.0 n.s. 2.0 n.s. 1.3 n.s.

45–59 130 48 36.9 2.1 n.s. 1.8 n.s. 1.4 n.s.

60–79 147 58 39.5 2.1 n.s. 1.9 n.s. 1.1 n.s.

County of birth

Other 169 44 26.0 Ref. Ref. Ref.

Asia 167 68 40.7 1.9 0.01 1.6 0.03 1.9 n.s.* 15 x4 to 52

Africa 75 29 38.7 1.6 n.s. 1.5 n.s. 1.8 n.s.

County of birth of partner

The Netherlands or low

endemic country

83 12 14.5 Ref. Ref.

Medium or high endemic

country

182 74 40.7 2.4 <0.01 1.9 n.s.*

Ref., Reference category ; n.s., not significant ; aPR, adjusted prevalence ratio ; PAF, population attributable fraction.

Determinants that were significant only in univariable analyses were : having a net income <E1750 per month, having male homosexual

contact and having a low educational level.

* p=0.06.

1478 S. J. M. Hahné and others

overestimated due to the relatively low positive 
predictive value of a positive anti-HBc test due to 
non-specific reactivity [24]. This affects low-risk 
populations more than those with a high prevalence. 
Indeed, in our 2007 sample, indigenous Dutch 
participants had more quantitative anti-HBc values 

close to the cut-off than FGMs (data not shown). 
Since this bias may have led to an underestimation 
of the difference in anti-HBc prevalence between 
FGMs and indigenous Dutch participants, it is 
unlikely to have affected our conclusions.

Last, a limitation of our study is that despite 
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oversampling of migrants, the power of our study to 
identify risk factors for chronic HBV infection was 
limited as only 16 chronically infected individuals 
were found in 2007.

In summary, our study has confirmed that The 
Netherlands remains a very low-prevalence country 
for HBV, despite increases in the proportion of 
the population born in endemic countries. We 
identified FGMs as the most important high-risk 
group, accounting for 70% of prevalent infections. 
Hepatitis B screening and treatment of Dutch FGMs 
was recently deemed a cost-effective intervention to 
prevent morbidity and mortality from sequelae of 
chronic hepatitis B [25]. Further work is urgently 
needed to collate the evidence for screening 
programmes so that policy-making on secondary 
hepatitis B prevention can proceed.
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sUmmARy

We report the first population-based case-control study on acute hepatitis B in a very low-incidence country. 
A case was a Netherlands resident, notified between May 1999 and July 2000 with symptoms and serology 
compatible with acute hepatitis B. Population controls were randomly selected, with oversampling from men 
and persons aged 20–39 years. Risk factors were studied using logistical regression, distinguishing confound-
ers and mediators through hierarchical analysis. Participants were 120 cases and 3948 controls. The risk of 
acute hepatitis B was increased in men who have sex with men, with reporting to have had more than two 
partners in the past 6 months the only significant risk. In children, adult females and heterosexual males, 
having parents born in a hepatitis B endemic country was a significant risk. For adult females and heterosex-
ual males, this was largely explained by having a foreign partner. For children this was partly explained by 
parenteral exposures abroad.

INtRoDUCtIoN 

Transmission of hepatitis B virus (HBV) occurs 
through percutaneous or permucosal exposure to 
infective body fluids. Infection can resolve sponta-
neously or become chronic with sequelae including 
cirrhosis and liver cancer. A safe and effective vaccine 
to prevent HBV infection has been available since 
1982. In countries where the HBV prevalence is high 
(o8% chronically infected), most infections are ac-
quired perinatally or in childhood [1]. In contrast, in 
countries where the prevalence of HBV is low, most 
infections are acquired in adult life [2–4]. In The 
Netherlands, the incidence and prevalence of HBV 
infection is very low, and >75% of infections with 

information are reported to have been acquired 
through sexual contact [2]. HBV vaccination in The 
Netherlands is based upon selective vaccination of 
individuals at high risk of infection. Examining the 
epidemiology of HBV contributes to the evaluation 
of the effectiveness of this strategy.

Routine reporting of acute HBV infections is of 
limited value to gain insight in the epidemiology of 
HBV infection. First, for about one third of reports 
the route of transmission is not reported. This per-
centage is remarkably constant across countries with 
different reporting systems [2, 5, 6] and may reflect 
limitations of all reporting systems or acquisition 
by unnoticed exposures. Second, the choice of the 
most likely transmission route by those reporting is 
based on their knowledge of risk factors and their 
assumed hierarchy when several are present. Last, 
since among adults heterosexual contact is almost 
ubiquitous as well as a known route of transmission 
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of HBV, it could mask other transmission routes.
Therefore, analytical epidemiological studies are 

necessary to investigate transmission of HBV. Since 
the incidence of HBV is very low in The Nether-
lands, cohort studies are impracticable. We have 
conducted a population-based case-control study, 
aiming to describe routes of transmission of HBV 
within the Dutch population in order to inform vac-
cination policy.

mAtERIAls AND mEtHoDs 

We carried out a population-based, frequency-
matched case-control study. A case was defined as 
symptoms and serology for HBsAg and HBcIgM 
compatible with acute HBV infection in a resident 
in The Netherlands. Cases notified between May 
1999 and July 2000 as part of the routine Dutch 
notification system for communicable diseases were 
included.

Controls were selected from the general popula-
tion through random sampling. Men and persons 
aged 20–39 years were oversampled (200% and 
175% respectively) in order to obtain a match with 
expected frequencies among cases.

Written informed consent was obtained from all 
participants. The study was approved by the Medical 
Ethics Committee of The Netherlands Organisation 
for Applied Scientific Research.

DAtA CollECtIoN

Information on demographics, occupation, travel, 
parenteral exposures and sexual partners were col-
lected through a self-administered questionnaire. 
For participants aged <12 years, parents were asked 
to complete the questionnaire. Ethical permission 
was not granted to ask questions on sexual partner-
ships to persons aged <18 years of age. Persons who 
did not agree to participate in the study were asked 
to complete a non-response form.

More detailed questions on sexual behaviour were 
asked in a second questionnaire, to all cases aged >17 
years and to a sample of controls aged >17 years. For 
cases, the second questionnaire was administered by 
a public health nurse, whereas controls received the 
second questionnaire by mail. The sample of con-
trols who were sent the second questionnaire includ-
ed all men who have (had) sex with men (MSM); all 
persons with a partner of non-Dutch nationality; 

all persons with multiple partners in the previous
6 months; and a 12% sample of all persons with 
at least one sexual contact during the previous 6 
months. Questions in the second questionnaire in-
cluded: the number of partners in the previous 6 
months [and for each of the most recent three part-
ners in this period the type of partner (casual or 
steady)]; sex; age; country of birth of partner; con-
dom use (never, sometimes, mostly, always); country 
where sexual contact took place; injecting drug use 
(IDU) and commercial sex work of partner; and oth-
er sexual contacts of the partner in the last year. All 
exposure questions for cases and controls referred to 
the period 6 months prior to the date of diagnosis 
or of completing the questionnaire, respectively. In 
order to account for potential seasonal variation of 
exposure to risk factors for HBV infection, the mail-
ing of questionnaires to controls was divided in four 
mailings of each 1800 questionnaires, in September 
and December 1999, and March and June 2000.

Parenteral exposures were grouped into three cat-
egories: medical (having undergone one or more of 
the following: injection, biopsy, operation, wound 
suture, renal dialysis, blood transfusion, phleboto-
my); other (acupuncture, needle-stick injury, contact 
with another person’s blood, a human bite, tattooing, 
piercing) and possible parenteral exposures (mani-
cure, pedicure, beauty parlour treatment, borrowing 
of a toothbrush or razor, hairdresser visit abroad). 
Any parenteral exposure was defined as presence of 
a parenteral exposure as defined above.

Countries were grouped according to the preva-
lence of HBsAg in low (<2%), medium (2–8%) or 
high (>8%) endemicity [7].

sample size calculation

It was expected that about 200 cases of acute HBV 
per year would be eligible to take part in the study 
[8]. We calculated the number of controls needed 
in each subgroup of sexual behaviour in order to be 
able to detect an odds ratio (OR) of o3 for a risk fac-
tor with a prevalence of 10%, with an a of 0.05 and a 
power of 0.80. Subsequently, we estimated what per-
centage of controls, after oversampling of males and 
persons between 20 and 39 years, would belong to 
each subgroup. Finally, estimating the non-response 
to the first (general) and second (sexual history) 
questionnaire to be 1/3 and 1/6, respectively, we cal-
culated that we needed to recruit 7200 controls.
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Analysis

We used STATA statistical software, version 8.1

(StataCorp, College Station, TX, USA), except for

calculating P values for trend, which was done in Epi-

Info (CDC/WHO, version 6.04 d). Effects of ex-

posures on risk of acute HBV were estimated by the

OR and its 95% confidence interval (CI).

To adjust for oversampling of men and those aged

20–39 among controls, weights were used in all uni-

variate analysis. Cases were assigned a weight of ‘1’.

For controls, weights were chosen such that the age

group and sex distribution among controls would

fit that of the Dutch population in 2000 (http://

statline.cbs.nl/). To adjust for oversampling in-

dividuals with a partner of non-Dutch nationality

and/or multiple partners among controls invited to

fill out the second questionnaire, a second weighing

factor was introduced. Its value was calculated such

that after weighing the frequency of those with a

non-Dutch and/or multiple partners among those

completing the second questionnaire matched this

frequency among controls who completed the first

questionnaire.

The effect of gender and sexual preference was

examined in all adults (>17 years). The effect of

other determinants was examined separately for

three groups: adult women and heterosexual adult

men, adult MSM, and children (participants aged

<18 years).

Subsequently, we fitted multiple logistic regression

models separately for these three groups to estimate

effects of determinants adjusted for confounding.

Prior to building the model, we classified potential

determinants of infection hierarchically into groups

ranging from distal to proximal to the outcome (HBV

infection), as outlined in Figures 1 and 2. Distal

determinants might have confounded more proximal

ones, whilst the reverse is not the case. The building

of the model consisted of as many steps as there

were hierarchical levels. In the first model, only distal

level determinants were added, so their effect could

be estimated without inappropriately adjusting for

the mediating effect of determinants situated at a

more proximal level. In the next model, the determi-

nants in the more proximal level were added, so

that their effect could be estimated adjusting for the

confounding effect of the distal determinants, but

not for the mediating effect of determinants situated

at a more proximal level [9]. Only determinants

which had a P value of <0.1 in the univariate

analysis were included, and these variables were kept

in all subsequent models, irrespective of significance

levels. Age group and gender were included in all

models so that weights adjusting for these variables

did not have to be taken into account. For adult

Ever
had
STD

ACUTE HBV INFECTION 

Parenteral
exposures

abroad

Partner(s) are
IDU and/or in
prostitution

Number of
partners in past

6 months

Partner(s) had
other contacts

Partner(s)’ country of birth
Travel to high endemicity
country in past 6 months

Country of birth

Parents’ country of birth

Fig. 1. Conceptual hierarchical framework for risk factors for acquisition of HBV infection among adult females and adult
heterosexual men in The Netherlands.

ACUTE HBV INFECTION

Parenteral exposures abroad

Country of birth

Parents’ country of birth

Fig. 2. Conceptual hierarchical framework for risk factors
for acquisition of HBV infection among individuals aged

<18 years in The Netherlands.
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Analysis

We used STATA statistical software, version 8.1 
(StataCorp, College Station, TX, USA), except for 
calculating P values for trend, which was done in 
EpiInfo (CDC/WHO, version 6.04 d). Effects of 
exposures on risk of acute HBV were estimated by 
the OR and its 95% confidence interval (CI). To ad-
just for oversampling of men and those aged 20–39 
among controls, weights were used in all univariate 
analysis. Cases were assigned a weight of ‘ 1 ’. For 
controls, weights were chosen such that the age 
group and sex distribution among controls would
fit that of the Dutch population in 2000 (http:// 
statline.cbs.nl/). To adjust for oversampling individ-
uals with a partner of non-Dutch nationality and/
or multiple partners among controls invited to fill 
out the second questionnaire, a second weighing 
factor was introduced. Its value was calculated such 
that after weighing the frequency of those with a 
non-Dutch and/or multiple partners among those 
completing the second questionnaire matched this 
frequency among controls who completed the first 
questionnaire.

The effect of gender and sexual preference was 
examined in all adults (>17 years). The effect of oth-
er determinants was examined separately for three 
groups: adult women and heterosexual adult men, 
adult MSM, and children (participants aged <18 
years).

Subsequently, we fitted multiple logistic regression 
models separately for these three groups to estimate 
effects of determinants adjusted for confounding. 
Prior to building the model, we classified poten-
tial determinants of infection hierarchically into 

groups ranging from distal to proximal to the out-
come (HBV infection), as outlined in Figures 1 and 
2. Distal determinants might have confounded more 
proximal ones, whilst the reverse is not the case. The 
building of the model consisted of as many steps as 
there were hierarchical levels. In the first model, only 
distal level determinants were added, so their effect 
could be estimated without inappropriately adjust-
ing for the mediating effect of determinants situated 
at a more proximal level. In the next model, the de-
terminants in the more proximal level were added, 
so that their effect could be estimated adjusting for 
the confounding effect of the distal determinants, 
but not for the mediating effect of determinants situ-
ated at a more proximal level [9]. Only determinants 
which had a P value of <0.1 in the univariate analy-
sis were included, and these variables were kept in 
all subsequent models, irrespective of significance 
levels. Age group and gender were included in all 
models so that weights adjusting for these variables 
did not have to be taken into account. For adult
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women and heterosexual adult men the second

weighing factor was taken into account in those

models where variables ascertained by the second

questionnaire were included.

RESULTS

Response

Cases

During the study period, 289 notifications of acute

HBV infection were received. Of these, 51 did not

meet the case-definition. Of the 238 remaining pa-

tients, 120 (50%) agreed to participate by complet-

ing the questionnaire and being interviewed. For 20

patients a non-response form was received.

Controls

Of 7200 initial questionnaires sent, 4353 were re-

turned (response rate 61%). Of these, 405 (9%)

were excluded, since they were not at risk for HBV

infection due to HBV immunization or infection in

the past, leaving 3948 controls. Of these, 2554 were

adults with at least one sexual contact in the 6 months

prior to completing the questionnaire. Of these, 574

controls were sent the second questionnaire, of which

491were returned (response rate, second questionnaire

86%). Of these, 186 were female (38%), 289 were

males reporting heterosexual contact only (59%), and

16 were MSM (3%).

Overall analysis

The risk of acute HBV infection was increased in in-

dividuals aged >17 years compared to younger in-

dividuals, with the highest risk in those aged between

18 and 39 years (Table 1). The risk of HBV infection

was increased among males compared to females,

with particularly high risks among MSM (OR 145.6,

95% CI 77.5–273.8).

Subgroup analyses

Group 1: Adult women and heterosexual adult men

Univariate analyses

Table 2(a) presents crude ORs for exposures grouped

as ‘demographic ’, ‘parenteral ’, and ‘sexual ’ among

adult men reporting only heterosexual contact

and adult females. Significantly associated with the

risk of acute HBV infection were: being male, being

aged between 18 and 24 years, having at least one

parent born in a medium or high endemicity country;

being born in a medium or high endemicity country;

having had any parenteral exposure in a medium or

Table 1. Distribution of cases of acute HBV infection and controls with corresponding odds ratios (OR) and

95% confidence intervals (CI )

Cases Controls

OR* 95% CI P value*n % n %

Sex
Females 27 22.5 1338 33.9 ref.

Males 93 77.5 2610 66.1 3.5 2.3–5.4 0.00
Age, median (95% CI) 36 (32.8–39.0) 34 (33.0–34.0)

Age group (yr)
0–17 9 7.5 773 19.6 ref.

18–24 15 12.5 372 9.4 5.4 2.3–12.4 0.00
25–39 50 41.7 1510 38.2 5.0 2.4–10.2 0.00
o40 46 38.3 1293 32.8 2.5 1.2–5.2 0.01

Sexual preference

Heterosexual female 24 22.9 1143 41.8 ref.
Heterosexual male 38 36.2 1566 57.2 2.2 1.3–3.6 0.00
Men having sex with men 43 41.0 28 1.0 145.6 77.5–273.8 0.00

The analyses included 120 cases and 3948 controls. Percentages were calculated after excluding individuals with missing

information.
* Odds ratios and P values were calculated by weighted analyses, taking into account oversampling of men and those aged
20–39 years among controls.
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women and heterosexual adult men the second 
weighing factor was taken into account in those 
models where variables ascertained by the second 
questionnaire were included.

REsUlts 
Response Cases
During the study period, 289 notifications of acute
HBV infection were received. Of these, 51 did not 
meet the case-definition. Of the 238 remaining pa-
tients, 120 (50%) agreed to participate by completing 
the questionnaire and being interviewed. For 20 pa-
tients a non-response form was received.

Controls

Of 7200 initial questionnaires sent, 4353 were re-
turned (response rate 61%). Of these, 405 (9%) 
were excluded, since they were not at risk for HBV 
infection due to HBV immunization or infection 
in the past, leaving 3948 controls. Of these, 2554 
were adults with at least one sexual contact in the 
6 months prior to completing the questionnaire. Of 
these, 574 controls were sent the second question-
naire, of which 491 were returned (response rate, 
second questionnaire 86%). Of these, 186 were fe-
male (38%), 289 were males reporting heterosexual 
contact only (59%), and 16 were MSM (3%).

overall analysis

The risk of acute HBV infection was increased in in-
dividuals aged >17 years compared to younger indi-
viduals, with the highest risk in those aged between
18 and 39 years (Table 1). The risk of HBV infection 
was increased among males compared to females,
with particularly high risks among MSM (OR 145.6, 
95% CI 77.5–273.8).

subgroup analyses

group 1: Adult women and heterosexual adult 
men

Univariate analyses

Table 2(a) presents crude ORs for exposures grouped 
as ‘ demographic ’, ‘ parenteral ’, and ‘ sexual ’ among 
adult men reporting only heterosexual contact and 
adult females. Significantly associated with the risk 
of acute HBV infection were: being male, being aged 
between 18 and 24 years, having at least one parent 
born in a medium or high endemicity country; be-
ing born in a medium or high endemicity country; 
having had any parenteral exposure in a medium or 
high endemicity country; having had more than one 
partner in the past 6 months; having a non-Dutch
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Table 2(a). Cases of acute HBV infection in females aged >17 years, and in males aged >17 years reporting

heterosexual contact only: distribution of demographic characteristics with corresponding odds ratios (OR) and

95% confidence intervals (CI )

Cases Controls

OR* 95% CI* P value*n % n %

Demographic, socioeconomic determinants
and travel

Sex
Females 21 35.6 1143 42.2 ref.

Males 38 64.4 1566 57.8 2.5 1.4–4.2 0.00

Age group (yr)
18–24 12 20.3 285 10.5 ref.
25–39 21 35.6 1367 50.5 0.4 0.2–0.9 0.02

o40 26 44.1 1057 39.0 0.3 0.1–0.6 0.00

Age, median (95% CI) 37 (32–46) 37 (36–37) n.a.

Parents’ country of birth
The Netherlands or low endemicity
country

48 84.2 2497 92.2 ref.

At least one in medium or high
endemicity country

9 15.8 210 7.8 2.3 1.1–4.8 0.02

Country of birth
The Netherlands or low endemicity

country

49 86.0 2577 95.1 ref.

Medium or high endemicity country 8 41.0 132 4.9 3.1 1.4–6.7 0.00

Employed in past 6 months?
No 17 30.4 758 28.3 ref.

Yes 39 69.6 1919 71.7 1.3 0.7–2.2 0.43

Occupation in health care
No 40 88.9 1689 90.1 ref
Yes 5 11.1 185 9.9 0.9 0.3–2.2 0.75

Family member in home for mentally
disabled

No 56 98.3 2536 93.9 ref.
Yes 1 1.8 164 6.1 0.3 0.0–1.9 0.18

Been abroad in past 6 months
No, or to low endemicity country 40 70.2 2076 77.5 ref.

Yes, to medium or high endemicity
country

17 29.8 601 22.5 1.6 0.6–2.9 0.09

Parenteral exposures
Any parenteral exposure

None or missing 20 33.9 965 35.6 ref.

In The Netherlands or in other low
endemicity country

32 54.2 1703 62.9 0.9 0.5–1.5 0.69

In medium or high endemicity country 7 11.9 41 1.5 9.6 3.8–24.1 0.00

Sexual exposures
Number of partners in past 6 months

0–1 45 76.3 2367 96.1 ref.
2 8 13.6 62 2.5 8.0 3.6–17.9 0.00
o3 6 10.2 34 1.4 11.3 4.4–28.6 0.00

Country of birth last 3 partners#

The Netherlands or low endemic
country

35 64.8 434 91.6 ref.

At least one in mid or high endemic

country

19 35.2 40 8.4 12.1 5.8–24.9 0.00
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high endemicity country ; having had more than one

partner in the past 6 months; having a non-Dutch

partner ; having a partner who was involved in IDU

or commercial sex work; having a partner who had

other partners ; and having had a sexually transmitted

disease (STD) in the past 5 years. IDU or commercial

sex work was not reported among cases.

Multivariate analyses

Figure 1 shows the conceptual hierarchical frame-

work for adult female and heterosexual male cases,

built with determinants which were associated

(P<0.1) with the risk of acute HBV on univariate

analysis. Table 2(b) lists the ORs resulting from the

multivariate analyses. Model 1 indicated that de-

scending from at least one parent born in a medium or

high endemicity area for HBV is a significant risk

factor for acquisition of HBV. However, the strength

of this association decreases and becomes insignifi-

cant when ‘country of birth’ is added in a second

model. In the third model, country of birth of part-

ners and travel in the past 6 months were added. This

showed that having a partner born in a medium or

high endemicity country was a highly significant risk

factor. Travel was not significant. In this model, the

OR for country of birth decreased (from 3.6 to 0.7).

On separate testing, it was found that this was largely

explained by adding the country of birth of partners

(results not shown). In the fourth model, the number

of partners, risk behaviour of partners and parenteral

exposures in medium or high endemicity countries

was added. Only having two partners in the past 6

months was significant. In this model, the OR for

having a partner from an endemic area fell to 8.9. On

separate testing, this fall could largely be explained by

adding the variables number of partners and having

had an STD in the past (results not shown).

Group 2: MSM

Univariate analyses

Table 3 presents crude ORs for exposures grouped as

‘demographic ’, ‘parenteral ’, and ‘sexual ’ among

adult MSM. The only significant risk factor for ac-

quisition of HBV was reporting to have had more

than two partners in the past 6 months. No multi-

variate analysis was done.

Group 3: Children

Univariate analyses

There were nine cases and 773 controls aged <18

years of age. Three of the cases reported heterosexual

contact as the most likely route of transmission.

Information on sexual contact was not available for

controls. Table 4(a) presents crude ORs for demo-

graphic and parenteral exposures for those aged <18

Table 2(a) (cont.)

Cases Controls

OR* 95% CI* P value*n % n %

Any of last three partners used drugs
or was in prostitution#
No 52 91.2 462 97.5 ref.

Yes 4 8.8 12 2.5 10.0 2.6–37.7 0.01

Any of last three partners had other
sexual contacts?#
No 42 75.0 410 86.7 ref.

Yes 14 25.0 63 13.3 6.4 3.1–13.6 0.00

Had STD in past 5 years?
No 49 89.1 2665 98.6 ref.
Yes 6 10.9 38 1.4 12.0 4.8–30.4 0.00

The analyses included 59 cases and 2709 controls. Percentages were calculated after exclusion of individuals with missing

information.
* Odds ratios, confidence interval and P values were calculated by taking into account weights in order to adjust for
oversampling of men and those aged 20–39 years among controls.
# Analyses included 474 controls. ORs were calculated by taking into account weights to adjust for oversampling among

controls of men, those aged 20–39 years, those with a partner of non-Dutch nationality and/or with multiple partners.
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partner; having a partner who was involved in IDU 
or commercial sex work; having a partner who had 
other partners; and having had a sexually transmit-
ted disease (STD) in the past 5 years. IDU or com-
mercial sex work was not reported among cases.

multivariate analyses

Figure 1 shows the conceptual hierarchical frame-
work for adult female and heterosexual male cas-
es, built with determinants which were associated 
(P<0.1) with the risk of acute HBV on univariate 
analysis. Table 2(b) lists the ORs resulting from the 
multivariate analyses. Model 1 indicated that de-
scending from at least one parent born in a medium 
or high endemicity area for HBV is a significant risk 
factor for acquisition of HBV. However, the strength 
of this association decreases and becomes insignifi-
cant when ‘ country of birth ’ is added in a second 
model. In the third model, country of birth of part-
ners and travel in the past 6 months were added. This 
showed that having a partner born in a medium or 
high endemicity country was a highly significant risk 
factor. Travel was not significant. In this model, the 
OR for country of birth decreased (from 3.6 to 0.7). 
On separate testing, it was found that this was largely 
explained by adding the country of birth of partners 
(results not shown). In the fourth model, the number
of partners, risk behaviour of partners and parenteral 
exposures in medium or high endemicity countries 
was added. Only having two partners in the past 6 

months was significant. In this model, the OR for 
having a partner from an endemic area fell to 8.9. On 
separate testing, this fall could largely be explained by 
adding the variables number of partners and having 
had an STD in the past (results not shown).

group 2: msm

Univariate analyses

Table 3 presents crude ORs for exposures grouped 
as ‘ demographic ’, ‘ parenteral ’, and ‘ sexual ’ among 
adult MSM. The only significant risk factor for ac-
quisition of HBV was reporting to have had more 
than two partners in the past 6 months. No multi-
variate analysis was done.

group 3: Children

Univariate analyses

There were nine cases and 773 controls aged <18 
years of age. Three of the cases reported heterosex-
ual contact as the most likely route of transmission. 
Information on sexual contact was not available for 
controls. Table 4(a) presents crude ORs for demo-
graphic and parenteral exposures for those aged <18 
years. Having at least one parent born in a medium 
or high endemicity country, being born in such a
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years. Having at least one parent born in a medium or

high endemicity country, being born in such a coun-

try, and parenteral exposure in such a country were

associated with infection. Travel to a medium or high

endemicity country was no more frequent among

cases than among controls.

Multivariate analyses

Figure 2 shows the conceptual hierarchical frame-

work for participants aged <18 years, built with

determinants which were associated with the risk of

acquisition of HBV on univariate analysis (P<0.1).

Table 2(b). Cases of acute HBV infection in females aged >17 years, and in males aged >17 years reporting

heterosexual contact only: results of multivariate analyses

Model 1 Model 2 Model 3 Model 4

OR P value OR P value OR* P value OR* P value

Gender
Female ref. ref. ref. ref.

Male 1.3 0.43 1.3 0.39 1.1 0.81 0.9 0.83

Age group (yr)
18–24 ref. ref. ref. ref.
25–39 0.4 0.01 0.3 0.00 0.5 0.20 0.8 0.60

o40 0.6 0.13 0.5 0.10 0.9 0.82 1.2 0.75

Parents’ country of birth
The Netherlands or low endemicity country ref. ref. ref. ref.
Medium or high endemicity country 2.2 0.03 0.9 0.91 1.3 0.73 1.5 0.66

Country of birth

The Netherlands or low endemicity country ref. ref. ref.
Medium or high endemicity country 3.6 0.08 0.7 0.66 0.6 0.62

Partners’ country of birth
The Netherlands or low endemicity country ref. ref.

Medium or high endemicity country 14.1 0.00 8.9 0.00

Travel
No, or to low endemicity country ref. ref.
To medium or high endemicity country 0.8 0.49 0.6 0.29

Number of partners in past 6 months
0–1 ref.

2 4.1 0.04
o3 2.7 0.30

Partner other sexual contacts
No ref.

Yes 1.7 0.38

Partner IDU or commercial sex worker
No ref.
Yes 1.5 0.69

Ever had sexually transmitted disease

No ref.
Yes 3.3 0.13

Any parenteral exposures
None, or missing ref.

In The Netherlands or in low endemic
country

0.7 0.41

In medium or high endemic country 2.5 0.28

Models 1 and 2 included 57 cases and 2707 controls. Models 3 and 4 included 53 cases and 473 controls. Percentages were

calculated after excluding individuals with missing information.
* Odds ratios are calculated after taking into account weights to adjust for oversampling of those with a partner of non-
Dutch nationality and one or multiple partners among controls.
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country, and parenteral exposure in such a country 
were associated with infection. Travel to a medium 
or high endemicity country was no more frequent 
among cases than among controls.

multivariate analyses

Figure 2 shows the conceptual hierarchical frame-

work for participants aged <18 years, built with de-
terminants which were associated with the risk of
acquisition of HBV on univariate analysis (P<0.1).
Table 4(b) lists the ORs resulting from the multivari-
ate analyses. Model 1, including ‘ age ’, ‘ gender ’ and 
‘ parents ’ country of birth ’, showed that having one 
or both parents born in a medium or high endemic-
ity country significantly increased the risk of acqui-

23436 Hahne, Susan NW.indd   45 01-11-12   16:04



Chapter 2

46

Table 3. Cases of acute HBV infection in men who reported to have (had ) sex with men (MSM) : distribution

of demographic characteristics with corresponding odds ratios (OR) and 95% confidence intervals (CI)

Cases Controls

OR* 95% CI* P value*n % n %

Demographic, socioeconomic determinants and travel
Median age (yr) (95% CI) 36 (32–38) 37 (32–40) n.a.

Parents’ country of birth

The Netherlands or low endemicity country 33 86.8 26 92.9 ref.
Medium or high endemicity country 5 13.2 2 7.1 1.8 0.3–10.5 0.55

Country of birth
The Netherlands or low endemicity country 36 90.0 26 92.9 ref.

Medium or high endemicity country 4 10.0 2 7.1 1.3 0.2–8.1 0.78

Employed in past 6 months?
No 5 12.5 4 14.3 ref.
Yes 35 87.5 24 85.7 0.9 0.2–3.8 0.89

Occupation in health care

No 32 94.1 21 87.5 ref.
Yes 2 5.9 3 12.5 0.4 0.1–3.4 0.43

Family member in home for mentally disabled
No 38 95.0 26 92.9 ref.

Yes 2 5.0 2 7.1 0.5 0.1–4.0 0.52

Been abroad in past 6 months
No, or to low endemicity country 29 70.7 17 60.7 ref.
Yes, to medium or high endemicity country 12 29.3 11 39.3 0.5 0.2–1.7 0.28

Parenteral exposures
Any parenteral exposures

None or missing 15 34.9 8 28.6 ref.
In The Netherlands or in other
low endemicity country

23 53.5 18 64.3 0.8 0.2–2.5 0.68

In medium or high endemicity country 5 11.6 2 7.1 1.3 0.2–10.5 0.78

Sexual exposures

Number of partners in past 6 months
0–1 9 20.9 13 50.0 ref.
2 6 14.0 2 7.7 5.7 0.9–35.3 0.12
o3 28 65.1 11 42.3 4.4 1.4–13.4 0.02

Country of birth last 3 partners

The Netherlands or low endemicity country 29 78.4 14 87.5 ref.
At least one in medium or high endemicity country 8 21.6 2 12.5 2.2 0.3–17.4 0.47

Any of last three partners used drugs
or was in prostitution

No 40 95.2 15 93.8 ref.
Yes 2 4.8 1 6.3 0.8 0.1–10.1 0.91

Any of last three partners had
other sexual contacts?

No 12 28.6 4 25.0 ref.
Yes 30 71.4 12 75.0 1.0 0.3–3.9 0.98

Had STD in past 5 years?

No 35 92.1 25 89.3 ref.
Yes 3 7.9 3 10.7 0.7 1.2–3.9 0.72

The analyses included 43 cases and 28 controls. Percentages were calculated after exclusion of individuals with missing
information (phase 2 questions only available for 16 controls).
* Odds ratios, confidence interval and P values were calculated by taking into account weights in order to adjust for

oversampling of men and those aged 20–39 years among controls.
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Table 4(b) lists the ORs resulting from the multi-

variate analyses. Model 1, including ‘age’, ‘gender’

and ‘parents ’ country of birth’, showed that having

one or both parents born in a medium or high en-

demicity country significantly increased the risk of

acquisition of HBV. The second model added ‘coun-

try of birth’, which was no longer significant. A sub-

sequent model added parenteral exposures abroad.

This made the OR for ‘parents ’ country of birth’

decrease, suggesting that part of the effect of the

country of birth of the parents is explained by an in-

creased frequency of parenteral exposures in medium

or high endemicity countries in children with parents

born in a HBV-endemic country compared to those

with parents born in a non-HBV endemic country.

DISCUSSION

To describe transmission of HBV, case-series are of

limited value. However, in countries such as The

Netherlands where the incidence of HBV infection is

very low, analytical studies are difficult to perform

due to the extreme range in prevalence of risk factors

for transmission. Our study is the first reported

population-based case-control study on risk factors

for acute HBV infection in a country with a very

low incidence. By including over 30 controls per

case, and oversampling of known risk groups among

controls, we attempted to get precise estimates of risks

associated with both frequent and infrequent determi-

nants.

The response rate among cases was 50%, and those

responding may not represent all cases of acute

HBV infection. However, the age and sex distri-

bution did not differ between responders and non-

responders [10].

We conclude that the most important route of

transmission of HBV in The Netherlands is through

male homosexual contact : this was reported for over

half of male cases in our study, and was strongly as-

sociated with infection. The number of partners in the

past 6 months was the only risk factor identified

among MSM. In particular, among MSM, import of

Table 4(a). Cases of acute HBV infection in children: distribution of demographic characteristics with

corresponding odds ratios (OR) and 95% confidence intervals (CI )

Cases Controls

OR* 95% CI* P value*n % n %

Demographic characteristics and travel

Gender

Female 6 66.7 195 25.2 ref.
Male 3 33.3 578 74.8 0.5 0.1–1.9 0.30

Age, median (95% CI) 15 (13–16) 9 (8–9) <0.001

Parents’ country of birth
The Netherlands or low endemicity country 5 55.6 706 91.3 ref.

Medium or high endemicity country 4 44.4 67 8.7 7.6 2.0–29.3 0.00

Country of birth
The Netherlands or low endemicity country 8 88.9 764 98.8 ref.
Medium or high endemicity country 1 11.1 9 1.2 9.6 1.1–87.7 0.05

Been abroad in past 6 months

No, or to low endemic country 8 88.9 671 87.4 ref.
Yes, to medium or high endemic country 1 11.1 97 12.6 0.8 0.1–6.8 0.87

Parenteral exposures

Any parenteral exposure
None or missing 2 22.2 131 16.9 ref.

In The Netherlands or in other low endemicity
country

6 66.7 637 82.4 0.5 0.1–2.6 0.42

In medium or high endemicity country 1 11.1 5 0.6 12.0 0.9–153.9 0.05

The analyses included nine cases and 773 controls. Percentages were calculated after exclusion of individuals with missing

information.
* Odds ratios, confidence interval and P values were calculated by taking into account weights in order to adjust for
oversampling of men and those aged 20–39 years among controls.
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sition of HBV. The second model added ‘ country of 
birth ’, which was no longer significant. A subsequent 
model added parenteral exposures abroad. This made 
the OR for ‘ parents ’ country of birth ’ decrease, sug-
gesting that part of the effect of the country of birth of 
the parents is explained by an increased frequency of 
parenteral exposures in medium or high endemicity 
countries in children with parents born in a HBV-en-
demic country compared to those with parents born 
in a non-HBV endemic country.

DIsCUssIoN

To describe transmission of HBV, case-series are 
of limited value. However, in countries such as The 
Netherlands where the incidence of HBV infection is
very low, analytical studies are difficult to perform 
due to the extreme range in prevalence of risk fac-
tors for transmission. Our study is the first reported 
population-based case-control study on risk factors 
for acute HBV infection in a country with a very low 
incidence. By including over 30 controls per case, 

and oversampling of known risk groups among con-
trols, we attempted to get precise estimates of risks 
associated with both frequent and infrequent deter-
minants.

The response rate among cases was 50%, and 
those responding may not represent all cases of 
acute HBV infection. However, the age and sex 
distribution did not differ between responders and 
nonresponders [10].

We conclude that the most important route of 
transmission of HBV in The Netherlands is through 
male homosexual contact: this was reported for over 
half of male cases in our study, and was strongly as-
sociated with infection. The number of partners in 
the past 6 months was the only risk factor identified 
among MSM. In particular, among MSM, import of

HBV through partners from HBV endemic coun-
tries does not seem to play a role. This suggests that 
HBV transmission is sustained among MSM in The 
Netherlands, which is consistent with the results of 
a recent mathematical model of HBV transmission 
in The Netherlands [11]. This model also predicted 
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that heterosexual transmission without import of 
new cases is not sufficient for ongoing transmission 
of HBV in the Dutch population [11]. Our data is 
also consistent with this: we found that the most 
important risk factor among heterosexual adults for 
acquisition of HBV is to have a partner born in a 
medium or high endemicity country.

Using a hierarchical method of analysis allowed 
us to estimate risks of HBV infection associated with 
having parents born abroad and being born abroad 
without controlling for mediating factors such as 
travel abroad. Due to temporal associations these 
mediating factors can not confound the relation be-
tween (parents’) country of birth and HBV infection, 
and therefore should not be controlled for. Similarly, 
whereas the country of birth of parents can be a con-
founder in assessing the risk associated with country 
of birth, the reciprocal is not the case.

The second advantage of using a hierarchical 
method of analysis is that it allowed us to demon-
strate that the increased risk of HBV infection among 
heterosexual adults associated with having par-
ents born in a medium or highly endemic country,
and being born in such a country, is explained largely 
through the increased likelihood of these individuals 
to have a partner born in an endemic country. This 
strongly suggests that the main route of transmission 
in Dutch heterosexual adults is through sexual rath-
er than, for example, household contact.

None of our cases reported IDU or commer-

cial sex work, suggesting that direct transmission 
through these routes is infrequent in The Nether-
lands. An alternative explanation for this observa-
tion is that IDUs and commercial sex workers may 
have been less likely to take part in the study, and, 
if taking part, may have been reluctant to admit to 
it. However, the high HBV seroprevalence among 
IDUs in The Netherlands (past infection 35–67%, 
carriers 4–7%) indicates low levels of susceptibility 
[8], which is consistent with our findings. Recently 
published results of molecular analyses of cases of 
acute HBV in Amsterdam suggests that the IDU 
cluster disappeared after 1998 [12]. Having a part-
ner who was involved in IDU and/or commercial sex 
work was a significant risk factor on univariate anal-
ysis among heterosexuals, suggesting that transmis-
sion through contact with IDUs and/or commercial 
sex workers is occurring.

We had few cases among children, since the ma-
jority of HBV infections in children remain asymp-
tomatic and therefore were not included. The most 
important risk factor among children was to have
(one or two) parents born in a medium or high en-
demicity country, and part of this risk was explained 
by a higher frequency of parenteral exposures in me-
dium or high endemicity areas. Since there was only 
one case in a child with any parenteral exposures 
abroad, further exploration of this exposure was not 
possible. Some of the risk remained after including 
parenteral exposures abroad in the model, and ex-

HBV through partners from HBV endemic countries

does not seem to play a role. This suggests that HBV

transmission is sustained among MSM in The

Netherlands, which is consistent with the results of a

recent mathematical model of HBV transmission in

The Netherlands [11]. This model also predicted that

heterosexual transmission without import of new

cases is not sufficient for ongoing transmission of

HBV in the Dutch population [11]. Our data is

also consistent with this : we found that the most

important risk factor among heterosexual adults for

acquisition of HBV is to have a partner born in a

medium or high endemicity country.

Using a hierarchical method of analysis allowed

us to estimate risks of HBV infection associated with

having parents born abroad and being born abroad

without controlling for mediating factors such as

travel abroad. Due to temporal associations these

mediating factors can not confound the relation be-

tween (parents’) country of birth and HBV infection,

and therefore should not be controlled for. Similarly,

whereas the country of birth of parents can be a

confounder in assessing the risk associated with

country of birth, the reciprocal is not the case.

The second advantage of using a hierarchical

method of analysis is that it allowed us to

demonstrate that the increased risk of HBV infection

among heterosexual adults associated with having

parents born in a medium or highly endemic country,

and being born in such a country, is explained largely

through the increased likelihood of these individuals

to have a partner born in an endemic country. This

strongly suggests that the main route of transmission

in Dutch heterosexual adults is through sexual rather

than, for example, household contact.

None of our cases reported IDU or commercial sex

work, suggesting that direct transmission through

these routes is infrequent in The Netherlands. An

alternative explanation for this observation is that

IDUs and commercial sex workers may have been less

likely to take part in the study, and, if taking part,

may have been reluctant to admit to it. However,

the high HBV seroprevalence among IDUs in The

Netherlands (past infection 35–67%, carriers 4–7%)

indicates low levels of susceptibility [8], which is

consistent with our findings. Recently published re-

sults of molecular analyses of cases of acute HBV

in Amsterdam suggests that the IDU cluster disap-

peared after 1998 [12]. Having a partner who was in-

volved in IDU and/or commercial sex work was a

significant risk factor on univariate analysis among

heterosexuals, suggesting that transmission through

contact with IDUs and/or commercial sex workers is

occurring.

We had few cases among children, since the ma-

jority of HBV infections in children remain asympto-

matic and therefore were not included. The most

important risk factor among children was to have

Table 4(b). Cases of acute HBV infection in children: results of multivariate analyses

Model 1 Model 2 Model 3

OR P value OR P value OR P value

Gender
Female ref. ref. ref.
Male 0.2 0.04 0.2 0.04 0.2 0.03

Age group (yr)

0–14 ref. ref. ref.
15–17 5.8 0.01 5.7 0.01 5.7 0.02

Parents’ country of birth
The Netherlands or low endemicity ref. ref. ref.
Medium or high endemicity 7.7 0.00 7.2 0.01 5.0 0.06

Country of birth
The Netherlands or low endemicity ref. ref.
Medium or high endemicity 1.5 0.77 1.6 0.74

Any parenteral exposures
None, or missing ref.

In The Netherlands or low endemicity country 0.7 0.67
In medium or high endemicity country 7.1 0.19

Models 1, 2 and 3 included nine cases and 773 controls.

HBV transmission in The Netherlands 193
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cluding the childhood cases reported to have oc-
curred through sexual contact, suggesting that other 
routes of transmission remain in childhood.

Implications for control of HBV infection through 
vaccination

In The Netherlands, at the time of our study, HBV 
immunization was offered to health-care workers, 
individuals with certain chronic diseases, contacts of 
HBV carriers and babies born to infected mothers 
(identified by universal antenatal screening). Subse-
quent to our study, from autumn 2002 onwards, ad-
ditional target groups have been identified, includ-
ing MSM, IDUs, heterosexuals attending STI clinics 
and commercial sex workers. Furthermore, from 
March 2003 onwards, all children born to one or 
two parents born in intermediate or high endemic-
ity countries, as well as all asylum seekers aged <18 
years, are included in the target groups for immuni-
zation [13, 14]. We found that MSM are at high risk 
of contracting HBV, and contribute to over one third 
of all cases. This suggests that the current Dutch pro-
gramme which provides free vaccine for all MSM is 
appropriate [14]. Preventing infections in MSM has 
the potential to be highly effective since it would 
introduce a herd-immunity effect [11]. Our study 
suggests that all MSM (irrespective of additional risk 
factors such as casual partnerships) are at increased 
risk of HBV infection. Indeed, having had an STD 
in the past 5 years was not a significant risk factor 
for HBV infection among MSM. This implies that 
delivering vaccine only through municipal health 
services and STD clinics may not be sufficient, and 
that active outreach may be necessary. At the mo-
ment only some regions in The Netherlands provide 
this [14].

Our study identified children born to parents 
born in medium or high endemicity countries as 
a highrisk group for HBV infection. However, for 
adult heterosexuals with parents born abroad, this 
risk largely arises as a result of the increased like-
lihood of having partnerships with non-Dutch na-
tionals: of the nine adult heterosexual cases whose 
parents were born abroad, seven had a partner born 
abroad and six were born abroad themselves. When 
sexual mixing with non-Dutch nationals becomes 
less determined by (parent’s) country of birth, the 
effectiveness of targeting vaccination based on the lat-
ter will decrease. Part of the increased risk of having a 

partner born in an endemic country was explained by 
sexual risk behaviour. Vaccination targeted at those 
with sexual risk behaviour might therefore prevent 
some cases among those with a foreign partner.

Among heterosexual adults, only commercial sex 
workers and those attending an STD clinic are offered 
HBV vaccine free of charge. In our case-series, com-
plete implementation of this policy would have pre-
vented only 11% (6/55) of cases in heterosexuals. 
Immunization of all heterosexuals with partners of 
non-Dutch nationality would have prevented 36% 
(20/55) of cases in heterosexuals. The effectiveness 
of such a programme would, however, depend on 
whether vaccination can be given early enough to 
prevent transmission. Screening of individuals born 
in medium and high endemicity areas, and subse-
quent immunization of contacts of identified carriers, 
may be a more effective strategy to prevent heterosex-
ual transmission of HBV. In addition, this may allow 
early treatment of carriers, helping to reduce the oc-
currence of sequelae. However, further information is 
necessary on feasibility, ethical issues and costeffec-
tiveness of such screening programmes.

ACKNoWlEDgEmENts 

This study was funded by the Dutch Ministry of 
Health, Welfare and Sport. The authors thank the 
participating municipal health services, and Anita 
Watzeels and Karien van Rozendaal for their help in 
the general organization of the study.

DEClARAtIoN oF INtEREst 

None.

REFERENCEs 

1.  Grosheide PM, Van Damme P. Prevention and control 
of hepatitis B in the community, 1996. Antwerp: Viral 
Hepatitis Prevention Board Secretariat.

2.  Haks K, Bosman A, van de Laar MJW. Surveillance 
of acute hepatitis B in the Netherlands in 2001. Infec-
tieziektenbulletin 2002; 13: 296–299.

3.  Hahné S, et al. Incidence and routes of transmission 
of hepatitis B virus in England and Wales, 1995–2000: 
HBV transmission in The Netherlands 195 implica-
tions for immunisation policy. Journal of Clinical Vi-
rology 2004; 29: 211–220.

4.  Gay NJ, et al. The prevalence of hepatitis B infection in 

23436 Hahne, Susan NW.indd   49 01-11-12   16:04



adults in England and Wales. Epidemiology and Infec-
tion 1999; 122: 133–138.

5.  Ramsay M, et al. Control of hepatitis B in the United 
Kingdom. Vaccine 1998; 16: S52–55.

6.  Goldstein ST, et al. Incidence and risk factors for acute 
hepatitis B in the United States, 1982–1998: Implica-
tions for vaccination programs. Journal of Infectious 
Diseases 2002; 185: 713–719.

7.  WHO. Introduction of hepatitis B vaccine into child-
hood immunization services. World Health Organiza-
tion, Geneva, 2001.

8.   Veldhuijzen IK, et al. Hepatitis B in The Netherlands. 
Infectieziektenbulletin 2001; 12: 233–237.

9.   Victora CG, et al. The role of conceptual frameworks 
in epidemiological analysis: a hierarchical approach. 
International Journal of Epidemiology 1997; 1: 224–
227.

10.   Veldhuijzen IK, Smits LJ, van de Laar MJW. The im-

portance of imported infections in maintaining hepa-
titis B in The Netherlands. Epidemiology and Infection 
2005; 133: 113–119.

11.   Kretzschmar MEE, et al. Vaccination against hepatitis 
B in low endemic countries. Epidemiology and Infec-
tion 2002; 128: 229–244.

12.   van Houdt R, et al. Impact of a targeted hepatitis B 
vaccination program in Amsterdam, The Nether-
lands, Vaccine 2006. Published online: 12 July 2006. 
doi: 10.1016/j.vaccine.2006.06.058

13.   Health Council of the Netherlands. Universal vacci-
nation against Hepatitis B. The Hague: Health Coun-
cil of the Netherlands, 2001. Publication no. 2001/03 
(http://www.gr.nl/pdf.php?ID=187&p=1). Accessed 
19 January 2007.

14.   Waldhober Q, Heijnen M-L. National implementa-
tion of hepatitis B vaccination for high-risk groups. 
Infectieziektenbulletin 2003; 14: 249–253.

23436 Hahne, Susan NW.indd   50 01-11-12   16:04



23436 Hahne, Susan NW.indd   51 01-11-12   16:04



23436 Hahne, Susan NW.indd   52 01-11-12   16:04



Chapter 2.3

Selective vaccination has reduced hepatitis-B-virus transmis-
sion in the Netherlands: results of molecular epidemiological 

surveillance from 2004 to 2010

Susan Hahné
Robin van Houdt

Femke Koedijk
Marijn van Ballegooijen

Jeroen Cremer
Sylvia Bruisten
Roel Coutinho

Hein Boot

Submitted for publication

23436 Hahne, Susan NW.indd   53 01-11-12   16:04



23436 Hahne, Susan NW.indd   54 01-11-12   16:04



Hepatitis B virus infection in The Netherlands

55

 2.
3  

 M
ol

ec
ul

ar
 

ep
id

em
io

lo
gy

Selective vaccination has reduced hepatitis-B-virus transmis-
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ABstRACt

BACKgRoUND In the Netherlands, a selective hepatitis-B-virus (HBV) vaccination programme com-
menced in 2002, initially targeting men having sex with men (MSM), drug users, commercial sex workers 
and heterosexuals who change partners frequently. We used surveillance data and molecular typing to assess 
the programme’s effectiveness.

mEtHoDs We analysed acute HBV cases reported in the Netherlands between 2004 and 2010 requesting 
serum samples from all patients for HBV-genome S-region sequencing, and, for some, C region sequencing. 
We used coalescence analyses to assess temporal changes in genetic diversity of nonimported genotype-A 
cases. 

REsUlts 1687 patients with acute HBV infection were reported between 2004 and 2010. The incidence of 
reported acute HBV infection decreased from 1.8 to 1.2 per 100,000 inhabitants in this period, mostly due to 
a reduction in the number of cases in MSM. Men were overrepresented among cases with an unknown route 
of transmission, especially among genotype A2 cases mainly associated with transmission through male ho-
mosexual contact. The genetic diversity of nonimported genotype-A strains obtained from MSM decreased 
from 2006 onwards, suggesting the HBV incidence among MSM decreased.

CoNClUsIoNs The selective HBV-vaccination programme for behavioural high-risk groups reduced the 
incidence of acute HBV infection in the Netherlands mainly by preventing HBV infections in MSM. A con-
siderable proportion of cases in men who did not report risk behaviour was probably acquired through 
homosexual contact. Our findings support continuation of the Dutch programme, and adopting similar 
approaches in other countries where HBV transmission is focused in high-risk adults.
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Correspondence to Dr. S. Hahné , RIVM - Centre for Infectious 
Disease Control, PO Box 1, 3720 BA Bilthoven, The Netherlands, 
T +31 (0)30 274 4011, F +31 (0)30 274 4409, susan.hahne@rivm.nl
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INtRoDUCtIoN 
Hepatitis B virus (HBV) is a major cause of liver 
disease and death primarily resulting from seque-

lae of chronic HBV infection including liver cancer 
and cirrhosis. The HBV is transmitted perinatally 
and through sexual and parenteral contact. An es-
timated 400 million people worldwide are infected 
with HBV, accounting for an estimated one million 
deaths annually [1, 2]. A safe and effective vaccine 
against HBV has been available since 1982 and is 
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included in universal vaccination programmes in 
more than 170 countries [3].
The estimated prevalence of chronic HBV infection 
in the Dutch population of about 17 million inhab-
itants is 0.2%, which is among the lowest reported 
prevalences worldwide [4, 5]. Universal infant HBV 
vaccination was introduced in the Dutch national 
immunisation programme in August 2011 after an 
assessment by the Dutch Health Council that in-
cluded a favourable cost-effectiveness analysis [6]. 
In addition to the recent introduction of universal 
vaccination, the Netherlands has a selective vaccina-
tion programme that provides HBV vaccination free 
of charge for population subgroups at increased risk 
of HBV due to risk behaviour, including men hav-
ing sex with men (MSM), drug users, commercial 
sex workers (CSWs) and heterosexuals who change 
partners frequently. After a pilot programme in sev-
en regions between 1998 and 2000, the permanent 
programme was implemented nationally from 2002 
onwards. From 2007 onwards, heterosexuals with 
multiple partners were excluded from the target 
population as there was insufficient evidence of an 
increased risk in this group. From 2012 onwards, 
drug users were excluded for the same reason. Vac-
cination of drug users is now provided through drug 
treatment services.
Selective HBV vaccination of population subgroups 
at increased risk of HBV infection is recommended 
in all European countries and the USA [7, 8]. Irre-
spective of universal vaccination, programmes tar-
geting behavioural high-risk groups will be needed 
for the coming decades, depending on the coverage 
achieved and the age groups targeted for universal 
vaccination. Selective programmes have, however, 
frequently been criticised as ineffective since the re-
ported vaccine coverage achieved in the target pop-
ulations was considered too low [9-12]. The impact 
on HBV transmission of selective vaccination pro-
grammes targeting behavioural high-risk groups has 
never been demonstrated on a national level.
Traditional epidemiological methods have several 
limitations in assessing the impact of selective vacci-
nation. Vaccine coverage in the target populations is 
an obvious but problematic indicator, as estimates of 
the size of these hidden populations are very uncer-
tain [13, 14]. Routine surveillance based on the re-
porting of acute HBV infection is incomplete, as less 
than half the cases of acute HBV infection among 
adults are symptomatic [15], not all patients with 
symptoms seek healthcare, and health care profes-
sionals do not manage to report all cases, reporting 

variably over time. Furthermore, for about a quar-
ter of the cases, the route of acquisition of the virus 
remains unknown despite patient interviews [16]. 
Lastly, it is difficult to draw conclusions about the 
impact of vaccination since its effects can be coun-
terbalanced by increased risk behaviour. Molecular 
epidemiological and phylodynamic methods take 
the genetic variability of a pathogen and its evolu-
tionary processes into account, and as a result, low 
reporting quality and sampling intensity have less ef-
fect. These methods are therefore complementary to 
report-based surveillance in providing insight into 
the transmission dynamics of HBV [17]. 
A preliminary assessment of the selective vaccina-
tion programme in the Netherlands in 2007 showed 
that its effectiveness to reduce HBV transmission 
was limited [13]. Using a more complete dataset and 
applying additional analytical methods, we re-as-
sessed the effectiveness of this programme to guide 
its implementation and to inform prevention and 
control of HBV in other countries where transmis-
sion is concentrated in risk groups.

mEtHoDs

Study population

We studied all reported cases of acute HBV infection 
in the Dutch population between 2004 and 2010. 
Cases of acute HBV infection are statutorily notifi-
able in the Netherlands. The case definition for re-
porting was a positive laboratory result for immuno-
globulin M antibody to the hepatitis B core antigen 
(IgM anti-HBc) and/or hepatitis B surface antigen 
(HBsAg; the latter only after exclusion of hepatitis 
A and C viruses) in a person with an acute onset 
of symptoms compatible with acute hepatitis and 
jaundice and/or increased serum aminotransferase. 
Following reporting of cases by clinicians and lab-
oratories, public health nurses interviewed patients 
with acute HBV infection to ascertain risk exposures 
and possible source(s) of infection. On the basis of 
the interview, the most probable mode of transmis-
sion, together with other patient data, was registered 
in an anonymous, on-line, national database. In the 
analyses, we distinguished the following transmis-
sion modes: heterosexual contact, male homosex-
ual contact, injecting drug use (IDU), and ‘other’ 
modes of transmission (including parenteral pro-
cedures abroad, needle stick accidents, and multiple 
probable routes of transmission). If it was unknown 
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whether the sexual contact was heterosexual or ho-
mosexual, the case was included in the unknown 
transmission route group. From 2004 onwards, we 
asked medical microbiology laboratories to submit 
serum samples from all patients with a reported case 
of acute HBV to one of the three participating labo-
ratories [the National Institute for Public Health and 
the Environment (RIVM), the Public Health Labora-
tory Amsterdam, and the Erasmus Medical Centre in 
Rotterdam]. All laboratories isolated HBV DNA and 
a 648-nucleotide (nt) fragment of the S region. The 
RIVM only amplified and sequenced a 655 nt frag-
ment of the C region as previously described [18, 19]. 
We described cases with the age and sex of the pa-
tient and the probable mode of transmission, and we 
studied trends over time. Differences and trends in 
proportions were assessed for statistical significance 
using the chi-square test and Pearson’s correlation, 
respectively. We assessed differences in continuous 
variables using the Wilcoxon rank sum test. Stata 
version 11.0 was used for these analyses (StataCorp, 
Texas).
Genotypes and genosubtypes were assigned to cases 
by entering their S-region sequences in a typing tool 
that uses reference strains as described by Norder 
et al. [20, 21]. We assessed clustering of strains by 
aligning sequences with BioEdit 7.0.9.0 [22], remov-
ing relatively short sequences. We used BioNumer-
ics version 6.6 (Applied Maths, Sint-Martens-Latem, 
Belgium) to construct a maximum parsimony tree 
based on the S-region sequence. We selected a sub-
group of cases for which both the Sand C-region se-
quences were available; these cases were of genotype 
A and were reportedly acquired in the Netherlands 
(i.e. nonimported). We distinguished two groups in 
this subset: MSM cases and cases acquired by het-
erosexual contact. We studied temporal changes of 
the effective population size of HBV causing acute 
infections in each of these groups by construct-
ing Bayesian skyride plots in BEAST version 1.7.1 
[23]. Hereby we assumed a general-time-reversible 
substitution model, a γ-shaped site heterogeneity 
model, and a relaxed molecular clock with a lognor-
mal distribution. We studied the statistical support 
of any observed changes in the skyride plots over 
time by comparing its median posterior likelihood 
(quantified by its Bayes factor) with likelihoods from 
analyses assuming a constant population size. We 
considered differences greater than three in Bayes 
factors to be significant. All sequences used in our 
analysis were deposited in GenBank (accession 
numbers: to be completed once received from Gen-

Bank). Ethical approval was sought but deemed not 
necessary by the ethics committee of the University 
of Amsterdam.

Role of the funding source

The Netherlands Organisation for Health Research 
and Development (ZonMW) sponsored the study 
(research grant 125010004). This sponsor had no 
role in the study design, collection, analyses or in-
terpretation of data, writing of the report or the de-
cision to submit the paper for publication.

REsUlts

Vaccination programme

Regional Public Health Services implement the se-
lective vaccination programme for behavioural high-
risk groups [24], which the Centre for Infectious 
Disease Control of the RIVM centrally coordinates. 
Vaccinations are given at diverse locations, including 
public health premises, in prisons, drug service lo-
cations, and outreach locations, including gay men’s 
saunas and CSW locations (Table 1). Serum is drawn 
from each participant for HBV serology (anti-HBc-
IgG, and if positive, HBsAg) at the first vaccination 
visit. Anti-HBc-positive individuals do not receive 
subsequent vaccinations, while HBsAg-positive indi-
viduals are referred to routine clinical care. All vac-
cinations and serological test results are registered 
in an on-line, national database. From 1998 to 2011, 
about 105,000 individuals received at least one HBV 
vaccination within the programme. Of these, about 
one-third were MSM. On average, 19% of the MSM 
received their vaccinations in outreach locations. 
Nearly three-quarters of the HBV-susceptible MSM 
completed the series of three doses; 0·6% of the MSM 
were found to be chronically infected (Table 1).

Reports of acute HBV infection

Between January 2004 and the end of December 
2010, 1696 cases of acute HBV infection were 
reported in the Netherlands. We excluded nine cases 
because the gender of the patients was not report-
ed, leaving 1687 patients, of whom 1320 (78·3%) 
were men. Male cases were older than female cases 
(median age 40 and 29 years, respectively; p<0·001). 
Six patients were reported to have died due to the 
HBV infection (0·4% of 1676 cases with information 
about survival), and 344 patients (21%) were admit-
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table 1. Characteristics of the selective HBV vaccination programme for behavioural high-risk groups, The Nether-
lands, 1998–2010

men who have 
sex with men 

Heterosexuals with 
frequent partner change†

Drug users Commercial sex 
workers 

Number receiving first dose 32,746 40,717 17,127 14,518

Vaccination locations‡ 

Public Health Service (%) 51·4 39·1   5·3 23·5
STD clinic (%) 27·4 29·8   2·5 10·7
Outreach§ (%) 19·0   9·0 10·2 59·9
Drug services (%)   0·3   0·7 57·5   0·5
Prison (%)   0·7 21·0 24·4   5·3
General Practice (%)   1·3   0·4   0·1   0·2
Prevalence¶

anti-HBc prevalence (%)  [95% CI ]  11·3 [11.0–11·7] 5.4 [5·1–5·6] 14·5 [13·9–15·0] 16·0 [15·4–16·7]
HBsAg prevalence (%) 
[95% CI ] 0·6 [0·6–0·7] 0·6 [0.5–0·7]  0·8 [0·7–1·0] 1·2 [1·0–1·4]

Compliance (%)|| 73·7 60·2 58·0 50·7

Anti-HBc=antibody to the hepatitis B core antigen; CI=Confidence interval;  HBsAg= hepatitis B surface antigen; STD=sexually transmit-
ted disease
† Heterosexuals with frequent partner changes were no longer included in the programme from 2007 onwards
‡ Proportion of the first vaccinations given at different locations, in percentages. Note: information about the vaccine location was missing 
for 3856 vaccinations
§ Outreach locations included bars and saunas frequented by MSM, shelters for homeless people, and commercial sex worker locations
¶ Prevalence was calculated by dividing the number of patients with a positive test by the total number with a test result
 || Compliance is defined as the proportion of those susceptible at the first vaccination completing three doses. Data up to 30 June 2011 
were included

ted to hospital. The incidence of reports declined 
from 1.8 to 1.2 per 100,000 population between 2004 
and 2010, mainly because of the declining incidence 
among men from 3.1 to 1.9 per 100,000. For women, 
the incidence remained constant at around 0.7 per 
100,000. Of all patients, 78% were reported to have
 acquired the infection in the Netherlands. Male ho-
mosexual contact was the most frequently reported 
route of transmission (32% of the cases; Figure 1). 
Male patients with acute HBV infection more fre-
quently reported an unknown route of transmission 
than female patients (20% and 5%, respectively, 
p<0.001). 
Most of the decrease in the number of acute HBV 
reports could be attributed to a declining number 
of reports for MSM (Figure 1). The number of in-
fected men with an unknown mode of transmission 
also diminished from about 70 annually in 2004 and 
2005 to about 45 annually from 2007 onwards. The 
number of cases attributed to male heterosexual 
contact increased slightly from 2007 onwards, while 
there was a small decline in the number of cases in 
women. There were only seven cases in injecting 
drug users (IDUs), three of which were reported 
in 2004. Relative to all cases reported by year, the 
proportion for MSM showed a decreasing trend be-

tween 2004 and 2010, while the proportion of male 
cases attributed to heterosexual contact increased 
(both p<0.01).

Genotype analyses

S-region sequences were available for 902 of the 
1687 reports (53%). For four additional cases, infor-
mation about the genotype, but not the genosubtype, 
was available. The proportion of reports for which 
information about genotype was available varied by 
Public Health Service (ranging from 22% to 100%; 
p<0.001) and was lower for patients born abroad 
than for those born in the Netherlands (46% and 
56%, respectively; p<0.01). The presence of genotype 
information did not vary by most probable mode 
of transmission, gender, or year of report (p>0.1). 
Genotype A was the most frequent genotype among 
the cases of MSM, for men and women with hetero-
sexually acquired HBV, and cases with an unknown 
route of transmission (Figure 2a-c). Genotype D 
was the second most frequent genotype for all three 
of these subgroups, although it only accounted for 
a small proportion of cases among MSM. Among 
heterosexually acquired cases, the proportion of cas-
es with genotype A increased over time until 2009,
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while the proportion that was genotype D decreased 
(both: p for trend ≤0.05). Among cases with an un-
known route of transmission, the proportion with 
genotype A also increased (p=0.03). The genotype 
distribution did not change among MSM. Men were 
over-represented among genotype A cases acquired 
by heterosexual or unknown routes of transmission 
(55% and 88%, respectively).
Genosubtype A2 was by far the most prevalent (94%) 
among genotype A cases. Its proportion varied by 
risk group, ranging from all cases in IDUs (2 cases) 
and 98% in MSM (261 cases) to 79% in women het-
erosexuals (54 cases; p<0.001). Genotype D1 was the 
most prevalent (66%) among genotype-D cases. This 
proportion did not differ by risk group (p=0.4). The 
genotype-D3 strain that used to be associated with 
IDUs in the Netherlands was no longer detected [25].
Phylogenetic analysis demonstrated a large clus-
ter (353 cases) of indistinguishable strains within 
genotype A2 (Figure 3). Nearly half (48%) of the 
cases with this clonal strain concerned MSM; 13%, 
heterosexual men; and 9%, heterosexual women.  
Cases with this strain who did not report a route of 
transmission were 11 times more likely to be male 
than female (p<0.0001). The clonal strain was indis-
tinguishable from a strain reported in the USA, the 
UK, and Japan [26-28]. For heterosexuals and those 
with an unknown route of transmission, a signifi-
cantly increasing trend appeared in the proportion 
of cases carrying this clonal strain (p<0.01). There 
was no trend in the occurrence of this clonal strain 
among MSM. 

Coalescent analyses of genotype-A cases acquired in 
the Netherlands

Both S-region and C-region sequences were availa-
ble for 283 genotype-A cases acquired in the Neth-
erlands. Of these, 121 were in MSM and 86 were 
heterosexually acquired HBV infections. All except 
three of the smaller Public Health Services report-
ed the cases in this selection. The skyride plot of 
strains in cases of MSM showed a small increase in 
effective population size (i.e. genetic diversity) start-
ing in 2000, followed by a large decrease from 2007 
onwards. The plot for heterosexuals showed a small 
decrease starting from 2006 onwards (Figure 4a,b). 
Comparing the significance of the observed changes 
over time by comparing Bayes factors of the skyride 
analyses with those assuming a constant population 
size showed that only the changes in the plot for 
MSM were significant. 

DIsCUssIoN

Our analyses of the largest molecular epidemiolog-
ical study of acute HBV infection ever suggests that 
the Dutch selective vaccination programme for be-
havioural high-risk groups reduced transmission of 
HBV in the Netherlands, primarily by reducing the 
HBV incidence among MSM. This is the first time 
effectiveness of such a programme has been demon-
strated. The incidence of acute HBV reports dimin-
ished by about one-third in this period. Most of this 
decline was attributed to a reduction in the number 
of cases in MSM. This coincided with a marked de-
crease in the genetic diversity of HBVs sampled from 
MSM, suggesting that the incidence in this group 
had genuinely diminished. Taken together with the 
large number of MSM vaccinated against HBV since 
the start of the programme, we conclude that this 
programme has effectively reduced transmission of 
HBV among MSM. It does remain uncertain, how-
ever, which part of the observed decline in HBV 
transmission among MSM is due to direct or indi-
rect (herd immunity) effects of the vaccination pro-
gramme. It is possible that treatment of chronically 
infected MSM identified through the programme 
also contributed to preventing new infections.
Our results and conclusions contrast with an earlier 
evaluation of the Dutch selective HBV vaccination 
programme [13], probably because new methods 
were used to analyse more years of data. An evalua-
tion of the programme in Amsterdam with data up 
to 2006 indicated that the programme was effective 
in preventing transmission among MSM, an effect 
that may not have been visible in case-based surveil-
lance because it coincided with an increase in risk 
behaviour [17]. Our findings are important since 
selective vaccination programmes will need to con-
tinue for several decades, irrespective of universal 
HBV vaccination. Extending universal vaccination 
to adult populations as suggested in Japan is unlikely 
to be cost-effective [29]. 
The conclusion that the selective vaccination pro-
gramme rather than possible reductions in risk be-
haviour reduced HBV transmission among MSM is 
corroborated by observations from surveillance data 
regarding other sexually transmitted infections and 
monitoring of risk behaviour among MSM. The annu-
al number of reports of MSM with gonorrhoea dou-
bled between 2004 and 2010 [30, 31]. Risk behaviour 
among MSM in the Amsterdam Cohort Studies steeply 
increased during the second half of the 1990s and early 
2000s, then levelled off during our study period [32].
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Figure 1. Number of cases of acute HBV infection by most probable mode of transmission and year of report, the 
Netherlands, 2004–2010 (n=1687).
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Figure 1. Number of cases of acute HBV infection by most probable mode of transmission and year of report, the Netherlands, 2004–2010 (N=1687)

  

Figure 2a-c. genotype distribution by year of reporting of acute HBV infections, the Netherlands, 2004-2010 
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Figure 2a-c. Genotype distribution by year of reporting of acute HBV infections , the 

Netherlands, 2004–2010  

a. Cases acquired heterosexually by men and women (n=300) 

b. Cases with an unknown route of transmission acquired by men and women (n=226) 

c. Cases acquired by men who have sex with men (n=305) 
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Figure 3. maximum parsimony tree based on the hepatitis-B-virus s region sequence of acute cases of hepatitis-
B-virus infection (n=894), by most probable mode of transmission and gender, the Netherlands, 2004–2010, and 
selected reference strains (n=19) 

Figure 4a,b. Bayesian skyride plot: estimated genetic diversity over time of the s and C-region sequences 
of genotype-A acute hepatitis-B-virus infections acquired in the Netherlands, 2004–2010 

Figure 4a,b. Bayesian skyride plot: estimated genetic diversity over time of the S- and C-
region sequences of genotype-A acute hepatitis-B-virus infections acquired in the 
Netherlands, 2004–2010  

a. Hepatitis-B-virus infections in men who have sex
 with men (n=121)  

Bayes factor: -3160. Bayes factor for constant population size: -3164 

b. Hepatitis-B-virus infection in heterosexual men 
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Bayes factor: -3022. Bayes factor for constant population size: -3023 
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If we assume that all MSM in the Netherlands were 
in the target population for the selective vaccination 
programme [13] the estimated vaccination cov-
erage would accrue to around 1% per year. Earlier 
modelling of HBV transmission among MSM in the 
Netherlands predicted that, with a coverage of 2% 
per year, the HBV incidence among MSM could be 
halved in 10 years if specifically MSM at high-risk of 
HBV acquisition were vaccinated [33]. Our obser-
vation that the number of reports of cases in MSM 
was halved after 9 years of programmatic HBV vac-
cination suggests that the programme was successful 
in reaching high-risk MSM. The large proportion of 
vaccines that were given at outreach locations may 
have been essential to this success. The relative ab-
sence of homophobia, marginalisation and stigmati-
sation of MSM in the Netherlands compared to most 
other countries in the world is likely to have had a 
beneficial effect on improving access to prevention 
services [34].
The distribution of genotypes sampled from MSM 
did not change over time, which confirms that 
HBV-vaccine-induced immunity protects against 
all genotypes [21]. In contrast, there was a relative 
increase of genotype A among heterosexuals up to 
2009 and a decrease in genotype D. The clonal A2 
strain that caused this increase was indistinguisha-
ble from the strain found in the cluster of MSM, and 
there is an identical S-region sequence present in 
the clonal strain documented to have spread among 
adults in the UK, USA and Japan (the ‘UK prison 
variant’) [26-28]. This spread may be explained by 
factors including a relative advantage of this strain in 
causing chronic infection or a higher viral load [28, 
35-37]. The relative and absolute decreases of gen-
otype D among heterosexuals in our study popula-
tion may have been caused by demographic changes 
in the Netherlands: migration from Mediterrane-
an countries such as Morocco and Turkey, where 
genotype D is endemic [20, 21], has considerably 
decreased in the last decade [38]. The observation 
that the overall number of cases of HBV among het-
erosexuals did not increase after this group was ex-
cluded from the selective vaccination programme in 
2007 provides a justification for this change in poli-
cy. There was a non-significant reduction of genetic 
diversity among heterosexually acquired cases start-
ing after 2006. This indicates possible herd-immuni-
ty effects of the selective vaccination programme. It 
may also reflect the spreading of the clonal A2 strain 
in these populations. 
Regarding the cases with an unknown route of trans-

mission, the observation that men are over-repre-
sented, particularly among genotype A and subtype 
A2 strains, but even more so among the clonal A2 
strain, suggests that a considerable proportion of 
these cases is acquired through male homosexual 
contact that is undisclosed in interviews with pub-
lic health nurses. The decreasing trend over time in 
the number of men’s cases with an unknown route of 
transmission that parallels the decrease in cases in 
MSM further corroborates this hypothesis. 
In contrast with many European countries includ-
ing the UK, Denmark, and the Baltic states [39-41], 
drug use no longer plays a role in the transmission 
of HBV in the Netherlands. Furthermore, the spe-
cific strain formerly associated with injecting drug 
use has disappeared. Explanations for this include 
the reduction of injection among drug users, ageing 
of the population, and high mortality among those 
at highest risk [25]. The effectiveness of the selec-
tive vaccination programme for preventing HBV 
among IDUs could not be assessed as the incidence 
of HBV among IDUs in the Netherlands had already 
decreased before the implementation of the pro-
gramme in 2002.
The strength of our study is that it is based on na-
tionwide, population-based, surveillance data of 
acute hepatitis B cases and hepatitis B viruses for a 
7-year period. We maximised information obtained 
from the data by combining epidemiological analy-
ses of cases and genotypes with phylodynamic anal-
yses of viral sequences. The synergy of combining 
surveillance methods was used to evaluate the effec-
tiveness of the selective vaccination programme and 
to generate hypotheses about viral characteristics 
that may favour transmission. Coalescence-based 
studies may be particularly important in situations 
where traditional epidemiological surveillance is 
less developed, e.g. in other countries or for other 
infections. Nevertheless, more methodological work 
is needed to further validate this method for differ-
ent epidemiological situations. 
Our study has some limitations. The proportion 
of cases for which a sequence was available varied 
considerably between Public Health Services. This 
was caused mainly by differences in local practices, 
e.g. how long serum samples taken for primary di-
agnostics were stored. The relatively few samples is 
not problematic for the coalescent analyses, as long 
as the sampling intensity is fairly constant over time 
[42]. Comparing the results of coalescent analyses 
with epidemiological analyses and observations 
from surveillance of behaviour and of another sex-
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ually transmitted disease proved the validity of these 
coalescent analyses. However, inferences from co-
alescence analyses have to be drawn with caution 
since they can lead to a biased estimate of the effec-
tive population size in certain conditions [43]. 
To conclude, we have demonstrated the synergy of 
combining report-based surveillance combined with 
molecular epidemiology and phylodynamics in un-
derstanding HBV transmission, evaluation of a pub-
lic health programme, and generating hypotheses 
about viral characteristics. These methods are likely 
to be useful for many other infectious diseases and 
contexts. By doing so, we found evidence that the se-
lective HBV vaccination programme for behaviour-
al high-risk groups reduced HBV transmission in 
the Netherlands primarily by preventing infections 
among MSM. This supports continuation of the pro-
gramme. It also provides important information to 
guide control of HBV infection in other countries 
where HBV transmission occurs predominantly in 
adult high-risk groups.
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Prevention of perinatal hepatitis B virus transmission in the 
Netherlands, 2003–2007: Children of Chinese mothers are at 
increased risk of breakthrough infection
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ABstRACt

Background: In the Netherlands, different hepatitis B vaccination schedules have been used for children 
born to HBV-infected mothers. All schedules included a birth dose of hepatitis B immunoglobuline (HBIg). 
We assessed determinants of perinatal HBV transmission and determinants of anti-HBs titers in infants born 
to HBsAg positive mothers.

methods: We included infants born to HBV infected mothers between 1.1.2003 and 30.6.2007, using national 
databases and a separate database for Amsterdam. Risk factors for perinatal transmission and determinants 
of the anti-HBs titer were studied using logistic and linear regression, respectively. Results: Of 2657 infants 
registered in the national database, 91% were registered to have received HBIg and at least three hepatitis B 
vaccinations. In Amsterdam, this coverage among 413 children at risk was higher (96%, p < 0.01). Serolog-
ical test results for 2121 infants (80%) indicated that 13 (0.6%) were HBsAg positive. A mother of Chinese 
descent was the only risk factor for perinatal HBV infection identified (RR 9.1, 95% CI 3.1–26.8). Receiving 
a birth dose of hepatitis B vaccine later than in the first week of life was not associated with an increased risk 
of perinatal HBV infection. A shorter period between last vaccination and testing, and having received more 
doses of hepatitis B vaccine were independently associated with a higher anti-HBs titer.

Conclusions: Infants born to Chinese mothers were at increased risk of perinatal HBV infection. All HBsAg 
positive pregnant women of Chinese origin should be assessed to determine whether there is an indication 
for anti-viral treatment during pregnancy. Among infants who received HBIg at birth, we did not detect an 
increased risk of perinatal HBV infection when the first dose of hepatitis B vaccine was administered after 
the first week of life.

Keywords: Hepatitis B virus, Vaccination, Perinatal transmission, Hepatitis B vaccine, Hepatitis B immu-
noglobulin

Vaccine 2012;30:1715-20 © Elsevier Ltd. All rights reserved
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1. INtRoDUCtIoN

The prevalence of chronic HBV infection in the 

Netherlands is very low compared to most other 
countries. Estimates of the general population 
prevalence of hepatitis B surface antigen (HBsAg) 
positivity range from 0.2 to 0.5% [1,2]. Nevertheless, 
HBV prevention and control is of public health 
importance, since there are subgroups in the 
population with an increased risk of infection and 
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effective and safe interventions for prevention 
are available. In July 2010 the Dutch Ministry 
of Public Health, Welfare and Sportsdecided 
to introduce universal HBV vaccination in the 
national immunisation programme for all infants 
[3]. This was implemented for infants born from 1st 
August 2011 onwards. Regardless of this decision, 
prevention of perinatal transmission of HBV 
remains of great importance, as infants born to HBV 
infected mothers are at very high risk of developing 
chronic HBV infection [4]. Perinatal HBV 
transmission can be prevented by immunisation of 
newborns of HBV infected mothers by either active 
immunisation (with hepatitis B vaccine), passive 
immunisation (with hepatitis B immunoglobulin 
(HBIg)), or a combination of both. A recent 
metaanalysis of randomized controlled trials found 
that HBV vaccination at birth reduced the risk 
of perinatal HBV transmission by 72% [5]. The 
combination of HBIg and hepatitis B vaccine was 
more effective than vaccine alone. However, in none 
of the 29 trials included in this meta-analysis was 
the first dose of vaccine given later thanat 2 weeks 
of age. Based on observational data, the WHO 
concluded that delaying the birth dose increases 
the risk of perinatal HBV transmission [6,7].

The Netherlands was in November 1989 
among the first countries to recommend antenatal 
HBsAg screening for all pregnant women. This 
is recommended at 16 weeks of gestation. The 
participation rate to this screening is very high, 
with estimates increasing from 97% in 2003 to 100% 
in 2006/7 [8]. The estimated prevalence of HBsAg 
among pregnant women is 0.3–0.4% [9]. Up to 
2010, the recommended immunisation schedule 
for infants born to HBV infected mothers differed 
between the Amsterdam region and the rest of the 
country (Table 1). In both Amsterdam and the rest 
of the Netherlands, all recommended vaccination 
schedules for infants born to HBsAg positive 

mothers included a birth dose of 300 IU HBIg up to 
2007, and 150 IU from 2007 onwards. In Amsterdam, 
he vaccination schedule for infants born to positive 
mothers has always included a birth dose of vaccine 
[10]. In the rest of the Netherlands, however, the 
birth dose was only introduced in January 2006. 
The introduction of a birth dose followed a Dutch 
Health Council advice [11]. Between 1989 and 2003 
the first dose of vaccine was given at 3 months of 
age. Between 2003 and 2006 this was at 2 months of 
age. The schedule without a birth dose was justified 
by results of three trials carried out in the 1980s 
[12], and allowed giving HBV vaccine at the same 
time as the other infant vaccines (against diphtheria, 
pertussis, poliomyelitis and tetanus). However, with 
only eight HBsAg positive children, these trials 
were underpowered to reveal any differences in 
effectiveness of schedules.

The aim of our current study was to assess risk 
factors for perinatal HBV infection and determinants 
of the anti-HBs titers, in infants born to HBsAg 
positive mothers.

2. stUDy PoPUlAtIoN AND mEtHoDs

We defined infants at risk as those born to a 
HBV infected woman. Maternal HBV infection was 
defined as a confirmed positive HBsAg test during 
pregnancy. We included infants at risk born between 
1.1.2003 and 30.6.2007 in the analyses.

Nationally, data on antenatal screening results 
and vaccinations given in the National Immunisation 
Programme are stored in a central database 
(‘Praeventis’). During the study period, this database 
did not allow linking HBV infected mothers to their 
infants. Unfortunately, antenatal HBeAg status was 
not systematically recorded in the national database. 
In Amsterdam, the Public Health Service (PHS) 
records antenatal screening results linked to data on 

1716 S. Hahné et al. / Vaccine 30 (2012) 1715–1720

Table 1
Recommendation for HBV immunisation of infants born to HBV infected mothers, the Netherlands, birth cohort 1.1.2003–30.6.2007.

Region Birth date HBIga Hepatitis B vaccine at birth Subsequent HBV vaccinations

Age (d) Vaccine Dose
HBsAg

Age (months) Vaccine Dose
HBsAg

Netherlands except Amsterdam 01.01.2003 300 IU – – 2, 4, 11 HBvaxPRO 5 �g
01.01.2006 300 IU 1 HBvaxPRO 5 �g 2, 4, 11 HBvaxPRO 5 �g
01.06.2006 300 IU 1 HBvaxPRO 5 �g 2, 3, 4, 11 Infanrix hexa 10 �g
01.01.2007 150 IU 1 HBvaxPRO 5 �g 2, 3, 4, 11 Infanrix hexa 10 �g

Amsterdam 01.01.2003 300 IU eAg−: <7 d
eAg+: <2 h

Engerix-B 20 �g 1, 6 Engerix-B 20 �g

01.01.2006 300 IU eAg−: <7 d
eAg+: <2 h

HBvaxPRO 5 �g 1, 6 HBvaxPRO 5 �g

01.01.2007 150 IU eAg−: <7 d
eAg+: <2 h

HBvaxPRO 5 �g 1, 6 HBvaxPRO 5 �g

h: hours; d: days.
a Within 2 h after birth.

at 2 weeks of age. Based on observational data, the WHO concluded
that delaying the birth dose increases the risk of perinatal HBV
transmission [6,7].

The Netherlands was in November 1989 among the first coun-
tries to recommend antenatal HBsAg screening for all pregnant
women. This is recommended at 16 weeks of gestation. The partici-
pation rate to this screening is very high, with estimates increasing
from 97% in 2003 to 100% in 2006/7 [8]. The estimated preva-
lence of HBsAg among pregnant women is 0.3–0.4% [9]. Up to 2010,
the recommended immunisation schedule for infants born to HBV
infected mothers differed between the Amsterdam region and the
rest of the country (Table 1). In both Amsterdam and the rest of the
Netherlands, all recommended vaccination schedules for infants
born to HBsAg positive mothers included a birth dose of 300 IU HBIg
up to 2007, and 150 IU from 2007 onwards. In Amsterdam, the vac-
cination schedule for infants born to positive mothers has always
included a birth dose of vaccine [10]. In the rest of the Netherlands,
however, the birth dose was only introduced in January 2006. The
introduction of a birth dose followed a Dutch Health Council advice
[11]. Between 1989 and 2003 the first dose of vaccine was given at
3 months of age. Between 2003 and 2006 this was at 2 months of
age. The schedule without a birth dose was justified by results of
three trials carried out in the 1980s [12], and allowed giving HBV
vaccine at the same time as the other infant vaccines (against diph-
theria, pertussis, poliomyelitis and tetanus). However, with only
eight HBsAg positive children, these trials were underpowered to
reveal any differences in effectiveness of schedules.

The aim of our current study was to assess risk factors for perina-
tal HBV infection and determinants of the anti-HBs titers, in infants
born to HBsAg positive mothers.

2. Study population and methods

We defined infants at risk as those born to a HBV infected
woman. Maternal HBV infection was defined as a confirmed posi-
tive HBsAg test during pregnancy. We included infants at risk born
between 1.1.2003 and 30.6.2007 in the analyses.

Nationally, data on antenatal screening results and vaccinations
given in the National Immunisation Programme are stored in a cen-
tral database (‘Praeventis’). During the study period, this database
did not allow linking HBV infected mothers to their infants. Unfor-
tunately, antenatal HBeAg status was not systematically recorded
in the national database. In Amsterdam, the Public Health Service
(PHS) records antenatal screening results linked to data on infants
at risk in a dedicated database. We estimated the HBIg and HBV
vaccination coverage for children at risk in the Netherlands and
Amsterdam using the national database Praeventis and the Ams-
terdam PHS database, respectively.

All infants at risk are recommended to be tested for HBV
infection 4–6 weeks after the last dose of hepatitis B vaccine
[13]. In Amsterdam, children were first tested for anti-HBs. If
the anti-HBs titer was below 10 IU/l, their sample was tested
for anti-HBc. If this was positive, the sample was tested for
HBsAg and HBeAg. Test results were registered in a database
at the PHS. In the rest of the Netherlands, children born to
HBV infected mothers were invited by the National Institute for
Public Health and the Environment (RIVM) to participate in sero-
logical screening for HBV infection, 4–8 weeks after the last
hepatitis B vaccination. Parents were requested to fill in a ques-
tionnaire, including questions on demography and information on
their infant. All blood samples received were tested for anti-HBs,
anti-HBc and HBsAg. For all serologic analyses, commercial Abbott
AxSYM assays were used. Anti-HBs titers >1000 IU/l were not deter-
mined further. For HBsAg positive children, molecular typing of the
S and C region was performed using methods described elsewhere
[14]. Test results were stored in a database at RIVM. Perinatal HBV
infection in children born to HBV infected mothers was defined by
a positive HBsAg test and a positive confirmatory HBsAg test, or a
positive HBV DNA test, in an infant’s serum sample.

We studied determinants of perinatal HBV infection and of the
anti-HBs titer in children for whom a HBV serological test result was
available, had a record of receiving HBIg at birth and of receiving
their first HBV vaccination within 90 days of birth and who received
in total 3, 4 or 5 HBV vaccinations. We assessed whether any of the
four different vaccination schedules recommended for children in
our study population (see Table 2) was associated with an increased
risk of perinatal HBV. If the age at the first dose of vaccine was ≤7
days, we classified the child as having received a birth dose. We
disregarded the timeliness of subsequent doses. We also assessed
whether the infant’s sex and the country of birth of the mother were
associated with an increased risk of perinatal HBV infection. The
effect of the maternal HBeAg status and viral genotype on the risk
of breakthrough infection could not be assessed as this information
was only available for HBsAg positive children.

We studied the following determinants of the anti-HBs titer
using linear regression: The time between sampling and last vacci-
nation, the vaccination schedule (whether or not a birth dose was
received and the number of vaccine doses received), birth weight,
gestational age at birth and sex. Birth weight (grams) and dura-
tion of gestation (weeks) were grouped (<2000 g, 2000–2500 g,
2500–3000 g, 3000–4000 g and >4000 g; and <32, 32–36, 36–40,
40–42 weeks). Amsterdam born children were not included in these
analyses as the PHS database did not contain information on dura-
tion of gestation and birth weight. Children who acquired perinatal
HBV infection were also not included in these analyses. First we
performed single variable analyses. Variables with a p-value <0.1
were included in a multivariable model.
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infants at risk in a dedicated database. We estimated 
the HBIg and HBV vaccination coverage for children 
at risk in the Netherlands and Amsterdam using the 
national database Praeventis and the Amsterdam 
PHS database, respectively.

All infants at risk are recommended to be tested 
for HBV infection 4–6 weeks after the last dose of 
hepatitis B vaccine [13]. In Amsterdam, children 
were first tested for anti-HBs. If the anti-HBs titer 
was below 10 IU/l, their sample was tested for anti-
HBc. If this was positive, the sample was tested for 
HBsAg and HBeAg. Test results were registered in a 
database at the PHS. In the rest of the Netherlands, 
children born to HBV infected mothers were invited 
by the National Institute for Public Health and the 
Environment (RIVM) to participate in serological 
screening for HBV infection, 4–8 weeks after the 
last hepatitis B vaccination. Parents were requested 
to fill in a questionnaire, including questions on 
demography and information on their infant. All 
blood samples received were tested for anti-HBs, 
anti-HBc and HBsAg. For all serologic analyses, 
commercial Abbott AxSYM assays were used. Anti-
HBs titers >1000 IU/l were not determined further. 
For HBsAg positive children, molecular typing of 
the S and C region was performed using methods 
described elsewhere [14]. Test results were stored 
in a database at RIVM. Perinatal HBV infection in 
children born to HBV infected mothers was defined 
by a positive HBsAg test and a positive confirmatory 
HBsAg test, or a positive HBV DNA test, in an 
infant’s serum sample.

We studied determinants of perinatal HBV 
infection and of the anti-HBs titer in children for 
whom a HBV serological test result was available, 
had a record of receiving HBIg at birth and of 
receiving their first HBV vaccination within 90 days 
of birth and who received in total 3, 4 or 5 HBV 
vaccinations. We assessed whether any of the four 
different vaccination schedules recommended for 
children in our study population (see Table 2) was 
associated with an increased risk of perinatal HBV. 
If the age at the first dose of vaccine was ≤7 days, 
we classified the child as having received a birth 
dose. We disregarded the timeliness of subsequent 
doses. We also assessed whether the infant’s sex and 
the country of birth of the mother were associated 
with an increased risk of perinatal HBV infection. 
The effect of the maternal HBeAg status and viral 
genotype on the risk of breakthrough infection 
could not be assessed as this information was only 
available for HBsAg positive children.
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We used STATA 10 for all analyses [15] For the linear regres-
sion the censored function was used, to account for the lack of
quantitative information on titers >1000 IU/l.

3. Results

The national vaccination register Praeventis included 2657
infants at risk registered as born to a HBV infected mother between
1.1.2003 and 30.6.2007. Of these, 2416 (91%) were registered to
have received HBIg and at least three HBV vaccinations. The lat-
ter proportion increased from 83.7% in 2003 to 98.1% in 2007
(p for trend <0.001). The Amsterdam PHS database included 452
infants at risk born in the same study period. Of these, 30 were
recorded to have left the region, one died and for eight infants
the mother was shown to be HBsAg negative on retesting, leaving
413 infants for the analyses. Of these, 96% (396) were registered to
have received HBIg and at least three HBV vaccinations, a higher
coverage than estimated in the national programme (p < 0.01)
(Table 2).

Information was available on HBV serological test results for
2123 children (335 in Amsterdam and 1788 in the rest of the
Netherlands). Two HBsAg positive children were excluded from
the analyses (one since it was born and vaccinated outside of the
Netherlands and one since it was diagnosed outside of our screen-
ing programme), leaving 2121 children for analyses. Among the
2121 children with a test result, information on their vaccination
status was available for 1978 children. Of these, 1945 (98%) received
HBIg at birth and at least three hepatitis B vaccinations. Of the 2121
children with a test result, 13 were HBsAg positive (0.6%) (Table 2).
In addition, three children (0.2%) of those with an anti-HBc result
had a high titer suggestive of resolved breakthrough infection
[16].

Of the 13 HBsAg positive children, 11 had an anti-HBs titer
<10 IU/l and two had a titer above this threshold (68.3 IU/l and
605.2 IU/l). All HBsAg positive children had received HBIg and at
least the recommended number of vaccines. Two of the 13 HBsAg
positive children were born to the same mother. Of the 12 mothers
of the 13 HBsAg positive children, 10 were HBeAg positive and two
were HBeAg negative. Viral sequence information was available for
all HBsAg positive children, of whom three, including one child of
an HBeAg negative mother, were shown to have mutations in the
HBV S or C-region.

A relatively high proportion of high-risk children born in
2003–2005 had a low anti-HBs titer (<10 IU/l) (Table 2). This can
be explained by waning of antibody titers as these children were
retrospectively included in the testing programme, with a much
longer time than recommended between the last vaccination and
taking of the blood sample.

Of the 2121 children with a test result, 1891 (89.2%) with
complete information were included in the analyses to identify
determinants of perinatal HBV infection. Having a mother who
was born in China was the only significant risk factor for perina-
tal HBV infection. The vaccination schedule in which the first dose
of hepatitis B vaccine was given after the first week of life was
not associated with an increased risk of perinatal HBV infection
(Table 3). Assuming that 9% of pregnant HBsAg positive women
are HBeAg positive [10], the break-through infection rate among
HBeAg positives would be 7% (11/160) and among HBeAg negatives
0.1% (2/1622) (Table 3).

We included 1496 children with complete information in the
analyses to study determinants of the anti-HBs titer. A shorter
period between last vaccination and testing and having received
more doses of vaccine were independently associated with a higher
anti-HBs titer (Table 4).
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We studied the following determinants of 
the anti-HBs titer using linear regression: The 
time between sampling and last vaccination, the 
vaccination schedule (whether or not a birth dose 
was received and the number of vaccine doses 
received), birth weight, gestational age at birth and 
sex. Birth weight (grams) and duration of gestation 
(weeks) were grouped (<2000 g, 2000–2500 g, 2500–
3000 g, 3000–4000 g and >4000 g; and <32, 32–36, 
36–40, 40–42 weeks). Amsterdam born children 
were not included in these analyses as the PHS 
database did not contain information on duration of 
gestation and birth weight. Children who acquired 
perinatal HBV infection were also not included in 
these analyses. First we performed single variable 
analyses. Variables with a p-value <0.1 were included 
in a multivariable model.

We used STATA 10 for all analyses [15] For the 
linear regression the censored function was used, to 
account for the lack of quantitative information on 
titers >1000 IU/l.

3. REsUlts

The national vaccination register Praeventis 
included 2657 infants at risk registered as born 
to a HBV infected mother between 1.1.2003 and 
30.6.2007. Of these, 2416 (91%) were registered 
to have received HBIg and at least three HBV 
vaccinations. The latter proportion increased from 
83.7% in 2003 to 98.1% in 2007 (p for trend <0.001). 
The Amsterdam PHS database included 452 infants 
at risk born in the same study period. Of these, 30 
were recorded to have left the region, one died and 
for eight infants the mother was shown to be HBsAg 
negative on retesting, leaving 413 infants for the 

analyses. Of these, 96% (396) were registered to have 
received HBIg and at least three HBV vaccinations, 
a higher coverage than estimated in the national 
programme (p < 0.01) (Table 2).

 Information was available on HBV serological 
test results for 2123 children (335 in Amsterdam 
and 1788 in the rest of the Netherlands). Two HBsAg 
positive children were excluded from the analyses 
(one since it was born and vaccinated outside of the 
Netherlands and one since it was diagnosed outside 
of our screening programme), leaving 2121 children 
for analyses. Among the 2121 children with a test 
result, information on their vaccination status was 
available for 1978 children. Of these, 1945 (98%) 
received HBIg at birth and at least three hepatitis B 
vaccinations. Of the 2121 children with a test result, 
13 were HBsAg positive (0.6%) (Table 2). In addition, 
three children (0.2%) of those with an anti-HBc result 
had a high titer suggestive of resolved breakthrough 
infection [16]. 

Of the 13 HBsAg positive children, 11 had an 
anti-HBs titer <10 IU/l and two had a titer above 
this threshold (68.3 IU/l and 605.2 IU/l). All HBsAg 
positive children had received HBIg and at least 
the recommended number of vaccines. Two of the 
13 HBsAg positive children were born to the same 
mother. Of the 12 mothers of the 13 HBsAg positive 
children, 10 were HBeAg positive and two were 
HBeAg negative. Viral sequence information was 
available for all HBsAg positive children, of whom 
three, including one child of an HBeAg negative 
mother, were shown to have mutations in the HBV 
S or C-region. 

A relatively high proportion of high-risk children 
born in 2003–2005 had a low anti-HBs titer (<10 
IU/l) (Table 2). This can be explained by waning of 
antibody titers as these children were retrospectively 
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Table 3
Potential risk factors for perinatal HBV infection in at children born to HBV infected mothers, The Netherlands, birth cohort 1.1.2003–30.6.2007 (n = 1891).a

Determinant Region of birth Number of children HBsAg positive children RR 95%CI p-value
Number (%)

Hepatitis B vaccination scheduleb

2, 4, 11 months Rest of Netherlands 1044 8 (0.8%) Ref. – –
0, 2, 3, 4, 11 months Rest of Netherlands 364 3 (0.8%) 1.1 0.3–4.0 0.91
0, 2, 4, 11 months Rest of Netherlands 109 1 (0.9%)c 1.2 0.2–9.5 0.87
0, 1, 6 months Amsterdam 265 1 (0.3%) 0.5 0.1–3.9 0.50

Genderd

Female Netherlands 920 3 (0.3%) Ref.
Male Netherlands 967 10 (1.0%) 3.2 0.9–11.5 0.09

Mother born in Chinae

No Netherlands 1662 6 (0.4%) Ref.
Yes Netherlands 213 7 (3.2%) 9.1 3.1–26.8 <0.001

a Includes only children who received HBIg on the day of birth, who received the first dose of hepatitis B vaccine within 90 days of age and who received >2 and <6 hepatitis
B vaccines.

b For 109 children a vaccination schedule could not be defined (e.g. children born in the Amsterdam region with a first dose given later than in the first week of life).
c This child received four HBV vaccinations with the first one at birth, even though it was born in the period that the recommended HBV vaccination schedule was 2, 4, 11

months. This explains the discrepancy between Tables 2 and 3 regarding the number of perinatal infections for schedule 0, 2, 4, 11 months.
d For 4 individuals the sex was unknown.
e For 16 individuals the country of birth of the mother was unknown.

4. Discussion

The Dutch programme of tracing children born to HBV infected
mothers and offering them HBIg and hepatitis B vaccination has
been highly successful. The vaccination coverage among registered
at risk children was high (91%) compared to that reported from
other countries, and it increased in recent years to 97% [17–19]. The
rate of perinatal infection among infants who received HBIg at birth
was very low, regardless of whether vaccination was started in the
first week of life or after. This suggests that infants who received the
first dose of vaccine after the first week of life were sufficiently pro-
tected for the first months by the passive immunisation with HBIg.
Since our study only assessed the risk of breakthrough infection
among infants who received HBIg, our results are not applicable
to countries without an antenatal HBV screening programme, or
where HBIg is not used.

Our findings are consistent with the results of the meta-analyse
by Lee et al, who found that HBIg, without vaccination, significantly

reduced the risk of perinatal HBV compared to a placebo [5]. Our
results do not agree with findings by Marion et al, who found that
late administration of the first dose of vaccine was associated with
an increased risk of perinatal infection, even after adjustment for
HBIg administration [6]. However, as some of the children with
perinatal infection in this study received the first dose of vaccine
much later than children included in our study, results are not
directly comparable. The dose of HBIg (300 IU) recommended for
most infants included in our analyses is relatively high compared to
recommendations elsewhere [20]. This may explain the relatively
low transmission rate we observed.

Our results need to be interpreted with caution, as the num-
ber of perinatal infections was very low leading to low power in
the analyses. Second, we unfortunately had information on the
maternal HBeAg status only for infants with perinatal infection, not
for the entire Dutch population of HBsAg pregnant women. An ear-
lier evaluation of the Amsterdam antenatal screening programme
showed that only 8.9% of pregnant HBsAg positive women were

Table 4
Determinants of the anti-HBs titer in children born to HBV infected mothers, The Netherlands, birth cohort 1.1.2003–30.6.2007 (n = 1496).a

Determinant Number Univariate analyses Multivariate analyses

Pseudo R2 = 0.20

Coefficient p-value Adjusted Coefficient p-value

Period between last vaccination and date of sampling (days) – −0.0030 <0.001 −0.0023 <0.001
HBV vaccination scheduleb

0, 2, 3, 4, 11 months 347 Ref. Ref.
0, 2, 4, 11 months 106 −0.800 <0.001 −0.6141 <0.001
2, 4, 11 months 991 −1.8144 <0.001 −0.9482 <0.001

Birth weight
<2000 gram 30 Ref. –
2000–2500 gram 56 0.1981 0.53
2500–3000 gram 275 0.4427 0.10
3000–4000 gram 994 0.4847 0.06
>4000 gram 142 0.5216 0.06

Gestational age at birth
<32 weeks 9 Ref. –
32–36 weeks 43 −0.0815 0.88
36–40 weeks 762 0.1005 0.84
40–42 weeks 683 0.1184 0.81

Gender
Female 730 Ref. –
Male 767 −0.1103 0.14

a Includes only children who received HBIg on the day of birth and the first dose of hepatitis B vaccine within 90 days of age.
b For 53 children a vaccination schedule could not be defined (e.g. children who received the first dose of vaccine within 7 days of birth but received only three vaccinations

in total).

23436 Hahne, Susan NW.indd   72 01-11-12   16:04



Hepatitis B virus infection in The Netherlands

73

  2.
4   

 P
er

in
at

al
 

tr
an

sm
iss

io
n

included in the testing programme, with a much 
longer time than recommended between the last 
vaccination and taking of the blood sample.

Of the 2121 children with a test result, 1891 
(89.2%) with complete information were included 
in the analyses to identify determinants of perinatal 
HBV infection. Having a mother who was born 
in China was the only significant risk factor for 
perinatal HBV infection. The vaccination schedule 
in which the first dose of hepatitis B vaccine was 
given after the first week of life was not associated 
with an increased risk of perinatal HBV infection 
(Table 3). Assuming that 9% of pregnant HBsAg 
positive women are HBeAg positive [10], the break-
through infection rate among HBeAg positives 
would be 7% (11/160) and among HBeAg negatives
0.1% (2/1622) (Table 3).

We included 1496 children with complete 
information in the analyses to study determinants 
of the anti-HBs titer. A shorter period between last 
vaccination and testing and having received more 
doses of vaccine were independently associated with 
a higher anti-HBs titer (Table 4).

4. DIsCUssIoN

The Dutch programme of tracing children born to 
HBV infected mothers and offering them HBIg and 
hepatitis B vaccination has been highly successful. 
The vaccination coverage among registered at risk 
children was high (91%) compared to that reported 
from other countries, and it increased in recent 

years to 97% [17–19]. The rate of perinatal infection 
among infants who received HBIg at birth was very 
low, regardless of whether vaccination was started 
in the first week of life or after. This suggests that 
infants who received the first dose of vaccine after 
the first week of life were sufficiently protected for 
the first months by the passive immunisation with 
HBIg. Since our study only assessed the risk of 
breakthrough infection among infants who received 
HBIg, our results are not applicable to countries 
without an antenatal HBV screening programme, or 
where HBIg is not used.

Our findings are consistent with the results of 
the meta-analyse by Lee et al, who found that HBIg, 
without vaccination, significantly reduced the risk 
of perinatal HBV compared to a placebo [5]. Our 
results do not agree with findings by Marion et al, 
who found that late administration of the first dose 
of vaccine was associated with an increased risk of 
perinatal infection, even after adjustment for HBIg 
administration [6]. However, as some of the children 
with perinatal infection in this study received the first 
dose of vaccine much later than children included 
in our study, results are not directly comparable. 
The dose of HBIg (300 IU) recommended for most 
infants included in our analyses is relatively high 
compared to recommendations elsewhere [20]. This 
may explain the relatively low transmission rate we 
observed.

Our results need to be interpreted with caution, 
as the number of perinatal infections was very low 
leading to low power in the analyses. Second, we 
unfortunately had information on the maternal 
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The Dutch programme of tracing children born to HBV infected
mothers and offering them HBIg and hepatitis B vaccination has
been highly successful. The vaccination coverage among registered
at risk children was high (91%) compared to that reported from
other countries, and it increased in recent years to 97% [17–19]. The
rate of perinatal infection among infants who received HBIg at birth
was very low, regardless of whether vaccination was started in the
first week of life or after. This suggests that infants who received the
first dose of vaccine after the first week of life were sufficiently pro-
tected for the first months by the passive immunisation with HBIg.
Since our study only assessed the risk of breakthrough infection
among infants who received HBIg, our results are not applicable
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where HBIg is not used.

Our findings are consistent with the results of the meta-analyse
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reduced the risk of perinatal HBV compared to a placebo [5]. Our
results do not agree with findings by Marion et al, who found that
late administration of the first dose of vaccine was associated with
an increased risk of perinatal infection, even after adjustment for
HBIg administration [6]. However, as some of the children with
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much later than children included in our study, results are not
directly comparable. The dose of HBIg (300 IU) recommended for
most infants included in our analyses is relatively high compared to
recommendations elsewhere [20]. This may explain the relatively
low transmission rate we observed.

Our results need to be interpreted with caution, as the num-
ber of perinatal infections was very low leading to low power in
the analyses. Second, we unfortunately had information on the
maternal HBeAg status only for infants with perinatal infection, not
for the entire Dutch population of HBsAg pregnant women. An ear-
lier evaluation of the Amsterdam antenatal screening programme
showed that only 8.9% of pregnant HBsAg positive women were
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a Includes only children who received HBIg on the day of birth and the first dose of hepatitis B vaccine within 90 days of age.
b For 53 children a vaccination schedule could not be defined (e.g. children who received the first dose of vaccine within 7 days of birth but received only three vaccinations

in total).

23436 Hahne, Susan NW.indd   73 01-11-12   16:04



Chapter 2

74

HBeAg status only for infants with perinatal 
infection, not for the entire Dutch population of 
HBsAg pregnant women. An earlier evaluation of 
the Amsterdam antenatal screening programme 
showed that only 8.9% of pregnant HBsAg positive 
women were  1719 HBeAg positive [10]. Our results 
may therefore not apply in countries where HBV 
infected pregnant women generally have a higher 
viral load.

The only significant risk factor for perinatal 
transmission we identified was Chinese descent of 
the mother. This may be associated with the high 
prevalence of genotype C viruses in this group [21]. 
Chronic infection with this genotype takes a longer 
time to seroconversion of HBeAg to anti-HBeAg, 
and is associated with a higher viral load [22]. Our 
results are therefore consistent with other studies 
suggesting that perinatal HBV transmission is 
associated with high maternal viral load [23]. Three 
out of the 13 infants with perinatal infection had a 
mutated HBV viral strain. It is unknown whether 
this is associated with a higher risk of perinatal 
infection [23,24].

A limitation of our study is that the different vaccine 
schedules we compared contained a variation of 
hepatitis B vaccines, differing in the amount of HBsAg 
included (Table 1). We were not able to disentangle 
effects of this from effects of the schedule used.

Consistent with other publications, time between 
last vaccination and testing and having received 
more doses of hepatitis B vaccine were independent 
determinants of a higher anti-HBs titer [25]. There 
was an indication that a birth weight over 3000 g was 
associated with a higher anti-HBs titer, but this was not 
significant.

Both in the group of infants who received a birth 
dose of vaccine, and those who started vaccination 
later, the rate of perinatal infection was less than 1%. 
In the UK, 4.9% of children born to HBV infected 
mothers were found to have evidence of current 
infection [26]. This study included mainly HBeAg 
positive women. Our estimate of 6.9% breakthrough 
infections among HBeAg positive women is consistent 
with their findings. In the US, a perinatal transmission 
rate of 2.2% was found [27]. As the maternal prevalence 
of HBeAg was not recorded in this study, these results 
cannot directly be compared with ours.

Achieving an even lower rate of perinatal HBV 
infections may be possible by antiviral treatment for 
HBsAg positive pregnant women with a high viral 
load [28]. This is currently recommended in the 
Netherlands [29,30]. Data regarding the uptake of 

this recommendation is not available. Based on these 
results, HBsAg positive pregnant women of Chinese 
origin should be assessed to determine whether 
there is an indication for anti-viral treatment during 
pregnancy [29].

Among registered children at risk the coverage 
for HBIg and at least three hepatitis B vaccinations 
compares favourably with coverages reported 
elsewhere [17,18]. However, multiplying the 
estimated antenatal prevalence (0.34–0.40%) [8,31] 
with the number of live births in the Netherlands 
in the study period (n = 855,598), between 2909 
and 3,422 infants born to HBV infected mothers 
were expected in the study period. The national 
vaccination register therefore included only an 
estimated 78–91% of all infants born to HBV 
infected mothers. We do not know whether the non-
registered children received HBIg and vaccination 
or were simply not registered. The completeness of 
the registration of children born to HBsAg positive 
women should therefore be improved.

An additional limitation of the programme is 
that participation to the serological screening to 
detect perinatal infection was incomplete (around 
80% of registered children in Amsterdam and
66% in the rest of the Netherlands, Table 2). It is 
likely that the rates of perinatal infection found 
in our study population cannot be extrapolated 
to the entire population of children at risk, as the 
vaccination coverage in the group who participated 
to the screening was higher than in the entire 
registered population of at risk infants (98% and 
91%, respectively). We are currently investigating 
whether less invasive methods (e.g. dried blood 
spots) can be used to detect HBV-infected children 
and anti-HBs levels, as availability of these are likely 
to increase the participation to the screening.

The coverage we report for the birth period 
2003–2005 is lower than that reported for the birth 
cohort 2000 (88.3% and 95%, respectively) [32]. This 
may be related to the 2005 transfer of retrospective 
vaccination data to the national database Praeventis. 
Our results show that the registered vaccine coverage 
in Amsterdam is higher than the national coverage, 
consistent with a previous evaluation of the 
Amsterdam programme for prevention of perinatal 
HBV transmission [10]. It is difficult to compare 
results of the programme in Amsterdam with the rest 
of the Netherlands, however, as characteristics of the 
population and working procedures differ. The local 
Amsterdam data is, however, likely to be more robust 
than the national data, as a direct link between the 
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laboratory carrying out antenatal tests and the PHS 
exists. The higher coverage found in Amsterdam 
may partly be due to the fact that a dedicated public 
health nurse ensured that children who had left the 
region were excluded from the database and that all 
vaccines delivered were registered.

Remarkably, two of 13 children who were 
HBsAg positive had an anti-HBs titer ≥10 IU/l. 
Unfortunately, no follow-up HBsAg test results are 
available. It suggests that testing only children with a 
titer <10 IU/l for HBsAg, as was done in Amsterdam 
up to 2010, may have been insufficient to detect 
all HBsAg positive children. This may have led to 
an underestimation of the proportion of perinatal 
infections in Amsterdam, which may partly explain 
the relatively low proportion found there relative to 
the rest of the Netherlands.

From January 2010 onwards, the same 
vaccination schedule for at risk children is used in 
Amsterdam and the rest of the Netherlands.

The programme to prevent perinatal HBV 
transmission remains a key priority to control 
HBV infection in the Netherlands, regardless of 
introduction of universal hepatitis B vaccination 
for infants in 2011 [3,13]. Our study confirms that 
among children registered as at risk the current 
programme of providing HBIg and HBV vaccine 
at birth, with subsequent completion of the HBV 
vaccination schedule is effective, achieving high 
coverage with very few perinatal infections. Testing 
of adequately immunised infants born to HBsAg 
positive mothers was therefore considered to be no 
longer among the national public health priorities 
in the Netherlands and the national programme for 
this was ceased from 2010 onwards. Regardless of 
this, it is still recommended that every child born to 
an HBsAg positive mother is tested for HBsAg, to 
assess whether it has escaped chronic HBV infection.
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Persistent and transient hepatitis B virus (HBV) 
infections in children born to HBV-infected mothers 
despite active and passive vaccination

H. J. BOOT,1  S. HAHNé,2 J. CREMER,1 A. WONG,3 G. BOLAND4 AND A. M. VAN LOON4 
1Laboratory for Infectious Diseases and Perinatal Screening, Dutch Centre for Infectious Diseases Control, National Institute for Public 
Health and the Environment (RIVM), Bilthoven, The Netherlands; 
2Epidemiology and Surveillance Unit, Dutch Centre for Infectious Diseases Control, National Institute for Public Health and the Environ-
ment, Bilthoven (RIVM), The Netherlands; 
3Expertise Centre for Methodology and Information Services, National Institute for
Public Health and the Environment, Bilthoven (RIVM), The Netherlands; and 4Department of Medical Microbiology, Utrecht University 
Medical Centre (UMCU), Utrecht, The Netherlands

sUmmARy.
Combined passive and active immunization for newborns very effectively prevents perinatal hepatitis B virus 
(HBV) infections. In the Netherlands, babies born to hepatitis B surface antigen (HBsAg)-positive women 
receive passive immunization with hepatitis B and at least three active HBsAg vaccinations. Serological test-
ing for the presence of HBV markers was offered for all infants born to HBsAg-positive mothers between 
January 2003 and July 2007, after completion of their vaccination schedule. About 75% of the infants (n = 
1743) completed their HB-vaccination schedule and participated in the serologic evaluation. Twelve of them 
(0.7%) were found to be HBV infected. Furthermore, we identified three older children with high levels of 
anti-HBc, anti-HBs and anti-HBe, while they were HBsAg and HBV DNA negative. This serologic profile 
is evidence for a resolved HBV infection. In the group of older children (1.5–5 years of age, n = 728), about 
half of the HBV-infected children (3 of 7) had already cleared their infection at the time of sampling. For a 
proper evaluation of the efficacy of a new intervention programme to prevent vertical HBV transmission, it 
is also important to analyse the HBV markers in serum collected when the children are older than 1.5 years. 
In a programmatic setting, all children born to HBV-infected mothers should be tested not only for the level 
of anti-HBs but also for the absence of HBsAg, because 2 of the 12 HBV-infected children (17%) had a high 
level of anti-HBs.

Keywords: anti-HBc, anti-HBs, hepatitis B virus, maternal antibodies, perinatal transmission.

INtRoDUCtIoN 
Vaccination with hepatitis B surface antigen 
(HBsAg), the major protein of the hepatitis B virus 

(HBV), induces the production of specific hepatitis 
B antibodies (hepatitis B surface protein antibodies 
or anti-HBs). Such antibodies are an indicator of 

long-term protection against clinically relevant HBV 
infections. Infants vaccinated at birth who develop 
anti-HBs above the cut-off value of 10 IU/L at 1 to 
3 months after their last vaccination are expected 
to be protected for minimally 15 years, and prob-
ably for life [1–3]. Unlike HB vaccination, natural 
HBV infection induces antibodies against the core 
protein of the HBV (anti-HBc) and, in most cases,
against the HBV e-antigen (anti-HBe). Large-scale 
population serosurveys of past or current HBV infec-
tions are generally based on assessment of the presence 

J Viral Hepat 2010;17:872-8 © 2009 Blackwell Publishing Ltd. doi:10.1111/j.1365-2893.2009.01247.x

Abbreviations: HBsAg, hepatitis B surface antigen; HBV, hepatitis 
B virus.
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of anti-HBc rather than anti-HBs, as anti-HBs declines 
more rapidly than antiHBc. Furthermore, vaccina-
tion-induced anti-HBs cannot be distinguished from 
anti-HBs induced by natural infection.
The risk of chronic infection depends largely on the age 
of infection: ∼90% for newborns, ∼50% for 3 years old 
and ∼5% for adults [4]. Because chronic infection can 
cause severe liver problems, the average life-time ex-
pectancy of chronically infected individuals is severely 
reduced [5]. Perinatally acquired infections cause an 
estimated 21% of HBV-related deaths worldwide [6]. 
Prevention of perinatal HBV infections is a key priority 
in controlling HBV transmission. Active vaccination 
of newborns within 48 h of delivery is very effective 
in preventing vertical transmission [7], and the World 
Health Organization (WHO) recommends it for all 
neonates worldwide. Many developed countries sup-
plement active vaccination with anti-HBs (passive vac-
cination) given directly after birth (<2 h).
Although HB vaccination effectively prevents HBV 
transmission at the population level [8], up to 10% 
of the adolescent and young adult vaccinees do not 
respond well (<10 IU/L) or at all (<1 IU/L) to HB 
vaccination, and the proportion increases to 35% for 
people over 60 years old [9]. Despite timely passive 
and active vaccination, newborns may still become 
HBV infected because of either intrauterine infec-
tion [10,11] or nonresponse to vaccination [12]. The 
risk of infection despite vaccination is directly pro-
portional to the size of the mother’s viral load [13–
15]. To determine the optimal strategy to prevent 
perinatal transmission (vaccine, vaccination sched-
ules; anti-HBs for the child; antivirals and/ or an-
ti-HBs for the mother), the efficacy of the different 
intervention programmes must be determined. The 
most important parameter is the presence of HBsAg 
at 1 year of age, which is proof of an HBV infection. 
In most cases, it will become chronic in these young 
children [16]. However, the newborn may have a 
transient HBV infection and clear it by the age of 1 
year. Both chronic and transient infections should 
be taken into account in the evaluation of new pre-
vention strategies, as a short-term subclinical infec-
tion indicates that the child was not optimally pro-
tected and could have transmitted the virus to others 
(e.g. in a day-care setting). Furthermore, a transient 
hepatitis B infection might not be cleared complete-
ly and could reactivate later in life, causing compli-
cations [17,18]. Therefore, statistically significantly 
more transient infections in a new prevention strat-
egy mean that the strategy is inferior.
Some HB-vaccination studies of children with HB-

Vinfected mothers use the anti-HBc level as a marker 
to determine whether a child had been HBV infect-
ed [7,19,20]. However, because the anti-HBc level 
can be very high in chronically infected mothers, 
the anti-HBc in the blood of young children could 
be of maternal origin. Currently, it is impossible to 
distinguish between maternally derived and infec-
tion-induced anti-HBc. We undertook our study to 
evaluate the decline of anti-HBc over time in vacci-
nated children born to HBV-infected mothers and to 
determine whether anti-HBc levels can identify tran-
sient HBV infections in these children.

mAtERIAl AND mEtHoDs

Identification of HBV-infected mothers

Since 1989, all pregnant women in the Neth-
erlands have been offered serological screening for 
HBsAg at around 12 weeks of pregnancy. Wom-
en who test positive for HBsAg for the first time 
ever are asked to provide a second serum sample 
to confirm the positive result and to exclude con-
tamination or sampling errors. Vaccination for the 
newborn, both passive (HBV hyperimmunoglob-
ulin, hereafter referred to as HBIg, within 2 h after 
birth) and active (HB vaccine, >=3 shots), is then 
offered to all newborns. All Dutch children born 
to HBV-infected mothers between 1 January 2003 
and 1 July 2007 were invited to participate in 
the serological screening after completion of their 
HB-vaccination schedule in conformance to the 
national immunization schedule. Children born in 
the Amsterdam area, who have been vaccinated ac-
cording to a different schedule (HBIg directly after 
birth and active vaccination at 0, 1 and 6 months), 
were excluded from our study.

Serum analyses of children born to HBV-infected 
mothers

All children born to HBV-infected mothers were 
eligible for both passive and active HB vaccination 
and subsequent serum analysis for the HBV mark-
ers and response to HB vaccination. All undiluted 
sera were analysed for the presence of anti-HBs 
(AUSAB Abbott AxSYM; given in international units 
per litre [IU/L]; with a maximum of 1000 IU/L) and 
HBsAg (HBsAg V2 Abbott AxSYM; sera with a sam-
pleover-index-calibrator mean rate [S/N] equal to or 
greater than 2.00 are considered reactive). If serum 
was available, the presence of anti-HBc (Core, Abbott 
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AxSYM; sera with a sample over cut-off ratio [S/CO] 
equal to or less than 1.00 are considered reactive) was 
also determined. Sera that were positive for HBsAg 
were only recorded as such if a subsequent HBsAg 
confirmation test of these sera was also positive. Ei-
ther the Abbott AxSYM HBsAg confirmatory test or a 
nested polymerase chain reaction analysis specific for 
the S region of HBV [21] was used for this purpose. 
Sera of older children (1.5–5 years) with an interme-
diate or high level of anti-HBc were also analysed for 
the presence of HBeAg (HBe 2.0, Abbott AxSYM; 
sera with an S/CO equal to or >1.00 are considered re-
active) and anti-HBe (Anti-HBe 2.0, Abbott AxSYM; 
sera with an S/CO equal to or <1.000 are considered 
reactive), if sufficient material was available. Further-
more, HBeAg and anti-HBe were also determined 
from anti-HBc-level-matched sera of children young-
er than 1.5 years (hereafter referred to as ‘infants’), 
and from agematched older children who were an-
ti-HBc negative. All assays were carried out according 
to the manufacturer’s instructions. The phrase ‘more 
than 1.5 years old’ is used when serum was collected 
550 days or more after birth. An ‘intermediate level’ 
of anti-HBc was defined as 2–5 times the cut-off level 
for 1/anti-HBc (i.e. 2.0–5.0); while a ‘high level’ of an-
ti-HBc was defined as equal to or more than five times 
the cut-off value for 1/anti-HBc (i.e. >=5.0).

Vaccination schedules

During the study period, several HB vaccines and 
vaccination schedules were used in the Dutch na-
tional immunization programme (Table 1). The vac-
cination coverage for all the vaccination schedules 
was high. In the period 2003–2005, over 90% of the 
children born to registered HBsAg-positive mothers 
received all scheduled HB vaccinations. Children 
who were HBsAg negative and who had an anti-HBs 
level of less than 10 IU/L were offered revaccination 
in an accelerated schedule: HBVaxPro (5 lg) at 0, 1 
and 2 months. Response to revaccination was ana-
lysed as described earlier. 

Statistical analysis

We determined the 99th percentile for the anti-HBc 
level using the Generalized Additive Models for Lo-
cation, Scale and Shape. These models are imple-
mented in the GAMLSS package for the statistical 
software package R [22]. We compared multiple dis-
tributions for the response variable by running the 
GAMLSS model with each distribution and evalu-

ating Schwartz’s Bayesian Criterion. This value was 
lowest with the four-parameter Box–Cox t-distri-
bution, so we used this distribution for estimating 
the percentile. We assumed that the location and 
scale parameters depended on age, and we estimated 
them by using cubic smoothing splines on age. To 
simplify matters, we assumed that the skewness and 
kurtosis parameters were constant.
To estimate the relationship between age and the an-
ti-HBc levels on the HB-measured anti-HBs, we cat-
egorized the continuous age variable by dividing age 
into groups of 50 days. We also divided the anti-HBc 
level into groups of 0.5 IU. We chose to model these 
categorized variables rather than to use smoothing 
terms from the Generalized Additive Models, as these 
categorizations allow for exploring the relationship 
in the data while maintaining a clearer interpreta-
tion. We used a survival regression model (available 
in the R library survival), under assumption of Wei-
bull distributed response variable (anti-HBs level), 
with both age and anti-HBc level as explanatory var-
iables, which allowed us to look at the marginal in-
fluence of each explanatory variable of the response.

REsUlts

HBV-infections in young children

All children of HBV-infected mothers born between 
January 2003 and July 2007 in the Netherlands 
were invited to participate in the serologic screening 
6 weeks–4 years after completion of their vaccination 
schedule (Table 1). In total, we received 1743 serum 
samples from the estimated 2280 children (75.4%). 
The sera were collected when the children were aged 
between 205 and 1727 days (average = 622; median 
482). Twelve of these sera contained HBsAg (0.69%). 
All twelve HBsAg-positive children had complet-
ed their HB-vaccination schedule, which included 
administration of HBIg within 2 h after birth. Five 
of these 12 children had an anti-HBs antibody titre 
greater than 1.0 IU/L (Fig. 1). Remarkably, two of 
these had a titre greater than 10 IU/L (i.e. 68.3 and 
605.2 IU/L), a level that is generally regarded as be-
ing protective against a HBV infection [3].

Anti-HBc levels

To further assess the effectiveness of HBV-vaccina-
tion programmes for newborns at risk of perinatal 
HBV infection, we determined the anti-HBc level 
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in the same sera that was used for HBsAg and an-
ti-HBs analyses (Fig. 2). Almost one-third (29%) of 
the infants were positive for anti-HBc, while this 
was true for only 3% of the older children (aged 
1.5–5). However, the average anti-HBc level of in-
fants is significantly lower (P < 0.05) in successful-
ly vaccinated children in this age group (1/anti-HBc 
average = 1.97; n = 928) than in HBV-infected chil-
dren (1/anti-HBc average = 9.6; n = 7). For older 
children, the difference in anti-HBc levels is even 
more pronounced (P < 0.05): uninfected children 
had an average 1/anti-HBc level of 0.62 (n = 728) 
compared to 11.9 (n = 5) for HBV-infected children. 
Four of the 5 older children (80%) with an HBV in-
fection had a high level of anti-HBc (1/anti-HBc > 5, 
Table 2), while of the 728 uninfected older children 
only 3 (0.4%) had a high level of anti-HBc (P < 0.001).
To determine whether the anti-HBc level of the 
newborn influences the HB-vaccination response, 
we predicted the anti-HBs level as a function of an-
ti-HBc level while adjusting for age. As a control, we 
also predicted the anti-HBs level as a function of age 
while adjusting for the anti-HBc level (Fig. 3). All 
vaccination schedules are completed at 11 months 
of age (Table 1) so that the child’s age at the time of 
sampling is directly related to the time after vaccina-
tion. There is a clear correlation between the child’s 
age and the anti-HBs level, while the anti-HBc lev-
el and the HB vaccine response did not correlate.

HBeAg and anti-HBe levels

Sera from the 12 older children with intermediate 
and high anti-HBc levels (1/anti-HBc > 5) were 
also analysed for the presence of HBV e-antigen 
(HBeAg) or antibodies against HBeAg (anti-HBe). 
As expected, high levels of HBeAg were found in 
the sera of all four HBV-infected older children 
(Table 2). Anti-HBe was absent in the sera of the 
HBVinfected older children, but was detectable 
in all three uninfected older children with a high 
anti-HBc level. The sera of children comparable 
to those listed in Table 2 were also analysed for 
the presence of HBeAg and anti-HBe. No anti-HBe 
was present in any of the sera from age-matched 
children with low levels of anti-HBc (1/anti-HBc 
< 2; data not shown). Some, but not all, of the 
1/anti-HBc-matched HBsAg-negative infants also 
possessed anti-HBe (data not shown). Because we 
do not know the anti-HBc and anti-HBe levels of 
the corresponding mothers, we were unable to de-
termine whether these antibodies were maternally 
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Anti-HBc levels

To further assess the effectiveness of HBV-vaccination pro-

grammes for newborns at risk of perinatal HBV infection, we

determined the anti-HBc level in the same sera that was used

for HBsAg and anti-HBs analyses (Fig. 2). Almost one-third

(29%) of the infants were positive for anti-HBc, while this

was true for only 3% of the older children (aged 1.5–5).

However, the average anti-HBc level of infants is signifi-

cantly lower (P < 0.05) in successfully vaccinated children

in this age group (1/anti-HBc average = 1.97; n = 928)

than in HBV-infected children (1/anti-HBc average = 9.6;

n = 7). For older children, the difference in anti-HBc levels is

even more pronounced (P < 0.05): uninfected children had

an average 1/anti-HBc level of 0.62 (n = 728) compared to

11.9 (n = 5) for HBV-infected children. Four of the 5 older

children (80%) with an HBV infection had a high level of

anti-HBc (1/anti-HBc > 5, Table 2), while of the 728

uninfected older children only 3 (0.4%) had a high level of

anti-HBc (P < 0.001). To determine whether the anti-HBc

level of the newborn influences the HB-vaccination response,

we predicted the anti-HBs level as a function of anti-HBc

level while adjusting for age. As a control, we also predicted

the anti-HBs level as a function of age while adjusting for the

anti-HBc level (Fig. 3). All vaccination schedules are com-

pleted at 11 months of age (Table 1) so that the child�s age
at the time of sampling is directly related to the time after

vaccination. There is a clear correlation between the child�s
age and the anti-HBs level, while the anti-HBc level and the

HB vaccine response did not correlate.

HBeAg and anti-HBe levels

Sera from the 12 older children with intermediate and high

anti-HBc levels (1/anti-HBc > 5) were also analysed for the

presence of HBV e-antigen (HBeAg) or antibodies against

HBeAg (anti-HBe). As expected, high levels of HBeAg were

found in the sera of all four HBV-infected older children

(Table 2). Anti-HBe was absent in the sera of the HBV-

infected older children, but was detectable in all three

uninfected older children with a high anti-HBc level. The

sera of children comparable to those listed in Table 2 were

also analysed for the presence of HBeAg and anti-HBe. No

anti-HBe was present in any of the sera from age-matched

children with low levels of anti-HBc (1/anti-HBc < 2; data

not shown). Some, but not all, of the 1/anti-HBc-matched

HBsAg-negative infants also possessed anti-HBe (data not

shown). Because we do not know the anti-HBc and anti-HBe

levels of the corresponding mothers, we were unable to

determine whether these antibodies were maternally derived

or whether they were caused by a transient HBV-infection.

All three HBsAg-negative, anti-HBc/anti-HBe-positive older

children also had high levels of anti-HBs (Table 2).

DISCUSSION

Vertical transmission, a major transmission route of HBV,

can largely be prevented by vaccinating newborns directly

after birth. Although newborn vaccination might not

prevent infections because of prenatal (i.e. intrauterine)

transmission, infections because of perinatal or postnatal
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derived or whether they were caused by a tran-
sient HBV-infection. All three HBsAg-negative, 
anti-HBc/anti-HBe-positive older children also had 
high levels of anti-HBs (Table 2).

DIsCUssIoN

Vertical transmission, a major transmission route 
of HBV, can largely be prevented by vaccinating 
newborns directly after birth. Although newborn 
vaccination might not prevent infections because 
of prenatal (i.e. intrauterine) transmission, infec-
tions because of perinatal or postnatal transmission 
should be preventable, if the vaccine and vaccination 
schedule induce rapid and good response in every 
newborn. In developed countries, many newborns 
of HBVinfected mothers receive HBV-specific im-
munoglobulin (HBIg) in addition to active vaccina-
tion. In the view of WHO, administration of HBIg 
directly after birth does not significantly improve 
protection against perinatally acquired infections 
of full-term newborns vaccinated immediately (<24 
h) after birth [3]. However, Lee and colleagues’ 
metaanalysis finds that the addition of HBIg to 
schedules of HB vaccination with recombinant HBV 
vaccines reduces the relative risk to 0.52 (95% confi-
dence interval 0.41–0.67) [7].
To determine which vaccination programme is most 

efficacious in preventing vertical HBV infections, 
it is essential to identify children not responding to 
HB vaccination and HBV-infected children in a uni-
form and sensitive way. For logistic reasons, most of 
the children in our study who were born in 2003 and 
2004 were sampled long after completion of their 
vaccination schedule (up to 50 months after their 
last vaccination). Furthermore, all sera in which the 
level of anti-HBs exceeded the maximum level of the 
assay were recorded as 1000 IU/L. Therefore, com-
parison of the numbers of HB-infected children and 
the levels of induced antiHBs in the different vacci-
nation schedules is complicated. It is estimated that 
80–90% of the newborns who become infected with 
HBV will develop a chronic infection [16]. Howev-
er, no data about the relative frequency of chronic 
HB infections in newborns are available when dif-
ferent interventions such as HBIg administration 
and/or HB vaccination are applied. Transient HBV 
infections in HB-vaccinated children can be deter-
mined retrospectively by the detection of anti-HBc 
at an age when maternally derived anti-HBc has 
waned. On the basis of the data presented in Fig. 2, 
we conclude that a child should be at least 1.5 years 
old before a high level of anti-HBc can be used as 
a reliable indicator for a transient HBV infection. 
In the sub-cohort of 728 children who were above 
1.5 years of age when their sera were collected, 
four were HBV infected, while three more had had 
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a transient HBV infection as shown by their high 
anti-HBs, anti-HBc and anti-HBe levels, in the ab-
sence of HBV-specific proteins and DNA. The risk 
of the HBV infection becoming chronic in our 
sub-cohort of older children was thus only 57% (4 
of 7). This reduced risk of the infection becom-
ing chronic, considered in the light of previous 
studies, could be because of the intervention; i.e. 
HBV-specific antibodies directly after birth and at 
least three active vaccinations in the 1st year of life.
Another possible explanation is that transient infec-
tions are more prevalent than previously assumed, 
and the estimated chance that 80–90% of the infec-
tions become chronic is actually an overestimation 
because subclinical transient infections were missed. 
A recent publication by Walz et al. [23] indicated 
that HBV markers can also be detected early after 
birth (≤4 months) in a small fraction (6.6%) of 
infants born to mothers who were HBsAg negative 
but antiHBc positive. However, all HBV-DNA pos-
itive children from this study who could be test-

transmission should be preventable, if the vaccine and vac-

cination schedule induce rapid and good response in every

newborn. In developed countries, many newborns of HBV-

infected mothers receive HBV-specific immunoglobulin

(HBIg) in addition to active vaccination. In the view of WHO,

administration of HBIg directly after birth does not signifi-

cantly improve protection against perinatally acquired

infections of full-term newborns vaccinated immediately

(<24 h) after birth [3]. However, Lee and colleagues� meta-

analysis finds that the addition of HBIg to schedules of HB

vaccination with recombinant HBV vaccines reduces the

relative risk to 0.52 (95% confidence interval 0.41–0.67)

[7].

To determine which vaccination programme is most effi-

cacious in preventing vertical HBV infections, it is essential

to identify children not responding to HB vaccination and

HBV-infected children in a uniform and sensitive way. For

logistic reasons, most of the children in our study who were

born in 2003 and 2004 were sampled long after completion

of their vaccination schedule (up to 50 months after their

last vaccination). Furthermore, all sera in which the level of

anti-HBs exceeded the maximum level of the assay were

recorded as 1000 IU/L. Therefore, comparison of the num-

bers of HB-infected children and the levels of induced anti-

HBs in the different vaccination schedules is complicated. It

is estimated that 80–90% of the newborns who become

infected with HBV will develop a chronic infection [16].

However, no data about the relative frequency of chronic HB

infections in newborns are available when different inter-

ventions such as HBIg administration and/or HB vaccina-

tion are applied. Transient HBV infections in HB-vaccinated

children can be determined retrospectively by the detection

of anti-HBc at an age when maternally derived anti-HBc has

waned. On the basis of the data presented in Fig. 2, we

conclude that a child should be at least 1.5 years old before a

high level of anti-HBc can be used as a reliable indicator for a

transient HBV infection. In the sub-cohort of 728 children

who were above 1.5 years of age when their sera were

collected, four were HBV infected, while three more had had

a transient HBV infection as shown by their high anti-HBs,

anti-HBc and anti-HBe levels, in the absence of HBV-specific

proteins and DNA. The risk of the HBV infection becoming

Table 2 HBV markers in serum of children (1.5–5.0 years of age) who are HBV infected (shaded rows) or have intermediate or

high antibody levels against the core protein of the HBV

Child

Age

(days)

HBsAg*

(S/N)

HBV

DNA�
Anti-HBs*

(IU/L)

1/anti-HBc*

(S/CO)

HBeAg*

(S/CO)

1/anti-HBe*

(S/CO)

1 442 499.2 Positive 0.0 19.2 0.4 16.1

2 404 178.6 Positive 605.2 16.7 n.a.� n.a.

3 1120 3.3 Positive 6.8 16.1 178.4 0.2

4 971 88.1 Positive 1.3 15.9 178.6 0.2

5 913 217.3 Positive 0.0 13.9 322.1 0.0

6 929 218.8 Positive 0.0 12.5 362.6 0.1

7 389 191.7 Positive 68.3 11.0 n.a. n.a.

8 447 306.5 Positive 1.6 8.1 233.1 0.1

9 382 200.9 Positive 0.0 5.3 182.0 0.2

10 385 312.2 Positive 0.0 4.3 n.a. n.a.

11 396 283.1 Positive 0.0 2.5 266.5 0.1

12 587 311.2 Positive 0.0 1.1 233.6 0.1

13 1077 0.7 Negative >1000.0 21.3 0.2 31.3

14 728 1.0 Negative 158.1 9.6 0.2 2.9

15 992 0.9 Negative >1000.0 5.8 0.2 7.3

16 656 0.9 Negative 9.8 4.0 0.3 0.3

17 893 0.8 Negative 73.8 2.7 n.a. n.a.

18 558 0.8 Negative >1000.0 2.4 0.3 0.5

19 739 0.7 Negative 81.9 2.3 0.2 0.4

20 1524 0.8 Negative 126.5 2.1 0.2 0.5

HBV, hepatitis B virus; anti-HBc, antibodies against the hepatitis B core antigen; anti-HBs, antibodies against the hepatitis B

surface antigen; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; anti-HBe, antibodies against hepatitis B e

antigen; IU/L, international units per litre; S/CO, sample over cut-off control of the specific AxSYM assay (see Materials and

methods section); S/N, sample over Index Calibrator mean rate of the specific AxSYM assay (see Materials and methods

section); n.a., not applicable. *Samples that are reactive in the AxSYM analysis are given in bold face. �Only children who were

positive for HBsAg were found positive in a HBV-specific S-region polymerase chain reaction. �Serum was not available for

these analysis.
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chronic in our sub-cohort of older children was thus only

57% (4 of 7). This reduced risk of the infection becoming

chronic, considered in the light of previous studies, could be

because of the intervention; i.e. HBV-specific antibodies

directly after birth and at least three active vaccinations in the

1st year of life. Another possible explanation is that transient

infections are more prevalent than previously assumed, and

the estimated chance that 80–90% of the infections become

chronic is actually an overestimation because subclinical

transient infectionsweremissed. A recent publication byWalz

et al. [23] indicated that HBV markers can also be detected

early after birth (£4 months) in a small fraction (6.6%) of

infants born to mothers who were HBsAg negative but anti-

HBc positive. However, all HBV-DNA positive children from

this study who could be tested were HBsAg and HBV-DNA

negative within 15 months after birth. Whether these chil-

dren were truly infected or whether the HBV markers were

maternally derived remains uncertain.

Once an HB-vaccination programme is implemented in a

programmatic setting, it is important to evaluate the indi-

vidual response to active vaccination. Because anti-HBs

levels in young children diminish quite rapidly in time

(Fig. 1) [2,24], it is preferable to determine the anti-HBs level

within 3 months after the last vaccination. A short time

span between the last vaccination and the analysis of the

vaccination response will also reduce the loss to follow-up in

a programmatic setting. Aiming at serum analysis within

3 month after HBV vaccination is therefore optimal in a

programmatic vaccination setting. In our cohort, two of the

12 HBV-infected children (17%) had a high level of anti-HBs

(i.e. 68 IU/L and 605 IU/L), while their samples were taken

within the 3-month postvaccination period. Thus, good

response to the HB vaccination clearly does not exclude HBV

infection. Therefore, children born to a HBV-infected mother

should not only have their anti-HBs levels assessed, but the

absence of HBsAg should also be determined, after comple-

tion of the HB-vaccination schedule.
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ed were HBsAg and HBV-DNA negative within 15 
months after birth. Whether these children were 
truly infected or whether the HBV markers were 
maternally derived remains uncertain.
Once an HB-vaccination programme is 
implemented in a programmatic setting, it is 
important to evaluate the individual response to 
active vaccination. Because anti-HBs levels in young 
children diminish quite rapidly in time (Fig. 1) 
[2,24], it is preferable to determine the anti-HBs 
level within 3 months after the last vaccination. A 
short time span between the last vaccination and 
the analysis of the vaccination response will also 
reduce the loss to follow-up in a programmatic 
setting. Aiming at serum analysis within 3 month 
after HBV vaccination is therefore optimal in a 
programmatic vaccination setting. In our cohort, 
two of the 12 HBV-infected children (17%) had 
a high level of anti-HBs (i.e. 68 IU/L and 605 
IU/L), while their samples were taken within the 
3-month postvaccination period. Thus, good 
response to the HB vaccination clearly does not 
exclude HBV infection. Therefore,children born to 
a HBV-infected mother should not only have their 
anti-HBs levels assessed, but the absence of HBsAg 
should also be determined, after completion of the 
HB-vaccination schedule.
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Effectiveness and impact of hepatitis B virus vaccination of 
children with at least one parent born in a hepatitis B virus en-
demic country: an early assessment

JAN AC HONTELEZ, SUSAN HAHNé, FEMKE D KOEDIJK, HESTER E DE MELKER

National Institute of public health (RIVM), Centre for Infectious Disease Control: Epidemiology and Surveillance, Bilthoven, The 
Netherlands

objective To determine the effectiveness and impact of the Dutch childhood hepatitis B virus (HBV) 
vaccination policy targeted at children with at least one parent born in a HBV endemic country. 

methods The Dutch vaccination registration database was used to determine vaccine coverage for HBV 
and DTP-IPV-Hib in the target population. HBV notifications were used to estimate the impact. The HBV 
incidence was determined in children aged 0-4 years and born after (2003-7) and before (1990-2002) the 
introduction of the HBV vaccination programme. 

Results HBV vaccine coverage in the target population was 89.6% (96 186/107 338) in the period 2003-
5. There were 37 notified acute infections in the prevaccination birth cohort 1990-2002 (incidence 2.9/106 

person-years), compared with one in the postvaccination birth cohort 2003-7 (incidence 0.3/106 person-
years). The incidence rate ratio for the 2003-7 birth cohort compared with the 1990-2002 birth cohort was 
0.12 (95% CI 0.02 to 0.87; p=0.04).

Conclusions This paper shows that the incidence of HBV notifications in children born after the 
introduction of targeted childhood HBV vaccinations is lower compared with the incidence in children 
born before the start of this vaccination programme. Although this is consistent with a good HBV vaccine 
coverage, the interpretation is hampered by a change in case definition for notification in 1999. The results 
are of importance to policy makers in both The Netherlands and other countries that have a targeted HBV 
vaccination programme.

Hepatitis B is an important disease worldwide, re-
sponsible for approximately 500 000-700 000 deaths 
each year.1 It is estimated that approximately two bil-
lion people worldwide have evidence of exposure to 
the hepatitis B virus (HBV), with approximately 400 
million actively infected.2 Most of the morbidity and 
mortality caused by HBV infections can be attribut-
ed to chronic infections, which can lead to liver cir-
rhosis and hepatocellular carcinoma.3 Patients with 
chronic HBV infections are often infected as infants 
or young children.2 4 5 

HBV prevalence in countries is categorised as high 

endemic (>8%), intermediate endemic (2-8%) or 
low endemic (<2%), based on the seroprevalence of 
the hepatitis B surface antigen (HBsAg).1 The Neth-
erlands is a low-endemic country for HBV, with an 
estimated HBsAg seroprevalence of 0.3-0.5%.6 So 
far, The Netherlands has not implemented universal 
HBV vaccination.7

Universal antenatal screening and subsequent vac-
cination of the infant when the mother is HBsAg 
positive was introduced in 1989. A nationwide pro-
gramme for vaccination of behavioural risk groups 
was introduced in 2002.8

This was further expanded in 2003 by the intro-
duction of HBV vaccination in the national immu-
nisation programme for children with at least one 
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parent born in an intermediate or high-endemic 
country. Within Europe, such a programme also ex-
ists in Norway and Sweden.9 10 The majority of
first-generation immigrants in The Netherlands 
originate from Morocco, Turkey and Suriname, all 
three countries of intermediate HBV endemicity.6 11

The rationale for the vaccination of children from
first-generation migrants is that these children are at 
increased risk of contact with chronic HBV carriers, 
either within the family or in their social environ-
ment. The epidemiology in these groups reflects the 
patterns observed in their country of origin.8 12 The 
Dutch Health Council recently recommended that 
universal HBV vaccination be implemented in The 
Netherlands.13 So far, the Minster of Health has not 
decided whether this will be implemented.

Compulsory registration of all newborns in the 
Dutch municipal population register (GBA) is used 
to invite children to participate in the national im-
munisation programme. The child’s birth notifica-
tion in the GBA is entered into the database ‘Prae-
ventis’. Two weeks after birth, invitations for the 
child to participate in the national immunisation 
programme are generated from this database. The 
Praeventis database contains information on vac-
cines received as well as demographic information 
on all newborns registered in The Netherlands. HBV 
vaccination is offered when the GBA shows that at 
least one parent is born in a country that is interme-
diate or high endemic for HBV.

For children eligible for HBV vaccination born in
2003-5, HBV vaccines were given as separate injec-
tions at 2, 4 and 11 months of age.8 Since January 
2006, the HBV vaccine is administered as part of a 
combination vaccine with diphtheriaetetanusep-
ertussis, inactivated poliomyelitis, and Haemophi-
lus influenza type b (DPT-IPV-HBV/Hib; Infanrix 
hexa) and given at 2, 3, 4 and 11 months of age.

Evaluation of vaccination programmes is vital to 
their success. The question of whether a risk group 
approach for childhood HBV vaccinations is an ef-
fective way to reduce the burden of HBV-related 
disease is under continuous debate.7 Therefore, we 
aimed to evaluate the effectiveness of the current 
Dutch HBV vaccination programme for children 
born to first-generation immigrants. 

mEtHoDs 

Coverage
We used data from the Dutch vaccination registra-

tion database ‘Praeventis’ for birth cohorts in 2003-5. 
Data were extracted on 7 December 2008. Children 
without a valid municipal registration number 
(GBA) and children with a recorded date of death 
or emigration were excluded. We defined children 
with at least one parent born in an intermediate or 
high-endemic country for hepatitis B as second-gen-
eration migrants (SGM). We excluded SGM born to 
HBsAg-positive mothers from coverage estimates. 
We defined HBV vaccine coverage as the proportion 
of SGM who had received at least three HBV vacci-
nations at age 12 months. We defined DPT-IPV-Hib 
coverage as the percentage of all children who com-
pleted the primary series of at least three injections 
at 12 months of age. We compared the observed cov-
erage with the target in The Netherlands (90% for 
all vaccinations, including HBV).14 We used χ2 tests 
for trend to assess changes in vaccine coverage over 
time. All analysis were done using SAS version 8.0.

Impact
Since 1976, all physicians are obliged to notify newly 
diagnosed HBV infections to the Municipal Health 
Service within 24 h after diagnosis. Before 1999, 
only the notification of acute (symptomatic) HBV 
infection was compulsory.15 Since 1999, all newly 
diagnosed HBV infections are notifiable, including 
asymptomatic and chronic infections when first 
diagnosed. The Municipal Health Service forwards 
the notification to the National Institute of Public 
Health, where they are recorded in a database. Ad-
ditional information such as date of birth, date of 
notification and diagnosis, type of infection (chronic 
or acute) and most likely route of transmission is col-
lected. We included in our analyses all HBV notifi-
cations between 1990 and 2007 in children aged 0e4 
years who were recorded as ‘acute HBV infection’, 
except those in whom it was stated that the infection 
was the result of vertical transmission. Only children 
up to 4 years of age were included, as only in those 
can the effects of the vaccination policy introduced 
in 2003 be expected using data up to 2007.

For notified cases of hepatitis B, the country of 
birth of the parents and child are rarely recorded. 
We were thus unable to determine whether cases 
of hepatitis B occurred in children eligible for HBV 
vaccination. Therefore, we stratified notifications 
into a pre-vaccination (1990-2002) and post-vacci-
nation (2003-7) cohort, based on the year of birth. 
Because the introduction of notification for chronic 
hepatitis B in 1999 could interfere with our results, 
we also compared the 1999-2002 cohort with the 
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post-vaccination cohort. Population denominators 
(person-years at risk) were obtained from Statistics 
Netherlands.11

We calculated the cumulative age-specific number 
of notifications in the pre and post-vaccination co-
hort and divided this by the corresponding number 
of person-years to estimate the incidence. We com-
pared the incidences by calculating an incidence rate 
ratio (IRR). P Values were calculated using Poisson 
regression analysis.

Asymptomatic or subclinical HBV infections are 
very common in children and the age of infection is 
the strongest determinant of whether children will 
develop symptoms following infection.1 We used a 
previously described logistic function to adjust for 
the proportion of infections that is asymptomatic.16 

17 In addition, we assumed that 75% of all acute HBV 
infections are reported (based on estimates from the 
UK)16 18 and adjusted the number of new acute HBV 
cases by a factor of 1.33 in order to correct for this 
underreporting. We estimated the number of acute 
infections that progress to chronic infections using 
a previously described method16 that is based on a 
meta-analysis of observational studies. These adjust-
ments resulted in estimates for the annual incidence 
of acute and chronic cases in the age group 0-4 years. 
Based on these estimates we estimated the annual 
number of new infections and new chronic infections 
prevented by the current vaccination programme.

All analyses were done using SAS version 8.0.

REsUlts

Vaccine coverage
The number of children born in 2003, 2004 and 
2005 who were offered vaccinations in the national 
immunisation programme was 600 332. Of these, we 
excluded 20 116 (3.4%) children with a recorded date 
of emigration, 1220 (0.2%) children with a recorded 
date of death and 133 (0.02%) children without a 
registered GBA number. The final dataset comprised 
578 863 children, of which 108 717 (18.6%) were 
SGM who were offered HBV vaccination. Of these, 
1379 (1.3%) SGM were born to HBsAg-positive 
mothers and were excluded from further analysis.

In total, 96 186 (89.6%) SGM born in 2003-5 
were fully vaccinated for HBV (table 1). There was 
a significant increasing trend in the HBV vaccine 
coverage over the birth cohorts 2003-5 (87.9%, 
89.9% and 91.1%, respectively; p<0.0001; χ2 tests 
for trend). The HBV vaccine coverage in SGM was 

significantly lower than the DPT-IPV-Hib coverage 
(89.6% vs 97.7%; p<0.0001). Although the DPT-
IPV-Hib coverage was significantly higher in SGM 
than in children from parents born in The Nether-
lands, the difference was not epidemiologically rel-
evant (97.7% vs 97.2%; p<0.0001). Among SGM, 
the HBV vaccine coverage was lower for SGM from 
Surinamese/Dutch Antillean origin than the HBV 
coverage in those of Moroccan and Turkish origin 
(89.4%, 95.4% and 95.4%, respectively, p<0.0001). 
The lowest HBV vaccine coverage was found in the 
‘other ’ category (85.8%, p<0.0001). Although the 
DPT-IPV-Hib vaccine coverage differed significant-
ly between Surinamese/Dutch Antillean, Turkish 
and Moroccan and SGM (98.9%, 99.4% and 99.2%, 
respectively, p<0.0001), the differences were not 
epidemiologically relevant. HBV vaccine coverage 
was lower in those living in rural regions compared 
with urban regions for Surinamese/ Dutch Antillean 
SGM (81.1% and 90.1%, respectively, p<0.0001) and 
SGM in the ‘other ’ category (79.4% and 86.3% re-
spectively, p<0.0001).

Impact
Between 1990 and 2007, 121 HBV infections were 
notified in children aged 0-4 years who were born in 
1990-2007. Of these, 38 (31.4%) were labelled ‘acute’, 
78 (64.5%) as ‘chronic’ and five (4.1%) as ‘unknown’. 
Sixty cases (49.6%) were reported as the result of 
vertical transmission and were excluded from fur-
ther analysis. Table 2 shows the number of notifi-
cations and the agespecific incidence of acute HBV 
infections by birth cohort. Of the 38 acute HBV 
infections notified in children aged 0-4 years, 37 
were in children born in the pre-vaccination cohorts 
(1990-2002) of which five were born in 1999-2002. 
There was one notification of an infected child born 
in the cohort that was offered vaccination (2003-7). 
The latter child was not vaccinated against HBV, but 
information on the country of birth of his/her par-
ents was not available.

aimed to evaluate the effectiveness of the current Dutch HBV
vaccination programme for children born to first-generation
immigrants.

METHODS
Coverage
We used data from the Dutch vaccination registration database
‘Praeventis’ for birth cohorts in 2003e5. Data were extracted on
7 December 2008. Children without a valid municipal registra-
tion number (GBA) and children with a recorded date of death or
emigration were excluded. We defined children with at least one
parent born in an intermediate or high-endemic country for
hepatitis B as second-generation migrants (SGM). We excluded
SGM born to HBsAg-positive mothers from coverage estimates.

We defined HBV vaccine coverage as the proportion of SGM
who had received at least three HBV vaccinations at age
12 months. We defined DPT-IPV-Hib coverage as the percentage
of all children who completed the primary series of at least three
injections at 12 months of age. We compared the observed
coverage with the target in The Netherlands (90% for all
vaccinations, including HBV).14 We used c2 tests for trend to
assess changes in vaccine coverage over time. All analysis were
done using SAS version 8.0.

Impact
Since 1976, all physicians are obliged to notify newly diagnosed
HBV infections to the Municipal Health Service within 24 h
after diagnosis. Before 1999, only the notification of acute
(symptomatic) HBV infection was compulsory.15 Since 1999, all
newly diagnosed HBV infections are notifiable, including
asymptomatic and chronic infections when first diagnosed. The
Municipal Health Service forwards the notification to the
National Institute of Public Health, where they are recorded in
a database. Additional information such as date of birth, date of
notification and diagnosis, type of infection (chronic or acute)
and most likely route of transmission is collected.

We included in our analyses all HBV notifications between
1990 and 2007 in children aged 0e4 years who were recorded as
‘acute HBV infection’, except those in whom it was stated that
the infection was the result of vertical transmission. Only chil-
dren up to 4 years of age were included, as only in those can the
effects of the vaccination policy introduced in 2003 be expected
using data up to 2007.

For notified cases of hepatitis B, the country of birth of the
parents and child are rarely recorded. We were thus unable to
determine whether cases of hepatitis B occurred in children
eligible for HBV vaccination. Therefore, we stratified notifica-
tions into a pre-vaccination (1990e2002) and post-vaccination
(2003e7) cohort, based on the year of birth. Because the intro-
duction of notification for chronic hepatitis B in 1999 could
interfere with our results, we also compared the 1999e2002
cohort with the post-vaccination cohort. Population denomi-
nators (person-years at risk) were obtained from Statistics
Netherlands.11

We calculated the cumulative age-specific number of notifi-
cations in the pre and post-vaccination cohort and divided this
by the corresponding number of person-years to estimate the
incidence. We compared the incidences by calculating an inci-
dence rate ratio (IRR). p Values were calculated using Poisson
regression analysis.

Asymptomatic or subclinical HBV infections are very
common in children and the age of infection is the strongest
determinant of whether children will develop symptoms
following infection.1 We used a previously described logistic

function to adjust for the proportion of infections that is
asymptomatic.16 17 In addition, we assumed that 75% of all
acute HBV infections are reported (based on estimates from the
UK)16 18 and adjusted the number of new acute HBV cases by
a factor of 1.33 in order to correct for this underreporting. We
estimated the number of acute infections that progress to
chronic infections using a previously described method16 that is
based on a meta-analysis of observational studies. These
adjustments resulted in estimates for the annual incidence of
acute and chronic cases in the age group 0e4 years. Based on
these estimates we estimated the annual number of new infec-
tions and new chronic infections prevented by the current
vaccination programme.
All analyses were done using SAS version 8.0.

RESULTS
Vaccine coverage
The number of children born in 2003, 2004 and 2005 who were
offered vaccinations in the national immunisation programme
was 600 332. Of these, we excluded 20 116 (3.4%) children with
a recorded date of emigration, 1220 (0.2%) children with a
recorded date of death and 133 (0.02%) children without
a registered GBA number. The final dataset comprised 578 863
children, of which 108 717 (18.6%) were SGM who were offered
HBV vaccination. Of these, 1379 (1.3%) SGM were born to
HBsAg-positive mothers and were excluded from further
analysis.
In total, 96 186 (89.6%) SGM born in 2003e5 were fully

vaccinated for HBV (table 1). There was a significant increasing
trend in the HBV vaccine coverage over the birth cohorts
2003e5 (87.9%, 89.9% and 91.1%, respectively; p<0.0001; c2

tests for trend). The HBV vaccine coverage in SGM was signif-
icantly lower than the DPT-IPV-Hib coverage (89.6% vs 97.7%;
p<0.0001). Although the DPT-IPV-Hib coverage was signifi-
cantly higher in SGM than in children from parents born in The
Netherlands, the difference was not epidemiologically relevant
(97.7% vs 97.2%; p<0.0001). Among SGM, the HBV vaccine
coverage was lower for SGM from Surinamese/Dutch Antillean
origin than the HBV coverage in those of Moroccan and Turkish
origin (89.4%, 95.4% and 95.4%, respectively, p<0.0001). The
lowest HBV vaccine coverage was found in the ‘other ’ category
(85.8%, p<0.0001). Although the DPT-IPV-Hib vaccine coverage
differed significantly between Surinamese/Dutch Antillean,
Turkish and Moroccan and SGM (98.9%, 99.4% and 99.2%,
respectively, p<0.0001), the differences were not epidemiologi-
cally relevant. HBV vaccine coverage was lower in those living in
rural regions compared with urban regions for Surinamese/
Dutch Antillean SGM (81.1% and 90.1%, respectively,
p<0.0001) and SGM in the ‘other ’ category (79.4% and 86.3%
respectively, p<0.0001).

Table 1 HBV and DPT-IPV-Hib vaccine coverage by country of birth of
at least one of the parents, The Netherlands, birth cohorts 2003e2005*

Country of birth of parents

No of children
born in
2003e5

HBV vaccine
coverage

DPTP vaccine
coverage

Both parents born in The Netherlands 469538 NA 97.2%

At least one parent born in
HBV-endemic country

107338 89.6% 97.7%

Morocco 23320 95.4% 99.4%

Turkey 18563 95.4% 99.2%

Suriname/Antilles 15638 89.4% 98.9%

Other 48075 85.8% 96.9%

*Data as of 7 December 2008.
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Figure 1 shows the cumulative incidence of HBV 
notifications per 1 000 000 person-years in children 
aged 0-4 years before and after the introduction of 
HBV vaccinations in SGM in The Netherlands. The 
incidence of HBV notifications in 0-4-year-old chil-
dren was significantly higher in the pre-vaccination 
cohort compared with the vaccinated cohort (2.9 
and 0.3 per 1 000 000 person-years, respectively, IRR 
0.12; 95% CI 0.02 to 0.87; p=0.04). For the period 
1999-2002 the cumulative incidence was also high-
er in the pre-vaccination cohort compared with the 
vaccination cohort (1.2 and 0.3 per 1 000 000 per-
son-years) but the difference was smaller and was 
not statistically significantly (IRR 0.28; p=0.24).

Figure 2 shows the incidence of notified acute and 
chronic HBV infections in children aged 0-4 years 
by year of notification over the period 1990-2007. 
In 1999 the number of notified acute infections de-
creases as compulsory notification for chronic in-
fection was introduced. After 2003, the incidence of 
both chronic and acute HBV notifications drops to 
near zero.

We estimated that the programme of HBV vacci-
nation of SGM, 5 years after its implementation, pre-
vented seven (95% CI 1 to 8) notifications of acute 
HBV in children aged 0-4 years born in 2003-7, 
reflecting 123 new HBV infections and 117 new 
chronic infections.

DIsCUssIoN

We found that the incidence of HBV notifications in 
children aged 0-4 years decreased significantly after 
the introduction of HBV vaccination for SGM in 
The Netherlands, suggesting that this targeted HBV 
vaccination programme may be effective. This is 
consistent with the observed high HBV vaccine cov-

erage in this group of 89.6%; even though it is 0.4% 
lower than the target (90.0%).

Our study had several limitations. The total num-
ber of notifications of HBV infections was low, and 
a change in notification protocols in 1999 appears 
to have had an effect on the notification behaviour 
of physicians. The incidence of HBV notifications in 
children declined in 1999, when chronic infections 
became notifiable (figure 2). As no interventions to 
prevent HBV were introduced in 1999, this suggests 

Impact
Between 1990 and 2007, 121 HBV infections were notified in
children aged 0e4 years who were born in 1990e2007. Of these,
38 (31.4%) were labelled ‘acute’, 78 (64.5%) as ‘chronic’ and five
(4.1%) as ‘unknown’. Sixty cases (49.6%) were reported as the
result of vertical transmission and were excluded from further
analysis. Table 2 shows the number of notifications and the age-
specific incidence of acute HBV infections by birth cohort.

Of the 38 acute HBV infections notified in children aged
0e4 years, 37 were in children born in the pre-vaccination
cohorts (1990e2002) of which five were born in 1999e2002.
There was one notification of an infected child born in the
cohort that was offered vaccination (2003e7). The latter child
was not vaccinated against HBV, but information on the
country of birth of his/her parents was not available.

Figure 1 shows the cumulative incidence of HBV notifications
per 1 000 000 person-years in children aged 0e4 years before and
after the introduction of HBV vaccinations in SGM in The
Netherlands. The incidence of HBV notifications in 0e4-year-old
children was significantly higher in the pre-vaccination cohort
compared with the vaccinated cohort (2.9 and 0.3 per 1 000 000
person-years, respectively, IRR 0.12; 95% CI 0.02 to 0.87;
p¼0.04). For the period 1999e2002 the cumulative incidence
was also higher in the pre-vaccination cohort compared with the
vaccination cohort (1.2 and 0.3 per 1 000 000 person-years) but
the difference was smaller and was not statistically significantly
(IRR 0.28; p¼0.24).

Figure 2 shows the incidence of notified acute and chronic
HBV infections in children aged 0e4 years by year of notification
over the period 1990e2007. In 1999 the number of notified acute
infections decreases as compulsory notification for chronic
infection was introduced. After 2003, the incidence of both
chronic and acute HBV notifications drops to near zero.

We estimated that the programme of HBV vaccination of
SGM, 5 years after its implementation, prevented seven (95% CI
1 to 8) notifications of acute HBV in children aged 0e4 years
born in 2003e7, reflecting 123 new HBV infections and 117 new
chronic infections.

DISCUSSION
We found that the incidence of HBV notifications in children
aged 0e4 years decreased significantly after the introduction of
HBV vaccination for SGM in The Netherlands, suggesting that
this targeted HBV vaccination programme may be effective.
This is consistent with the observed high HBV vaccine coverage

in this group of 89.6%; even though it is 0.4% lower than the
target (90.0%).
Our study had several limitations. The total number of

notifications of HBV infections was low, and a change in noti-
fication protocols in 1999 appears to have had an effect on the
notification behaviour of physicians. The incidence of HBV
notifications in children declined in 1999, when chronic infec-
tions became notifiable (figure 2). As no interventions to prevent
HBV were introduced in 1999, this suggests that before 1999,
some chronic infections were reported as ‘acute’. This could have
resulted in an overestimation of the difference between the
1990e2002 and 2003e7 birth cohorts. However, although not
significant, also when comparing 1999e2002 with 2003e7 the
incidence in the post-vaccination period is much lower than in
the pre-vaccination cohort (IRR 0.28).
Using person-years as a denominator could have led to a small

overestimation of the decrease in incidence between the post
and pre-vaccination cohort, as the risk of developing an acute
HBV infection increases slightly with age, and older children
were less represented in the post-vaccination cohort.
Acute and chronic infections are difficult to differentiate, and

current case definitions are not very specific.15 In the absence of
a clear case definition, physicians may be more likely to report
infections as chronic or asymptomatic infections.15 The peak in
the incidence of notified chronic infections in 2000 could be an
artificial peak caused by delayed notifications of earlier diagnosed
infections.
These limitations of surveillance data make it difficult to

interpret whether the decline in the incidence of acute HBV
notifications is a result of the vaccination campaign. In addition,
information on country of birth of the patient or the parents
was limited, so we were unable to determine whether the
patients before 2003 would have been targeted by the vaccina-
tion programme. This emphasises the need for a more complete
and comprehensive surveillance system in order to evaluate the
impact of public health interventions adequately.
Groups of first-generation migrants from different countries

might also have a different prevalence of HBV infection. As
migration patterns and the age distribution of migrants may have
changed over time, this could also influence the incidence of HBV
in SGM. However, as the country of birth of notified patients is
not recorded, we could not identify whether this was the case.
Our finding that a vaccination programme based on the

country of birth of parents can be effective is consistent with
a study by Sonder et al,19 which showed that vaccination against
the hepatitis A virus targeted at migrant children is an effective

Table 2 Number and incidence rate of notified acute HBV infections in children aged 0e4 years by birth
cohort in The Netherlands, excluding cases reported as a result of vertical transmission

Age at
infection

No of
notified cases

Cohort size
(person-years)

Incidence (/106

person-years)

Pre-vaccination birth cohorts 1990e2002 0 7 2568358 2.7

1 9 2568358 3.5

2 8 2568358 3.1

3 5 2568358 1.9

4 8 2568358 3.1

Post-vaccination birth cohorts
2003e2007*

0 0 948607 0.0

1 0 767271 0.0

2 1 582214 1.7

3 0 394304 0.0

4 0 200297 0.0

*Cohort size in person-years declines because not all children born in 2003e2007 could have reached the age of 4 years at the time of
this study.
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strategy to reduce the transmission of hepatitis A in The
Netherlands.

These findings contrast with results from the USA, where it
was concluded that vaccination programmes targeted at SGM
were not effective in reducing the incidence of HBV, because it
was difficult to assess andvaccinate children fromimmigrants.20 21

An important difference betweenTheNetherlands and theUSA is
that the latter had much lower vaccine coverage, especially in
lower socioeconomic groups and ethnic minorities.22

We found that HBV vaccine coverage for children born to
Surinamese or Antillean parents was lower compared with
children from parents of Turkish or Moroccan origin, whereas
DPT-IPV-Hib vaccine coverage was comparable for the three
groups. We also found that HBV vaccine coverage was signifi-
cantly lower for children born to Surinamese or Antillean
parents living in rural areas compared with those living in urban
areas. This might indicate that there is a difference in the
perception of necessity for HBV vaccination for Surinamese/
Antillean SGM between those living in urban and rural areas,
either among parents or among healthcare providers. The
reasons for a lower HBV vaccination rate in children from
Surinamese or Antillean parents need further study.

We furthermore found that the DPT-IPV-Hib coverage among
SGM was higher than vaccine coverage among children from
Dutch parents. This contrasts with Dutch studies from the
1990s, which suggested that vaccine coverage among Turkish
children was comparable with the Dutch population, whereas
vaccine coverage was much lower for Moroccan children.19 23

This might indicate that vaccine coverage in SGM has been
increasing over the last decades, especially among Moroccan
children. This is further supported by a study in Amsterdam,
which showed that vaccine coverage for SGM of Turkish,
Moroccan, or Surinamese origin was comparable to vaccine
coverage among Dutch children.24

Vaccine coverage for both DPT-IPV-Hib and HBV was the
lowest in the ‘other ’ group. As 45% of all SGM were in this
category, their contribution to overall vaccine coverage is
important. The category is, however, a mix of numerous
nationalities and origins, which makes it difficult to identify
determinants.
Our finding that it is feasible to reach SGM within a national

immunisation programme and that it has prevented a consider-
able number of new HBV infections is important for policy
making on vaccination in The Netherlands. It is also particularly
relevant for other countries that do not have universal HBV
vaccination in childhood and countries that do not achieve
sufficient coverage with their programmes.
Although the HBV vaccine is currently being offered in

a combination vaccine (DTP-IPV-HBV/Hib; infanrix hexa), we
still think that our findings are relevant for policy making. The
introduction of a new vaccine in The Netherlands could create
opposition towards the national immunisation programme
among the general population, even when introduced in
a combination vaccine.25 This could have an effect on the
general coverage of the national immunisation programme, and
careful planning should also involve the option of targeting
a vaccine only at high-risk groups.
We found that there are several limitations in the current

surveillance systems that make impact studies difficult to
conduct. Therefore, findings from the national seroprevalence
study (PIENTER II) that became available in 2009 will be
important to study further the effects of the targeted HBV
vaccination programme.26 A comparison between the first
national seroprevalence study (PIENTER I), conducted in 1996,
could give more insight into a possible decline in seroprevalence
of HBV infections in children before and after the start of the
vaccination programme.

Figure 1 Age-specific cumulative incidence of hepatitis B virus (HBV)
in children aged 0e4 years born before (1990e2002) and after
(2003e7) the introduction of childhood HBV vaccination of second-
generation migrants in The Netherlands, excluding cases reported as the
result of vertical transmission.

Figure 2 Incidence of hepatitis B virus notifications in children aged
0e4 years by year of notification, 1990e2007, The Netherlands. Cases
reported as the result of vertical transmission were excluded.

What is already known on this topic

< The Netherlands is a low-endemic country for HBV infections.
< Since 2003, children with at least one parent born in an

intermediate or high-endemic country for HBV are offered HBV
vaccinations in the national immunisation programme in The
Netherlands.

< The effectiveness and impact of targeted HBV vaccinations for
children with at least one parent born in an intermediate or
high-endemic country for HBV have never been determined.

What this study adds

< It is feasible to target SGM for HBV vaccination within the
Dutch national immunisation programme.

< Surveillance data suggest that targeted HBV vaccination for
children with at least one parent born in an intermediate or
high-endemic country has reduced the incidence of childhood
HBV infection in The Netherlands.
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strategy to reduce the transmission of hepatitis A in The
Netherlands.

These findings contrast with results from the USA, where it
was concluded that vaccination programmes targeted at SGM
were not effective in reducing the incidence of HBV, because it
was difficult to assess andvaccinate children fromimmigrants.20 21

An important difference betweenTheNetherlands and theUSA is
that the latter had much lower vaccine coverage, especially in
lower socioeconomic groups and ethnic minorities.22

We found that HBV vaccine coverage for children born to
Surinamese or Antillean parents was lower compared with
children from parents of Turkish or Moroccan origin, whereas
DPT-IPV-Hib vaccine coverage was comparable for the three
groups. We also found that HBV vaccine coverage was signifi-
cantly lower for children born to Surinamese or Antillean
parents living in rural areas compared with those living in urban
areas. This might indicate that there is a difference in the
perception of necessity for HBV vaccination for Surinamese/
Antillean SGM between those living in urban and rural areas,
either among parents or among healthcare providers. The
reasons for a lower HBV vaccination rate in children from
Surinamese or Antillean parents need further study.

We furthermore found that the DPT-IPV-Hib coverage among
SGM was higher than vaccine coverage among children from
Dutch parents. This contrasts with Dutch studies from the
1990s, which suggested that vaccine coverage among Turkish
children was comparable with the Dutch population, whereas
vaccine coverage was much lower for Moroccan children.19 23

This might indicate that vaccine coverage in SGM has been
increasing over the last decades, especially among Moroccan
children. This is further supported by a study in Amsterdam,
which showed that vaccine coverage for SGM of Turkish,
Moroccan, or Surinamese origin was comparable to vaccine
coverage among Dutch children.24

Vaccine coverage for both DPT-IPV-Hib and HBV was the
lowest in the ‘other ’ group. As 45% of all SGM were in this
category, their contribution to overall vaccine coverage is
important. The category is, however, a mix of numerous
nationalities and origins, which makes it difficult to identify
determinants.
Our finding that it is feasible to reach SGM within a national

immunisation programme and that it has prevented a consider-
able number of new HBV infections is important for policy
making on vaccination in The Netherlands. It is also particularly
relevant for other countries that do not have universal HBV
vaccination in childhood and countries that do not achieve
sufficient coverage with their programmes.
Although the HBV vaccine is currently being offered in

a combination vaccine (DTP-IPV-HBV/Hib; infanrix hexa), we
still think that our findings are relevant for policy making. The
introduction of a new vaccine in The Netherlands could create
opposition towards the national immunisation programme
among the general population, even when introduced in
a combination vaccine.25 This could have an effect on the
general coverage of the national immunisation programme, and
careful planning should also involve the option of targeting
a vaccine only at high-risk groups.
We found that there are several limitations in the current

surveillance systems that make impact studies difficult to
conduct. Therefore, findings from the national seroprevalence
study (PIENTER II) that became available in 2009 will be
important to study further the effects of the targeted HBV
vaccination programme.26 A comparison between the first
national seroprevalence study (PIENTER I), conducted in 1996,
could give more insight into a possible decline in seroprevalence
of HBV infections in children before and after the start of the
vaccination programme.

Figure 1 Age-specific cumulative incidence of hepatitis B virus (HBV)
in children aged 0e4 years born before (1990e2002) and after
(2003e7) the introduction of childhood HBV vaccination of second-
generation migrants in The Netherlands, excluding cases reported as the
result of vertical transmission.

Figure 2 Incidence of hepatitis B virus notifications in children aged
0e4 years by year of notification, 1990e2007, The Netherlands. Cases
reported as the result of vertical transmission were excluded.

What is already known on this topic

< The Netherlands is a low-endemic country for HBV infections.
< Since 2003, children with at least one parent born in an

intermediate or high-endemic country for HBV are offered HBV
vaccinations in the national immunisation programme in The
Netherlands.

< The effectiveness and impact of targeted HBV vaccinations for
children with at least one parent born in an intermediate or
high-endemic country for HBV have never been determined.

What this study adds

< It is feasible to target SGM for HBV vaccination within the
Dutch national immunisation programme.

< Surveillance data suggest that targeted HBV vaccination for
children with at least one parent born in an intermediate or
high-endemic country has reduced the incidence of childhood
HBV infection in The Netherlands.
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strategy to reduce the transmission of hepatitis A in The
Netherlands.

These findings contrast with results from the USA, where it
was concluded that vaccination programmes targeted at SGM
were not effective in reducing the incidence of HBV, because it
was difficult to assess andvaccinate children fromimmigrants.20 21

An important difference betweenTheNetherlands and theUSA is
that the latter had much lower vaccine coverage, especially in
lower socioeconomic groups and ethnic minorities.22

We found that HBV vaccine coverage for children born to
Surinamese or Antillean parents was lower compared with
children from parents of Turkish or Moroccan origin, whereas
DPT-IPV-Hib vaccine coverage was comparable for the three
groups. We also found that HBV vaccine coverage was signifi-
cantly lower for children born to Surinamese or Antillean
parents living in rural areas compared with those living in urban
areas. This might indicate that there is a difference in the
perception of necessity for HBV vaccination for Surinamese/
Antillean SGM between those living in urban and rural areas,
either among parents or among healthcare providers. The
reasons for a lower HBV vaccination rate in children from
Surinamese or Antillean parents need further study.

We furthermore found that the DPT-IPV-Hib coverage among
SGM was higher than vaccine coverage among children from
Dutch parents. This contrasts with Dutch studies from the
1990s, which suggested that vaccine coverage among Turkish
children was comparable with the Dutch population, whereas
vaccine coverage was much lower for Moroccan children.19 23

This might indicate that vaccine coverage in SGM has been
increasing over the last decades, especially among Moroccan
children. This is further supported by a study in Amsterdam,
which showed that vaccine coverage for SGM of Turkish,
Moroccan, or Surinamese origin was comparable to vaccine
coverage among Dutch children.24

Vaccine coverage for both DPT-IPV-Hib and HBV was the
lowest in the ‘other ’ group. As 45% of all SGM were in this
category, their contribution to overall vaccine coverage is
important. The category is, however, a mix of numerous
nationalities and origins, which makes it difficult to identify
determinants.
Our finding that it is feasible to reach SGM within a national

immunisation programme and that it has prevented a consider-
able number of new HBV infections is important for policy
making on vaccination in The Netherlands. It is also particularly
relevant for other countries that do not have universal HBV
vaccination in childhood and countries that do not achieve
sufficient coverage with their programmes.
Although the HBV vaccine is currently being offered in

a combination vaccine (DTP-IPV-HBV/Hib; infanrix hexa), we
still think that our findings are relevant for policy making. The
introduction of a new vaccine in The Netherlands could create
opposition towards the national immunisation programme
among the general population, even when introduced in
a combination vaccine.25 This could have an effect on the
general coverage of the national immunisation programme, and
careful planning should also involve the option of targeting
a vaccine only at high-risk groups.
We found that there are several limitations in the current

surveillance systems that make impact studies difficult to
conduct. Therefore, findings from the national seroprevalence
study (PIENTER II) that became available in 2009 will be
important to study further the effects of the targeted HBV
vaccination programme.26 A comparison between the first
national seroprevalence study (PIENTER I), conducted in 1996,
could give more insight into a possible decline in seroprevalence
of HBV infections in children before and after the start of the
vaccination programme.

Figure 1 Age-specific cumulative incidence of hepatitis B virus (HBV)
in children aged 0e4 years born before (1990e2002) and after
(2003e7) the introduction of childhood HBV vaccination of second-
generation migrants in The Netherlands, excluding cases reported as the
result of vertical transmission.

Figure 2 Incidence of hepatitis B virus notifications in children aged
0e4 years by year of notification, 1990e2007, The Netherlands. Cases
reported as the result of vertical transmission were excluded.

What is already known on this topic

< The Netherlands is a low-endemic country for HBV infections.
< Since 2003, children with at least one parent born in an

intermediate or high-endemic country for HBV are offered HBV
vaccinations in the national immunisation programme in The
Netherlands.

< The effectiveness and impact of targeted HBV vaccinations for
children with at least one parent born in an intermediate or
high-endemic country for HBV have never been determined.

What this study adds

< It is feasible to target SGM for HBV vaccination within the
Dutch national immunisation programme.

< Surveillance data suggest that targeted HBV vaccination for
children with at least one parent born in an intermediate or
high-endemic country has reduced the incidence of childhood
HBV infection in The Netherlands.
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that before 1999, some chronic infections were re-
ported as ‘acute’. This could have resulted in an over-
estimation of the difference between the 1990-2002 
and 2003-7 birth cohorts. However, although not 
significant, also when comparing 1999-2002 with 
2003-7 the incidence in the post-vaccination peri-
od is much lower than in the pre-vaccination cohort 
(IRR 0.28).

Using person-years as a denominator could have 
led to a small overestimation of the decrease in inci-
dence between the post and pre-vaccination cohort, 
as the risk of developing an acute HBV infection in-
creases slightly with age, and older children were less 
represented in the post-vaccination cohort.

Acute and chronic infections are difficult to dif-
ferentiate, and current case definitions are not very 
specific.15 In the absence of a clear case definition, 
physicians may be more likely to report infections 
as chronic or asymptomatic infections.15 The peak in 
the incidence of notified chronic infections in 2000 
could be an artificial peak caused by delayed notifi-
cations of earlier diagnosed infections.

These limitations of surveillance data make it 
difficult to interpret whether the decline in the in-
cidence of acute HBV notifications is a result of the 
vaccination campaign. In addition, information on 
country of birth of the patient or the parents was 
limited, so we were unable to determine whether 
the patients before 2003 would have been targeted 
by the vaccination programme. This emphasises the 
need for a more complete and comprehensive sur-
veillance system in order to evaluate the impact of 
public health interventions adequately.

Groups of first-generation migrants from dif-
ferent countries might also have a different preva-
lence of HBV infection. As migration patterns and 
the age distribution of migrants may have changed 
over time, this could also influence the incidence of 
HBV in SGM. However, as the country of birth of 
notified patients is not recorded, we could not iden-
tify whether this was the case.

Our finding that a vaccination programme based 
on the country of birth of parents can be effective 
is consistent with a study by Sonder et al,19 which 
showed that vaccination against the hepatitis A vi-
rus targeted at migrant children is an effective strat-
egy to reduce the transmission of hepatitis A in The 
Netherlands.

These findings contrast with results from the 
USA, where it was concluded that vaccination pro-
grammes targeted at SGM were not effective in re-
ducing the incidence of HBV, because it was difficult 

to assess and vaccinate children from immigrants.20 
21 An important difference between The Nether-
lands and the USA is that the latter had much lower 
vaccine coverage, especially in lower socioeconomic 
groups and ethnic minorities.22

We found that HBV vaccine coverage for children 
born to Surinamese or Antillean parents was lower 
compared with children from parents of Turkish or 
Moroccan origin, whereas DPT-IPV-Hib vaccine cov-
erage was comparable for the three groups. We also 
found that HBV vaccine coverage was significantly 
lower for children born to Surinamese or Antillean 
parents living in rural areas compared with those liv-
ing in urban areas. This might indicate that there is 
a difference in the perception of necessity for HBV 
vaccination for Surinamese/ Antillean SGM between 
those living in urban and rural areas, either among 
parents or among healthcare providers. The reasons 
for a lower HBV vaccination rate in children from 
Surinamese or Antillean parents need further study.

We furthermore found that the DPT-IPV-Hib cov-
erage among SGM was higher than vaccine coverage 
among children from Dutch parents. This contrasts 
with Dutch studies from the 1990s, which suggest-
ed that vaccine coverage among Turkish children 
was comparable with the Dutch population, where-
as vaccine coverage was much lower for Moroccan 
children.19 23

This might indicate that vaccine coverage in SGM 
has been increasing over the last decades, especially 
among Moroccan children. This is further supported 
by a study in Amsterdam, which showed that vac-
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cine coverage for SGM of Turkish, Moroccan, or Su-
rinamese origin was comparable to vaccine coverage 
among Dutch children.24

Vaccine coverage for both DPT-IPV-Hib and 
HBV was the lowest in the ‘other’ group. As 45% of 
all SGM were in this category, their contribution to 
overall vaccine coverage is important. The category 
is, however, a mix of numerous nationalities and 
origins, which makes it difficult to identify determi-
nants.

Our finding that it is feasible to reach SGM within 
a national immunisation programme and that it has 
prevented a considerable number of new HBV infec-
tions is important for policy making on vaccination 
in The Netherlands. It is also particularly relevant 
for other countries that do not have universal HBV 
vaccination in childhood and countries that do not 
achieve sufficient coverage with their programmes.

Although the HBV vaccine is currently being 
offered in a combination vaccine (DTP-IPV-HBV/
Hib; infanrix hexa), we still think that our findings 
are relevant for policy making. The introduction of 
a new vaccine in The Netherlands could create op-
position towards the national immunisation pro-
gramme among the general population, even when 
introduced in a combination vaccine.25 This could 
have an effect on the general coverage of the nation-
al immunisation programme, and careful planning 
should also involve the option of targeting a vaccine 
only at high-risk groups.

We found that there are several limitations in the 
current surveillance systems that make impact stud-
ies difficult to conduct. Therefore, findings from the 
national seroprevalence study (PIENTER II) that 
became available in 2009 will be important to study 
further the effects of the targeted HBV vaccination 
programme.26 A comparison between the first na-
tional seroprevalence study (PIENTER I), conduct-
ed in 1996, could give more insight into a possible 
decline in seroprevalence of HBV infections in chil-
dren before and after the start of the vaccination 
programme.
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Parental attitude towards childhood HBV vaccination in The 
Netherlands
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In The Netherlands, children with at least one parent born in a hepatitis B virus (HBV) endemic country are of-
fered HBV vaccination within the National Immunization Programme (NIP) since 2003. However, in the eligi-
ble group the HBV vaccine coverage is lower than the DPT-IPV-Hib coverage. We therefore conducted a ques-
tionnaire survey in order to determine the acceptance of HBV vaccination among parents of eligible children. 
Given the possibility that universal HBV vaccination will be introduced in the Netherlands, we also assessed the 
attitude towards universal HBV vaccination among parents whose children are currently not eligible for HBV 
vaccination. Participants were selected based on the registered vaccination status of their child. Only 13 of 83 
parents (16%) within the HBV-eligible group whose child was registered as ‘incompletely vaccinated’ for HBV 
reported that they refused a vaccine for their child. Risk factors for HBV refusal were a low risk perception of 
HBV, a high socioeconomic status and one parent born in The Netherlands. Within the non-eligible group, we 
found that 9% (95% CI: 3–22%) of the parents whose child was fully vaccinated with DPT-IPV-Hib had a nega-
tive attitude towards universal HBV vaccination. Considering the recent recommendation of the Dutch Health 
Council to introduce universal HBV vaccination, this resistance deserves further attention.

Keywords: HBV Vaccinations, Vaccine acceptation, Hepatitis B
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1. INtRoDUCtIoN

In The Netherlands, parents are given the opportu-
nity to have their children vaccinated in the Nation-
al Immunization Programme (NIP), which is a free, 
non-mandatory programme that started in 1957. 
Currently, the NIP includes vaccination against the 
following eleven diseases: diphtheria, pertussis, tet-
anus, poliomyelitis, Haemophilis influenza type b 
(DPT-IPV-Hib); mumps, measles, rubella (MMR); 
meningococcal serogroup C disease, pneumococcal 
disease and hepatitis B. The hepatitis B vaccine is 
the only vaccine that is targeted at risk groups only, 
including children born to HBV positive mothers. 
Since 2003, newborns with at least one parent born 
in an intermediateor high-endemic country for 
HBV are offered HBV vaccination within the NIP 
[1]. The rationale for this is that these children are 
at increased risk of contact with HBV carriers, either 
within the family or their social environment, as the 
prevalence of carriers is higher among first gener-

ation migrants (FGMs). The epidemiology in these 
groups hence reflects the patterns observed in their 
country of origin [2,3]. The largest groups of FGMs 
in The Netherlands originate from three intermedi-
ate endemic countries: Morocco, Turkey, and Suri-
name [4,5]. From March 2003 up to May 2006 HBV 
vaccine was offered as separate injections at 2, 4, and 
11 months of age. From 1st June 2006 onwards, it 
is given as part of a combination vaccine (Infanrix 
hexa), given at 2, 3, 4, and 11 months of age [6].

The target for vaccine coverage in the Netherlands 
is 90% for all vaccines [1]. We recently found that the 
HBV vaccine coverage among children from FGMs 
in birth cohorts 2003–2005 was 8.1% lower than 
their DPT-IPV-Hib coverage (89.6% and 97.7%, re-
spectively). In addition, HBV vaccine coverage was 
lower for children from parents born in Surinam 
or the Dutch Antilles compared to children from 
Turkish and Moroccan parents (89.4% and 95.4%, 
respectively) [7]

Research into the reasons for a lower vaccine cov-
erage for HBV could help to identify determinants 
for DPT-IPV-HIB and HBV vaccination. Little is 
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known about the acceptance of HBV vaccination 
among parents from Moroccan, Turkish or Suri-
namese/Antillean origin.

Recently the Health Council advised to introduce 
universal hepatitis B vaccination [8]. One study 
among highly educated people suggests that that the 
willingness to accept new vaccinations in the NIP 
might be lower than the current vaccination cov-
erage [9]. It is therefore important to determine the 
attitude towards universal HBV vaccination in the 
general population.

We aimed to identify determinants of HBV vac-
cine acceptance and explain the large difference 
between DPT-IPV-Hib and HBV vaccine coverage 
among the population eligible for HBV vaccination 
in the NIP. In addition, we aimed to determine the 
attitude towards universal HBV vaccination among 
parents of HBV-eligible and non-HBV-eligible chil-
dren.

2. mEtHoDs

We carried out a questionnaire survey to deter-
mine the attitude of parents towards childhood HBV 
vaccinations in the NIP. We defined children as ‘in-
completely vaccinated’ when they received less than 
the recommended number of doses for the select-
ed vaccines. We were unable to make a distinction 
between partially and fully unvaccinated children. 
Children who were eligible for HBV vaccination 
based on the country of birth of at least one of the 
parents were defined as ‘HBV-eligible children’ and 
children who were not eligible for HBV vaccination 
as ‘non-HBV-eligible children’

2.1. Participants

All newborn children in the Netherlands need 
to be registered at the municipal of residence of the 
parents. This birth notification is also entered in 
‘Praeventis’, which is a national vaccination registra-
tion database that contains information about the 
number of vaccines received and the demographic 
information of all newborns registered in The Neth-
erlands. This database is used to send invitations to 
participate in the NIP and to register vaccine cover-
age in The Netherlands.

Parents of children born in 2003–2005 and regis-
tered in the national vaccination registration database 
‘Praeventis’ were eligible for participation in the study. 
We excluded children that had a known date of emi-
gration and children with a recorded date of death. 

We further excluded children born to HBsAg positive 
mothers since their motivation to have their child 
vaccinated for HBV in the NIP will differ from par-
ents who are HBsAg negative. Also, children who had 
incomplete demographic information were excluded.

Parents of HBV-eligible children were random-
ly sampled within three strata: having a child that 
was registered as: (i) vaccinated with the HBV and 
DPT-IPV-Hib vaccine (4 doses); (ii) vaccinated with 
DPT-IPV-Hib vaccine (4 doses) but incompletely 
vaccinated with the HBV vaccine; and (iii) incom-
pletely vaccinated with the DPT-IPV-Hib and HBV 
vaccines. Parents of non-HBV-eligible children were 
randomly sampled in two strata: having a child that 
was registered as: (i) vaccinated with the DPT-IPV-
Hib vaccine and (ii) incompletely vaccinated with 
the DPT-IPV-Hib vaccine (Fig. 1).

The number of parents that we invited to partici-
pate in this study was based on power calculations. 
We aimed to identify factors for which the preva-
lence differed at least 30% between children who are 
completely vaccinated and incompletely vaccinated 
for HBV. The number of participants needed in or-
der to find these factors was determined at 50 for 
each of the three strata for FGMs. With an expect-
ed response of 25%, we determined the number of 
parents needed to invite at 200 for each of the three 
strata of parents of HBV-eligible children. In addi-
tion, 100 parents of non-HBV-eligible children were 
randomly sampled within each of the two strata. The 
total number of parents we invited was thus 800.

2.2. Questionnaire

A theoretical framework of proximal and distal 
determinants of parents’ vaccination behaviour de-
veloped by Paulussen et al. [10] was used to devel-
op the questionnaire (Fig. 2). Distal determinants 
(knowledge, experience, information processing 
and socio-demographics) are thought to influence 
proximal determinants (outcome expectation, risk 
perception, anticipated regret, social norms, and 
self-efficacy). These proximal determinants, which 
can be seen as ‘mediators’, are related to vaccination 
intention and behaviour. Questions on all determi-
nants were included in the questionnaire.

The questionnaires contained questions on the 
following items: (i) knowledge of the NIP and HBV 
vaccinations; (ii) attitude towards childhood vacci-
nations in general; (iii) attitude towards HBV vacci-
nations; (iv) demographics.

The attitude towards childhood vaccination in 
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general contained 15 statements about vaccination 
acceptance with answers on a five-point Likert scale 
(from strongly agree to strongly disagree). In addi-
tion, questions were asked about the perceived risk 
of getting infected with any vaccine preventable dis-
ease in case of vaccination and non-vaccination. We 
also asked for the most important reason for refus-
ing vaccination, and about vaccination behaviour of 
other parents in the participant’s social network.

The questions about the attitude towards HBV 
vaccinations contained eight statements about atti-
tude and beliefs. Furthermore, we asked for the opin-
ion on current vaccination strategies and the attitude 
towards universal HBV vaccination. Also, we asked 
for the perceived risk of HBV infection for their child 
in case of vaccination and non-vaccination.

Questionnaires were translated in Arabic and 
Turkish. Parents of Moroccan origin received a 
Dutch and an Arabic version of the questionnaires. 
Parents of Turkish origin received a Turkish and a 
Dutch questionnaire. Questionnaires can be ob-
tained from the authors on request.

2.3. Analysis

Double, manual entry was used to enter the 
questionnaires in a database. Data were cleaned and 
checked for inconsistencies. Responses to the vari-
ous statements were dichotomized as ‘agree’ (score 
1 and 2) and ‘disagree’ (score 3–5). We made a new 
dichotomous variable on risk perception based on 
three questions concerning the perceived risk of an 

HBV infection.
We defined HBV vaccine refusers as participants 

whose child was eligible for HBV vaccination but 
remained incompletely vaccinated for HBV and 
who reported that they ever refused a vaccination 
for their child. DPT-IPV-Hib vaccine refusers were 
defined as parents of children who were incomplete-
ly vaccinated for DPT-IPV-Hib and said that they 
ever refused a vaccine for their child.

Descriptive analyses of the study groups were 
done using x2 tests. Next, binary logistic regression 
was used to identify proximal and distal determi-
nants that were associated with HBV vaccine refusal. 
Determinants were reported to be significantly asso-
ciated when they had a p-value of 0.05 or lower. The 
low number of HBV refusers in our study did not 
allow multivariate logistic regression analysis.

3. REsUlts

3.1. Response

We sent out 803 invitations and questionnaires. 
Seven of these were not delivered because of a wrong 
address. A total of 203 questionnaires were returned, 
of which five were incomplete and were excluded. 
Hence, the response rate was 25%, ranging from 9% 
to 44% by study group (Fig. 1). Among parents of 
HBV-eligible children, the response rate was signifi-
cantly lower among Moroccan (13%) compared to 
Turkish (24%) and Surinamese/Antillean parents 
(29%) (p = 0.001). None of the Moroccan partici-

J.A.C. Hontelez et al. / Vaccine 28 (2010) 1015–1020 1017

Fig. 1. Participants’ characteristics and response rates among parents of children born in 2003–2005 in the Netherlands that were invited to participate in this questionnaire
survey.

3.2. Demographics of participating parents

Table 1 shows the baseline characteristics of the participants.
The proportion of families in our study with at least one parent that
completed higher or academic education was 40% (95% CI: 21–61%)
in Moroccan, 46% (95% CI: 31–61%) in Turkish, 61% (95% CI: 48–74%)
in Surinamese/Antillean parents and 59% (95% CI: 46–71%) for par-
ents of non-HBV-eligible children. The average household income
among parents of HBV-eligible children was lower compared par-
ents of non-HBV-eligible children. The proportion of parents of
HBV-eligible children in our study that had an income of D1750
or less per month was 46% (95% CI: 36–57%), compared to 9% (95%
CI: 3–18%) of the parents of non-HBV-eligible children. Information
on household income was missing in 25% of the respondents.

Also, the distribution of religious beliefs differed between
parents of HBV-eligible and non-HBV-eligible children. Muslim
religion was more prevalent among parents of HBV-eligible chil-

dren (49% vs. 0%), while a Protestant Christian religion was more
prevalent among parents of non-HBV-eligible children (34% vs.
8%).

Within the HBV-eligible group, there were no significant differ-
ences in baseline characteristics between parents whose child was
registered as vaccinated for HBV compared to those registered as
incompletely vaccinated for HBV. Parents of non-HBV-eligible chil-
dren were more likely to be of Protestant Christian religion when
their child is incompletely vaccinated for DPT-IPV-Hib (p < 0.0001),
while they were more likely to be of Roman Catholic religion when
their child is registered as fully vaccinated (p = 0.01) (Table 1).

Of the 83 parents of HBV-eligible children that were recorded
to be incompletely vaccinated for HBV, 13 (16%) reported that they
ever refused a vaccine for their child. This proportion was signifi-
cantly higher in Surinamese/Antillean parents (22%) compared to
Turkish or Moroccan parents (2% and 0%, respectively) (p = 0.001;
�2-test). All parents of non-HBV-eligible children that were regis-

Fig. 2. Theoretical model of determinants of vaccination behaviour [10].
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pants returned the translated version of the ques-
tionnaire, while 21 (44%) of the Turkish respondents 
responded with a Turkish questionnaire. Among par-
ents of non-HBV-eligible children, the response rate 
was significantly lower for those whose children were 
incompletely vaccinated compared to those whose 
children were completely vaccinated children for 
DPT-IPV-Hib (44% and 24%, respectively, p = 0.05).

3.2. Demographics of participating parents

Table 1 shows the baseline characteristics of the 
participants. The proportion of families in our study 
with at least one parent that completed higher or 
academic education was 40% (95% CI: 21–61%) 
in Moroccan, 46% (95% CI: 31–61%) in Turkish, 
61% (95% CI: 48–74%) in Surinamese/Antillean 
parents and 59% (95% CI: 46–71%) for parents of 
non-HBV-eligible children. The average household 
income among parents of HBV-eligible children 
was lower compared parents of non-HBV-eligible 
children. The proportion of parents of HBV-eligi-
ble children in our study that had an income of D 
1750 or less per month was 46% (95% CI: 36–57%), 
compared to 9% (95% CI: 3–18%) of the parents of 
non-HBV-eligible children. Information on house-
hold income was missing in 25% of the respondents.

Also, the distribution of religious beliefs differed 
between parents of HBV-eligible and non-HBV-eli-
gible children. Muslim religion was more prevalent 
among parents of HBV-eligible children (49% vs. 
0%), while a Protestant Christian religion was more 
prevalent among parents of non-HBV-eligible chil-
dren (34% vs. 8%).

Within the HBV-eligible group, there were 

no significant differences in baseline characteris-
tics between parents whose child was registered as 
vaccinated for HBV compared to those registered 
as incompletely vaccinated for HBV. Parents of 
non-HBV-eligible children were more likely to be 
of Protestant Christian religion when their child 
is incompletely vaccinated for DPT-IPV-Hib (p < 
0.0001), while they were more likely to be of Roman 
Catholic religion when their child is registered as 
fully vaccinated (p = 0.01) (Table 1).

Of the 83 parents of HBV-eligible children that 
were recorded to be incompletely vaccinated for 
HBV, 13 (16%) reported that they ever refused a 
vaccine for their child. This proportion was signifi-
cantly higher in Surinamese/Antillean parents (22%) 
compared to Turkish or Moroccan parents (2% 
and 0%, respectively) (p = 0.001; χ2 -test). All par-
ents of non-HBV-eligible children that were regis-
tered as incompletely vaccinated for DTP-IPV-Hib 
also reported to have refused a vaccine for their child.

3.3. Determinants of HBV vaccine refusal in 
parents of HBV-eligible children

Univariate ORs for proximal and distal determi-
nants that were significantly associated with HBV 
refusal are shown in Table 2. Risk perception was 
the most significantly associated with HBV vaccine 
refusal (OR = 758.7; p < 0.0001). The prevalence of 
a low risk perception was higher in parents from 
Surinamese/Antillilean origin (46%) compared to 
parents form Moroccan (29%) and Turkish (21%) 
origin (p = 0.02; χ2 -test)

Also, the belief that vaccination has a negative 
influence on the child’s immune system was signifi-
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Fig. 1. Participants’ characteristics and response rates among parents of children born in 2003–2005 in the Netherlands that were invited to participate in this questionnaire
survey.

3.2. Demographics of participating parents

Table 1 shows the baseline characteristics of the participants.
The proportion of families in our study with at least one parent that
completed higher or academic education was 40% (95% CI: 21–61%)
in Moroccan, 46% (95% CI: 31–61%) in Turkish, 61% (95% CI: 48–74%)
in Surinamese/Antillean parents and 59% (95% CI: 46–71%) for par-
ents of non-HBV-eligible children. The average household income
among parents of HBV-eligible children was lower compared par-
ents of non-HBV-eligible children. The proportion of parents of
HBV-eligible children in our study that had an income of D1750
or less per month was 46% (95% CI: 36–57%), compared to 9% (95%
CI: 3–18%) of the parents of non-HBV-eligible children. Information
on household income was missing in 25% of the respondents.

Also, the distribution of religious beliefs differed between
parents of HBV-eligible and non-HBV-eligible children. Muslim
religion was more prevalent among parents of HBV-eligible chil-

dren (49% vs. 0%), while a Protestant Christian religion was more
prevalent among parents of non-HBV-eligible children (34% vs.
8%).

Within the HBV-eligible group, there were no significant differ-
ences in baseline characteristics between parents whose child was
registered as vaccinated for HBV compared to those registered as
incompletely vaccinated for HBV. Parents of non-HBV-eligible chil-
dren were more likely to be of Protestant Christian religion when
their child is incompletely vaccinated for DPT-IPV-Hib (p < 0.0001),
while they were more likely to be of Roman Catholic religion when
their child is registered as fully vaccinated (p = 0.01) (Table 1).

Of the 83 parents of HBV-eligible children that were recorded
to be incompletely vaccinated for HBV, 13 (16%) reported that they
ever refused a vaccine for their child. This proportion was signifi-
cantly higher in Surinamese/Antillean parents (22%) compared to
Turkish or Moroccan parents (2% and 0%, respectively) (p = 0.001;
�2-test). All parents of non-HBV-eligible children that were regis-

Fig. 2. Theoretical model of determinants of vaccination behaviour [10].
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cantly associated with HBV vaccine refusal (OR = 
13.5; p = 0.01). However, fears for side effects of the 
HBV vaccine was not significantly associated with 
HBV refusal (OR = 2.3; p = 0.34). We found a nega-
tive association between the presence of anticipated 
regret and HBV vaccine refusal (OR = 0.1; p = 0.01).

Distal determinants that were significantly asso-
ciated with refusal of HBV vaccination were: One 
parent born in the Netherlands; high or academic 
education; monthly household income of D 3051/
month or more; knowledge of the HBV vaccination 
programme in The Netherlands; and country of 
birth of at least one of the parents (Table 2). Reli-
gious beliefs were not an important determinant in 
HBV vaccine refusal (OR = 4.6; p = 0.22). Only one 
parent of an HBV-eligible child that refused a HBV 
vaccination marked religious beliefs as an important 
reason to refuse vaccination (8%), compared to two 
(2%) in parents of HBV-eligible children that did not 
refuse any vaccination for their child.

3.4. Attitude towards universal vaccination

A negative attitude towards universal HBV vacci-
nation was found among four of the 44 parents of 
non-HBV-eligible children that had their child fully 
vaccinated for DPT-IPV-Hib 9% (95% CI: 3–22%). 
This was significantly higher for parents that refused 
DPTIPV-Hib vaccination for their child (43.5%; p < 
0.0001).

Ten percent (95% CI: 6–17%) of parents of 

HBV-eligible children reported a negative atti-
tude towards universal HBV vaccination. This was 
significantly associated with HBV vaccination refus-
al (64% among refusers, 4% among non-refusers; p < 
0.0001). Fifteen percent (95% CI: 9–21%) of parents 
of HBV-eligible children responded that they found 
the current HBV vaccination programme discrimi-
nating. This was, however, not significantly related to 
HBV refusal (19% vs. 12%; p = 0.24).

4. DIsCUssIoN

We found that parents’ refusal of HBV vaccination 
for their children explains only a small proportion 
of the lower vaccine coverage for HBV compared to 
DPT-IPV-Hib among HBV-eligible children. A possi-
ble explanation for this is that the child is not offered 
HBV vaccination because the nurse administrating 
the vaccinations forgot the HBV vaccine or deemed 
the HBV vaccination unnecessary. Research is needed 
in order to determine the reasons why these children 
are not offered HBV vaccination and whether more 
extensive education of health care workers involved is 
needed. There are other examples of targeted vaccina-
tions programmes for children in which the vaccine 
coverage is lower compared to the general vaccina-
tion scheme [11], however, these are not incorporated 
within the NIP. The combination of a targeted vaccine 
strategy within the general childhood vaccination 
campaign makes the current HBV vaccination strat-
egy relatively unique.

1018 J.A.C. Hontelez et al. / Vaccine 28 (2010) 1015–1020

Table 1
Demographics of parents of children born in 2003–2005 in The Netherlands that participated in the questionnaire survey.

Parents of HBV-eligible children Parents of non-HBV-eligible children Total (n = 198)

HBV vaccination status DPT-IPV-Hib vaccination status

Vaccinated
(N = 47)

Percentage
(95% CI)

Incompletely
vaccinated
(N = 83)

Percentage
(95% CI)

Vaccinated
(N = 44)

Percentage
(95% CI)

Incompletely
vaccinated
(N = 24)

Percentage
(95% CI)

Educationa

High school or
lower

8/46 17% (8–31%) 13/82 16% (9–26%) 3/43 7% (1–19%) 1/24 4 (0–21%) 25/195 (13%)

Vocational
education

17/46 37% (23–52%) 23/82 28% (19–39%) 15/43 35% (21–51%) 8/24 33% (16–55%) 63/195 (32%)

Higher education 12/46 26% (14–41%) 30/82 37% (26–48%) 17/43 40% (25–56%) 11/24 46% (26–67%) 70/195 (36%)
Academic 16/46 35% (21–50%) 16/82 20% (12–30%) 8/43 19% (8–33%) 4/24 17% (5–37%) 37/195 (19%)

Income
Less than
D 1750/month

13/32 41% (24–59%) 32/65 49% (37–62%) 3/32 9% (2–25%) 3/19 16% (3–40%) 51/148 (34%)

Between D 1751
and
3050/month

12/32 38% (21–56%) 18/65 28% (17–40%) 14/32 44% (26–62%) 10/19 53% (29–76%) 54/148 (36%)

More than
D 3051/month

7/32 22% (9–40%) 15/65 23% (14–35%) 15/32 47% (29–65%) 6/19 32% (13–57%) 43/148 (29%)

Religion
Protestant 4/47 9% (2–20%) 9/83 11% (5–20%) 7/44 16% (7–30%) 16/24 67% (45–84%) 36/198 (18%)
Catholic 6/47 13% (5–26%) 16/83 19% (11–29%) 15/44 34% (20–50%) 1/24 4% (0–21%) 38/198 (19%)
Muslim 28/47 60% (44–74%) 36/83 44% (33–55%) 0/44 0% (0–8%) 0/24 0% (0–14%) 64/198 (32%)
Other 2/47 4% (1–15%) 6/83 7% (3–15%) 0/44 0% (0–8%) 1/24 4% (0–21%) 9/198 (5%)
No religion 7/47 15% (6–28%) 16/83 19% (11–29%) 22/44 50% (35–65%) 6/24 25% (10–47%) 51/198 (26%)

p-Values were calculated using the �2-test, n/a = not available.
a Based on the parent with the highest educational level.

tered as incompletely vaccinated for DTP-IPV-Hib also reported to
have refused a vaccine for their child.

3.3. Determinants of HBV vaccine refusal in parents of
HBV-eligible children

Univariate ORs for proximal and distal determinants that were
significantly associated with HBV refusal are shown in Table 2. Risk
perception was the most significantly associated with HBV vaccine
refusal (OR = 758.7; p < 0.0001). The prevalence of a low risk per-
ception was higher in parents from Surinamese/Antillilean origin
(46%) compared to parents form Moroccan (29%) and Turkish (21%)
origin (p = 0.02; �2-test)

Also, the belief that vaccination has a negative influence on the
child’s immune system was significantly associated with HBV vac-
cine refusal (OR = 13.5; p = 0.01). However, fears for side effects of
the HBV vaccine was not significantly associated with HBV refusal
(OR = 2.3; p = 0.34). We found a negative association between the
presence of anticipated regret and HBV vaccine refusal (OR = 0.1;
p = 0.01).

Distal determinants that were significantly associated with
refusal of HBV vaccination were: One parent born in the Nether-
lands; high or academic education; monthly household income of
D3051/month or more; knowledge of the HBV vaccination pro-
gramme in The Netherlands; and country of birth of at least one of
the parents (Table 2). Religious beliefs were not an important deter-
minant in HBV vaccine refusal (OR = 4.6; p = 0.22). Only one parent
of an HBV-eligible child that refused a HBV vaccination marked
religious beliefs as an important reason to refuse vaccination (8%),
compared to two (2%) in parents of HBV-eligible children that did
not refuse any vaccination for their child.

3.4. Attitude towards universal vaccination

A negative attitude towards universal HBV vaccination was
found among four of the 44 parents of non-HBV-eligible children
that had their child fully vaccinated for DPT-IPV-Hib 9% (95% CI:

3–22%). This was significantly higher for parents that refused DPT-
IPV-Hib vaccination for their child (43.5%; p < 0.0001).

Ten percent (95% CI: 6–17%) of parents of HBV-eligible children
reported a negative attitude towards universal HBV vaccination.
This was significantly associated with HBV vaccination refusal (64%
among refusers, 4% among non-refusers; p < 0.0001). Fifteen per-
cent (95% CI: 9–21%) of parents of HBV-eligible children responded
that they found the current HBV vaccination programme discrimi-
nating. This was, however, not significantly related to HBV refusal
(19% vs. 12%; p = 0.24).

4. Discussion

We found that parents’ refusal of HBV vaccination for their chil-
dren explains only a small proportion of the lower vaccine coverage
for HBV compared to DPT-IPV-Hib among HBV-eligible children. A
possible explanation for this is that the child is not offered HBV
vaccination because the nurse administrating the vaccinations for-
got the HBV vaccine or deemed the HBV vaccination unnecessary.
Research is needed in order to determine the reasons why these
children are not offered HBV vaccination and whether more exten-
sive education of health care workers involved is needed. There are
other examples of targeted vaccinations programmes for children
in which the vaccine coverage is lower compared to the general vac-
cination scheme [11], however, these are not incorporated within
the NIP. The combination of a targeted vaccine strategy within the
general childhood vaccination campaign makes the current HBV
vaccination strategy relatively unique.

We found that the proportion of HBV vaccination refusers in
parents of HBV-eligible children was significantly higher among
parents born in Surinam or the Dutch Antilles compared to those
born in Morocco or Turkey. The few available data suggests that
that the prevalence of HBV carriers in Surinam is comparable to the
prevalence in Morocco and Turkey [5]. Nevertheless, we found that
risk perception for HBV is lower among Surinamese/Antillean par-
ents compared to Moroccan or Turkish parents (prevalence of low
risk perception: 46% vs. 29% and 21%, respectively). This suggests
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We found that the proportion of HBV vaccina-
tion refusers in parents of HBV-eligible children was 
significantly higher among parents born in Surinam 
or the Dutch Antilles compared to those born in 
Morocco or Turkey. The few available data suggests 
that that the prevalence of HBV carriers in Surinam 
is comparable to the prevalence in Morocco and 
Turkey [5]. Nevertheless, we found that risk percep-
tion for HBV is lower among Surinamese/Antillean 
parents compared to Moroccan or Turkish parents 
(prevalence of low risk perception: 46% vs. 29% and 
21%, respectively). This suggests that risk percep-
tion is not strongly associated with the prevalence of 
HBV in the country of birth.

4.1. Universal vaccination

Our data suggests that a considerable part of the 
general Dutch population has a negative attitude 
towards universal HBV vaccinations. Although a 

negative attitude towards universal HBV vaccination 
was strongly associated with DPT-IPV-Hib vacci-
nation status, 9.1% of the Dutch parents of children 
registered as DPT-IPVHib fully vaccinated reported 
a negative attitude towards universal HBV vaccina-
tion. This is consistent with research from Sweden, a 
country with a HBV vaccination strategy comparable 
to the Netherlands. Here, a negative attitude towards 
universal HBV vaccination was significantly related 
to whether the child did not receive all recommend-
ed vaccinations (OR = 2.51; p = 0.001) and to a high 
educational level (OR = 1.37; p = 0.006) [12].

Previously, Hak et al. showed that the unwillingness 
to comply with new vaccinations such as HBV was 
11% among highly educated people and health 
care workers [9]. These results and our result need 
further study, whereby it needs consideration that 
the HBV vaccine will be offered in a combination 
vaccine (DPT-IPV-HBV/Hib) for infants and as 
separate injections to adolescents [8].

J.A.C. Hontelez et al. / Vaccine 28 (2010) 1015–1020 1019

Table 2
Determinants of HBV vaccination refusal among parents of HBV-eligible children born in 2003–2005 in The Netherlands. Only crude ORs of proximal and distal determinants
that were significantly associated with HBV refusal in parents are shown.

Prevalence of HBV vaccine refusal Univariate OR (95% CI) p-value

Proximal determinants
Immunizations have a negative influence on the immune system

Yes 4/13 (31%) 5.1 (1.3–19.8) 0.02
No 9/112 (8%) 1.0

Anticipated regret
Yes 5/100 (5%) 0.1 (0.03–0.38) 0.001
No 8/25 (32%) 1.0

Perceived risk of HBV when not vaccinated
Low 7/8 (88%) 130.7 (13.2 to >999.9) <0.0001
High 6/118 (5%) 1.0

Distal determinants
Duration of residence in The Netherlandsa

Less than five years 0/4 (0%) n/a
More than five years 3/68 (4%) 1.0
Since birth 9/49 (18%) 4.8 (1.2–19.1) 0.02

Educationb

Vocational education or lower 2/60 (3%) 1.0
Higher education 5/40 (13%) 4.3 (0.8–23.3) 0.09
Academic 6/24 (25%) 10.0 (1.9–53.9) 0.007

Income
Less than D 1750/month 0/45 (2%) n/a
Between D 1751 and D 3050/month 3/29 (10%) 1.0
More than D 3051/month 7/21 (33%) 4.3 (1.0–19.4) 0.06

Knowledge of the HBV vaccination policy in the Netherlands
Yes 4/12 (33%) 5.8 (1.5–23.2) 0.01
No 9/114 (8%) 1.0

Country of birthc

Morocco 0/24 (0%) n/a
Turkey 1/47 (2%) 1.0
Surinam/Antilles 12/55 (23%) 12.8 (1.6–102.9) 0.02

Religion
Protestant 4/13 (31%) 1.1 (0.2–5.0) 0.89
Catholic 2/22 (9%) 0.3 (0.04–1.42) 0.11
Muslim 0/62 (0%) n/a
Other 1/8 (13%) 0.4 (0.04–3.56) 0.38
None 6/21 (29%) 1.0

OR = odds ratio, 95% CI = 95% confidence interval, n/a = not available.
a Duration of residence is based on the parent that has the longest period of residence in The Netherlands. Since birth means that only one parent was born in an

intermediate- or high-endemic country for HBV.
b Based on the parent with the highest educational level.
c Country of birth of at least one of the parents.

that risk perception is not strongly associated with the prevalence
of HBV in the country of birth.

4.1. Universal vaccination

Our data suggests that a considerable part of the general Dutch
population has a negative attitude towards universal HBV vac-
cinations. Although a negative attitude towards universal HBV
vaccination was strongly associated with DPT-IPV-Hib vaccination
status, 9.1% of the Dutch parents of children registered as DPT-IPV-
Hib fully vaccinated reported a negative attitude towards universal
HBV vaccination. This is consistent with research from Sweden, a
country with a HBV vaccination strategy comparable to the Nether-
lands. Here, a negative attitude towards universal HBV vaccination
was significantly related to whether the child did not receive all
recommended vaccinations (OR = 2.51; p = 0.001) and to a high edu-
cational level (OR = 1.37; p = 0.006) [12].

Previously, Hak et al. showed that the unwillingness to com-
ply with new vaccinations such as HBV was 11% among highly
educated people and health care workers [9]. These results and
our result need further study, whereby it needs consideration that
the HBV vaccine will be offered in a combination vaccine (DPT-

IPV-HBV/Hib) for infants and as separate injections to adolescents
[8].

4.2. Determinants of vaccination behaviour

Distal determinants that were associated with HBV vaccina-
tion refusal were socioeconomic variables, where a higher level
of education or income was associated with HBV vaccine refusal.
In addition, the time since migration to the Netherlands was an
important distal determinant associated with HBV vaccination
refusal. Proximal determinants that were significantly associated
with HBV refusal were low risk perception, no anticipated regret,
and a fear of a negative influence on the immune system (Table 2).
This is consistent with other studies [10,13–17]. It suggests that
health promotion interventions aimed at increasing vaccination
coverage should focus on improving appropriate risk percep-
tion.

Many studies have concentrated on socioeconomic variables
and vaccine behaviour, however Paulussen et al. [10] and Prislin
et al. [16] found that these factors were not associated with vac-
cination behaviour. Important differences between these studies
and our study are that we concentrated on a specific and targeted
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4.2. Determinants of vaccination behaviour

Distal determinants that were associated with 
HBV vaccination refusal were socioeconomic vari-
ables, where a higher level of education or income 
was associated with HBV vaccine refusal. In addi-
tion, the time since migration to the Netherlands 
was an important distal determinant associated with 
HBV vaccination refusal. Proximal determinants 
that were significantly associated with HBV refusal 
were low risk perception, no anticipated regret, and 
a fear of a negative influence on the immune sys-
tem (Table 2). This is consistent with other studies 
[10,13–17]. It suggests that health promotion inter-
ventions aimed at increasing vaccination coverage 
should focus on improving appropriate risk percep-
tion.

Many studies have concentrated on socioeco-
nomic variables and vaccine behaviour, however 
Paulussen et al. [10] and Prislin et al. [16] found 
that these factors were not associated with vaccina-
tion behaviour. Important differences between these 
studies and our study are that we concentrated on 
a specific and targeted vaccine, whereas the other 
studies concentrated on vaccination behaviour in 
general.

We were unable to find socioeconomic deter-
minants that were significantly associated with 
HBV-under vaccination (whether consciously re-
fused or not). It has previously been shown that low 
HBV vaccine coverage in The Netherlands is more 
prevalent among HBV-eligible children living in ru-
ral areas, especially among HBV-eligible children of 
Surinamese/Antillean parents [7].

4.3. limitations

Our study had several limitations. The possibil-
ity of selection bias is high in our study. Although 
we were unable to compare non-responders with 
responders with respect to their socioeconomic 
background and duration of residence in The Neth-
erlands, it would seem fair to assume that response 
rates are higher among parents that are highly edu-
cated and more integrated in the Dutch community.

Response rates among FGMs were low, especially 
in FGMs from Morocco. Our efforts to improve re-
sponse rates in this group by sending questionnaires 
translated to Arabic (official language of Morocco) 
did not seem to be effective because no translated 
questionnaire was returned. Furthermore, the num-
ber of HBV vaccine refusers was lower than the 

number of children registered as incompletely vac-
cinated for HBV. This limited the power of our study 
since only HBV refusers could be used to determine 
factors associated with HBV vaccine refusal. We 
were unable to perform multivariate analysis due to 
a limited number of HBV refusers.

All five-point answers were dichotomised in order 
to enhance analysis. However, this reduction in the 
number of categories could have distorted our re-
sults since the ‘disagree’ category also contained the 
middle category (score = 3). Therefore, the number 
of people disagreeing with a given statement might 
be overestimated. Furthermore, we were unable to 
determine whether children registered as incom-
pletely vaccinated in ‘Praeventis’ were completely 
unvaccinated or partially vaccinated. This could 
have influenced our results, since determinants of 
partial vaccination have been shown to differ from 
non-vaccination [18].

We found that a higher income was significantly 
associated with vaccine refusal. However, 25% of the 
respondents did not answer the question on house-
hold income, which could have biased our results.

4.4. Conclusions

In conclusion, our data suggest that HBV vac-
cine refusal does not explain the relatively low HBV 
vaccine coverage in eligible children. We found that 
HBV vaccine refusal is more prevalent among par-
ents of HBV-eligible children from Surinamese/
Antillean origin, probably due to a lower risk per-
ception for HBV among these parents. Among study 
participants, a considerable proportion of parents 
born in the Netherlands who participate in the NIP 
had a negative attitude towards universal HBV vac-
cination.
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Immunogenicity of a hexavalent vaccine co-administered with 
7-valent pneumococcal conjugate vaccine Findings from the 
national immunization program in the Netherlands
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WIJNANDS1 AND HEIN BOOT1
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The hexavalent vaccine Infanrix hexa was introduced into the national childhood vaccination schedule in 
the Netherlands in 2006. It is offered, concomitantly with pneumococcal vaccine (prevenar), to children at 
increased risk of hepatitis B, administered in a 4-dose schedule at 2, 3, 4 and 11 mo of age. We assessed the 
immunogenicity of the HBV component of Infanrix hexa co-administered with prevenar, and compared per-
tussis and Hib components in Infanrix hexa with the standard Infanrix-IpV + Hib vaccine. Target thresholds 
for immune responses were achieved for all antigens studied. Over 99% (163/164) of children vaccinated 
with Infanrix hexa achieved an adequate immune response (≥10 mIU/ml) to the HBV component and peak 
anti-HBs geometric mean concentration (GMc) was 2,264 mIU/ml (95% cI: 1,850–2,771 mIU/ ml). The 
GMc of a pertussis component, filamentous hemagglutinin (FHa), of Infanrix-hexa was significantly lower 
in children vaccinated with Infanrix hexa and prevenar than in children vaccinated with Infanrix-IpV + Hib. 
Universal infant HBV vaccination using Infanrix hexa was introduced in the Netherlands in 2011. Despite 
very high rates of seroconversion for the HBV component of Infanrix hexa, its long-term immunogenicity 
and effectiveness should be monitored after concomitant vaccination.

Abbreviations: IH, infanrix hexa; GMC, geometric mean concentration; HBV, hepatitis B virus; FHA, fila-
mentous hemagglutinin; D, diphtheria; T, tetanus; Pa, acellular pertussis; IPV, poliomyelitis; Hib, Haemophi-
lus influenzae type b; EMEA, european medicines agency

Hum Vaccin Immunother 2012;8:743-8. © 2012 Landes Bioscience

*Correspondence to: Jane Whelan; Email: jwhelan@ggd.
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INtRoDUCtIoN

Combination vaccines are used in national immu-
nization programs for children worldwide. Simulta-
neous administration with newer vaccines against 
meningococcal or pneumococcal infection is thought 
to be more convenient, cost-effective and efficient for 
health care workers, and more acceptable to parents.1,2 

However, the composition of combination vaccines 
has become increasingly complex and concerns have 
been expressed that co-administration of multicom-
ponent and mono-multivalent vaccines may lead to a 
suboptimal induced immune response.3 Reduced clin-
ical efficacy was shown in the UK with the Hemoph-
ilus influenzae type b (Hib) component when given 

in a combined, acellular pertussis containing vaccine 
(DTaP-Hib),4 and detailed assessment of potential an-
tigenic interaction is advocated as new vaccines are 
introduced into national immunization programs.3,4

The hexavalent vaccine, Infanrix hexa (GSK), was 
introduced into the national childhood vaccination 
schedule in the Netherlands on 1 June 2006 for chil-
dren born to hepatitis B infected mothers and chil-
dren of whom either parent was born in middleor 
high-endemic countries for hepatitis B (prevalence 
≥2%). This corresponds to approximately 18% of the 
total birth cohort in the Netherlands. Infanrix hexa 
contains recombinant surface antigen of the hepati-
tis B virus (HBV) in addition to vaccine components 
against diphtheria (D), tetanus (T), pertussis (Pa), 
poliomyelitis (IPV) and Hemophilus influenzae type 
b (Hib).5 It is administered by a single injection given 

23436 Hahne, Susan NW.indd   115 01-11-12   16:04



Chapter 2

116

at the same time as the pneumococcal vaccine, Prev-
enar (Pfizer Pharmaceuticals), added to the schedule 
in 2006. This limits the number of injections to two 
at 2, 3, 4 and 11 mo of age, respectively. For children 
who are not in the target group for HBV vaccination, 
the pentavalent Infanrix-IPV + Hib (DTPa IPV/
Hib), was given in 2005–2006. An alternative vac-
cine, Pediacel (Sanofi Pasteur, MSD) was used in 
2007, while Infanrix-IPV + Hib was reintroduced 
from 2008 onwards and is given concomitantly with 
Prevenar. Universal infant HBV vaccination using 
Infanrix hexa will be introduced in September 2011.

Hexavalent vaccines were first licensed by the 
European Medicines Agency (EMEA) in 2000. In 
September 2005, authorization of one such vaccine, 
Hexavac (Sanofi Pasteur, MSD), was suspended by 
the EMEA: this was due to concerns about long-
term immunogenicity of the hepatitis B compo-
nent when co-administered with meningococcal or 
pneumococcal vaccines, and reduced boostability 
post-priming with Hexavac in infants with a low ini-
tial immune response.6 The WHO target threshold 
of ≥95% of vaccine recipients achieving a peak geo-
metric mean concentration ≥10 IU/l has consistently 
been achieved in other research.7-9 However, reduc-
tions (albeit non-significant) have been observed 
in the seroconversion rate8 and geometric mean 
concentration (GMC),8,9 of HBV antibodies follow-
ing vaccination with Infanrix hexa concomitantly 
with pneumococcal vaccine when compared with 
that of Infanrix hexa administered alone. Reduced 
Hib immunogenicity has similarly been report-
ed in combination vaccines co-administered with 
meningococcal and pneumococcal vaccines conju-
gated to the CRM197 

carrier protein.10,11 Long-term 
immunogenicity of the HBV component12,13 and of 
all components (with the exception of PT),14 of In-
fanrix hexa administered alone have been shown. 
This is irrespective of peak GMCs post primary vac-
cination, because they were not determined in these 
studies. The effectiveness of Prevenar and the Hib 
component of Infanrix hexa have also been demon-
strated.15,16 There is as yet however, no evidence/data 
of the long-term immunogenicity or effectiveness 
of Infanrix hexa co-administered with Prevenar.
In the context of the National Immunisation Pro-
gramme (NIP) in the Netherlands, we assessed 
whether the immune response to HBV vaccination 
within the Dutch NIP was sufficient according to 
WHO standards. Our secondary objective was to 
compare the immunogenicity of the Hib and pertussis 
components between Infanrix hexa co-administered 

with Prevenar with that of the standard vaccine, In-
fanrix-IPV + Hib administered alone.

REsUlts

In total, 478 children were eligible to participate in 
group 1 and 1,181 in group 2. The proportion of re-
spondents was 34% (n = 164) and 8% (n = 92) re-
spectively. In group 1, 100% of children were born in 
the Netherlands, with only 26% of fathers and 23% of 
mothers themselves born in the Netherlands. Parents 
were of mixed ethnicities. Most commonly reported 
ethnicities were: Turkish (15%), Moroccan (12%), 
Antillian (4%) and Surinamese (3%). The mean ges-
tational age in group 1 was 39 weeks (range 33–42 
weeks) and the mean birth weight was 3,275 g (range: 
1,870 g–4,760 g); 49% (n = 72/146) were male.

At the time of booster vaccination, children 
were a median age of 11.1 mo in group 1 (range: 
9.6 to 13.4) and 11.7 mo in group 2 (range: 10.1 
to 13.5), p < 0.001. The median time between last 
vaccination and blood sampling was 5.3 weeks in 
group 1 (range: 1.6 to 19.8) and 4.0 weeks in group 
2 (range: 3.3 to 9.3 weeks), p < 0.001. Proportions 
achieving seroprotection and geometric mean con-
centrations (GMCs) are presented in table 1.

Of children in group 1, 99.4% (163/164) 
achieved an adequate immune response (≥10 mIU/
ml) to the HBV component of Infanrix hexa. The 
geometric mean concentration was 2,264 mIU/ml 
(95% CI: 1,850–2,771 mIU/ml). Male infants had 
a lower anti-HBs concentration (1,830 mIU/ml, 
95% CI: 1,357– 2,469 mIU/ml) than females (2,898 
mIU/ml, 95% CI: 2,110– 3,980 mIU/ml, t = -2.1, p 
= 0.03). This difference persisted after controlling 
for ethnicity of parents (dichotomised as any-Dutch 
vs. no-Dutch parent), birth weight and gestational 
age and explained 5% of the variance in anti-HBs 
(adjusted r-squared = 0.05, p = 0.002).

For both groups 1 and 2, no statistically signifi-
cant differences in the proportions achieving sero-
protection were seen between Infanrix hexa and In-
fanrix-IPV + Hib for Hib or pertussis. An adequate 
immune response was consistently achieved in over 
98% of samples to all antigens tested. Five differ-
ent children did not reach the seroprotective level 
in one component only, but each child responded 
satisfactorily to all the other components in the vac-
cines (Table 1). In relation to Prevenar, seven chil-
dren did not achieve the seroprotective threshold of 
one or more components. In 2 cases, children did 
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not respond to several subtypes (case 1, to subtypes 
4, 9, 18c and 23f, and case 2 to subtypes 4 6b 9v 
18c and 23f ); five children showed an inadequate 
response to one component only (subtypes 6b (n = 
2), 14, 18c and 23f (n = 1 each)). The proportion 
achieving pneumococcal antibody concentrations 
of ≥0.35 μg/ml ranged from 98.2% (subtypes 6B, 
18C and 23F) to 100.0% (subtype 19F). The pneu-
mococcal antibody GMCs ranged from 2.6 μg/ml 
(subtype 18C) to 11.0 μg/ml (subtype 14) (table 1).

When comparing GMCs between groups 1 and 2 
(Fig. 1), the titers against the pertussis FHA compo-
nent of Infanrix hexa was significantly lower than in 
Infanrix-IPV + Hib (302 EU/ml vs. 422 EU/ml; mean 
difference, 120 EU/ml; p = 0.001). There were no other 

statistically significant differences between antibody 
GMCs of other analyzed vaccine components.

DIsCUssIoN

The HBV component of Infanrix hexa co-admin-
istered with Prevenar adhered to the WHO guide-
line for an adequate immune response (≥95%),17 

achieving seropositivity in ≥99% of cases. We 
found an anti-HBs GMC of 2,264 mIU/ml (95% CI: 
1,850–2,771), higher in girls than in boys. The an-
ti-HBs GMC reported here is lower than has been 
reported elsewhere one month post-booster dose 
(given at 12–15 mo) after the same primary vaccina-
tion schedule and using the same standard immune 

www.landesbioscience.com Human Vaccines & Immunotherapeutics 3

differences have been implicated in reduced serological response 
in other research.19 Fourthly, it is possible that the maternal 
anti-HBs concentrations at the time of immunization and sam-
pling influenced infant anti-HBs, though the effect of this on 
the immune response to the vaccination series is uncertain. We 
could not study the effect of maternal antibody concentration. 
Finally, gender-linked differences in vaccine immune response 
are not uncommon:20 females have been reported to develop a 
more robust immune response to rubella and mumps vaccines 
for example.21,22 Although there are still uncertainties about 
the long-term duration of protection after vaccination against 
hepatitis B,23,24 it is clear that immunological memory with 
anamnestic response continues to protect children against acute 

respectively, though in the latter study, the vaccination schedule 
differed: 2, 4, 6 mo with a booster at 12–19 mo). Peak GMCs 
achieved post-vaccination are thought to be important because 
they are associated with the duration that concentrations remain 
above accepted protective thresholds. Although these studies are 
not directly comparable, such differences might be explained by 
the fact that children were boosted at 11 mo here rather than at 
12–19 mo in the studies referenced. Second, there was a slightly 
longer period between the last vaccination and serum collec-
tion here (5.3 weeks), vs. 4 weeks in Tichmann-Schumann et 
al. Third, children in our study who received HBV vaccination 
(group 1) all had parents of mixed ethnicities whereas the studies 
referenced8,9 included samples of the general population. Ethnic 

Table 1. proportion of samples achieving seroprotection (%), and peak antibody GMc levels of Infanrix hexa + prevenar (Group 1) and Infanrix-IpV + 
Hib (Group 2) vaccines

Vaccine 
Component

Immunogen
Target  

concentration
% Achieving seroprotection Geometric Mean Concentrations

Group 1 (n = 164) Group 2 (n = 92) Group 1 (n = 164) Group 2 (n = 92)

Infanrix hexa + Prevenara Infanrix IPV/Hib Infanrix hexa + Prevenar Infanrix IPV/Hib

% (n) [95% CIc] % (n) [95% CI] GMC [95% CI] GMC [95% CI]

Hemophilus 
Influenza B

anti-pRp ≥0.15 μg/ml 98.7 (162) [95.9–99.9] 98.9 (88b) [93.9–99.9] 7.3 [5.9–9.0] 9.8 [7.0–13.9]

pertussis pT >25 eU/mld 98.2 (161) [95.0–99.6] 100.0 (92) [96.7–100] 148.1 [130.3–168.2] 134.1 [118.7–151.4]

FHae >25 eU/ml 100.0 (164) [97.9–100.0] 100.0 (92) [96.7–100] 302.2 [274.5–332.7] 422.0 [367.1–485.0]

pRN >25 eU/ml 99.4 (163) [96.8–99.9] 100.0 (92) [96.7–100] 380.3 [331.1–436.8] 410.1 [343.7–489.2]

Hepatitis B anti HBs ≥10 mIU/mlf 99.4 (163) [96.8–99.9] 2264.1 [1849.7–2771.3]

pneumococcus 
serotypes

4
≥0.35 μg/ml for 

all subtypes
98.8 (161) [95.9–99.9] N/ag 3.7 [3.2–4.2] N/a

6b 98.2 (160) [95.0–99.6] 5.2 [4.4–6.0]

9v 98.8 (161) [95.9–99.9] 3.4 [3.0–3.8]

14 99.4 (162) [96.8–99.9] 11.1 [9.6–12.8]

18c 98.2 (160) [95.0–99.6] 2.7 [2.3–3.0]

19f 100.0 (163) [97.9–100.0] 3.7 [3.3–4.2]

23f 98.2 (160) [95.0–99.6] 4.0 [3.4–4.8]
aprevenar, Ntotal=163; bDue to insufficient samples, results for anti-pRp were available for n=89 samples; cexact confidence intervals for a proportion; 
deU/ml: eLIsa units per millilitre; eDifference between the geometric mean titres was significant, p<0.001 ; fIU/ml: International Units per millilitre; gNot 
applicable

Figure 1. GMc ratio of group 1 to group 2 for vaccine components Hib, pT, FHa and pRN.
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assays.8,9 Anti-HBS GMCs 2.6 to 3.4 times higher 
than those observed here are also reported where 
Infanrix hexa was administered alone (5,754 mIU/
ml,8 6,539 mIU/ml9 and 7,517 mIU/ml18  respectively, 
though in the latter study, the vaccination schedule 
differed: 2, 4, 6 mo with a booster at 12–19 mo). 
Peak GMCs achieved post-vaccination are thought 
to be important because they are associated with the 
duration that concentrations remain above accepted 
protective thresholds. Although these studies are not 
directly comparable, such differences might be ex-
plained by the fact that children were boosted at 11 
mo here rather than at 12–19 mo in the studies refer-
enced. Second, there was a slightly longer period be-
tween the last vaccination and serum collection here 
(5.3 weeks), vs. 4 weeks in Tichmann-Schumann et 
al. Third, children in our study who received HBV 
vaccination (group 1) all had parents of mixed eth-
nicities whereas the studies referenced8,9 included 
samples of the general population. Ethnic differ-
ences have been implicated in reduced serological 
response in other research.19 Fourthly, it is possible 
that the maternal anti-HBs concentrations at the 
time of immunization and sampling influenced in-
fant anti-HBs, though the effect of this on the im-
mune response to the vaccination series is uncertain. 
We could not study the effect of maternal antibody 
concentration. Finally, gender-linked differences in 
vaccine immune response are not uncommon:20 fe-
males have been reported to develop a more robust 
immune response to rubella and mumps vaccines 
for example.21,22 Although there are still uncertain-
ties about the long-term duration of protection af-
ter vaccination against hepatitis B,23,24 it is clear that 
immunological memory with anamnestic response 
continues to protect children against acute disease 
despite undetectable antibodies.13,25,26 Infanrix hexa 
was introduced into the universal childhood vaccine 
schedule in the Netherlands in September 2011 and 
protection against Hepatitis B will therefore be nec-
essary for decades.27

In relation to the antibody response to Prevenar 
when coadministered with Infanrix hexa, seropro-
tective thresholds to all seven serotypes included 
in the vaccine were achieved. GMCs for all com-
ponents of Prevenar were similar to those reported 
in previous studies.8,9 On comparing Infanrix hexa 
co-administered with Prevenar and Infanrix-IPV + 
Hib (administered alone). There was no difference 
in the proportions seroprotected for Hib and pertus-
sis. These findings are again broadly similar to those 
in other research.8,9,28 Co-administration of Infanrix 

hexa with Prevenar did not affect GMCs for Hib, 
PRN or PT—but the FHA component in Infanrix 
hexa was significantly lower. Though speculative, it 
is hypothesized that FHA could play a role in modu-
lating the protective immune response in combina-
tion vaccine formulations.29

There were a number of study limitations. We 
studied a nonrandomized sample of two groups of 
healthy infants recruited in

2006 and 2009. Different clinics participated in 
2009 (group 1) and in 2006 (group 2) but regional 
variation in the delivery of the vaccination program 
over time, including vaccine storage and administra-
tion is unlikely. National immunization coverage in 
the Netherlands consistently exceeded 94% for DT-
Pa-IPV/Hib in the general population since 2006. 
In 2009, uptake of Infanrix hexa in the risk group 
was 92.9%.30 The time of the 4th vaccination and sam-
pling of children was statistically different between 
the groups (persisting when outliers were excluded 
i.e., those beyond ±2* standard deviations of the 
mean). In absolute terms the difference was small 
and both vaccination and sampling were timely. Fi-
nally, the proportion of respondents from each clinic 
varied significantly by study group. This is probably 
explained by greater staff vigilance and a higher inten-
sity of recruitment in the minority group who were 
administered a new vaccine. Other differences such 
as socioeconomic background were not recorded, al-
though, given that only healthy babies were included, 
it is unlikely that there were systematic differences be-
tween respondents and non-respondents that would 
influence the immunogenicity of the vaccines.

In conclusion, more than 99% of Infanrix hexa 
recipients vaccinated at 2, 3, 4 and 11 mo of age 
and measured one month after booster vaccination, 
achieved an adequate immune response to the HBV 
component. For all components of both vaccines, 
standard seroprotective thresholds were achieved. 
The GMC for the anti-HBs component of Infanrix 
hexa co-administered with Prevenar reported here 
was robust, though it was lower than has been re-
ported elsewhere. When compared with Infan-
rix-IPV + Hib vaccine, a significant reduction in 
peak GMC was observed for the FHA component 
of Infanrix-hexa. Antibodies to other components 
(Hib, PRN, PT) were similar. Despite very high rates 
of seroconversion, there is a lack of long-term im-
munogenicity and effectiveness data for Infanrix 
hexa simultaneously administered with Prevenar. 
Long-term monitoring of children by immunoand 
disease surveillance is indicated.
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mAtERIAls AND mEtHoDs

study design. A sample of children vaccinated at 
2, 3, 4 and 11 mo of age who attended healthy baby 
clinics in 10 municipalities and who had an indica-
tion for hepatitis B vaccination, was invited to par-
ticipate in the study. Children with chronic disease 
or Down syndrome and children of HBsAg positive 
mothers were excluded. This group, Group 1, were 
children born after 1 June 2006 and were vaccinated 
with Infanrix hexa co-administered with Prevenar. 
For children in group 1, information about the eth-
nicity of parents and their children, gestational age, 
birth weight and gender was also recorded.

To meet the second objective, a second group 
of children not considered at risk of HBV, Group 
2, born from 1 November 2004 through 31 March 
2005 and vaccinated with InfanrixIPV + Hib, were 
recruited. Parents with children aged 11 mo in 
group 1 were invited in person to participate at the 
healthy baby clinic and those in group 2 received an 
information letter at home. Both groups were asked 
to return to the clinic 4 to 6 weeks after booster vac-
cination. Written informed consent was obtained 
from the parents and a blood sample was taken 
from the child. The study protocol was approved by 
the Medical Ethics Review Committee (METC) of 
UMC Utrecht (group 1) and by the Central Com-
mittee on Research in Human Subjects (CCMO) in 
the Hague (group 2).

laboratory methods. Venous samples were col-
lected from infants 4 to 6 weeks post-vaccination 
after the 4th vaccine dose. Serological testing was 
performed at the Dutch National Institute for Pub-
lic Health and the Environment (RIVM). Hib, per-
tussis and pneumococcal specific antibodies were 
measured using an ELISA with a 2-fold dilution 
series of samples. On each plate an in-house refer-
ence serum and a control serum were included. The 
in-house reference sera were calibrated to interna-
tional reference sera31,32 as follows: Hib IgG anti-
body concentrations (μg/ ml) with reference serum 
of CBER, FDA (Lot 1983);33 pertussis IgG antibody 
concentrations in ELISA Units/ml (EU/ml) against 
pertussis antigens Ptx and FHA with lot 3 and PRN 
with lot 4 FDA;31,32 and pneumococcal IgG anti-
body concentrations (μg/ml) with 89S-reference 
serum.11,34 Hepatitis B markers included anti-HBs 
and HBsAg. Anti-HBs was determined using ELI-
SA (Axsym, Abbott). HBsAg was determined only 
in children with an anti-HBs titer of <1,000 IU/ml. 
The proportion of respondents achieving seropro-

tection was estimated according to the relative fre-
quency of vaccinees achieving antibody concentra-
tions above the pathogen specific cut-off levels: 0.15 
μg/ml for Hib-PRP35,36 and 0.35 μg/ml for pneu-
mococcus.11 There are no internationally accepted 
standards for pertussis. Field studies have shown 
however, that antibodies directed against virulence 
factors pertactin (prn), fimbriae 2/3 (Fim) and per-
tussis toxin (ptx) are protective.37,38 For filamentous 
hemagglutinin (FHA), this is more complex.39 We 
used the arbitrary industry standard of 25 EU/ml.

Power calculation. We determined the sam-
ple size by considering only the primary objective 
regarding HBV immunogenicity in group 1. The 
WHO standard for an adequate immune response 
requires ≥95% of the vaccinees to achieve an an-
ti-HBs titer ≥10 IU/ml. We expected 98% of vac-
cines to achieve this. At a precision of 2.5%, with a 
confidence level of 95%, 120 children were required 
in group 1. Based on a response of 32% in a recent 
cross-sectional population-based Dutch national 
sero-survey,40 it was estimated that a minimum of 
480 children should be invited in group 1.

statistical analysis. Data were entered and analyzed 
using Microsoft Access and STATA 11. The proportion 
of respondents achieving seroprotection with its con-
fidence limits was calculated using exact methods.41 

The geometric mean concentration (GMC) was calcu-
lated using the antilog of the mean of the logarithmi-
cally transformed antibody concentrations. Given the 
non-normal distribution of the outcome variables, cate-
gorical associations were tested using the Kruskal-Wal-
lis (KW) test. Based on Tukey’s ladder of powers,42 the 
square-root transformed outcome variable was used to 
conduct linear regression to determine how much of 
the variance in anti-HBs could be explained by predic-
tor variables. To detect significant differences between 
the GMCs of groups 1 and 2, Student’s t-test was con-
ducted (independent groups, two-tailed).
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Incidence and routes of transmission of hepatitis B virus in 
England and Wales, 1995–2000: implications for immunisa-
tion policy
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a Health Protection Agency, Communicable Disease Surveillance Centre, Colindale, 61 Colindale Avenue, London NW9 5EQ, UK
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Background: The incidence of hepatitis B virus (HBV) infection in the UK is low. Since the infection can 
have serious sequelae, there is a continuing need to examine its epidemiology so as to inform control mea-
sures. Objectives: We aimed to describe the current HBV incidence and patterns of transmission in the UK, 
to estimate the rate of new carrier infections, and to discuss implications for the control of HBV through 
immunisation. Study design: We analysed routine England and Wales laboratory surveillance data of acute 
HBV infection (1995–2000) and data on migration and global HBsAg prevalence. Results: The estimated 
annual incidence of HBV infection in England and Wales was 7.4 per 100,000. Injecting drug use was the 
most frequently reported route of transmission. The number of cases attributed to heterosexual contact was 
fairly stable, whereas the number of cases in men having sex with men decreased. These observations con-
tinue trends reported for the early 1990s. Transmission during childhood was rarely reported, but was more 
frequent among South Asians. The incidence in South Asians is relatively high, and their main risk factors 
are medical treatment overseas and heterosexual contact. For about a third of cases of acute HBV infection 
no route of transmission is reported, but analysis of secular trends and age distribution suggest that many 
of these may be related to injecting drug use. Endemic transmission gives rise to only a small proportion 
of all new chronic infections, with the vast majority arising from immigration of established HBV carriers. 
Conclusions: The incidence of acute HBV infection in England and Wales has remained low, with a similar 
pattern of reported routes of transmission compared to the early 1990s. The UK prevalence of HBV infection 
is dependant on global rather than national immunisation policy. Endemic transmission may be reduced by 
improving immunisation coverage among injecting drug users, which is expected to also reduce the number 
of cases without a risk factor reported. In addition, immunisation options that better suit the needs of ethnic 
minorities need to be explored.

Keywords: Hepatitis B virus; HBV; Epidemiology; Vaccination policy; Injecting drug use

Abbreviations: HBV, hepatitis B virus; HPA-CDSC, Health Protection Agency-Communicable Disease Sur-
veillance Centre; MSM, men who have sex with men; CI, confidence interval

1. INtRoDUCtIoN

The incidence of hepatitis B virus (HBV) infec-
tion varies widely between countries, with the esti-

mated life time risk of infection ranging from 0.4% 
in the UK to over 90% in East Asia (Ramsay et al., 
1998; Kane et al., 1993). A likely explanation for this 
marked difference is that a higher incidence is linked 
to a lower average age at infection, which has a much 
higher probability of development of HBV carriage, 
and therefore of onward transmissions (Edmunds et 

* Corresponding author. Tel.: +44-208-200-6868; fax: +44-208-200-
7868. E-mail address: susan.hahne@hpa.org.uk (S. Hahne´).
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al., 1996a; Medley et al., 2001).
Although the incidence of infection in England 

and Wales is amongst the lowest in the world, its 
potential to cause chronic infection with serious 
sequelae such as cirrhosis and cancer of the liver 
means that control of HBV infection is still a public 
health priority.

Safe and effective vaccines to prevent HBV infec-
tion have been available since 1982, and the World 
Health Organization (WHO) recommended that 
all countries should have implemented universal 
immunisation programmes by 1997 (WHO, 1992). 
However, the current HBV control programme in 
the UK is based upon selective immunisation of 
those at highest risk of infection and universal ante-
natal screening and immunisation of babies born to 
infected mothers (NHS, 1998; Salisbury and Begg, 
1996). The UK strategy is based on the observation 
that overall incidence of HBV is low, that the risk 
of infection is distributed heterogeneously in the 
population (Mortimer and Miller, 1997), and that it 
is determined mainly by country of birth, ethnicity 
and adult risk behaviours such as injecting drug use 
(Soldan et al., 2000; Aweis et al., 2001; Department 
of Health, 2000). There is a continuing need to ex-
amine the effectiveness of the UK’s HBV vaccination 
strategy. This is done by analysing current incidence 
and patterns of transmission. The main source of 
data for this is the laboratory surveillance of acute 
HBV infection in England and Wales, complement-
ed by prevalence surveys among groups at different 
risk of infection. The surveys allow quantification 
of the burden of infection at a population level, in-
cluding the many chronic infections acquired prior 
to immigration into the UK. These latter infections 
are not preventable by any UK programme, and they 
limit the potential impact of
vaccination on the overall burden of HBV infection.

We have analysed recent routine surveillance data 
on acute HBV infection in England and Wales, esti-
mated the number of infections imported through 
immigration, and discuss implications for the con-
trol of HBV through immunisation.

2. mAtERIAls

2.1. Patients and samples
Laboratories in England and Wales routinely 

report acute HBV infections and associated risk 
factors to the Health Protection Agency-Commu-
nicable Disease Surveillance Centre (HPA-CDSC). 

A case of acute HBV infection is normally defined 
by positive serology for HBsAg and anti-HBc IgM, 
or seroconversion to anti-HBc detected during epi-
demiological investigation in a person with or with-
out a compatible illness. Cases reported between 1 
January 1995 and 31 December 2000 were included 
in the analyses. The majority of case reports include 
information on age, sex, most likely route of trans-
mission and country of exposure. These countries 
were grouped into low, intermediate and high ende-
micity for HBV, according to WHO criteria. Dura-
tion of residence in, or travel to the country of expo-
sure was not recorded. Infection was considered to 
have been endemically acquired (in the UK) when 
no travel was reported to a high or mid endemic 
country during the incubation period. Information 
on country of birth or ethnicity is not reported and 
therefore ‘Nam Pehchan’ software (Bradford Health 
Authority, 1995) was used to assign South Asian eth-
nicity based on names. The results of ‘Nam Pehchan’ 
correlate well with self assigned ethnicity (Harding 
et al., 1999), with South Asian referring to the In-
dian subcontinent. Names are temporarily held on 
the laboratory surveillance database in agreement 
with guidance on confidential patient information 
(http://www.doh.gov.uk/ipu/confiden/index.htm).

To estimate the incidence of infection, the num-
ber of laboratory reports was adjusted to take into 
account underreporting and asymptomatic infec-
tions. The proportion of under-reporting is assumed 
to be 25% (Ramsay et al., 1998). The proportion of 
infections that is symptomatic (and may therefore 
lead to diagnosis and reporting) is age-dependent. 
From a review of literature a model was fitted by 
assuming a logistic function with three parameters 
(Appendix A). The parameters were estimated by the 
maximum likelihood method.

Mid-1997 population estimates from the Office of 
National Statistics (ONS) were used to calculate in-
cidence rates. Mid-2000 population estimates from 
the ONS’s Labour Force Survey were used to calcu-
late the incidence rate ratio by ethnicity.

To assess the validity of our incidence estimate, 
we compared the resulting cumulative incidence 
by age with the prevalence of infection (anti-HBc 
prevalence) found in population surveys (Gay et al., 
1999). This prevalence will reflect incidence from 
both during and before the period of surveillance 
analysed here.

Incidence estimates were subsequently used to es-
timate the annual number of new chronic infections 
resulting from infection in residents of England and 
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Fig. 1. Number of laboratory reports of acute HBV infection by year and sex, England and Wales, 1995–2000 (for on 
average 13 cases per year the sex was not recorded).

Wales. Up to 32 years of age, an age specific risk of 
chronic infection was calculated by a formula based 
on a meta-analysis of observational studies (Appen-
dix A) (Edmunds et al., 1993). For infections ac-
quired over 32 years of age, a 4% risk of chronicity 
following infection was applied (Hyams, 1995).

In order to quantify the additional impact of uni-
versal immunisation over and above that potentially 
achievable with the current selective strategy, cases 
were divided into two groups: Firstly those due to 
transmission that was potentially preventable by 
selective immunisation, and secondly those due to 
transmission that could only be interrupted by uni-
versal infant immunisation.

2.2. Cases of chronic HBV infection imported by 
immigration

The net annual migration of chronically HBV 
infected persons into England and Wales was esti-
mated by subtracting the number of emigrants from 
the number of immigrants, taking into account the 
prevalence of HBsAg in their country of birth and 
their country of last residence, respectively. Data was 
used from the ONS International Passenger Survey 
(1996–2000), combined with country specific HB-
sAg prevalence estimates (WHO).

2.3. Statistical tests
Data were handled in Excel 2000 and Access 2000. 

Analysis were done with Stata statistical software, 
version 8.1 (StataCorp, College Station, TX, USA). 
Proportions were tested with the Chi-square statis-
tic. The command ‘nptrend’ in Stata was used to test 
for the presence of trends in median ages. Details of 

parameter estimation using maximum likelihood 
are given in Appendix A.

3. REsUlts

3.1. Incidence of acute HBV infection and demograph-
ics

Between 1995 and 2000, on average 673 cases of 
laboratory confirmed acute HBV infection were re-
ported to the HPA-CDSC each year, with a peak of 
840 cases in 1998 (Fig. 1). The average incidence of 
laboratory reports was 1.3 per 100,000 per year, with 
an incidence rate of 1.6 per 100,000 per year among 
those aged 15 years or older. The number of reports 
represents an estimated total of 3,780 infections per 
year, resulting in an estimated 269 new chronic in-
fections per year. From this, the true incidence of 
HBV infection was estimated to be 7.4 per 100,000 
persons per year. At this incidence, the lifetime 
risk of infection was 0.55% and the lifetime risk of 
chronic infection was 0.04%. At median population 
age (36 years), the cumulative risk of infection was 
0.45%. This is similar to the prevalence of anti-HBc 
found in UK born blood donors in 1995 (0.49%) 
(Soldan et al., 2000), but lower than the 3.9% prev-
alence of anti-HBc found in a population sample of 
adults in 1996 (Gay et al., 1999).

Of all laboratory reported cases, 68% were in 
males and 30% in females (ratio M:F = 2.3:1); for 2%, 
the sex was not reported. The median age of infec-
tion (range 0–91 years) was 31 years for males (95% 
confidence interval (CI): 30–31 years), and 27 years 
for females (95% CI: 26–28 years). The majority of 
acute infections occurred in young adults, with the 
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estimated age specifi c incidence of infection highest 
among those between 15–24 years of age (Fig. 2).

3.2. Risk factors in those ≥15 years of age
Of the 4,040 acute HBV infections reported be-

tween 1995 and 2000, 3,905 (97%) were in individu-
als of 15 years or older (‘adults’). For 2,455 (63%) of 
these, the report included information on the most 
likely route of acquisition of the infection. Injecting 
drug use was the most frequently reported route 
among both male and female adult endemic cases 

(males: 843 cases (55% of endemic male cases with a 
risk factor reported); females: 301 cases (43%)). Th e 
annual number of cases attributed to injecting drug 
use peaked in 1998 (Fig. 3). Th e median age of infec-
tion among injecting drug users remained constant 
over time at around 27 years (Fig. 4).

Homosexual intercourse was the second most 
frequently reported risk factor among endemic male 
cases in adults (n = 327 cases, 21% of male cases 
with a risk factor reported). Th e total number of cas-
es attributed to male homosexual contact decreased 
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Fig. 2. Estimated incidence of HBV infection (per 100,000 persons per year) by age group and sex, England and Wales, 
1995–2000.
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Fig. 3. Number of laboratory reports of acute, endemically acquired HBV disease, by most likely route of acquisition, 
persons 15 years of age and older,England and Wales, 1995–2000.
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from 70 in 1995 to 55 in 2000. Th e median age of 
infection among men who had sex with men (MSM) 
increased from 30 in 1995 to 34 in 2000 (P-value for 
trend 0.01, Fig. 4). Th e proportion of acute infections 
with travel to an intermediate or high endemicity 
area during the incubation period, was signifi cantly 
lower for homosexually compared to heterosexually 
acquired infections (6% versus 17%, P < 0.001).

Among endemic female cases of 15 years or older, 
the second most frequently reported route of trans-
mission was heterosexual transmission (295 cases, 
42% of cases with a risk factor reported).

Th e overall number of cases attributed to hetero-
sexual contact remained stable at about 100 per year 
during the period under study, though with a slight 
increase to 120 in 1998. Th e median age of cases 

attributed to heterosexual contact increased steadi-
ly from 26 in 1995 to 33 in 2000(P-value for trend 
<0.001), with exception of 1998 when the median 
age of infection was 28 years (Fig. 4).

3.3. Travel
A total of 482 (12%) cases were in people who 

reported overseas travel during the incubation peri-
od. Of these, 173 (45% of those with information on 
country of destination (n = 384)) had travelled to a 
country of intermediate endemicity, and 147 (38%) 
to a high endemicity country.

Among those who travelled to intermediate en-
demic countries, medical treatment and heterosex-
ual sex (36 and 34%, respectively) were the most fre-
quently reported routes of transmission. For those 

Fig. 4. Median age, with 95% confi dence interval, of laboratory reported cases of acute HBV infection by most likely route 
of acquisition and year, England and Wales, 1995–2000.
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Fig. 4. Median age, with 95% confidence interval, of laboratory reported cases of acute HBV infection by most likely route of acquisition and year,
England and Wales, 1995–2000.

reported risk factor there (32 cases, 52% of those with a
risk factor reported).

3.4. South Asian ethnic minority

Names were included in 68% (2,763) of all laboratory re-
ports, and of these 8% (222 cases) were identified as South
Asian. The male to female ratio among South Asians was
1.3 to 1. Laboratory reports of infection were relatively more
common in South Asian children and adults over 40 years
of age compared to the overall distribution by age group
(Table 1, Fig. 5). The estimated overall incidence of infec-
tion in South Asians was 16.4 per 100,000 per year, which
is 2.2 times (95% CI: 1.9–2.6 years) the estimated overall
incidence of acute HBV in England and Wales.

Table 1
Average annual number of laboratory reports of acute HBV infection, estimated annual number of acute HBV infections and estimated annual number
of infections leading to carriage by age group for (a) total population and (b) South Asian ethnic groups, England and Wales, 1995–2000

Age group Laboratory reports Estimated number of
infections

Estimated number of
chronic infections

(a) Over all
Perinatal (≤2 years) 3 0.4% 48 1.3% 32 11.9%
Childhood (3–14 years) 10 1.5% 122 3.2% 23 8.6%
Adult (≥15 years) 660 98.1% 3610 95.5% 214 79.6%

Total 673 3780 269

(b) South Asians
Perinatal (≤2 years) 1 2.7% 15 7.2% 11 42.3%
Childhood (3–14 years) 2 5.4% 30 14.4% 6 23.1%
Adult (≥15 years) 34 91.9% 164 78.5% 9 34.6%

Total 37 209 26

Among South Asians, 37% of infections (82 cases) were
in individuals who were reported to have travelled to an in-
termediate or high endemicity country during the incuba-
tion period. Of these, 83% (68/82) had travelled to South
Asia, of whom the majority (57% of those with a risk fac-
tor) reported medical treatment as the most likely route of
transmission.
The most frequently reported risk factor among endem-

ically (UK) acquired South Asian cases of 15 years or
older was heterosexual contact. Injecting drug use and ho-
mosexual contact were less frequently reported in them
compared to in the equivalent non-South Asian population
(6 and 1% of adult South Asian endemic cases compared
to 34 and 9% of adult endemic non-South Asian cases,
respectively).
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who had travelled to high endemicity countries, 
heterosexual sex was the most frequently reported 
route of transmission reported (68 cases, 70% of 
cases with information on risk factors). Th e Indian 
subcontinent was the most common destination (99 
cases, 26% of cases in travellers with information on 
the country of destination), and medical treatment 
was the most frequently reported risk factor there 
(32 cases, 52% of those with a risk factor reported).

3.4. South Asian ethnic minority
Names were included in 68% (2,763) of all labora-

tory reports, and of these 8% (222 cases) were identi-
fi ed as South Asian. Th e male to female ratio among 
South Asians was 1.3 to 1. Laboratory reports of in-
fection were relatively more common in South Asian 
children and adults over 40 years of age compared to 
the overall distribution by age group (Table 1, Fig. 5). 
Th e estimated overall incidence of infection in South 
Asians was 16.4 per 100,000 per year, which is 2.2 
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Fig. 5. Estimated incidence of HBV infection (per 100,000 persons per year) by age group and sex, South Asians, 
England and Wales, 1995–2000.
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Fig. 5. Estimated incidence of HBV infection (per 100,000 persons per year) by age group and sex, South Asians, England and Wales, 1995–2000.

3.5. Childhood infection

The number of infections in children reported between
1995 and 2000 (75; 13 per year) was similar to that reported
between 1985 and 1996 (on average 14 per year, Balogun

Table 2
Number of laboratory reports of acute HBV infection, estimated number of acute HBV infections and estimated number of infections leading to carriage,
by reported route of transmission for (a) risk factors targeted in the current programme and (b) risk factors not targeted in the current programme,
England and Wales, 1995–2000

Risk factor reported Laboratory reports (% of all) Infections (% of all) Chronic infections (% of all)

(a) Targeted in current programme
Injecting drug use 1,171 7,239 456
Vertical transmission 8 142 97
Male homosexual contact 331 1,676 90
Travel to high endemicity areas 147 736 50
Institutionalisation 28 152 9
Other occupational risk 6 19 1
Health care work 0 0 0

Total 1,691 (42%) 9,964 (44%) 703 (43%)

(b) Not targeted in current programme
No risk identified 1,415 7,436 503
Heterosexual contact 504 2,967 191
Travel to intermediate endemicity area 173 967 105
Family/household 55 340 52
Other 70 374 26
Medical treatment/transfusion/dentistry 81 336 19
Unspecified sexual contact 30 162 9
Tattoo/skin piercing 21 132 9

Total 2,349 (58%) 12,714 (56%) 914 (57%)

Total 4,040 22,678 1,617

et al., 1999). The incidence of laboratory reports among
children of 1–9 years of age was 0.10 per 100,000 per year.
Childhood infection contributed to 2% of all laboratory re-
ports, and to an estimated 21% of all new chronic infec-
tions (Table 1a). Among South Asians, infections in infants
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times (95% CI: 1.9–2.6 years) the estimated overall 
incidence of acute HBV in England and Wales.

Among South Asians, 37% of infections (82 cases) 
were in individuals who were reported to have trav-
elled to an intermediate or high endemicity country 
during the incubation period. Of these, 83% (68/82) 
had travelled to South Asia, of whom the majority 
(57% of those with a risk factor) reported medical 
treatment as the most likely route of transmission.

The most frequently reported risk factor among 
endemically (UK) acquired South Asian cases of 15 
years or older was heterosexual contact. Injecting 
drug use and homosexual contact were less frequent-
ly reported in them compared to in the equivalent 
non-South Asian population (6 and 1% of adult South 
Asian endemic cases compared to 34 and 9% of adult 
endemic non-South Asian cases, respectively).

3.5. Childhood infection
The number of infections in children reported be-
tween 1995 and 2000 (75; 13 per year) was similar to 
that reported between 1985 and 1996 (on average 14 
per year, Balogun et al., 1999). The incidence of lab-
oratory reports among children of 1–9 years of age 
was 0.10 per 100,000 per year. Childhood infection 
contributed to 2% of all laboratory reports, and to an 
estimated 21% of all new chronic infections (Table 
1a). Among South Asians, infections in infants were 
relatively more common with infection in childhood 
contributing to 65% of new chronic infections (Ta-
ble 1b, Fig. 5). Overall, the most frequently report-
ed route of transmission in childhood was through 
contact with a carrier in the family (13/75 (17%)). 
Mother to infant transmission was reported for 10 
(13% of all). Travel to a intermediate or high ende-
micity country during the incubation period was 
reported for 13 (17%) children, of which 8 were of 
South Asian origin. For 38 (51%) cases childhood no 
risk factor information was reported.

3.6. Infections potentially preventable
An estimated 44% of infections and 43% of new 

chronic infections were potentially preventable by 
the current selective programme (Table 2). This as-
sumes that cases in which no risk factor was record-
ed would not be prevented by a targeted programme. 
Also, it does not take indirect protective effects into 
account.

3.7. Cases of chronic HBV infection associated with 
immigration

During 1996 to 2000 inclusive, the total annual 
net legal immigration to England and Wales was 
90,220 persons (Table 3). The net immigration of 
persons chronically infected with HBV was estimat-
ed to be 6,571 per year. Chronic HBV infection as a 
result of infection in residents of England and Wales 
(269 per year, Table 1) is therefore estimated to ac-
count for only 3.9% of the total annual incidence of 
chronic infections ((269/(269 + 6571)) × 100). The
estimated average prevalence of HBV carriage 
among immigrants between 1996 and 2000 was 
3.3% (9922/300,820). Even allowing for a substan-
tially lower prevalence of chronic infection than the 
WHO estimates, infection in residents of England 
and Wales would account for a small minority of all 
new chronic infections.

4. DIsCUssIoN

Our analyses of laboratory surveillance of acute 
HBV infection in England and Wales between 1995 
and 2000 suggest that the incidence of HBV has re-
mained at a low level, though with a modest increase 
in 1998. This increase was mainly due to an increase 
in the number of cases reported to have resulted 
from injecting drug use, and a single outbreak linked 
to autohaemotherapy (Webster et al., 2000).

The cumulative risk of infection at adult age based 
on our current incidence estimate is similar to the 
prevalence of anti-HBc found in UK born blood do-
nors (Soldan et al., 2000). Blood donors are a group 
selected to be at low risk of blood borne infections, 
and so the incidence we derived may be an under-
estimate of the incidence in the general population. 
Surveillance data suggest, however, that the inci-
dence has declined since the early 1980s (Balogun et 
al., 1999) and so we would expect prevalence stud-
ies in adults to reflect a higher incidence than that 
suggested by the current analysis. Our cumulative 
incidence estimate is substantially lower than the 
prevalence in the population based sample in 1996 
(Gay et al., 1999). However, within this sample, prev-
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Table 3
Annual average number of persons and estimated number of HBV-carriers
immigrating to and emigrating from England and Wales, 1996–2000
(ONS, WHO)

To England
and Wales

From England
and Wales

Net immigration

Migrating persons 300,820 210,600 90,220
Estimated number
of migrating
persons with
chronic HBV
infection

9,922 3,351 6,571

were relatively more common with infection in childhood
contributing to 65% of new chronic infections (Table 1b,
Fig. 5). Overall, the most frequently reported route of trans-
mission in childhood was through contact with a carrier in
the family (13/75 (17%)). Mother to infant transmission was
reported for 10 (13% of all). Travel to a intermediate or
high endemicity country during the incubation period was
reported for 13 (17%) children, of which 8 were of South
Asian origin. For 38 (51%) cases childhood no risk factor
information was reported.

3.6. Infections potentially preventable

An estimated 44% of infections and 43% of new chronic
infections were potentially preventable by the current selec-
tive programme (Table 2). This assumes that cases in which
no risk factor was recorded would not be prevented by a tar-
geted programme. Also, it does not take indirect protective
effects into account.

3.7. Cases of chronic HBV infection associated with
immigration

During 1996 to 2000 inclusive, the total annual net
legal immigration to England and Wales was 90,220 per-
sons (Table 3). The net immigration of persons chronically
infected with HBV was estimated to be 6,571 per year.
Chronic HBV infection as a result of infection in residents
of England and Wales (269 per year, Table 1) is therefore
estimated to account for only 3.9% of the total annual inci-
dence of chronic infections ((269/(269+6571))×100). The
estimated average prevalence of HBV carriage among im-
migrants between 1996 and 2000 was 3.3% (9922/300,820).
Even allowing for a substantially lower prevalence of
chronic infection than the WHO estimates, infection in
residents of England and Wales would account for a small
minority of all new chronic infections.

4. Discussion

Our analyses of laboratory surveillance of acute HBV in-
fection in England and Wales between 1995 and 2000 sug-

gest that the incidence of HBV has remained at a low level,
though with a modest increase in 1998. This increase was
mainly due to an increase in the number of cases reported to
have resulted from injecting drug use, and a single outbreak
linked to autohaemotherapy (Webster et al., 2000).
The cumulative risk of infection at adult age based on

our current incidence estimate is similar to the prevalence
of anti-HBc found in UK born blood donors (Soldan et al.,
2000). Blood donors are a group selected to be at low risk of
blood borne infections, and so the incidence we derived may
be an underestimate of the incidence in the general popula-
tion. Surveillance data suggest, however, that the incidence
has declined since the early 1980s (Balogun et al., 1999) and
so we would expect prevalence studies in adults to reflect a
higher incidence than that suggested by the current analy-
sis. Our cumulative incidence estimate is substantially lower
than the prevalence in the population based sample in 1996
(Gay et al., 1999). However, within this sample, prevalence
in areas with a low proportion of people born in Africa or
Asia was lower, suggesting that many of the infections in
the population based sample may have been acquired prior
to immigration.

4.1. Injecting drug use

Between 1995 and 2000, injecting drug use was the most
frequently reported route of transmission for both male and
female endemic cases, although the absolute number of in-
fections in injecting drug users was far less than during the
mid-eighties (Balogun et al., 1999). The proportion of all
cases reporting injecting drug use was increased compared
to the mid-eighties, indicating that control of HBV infection
in injecting drug users had lagged behind control in other
at-risk groups.
Both the number of cases reported to be acquired through

heterosexual contact and the number without a risk factor
identified show a similar secular trend to the number of cases
attributed to injecting drug use. This was apparent in the pe-
riod under study as well as between 1985 and 1996 (Fig. 6)
(Balogun et al., 1999). This parallel trend could result from
infections in injecting drug users being wrongly attributed,
but is also consistent with injecting drug users being a source
of infection among heterosexuals and those without identi-
fied risks. High-risk behaviour associated with injecting drug
use (such as prostitution) makes injecting drug users a likely
source of many secondary transmissions. A molecular epi-
demiological study in The Netherlands supports this hypoth-
esis (van Steenbergen et al., 2002). Immunisation among
injecting drug users therefore has the potential to be highly
efficient in reducing HBV incidence both by direct protec-
tion of individuals who inject drugs and indirectly through
protecting their contacts.
We found that the median age of infection of injecting

drug users is 27 years. Considering that the median age of
starting an injecting career is estimated to be 23 years (A.
Sutton, personal communication), this would potentially
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alence in areas with a low proportion of people born 
in Africa or Asia was lower, suggesting that many of 
the infections in the population based sample may 
have been acquired prior to immigration.

4.1. Injecting drug use
Between 1995 and 2000, injecting drug use was 

the most frequently reported route of transmission 
for both male and female endemic cases, although 
the absolute number of infections in injecting drug 
users was far less than during the mid-eighties (Ba-
logun et al., 1999). Th e proportion of all cases re-
porting injecting drug use was increased compared 
to the mid-eighties, indicating that control of HBV 
infection in injecting drug users had lagged behind 
control in other at-risk groups.

Both the number of cases reported to be acquired 
through heterosexual contact and the number with-
out a risk factor identifi ed show a similar secular 
trend to the number of cases attributed to injecting 
drug use. Th is was apparent in the period under study 
as well as between 1985 and 1996 (Fig. 6) (Balogun et 
al., 1999). Th is parallel trend could result from infec-
tions in injecting drug users being wrongly attributed, 
but is also consistent with injecting drug users being 
a source of infection among heterosexuals and those 
without identifi ed risks. High-risk behaviour asso-
ciated with injecting drug use (such as prostitution) 
makes injecting drug users a likely source of many 
secondary transmissions. A molecular epidemiologi-
cal study in Th e Netherlands supports this hypothesis 

(van Steenbergen et al., 2002). Immunisation among 
injecting drug users therefore has the potential to be 
highly effi  cient in reducing HBV incidence both by 
direct protection of individuals who inject drugs and 
indirectly through protecting their contacts.

We found that the median age of infection of in-
jecting drug users is 27 years. Considering that the 
median age of starting an injecting career is estimat-
ed to be 23 years (A. Sutton, personal communica-
tion), this would potentially allow suffi  cient time to 
achieve high pre-exposure vaccination coverage in 
this group. Th is is corroborated by a survey in 2000 
among injecting drug users attending services who 
started injecting within the past 3 years. Th is showed 
an anti-HBc prevalence of 7%, indicating that 93% 
of injecting drug users were susceptible (Depart-
ment of Health, 2000). A high coverage is needed 
among injecting drug users and this would require 
targeting the group at every available opportunity 
(CDC, 2002), ensuring coordination between spe-
cialist drug services and primary care, and improv-
ing vaccine supply and fi nancial arrangements. A 
high proportion of injecting drug users has a history 
of having been in prison (59% in 2000 (Department 
of Health, 2000)), and the current programme to 
immunise prisoners might therefore contribute sub-
stantially to control in this population ( ). Th e recent 
increase in cases of hepatitis A virus (HAV) among 
injecting drug users suggests that using a combined 
HBV/HAV vaccine should also be considered (Per-
rett et al., 2003).
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Fig. 6. Number of laboratory reports of acute HBV infection by most likely route of acquisition, persons 15 years of age 
and older, England and Wales, 1985–2000.
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4.2. Homosexual transmission
Homosexual contact was the second most fre-

quently reported risk factor among male cases. We 
observed a decrease in the number of cases in MSM 
between 1995 and 2000, which is a continuation of 
the decreasing trend since the early nineties (Balo-
gun et al., 1999). The median age of infection among 
MSM increased by nearly 10 years between 1985 
and 2000. Both observations suggest that the trans-
mission rate through male homosexual contact is 
decreasing, and contrasts with the current increase 
in high risk sexual behaviour and outbreaks of 
other sexually transmitted infections among MSM 
(PHLS, 2002). The decreased incidence of HBV in 
MSM is likely to be attributable to increased HBV 
vaccine coverage in this group, which is consis-
tent with information from surveys among MSM 
attending GUM clinics (Gilson et al., 1998). Cov-
erage among MSM is being improved by offering 
HBV vaccine to all MSM attending GUM clinics, 
with central purchase and supply of vaccine, and 
clear coverage targets being set (Department of 
Health, 2001).

4.3. Childhood infection
The incidence of acute HBV infection in children 

has remained at a constant low level since 1985 (Ba-
logun et al., 1999). Our estimated incidence rate of 
laboratory reports of acute HBV infection in 1–9 
year olds (0.10 per 100,000 per year) is lower than 
the equivalent incidence reported from the USA, 
where infant HBV vaccination coverage is report-
ed to be 90% (CDC, 2002). Mother to infant trans-
mission was the most frequently reported route for 
childhood infections in the late 1980s and early 
1990s (Balogun et al., 1999), but in the late 1990s 
this has been replaced by transmission within the 
household. Although the number of reports of HBV 
infections in children is very low, infection during 
childhood contributes to an estimated 20–65% of 
chronic infections, depending on ethnicity (Table 1). 
An immunisation programme based on adolescent 
immunisation is therefore likely to be less effective 
than a childhood programme in preventing the long 
term sequelae of HBV infection, and would disad-
vantage ethnic minorities.

4.4. Ethnic minorities
Laboratory surveillance does not at present al-

low direct estimation of HBV incidence among 
ethnic minorities. However, our analysis of cases 
with South Asian names suggests that the incidence 

among South Asian residents of England and Wales 
is more than double the overall incidence. The pat-
tern of reported routes of transmission among South 
Asian cases differs from other cases: heterosexual 
exposure was the most frequently reported source of 
infection, with relatively more infections in females. 
Injecting drug use and homosexual exposure are 
rarely reported. A high proportion of the infections 
in South Asians was acquired abroad, often through 
medical treatment in the Indian subcontinent. This 
suggests that travel to the country of (ethnic) origin 
carries a higher risk of acquiring HBV than other 
travel. This observation may be due to the nature or 
the duration of travel by this group.

The current recommendation is that only trav-
ellers to high endemicity countries should consid-
er HBV immunisation (Salisbury and Begg, 1996). 
The number of cases associated with travel to inter-
mediate endemicity countries suggests that these 
travellers should also be considered for HBV immu-
nisation. More information on specific risk factors 
during travel, however, might allow more specific 
targeting.

Childhood infections are relatively more frequent 
in South Asians than in others, resulting in a high-
er risk of chronic infection in South Asians. Part 
of the difference in age distribution and incidence 
among South Asians could be explained by misclas-
sification of chronic HBV infection as acute, since 
the prevalence of chronic infection is higher among 
South Asians (Boxall et al., 1994), and reactivation of 
HBV infection can lead to symptoms and anti-HBc-
IgM levels similar to these in acute disease (Perillo, 
2001). However, the increased incidence we found 
among South Asians is consistent with the increased 
prevalence of past infection among UK born South 
Asian children in the North West (CDSC, unpub-
lished data). Results from a recent prevalence survey 
among UK born Somali children in Liverpool sug-
gest that significant transmission during childhood 
is also occurring among other ethnic minorities res-
ident in the UK (Aweis et al., 2001). Studies from the 
USA have similarly demonstrated that increased risk 
of HBV infection among ethnic minorities continues 
after immigration (Mahoney et al., 1995). Currently, 
ethnic minorities are not targeted for HBV vaccina-
tion, unless there is known to be a chronically infect-
ed individual in the household (Salisbury and Begg, 
1996). The opportunities for and cost-effectiveness 
of offering better protection to ethnic minorities 
against HBV infection may therefore need to be in-
vestigated further.
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4.5. Over-all implications for control through immu-
nisation

Acute infections in residents of England and 
Wales give rise to only a small proportion of all new 
chronic infections, with the vast majority of the lat-
ter being attributable to immigration of carriers. As 
a consequence, the prevalence of HBV infection in 
England and Wales reflects global rather than na-
tional control policies (Gay and Edmunds, 1998). 
Because of the incompleteness of global control 
programmes, complications related to chronic HBV 
infection will continue to be a UK health problem, 
particularly since immigrating HBV carriers are 
likely to have acquired the infection at an earlier age 
compared to those in UK residents. UK vaccination 
policy will not be able to protect existing or newly 
immigrating HBV carriers, although there may be 
opportunities to protect their contacts.

The influx of new carriers will add to the far great-
er pool of existing carriers in the UK and our review 
suggests that the increase in immigration since the 
early 1990s (National Statistics, 2003) had little im-
pact on the epidemiology of acute HBV infection in 
England and Wales. The over-all incidence has re-
mained at a low level and no increase was observed 
in heterosexual or childhood transmission. We es-
timated that nearly half of the number of new HBV 
infections, and probably many more through indi-
rect effects, could potentially have been prevented by 
the current programme (Table 2). This highlights the 
need to achieve higher coverage in those currently 
targeted for HBV immunisation (notably young in-
jecting drug users in and out of prison). In addition, 
there is a need to identify and protect those at risk, 
particularly children, in ethnic minorities with or-
igins in high prevalence countries. Continued sur-
veillance of acute HBV infection is necessary to in-
form future immunisation strategies.
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APPENDIx A

A.1. Adjustment for asymptomatic infections
The proportion of infections that is symptomatic 

(and may therefore lead to diagnosis and reporting), 

q(a), is agedependent. A model was fitted to data 
from literature review (Edmunds et al., 1996b) by 
assuming a logistic function with three parameters. 
The best fit (deviance 6.1, df = 6) function was
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However, our analysis of cases with South Asian names sug-
gests that the incidence among South Asian residents of Eng-
land and Wales is more than double the overall incidence.
The pattern of reported routes of transmission among South
Asian cases differs from other cases: heterosexual exposure
was the most frequently reported source of infection, with
relatively more infections in females. Injecting drug use and
homosexual exposure are rarely reported. A high proportion
of the infections in South Asians was acquired abroad, often
through medical treatment in the Indian subcontinent. This
suggests that travel to the country of (ethnic) origin carries a
higher risk of acquiring HBV than other travel. This observa-
tion may be due to the nature or the duration of travel by this
group.
The current recommendation is that only travellers to

high endemicity countries should consider HBV immuni-
sation (Salisbury and Begg, 1996). The number of cases
associated with travel to intermediate endemicity countries
suggests that these travellers should also be considered
for HBV immunisation. More information on specific risk
factors during travel, however, might allow more specific
targeting.
Childhood infections are relatively more frequent in

South Asians than in others, resulting in a higher risk of
chronic infection in South Asians. Part of the difference in
age distribution and incidence among South Asians could
be explained by misclassification of chronic HBV infection
as acute, since the prevalence of chronic infection is higher
among South Asians (Boxall et al., 1994), and reactivation
of HBV infection can lead to symptoms and anti-HBc-IgM
levels similar to these in acute disease (Perillo, 2001). How-
ever, the increased incidence we found among South Asians
is consistent with the increased prevalence of past infection
among UK born South Asian children in the North West
(CDSC, unpublished data). Results from a recent prevalence
survey among UK born Somali children in Liverpool sug-
gest that significant transmission during childhood is also
occurring among other ethnic minorities resident in the UK
(Aweis et al., 2001). Studies from the USA have similarly
demonstrated that increased risk of HBV infection among
ethnic minorities continues after immigration (Mahoney
et al., 1995). Currently, ethnic minorities are not targeted
for HBV vaccination, unless there is known to be a chron-
ically infected individual in the household (Salisbury and
Begg, 1996). The opportunities for and cost-effectiveness
of offering better protection to ethnic minorities against
HBV infection may therefore need to be investigated
further.

4.5. Over-all implications for control
through immunisation

Acute infections in residents of England and Wales
give rise to only a small proportion of all new chronic
infections, with the vast majority of the latter being at-
tributable to immigration of carriers. As a consequence,

the prevalence of HBV infection in England and Wales re-
flects global rather than national control policies (Gay and
Edmunds, 1998). Because of the incompleteness of global
control programmes, complications related to chronic HBV
infection will continue to be a UK health problem, par-
ticularly since immigrating HBV carriers are likely to
have acquired the infection at an earlier age compared to
those in UK residents. UK vaccination policy will not be
able to protect existing or newly immigrating HBV car-
riers, although there may be opportunities to protect their
contacts.
The influx of new carriers will add to the far greater pool

of existing carriers in the UK and our review suggests that
the increase in immigration since the early 1990s (National
Statistics, 2003) had little impact on the epidemiology of
acute HBV infection in England and Wales. The over-all
incidence has remained at a low level and no increase was
observed in heterosexual or childhood transmission. We
estimated that nearly half of the number of new HBV in-
fections, and probably many more through indirect effects,
could potentially have been prevented by the current pro-
gramme (Table 2). This highlights the need to achieve higher
coverage in those currently targeted for HBV immunisation
(notably young injecting drug users in and out of prison). In
addition, there is a need to identify and protect those at risk,
particularly children, in ethnic minorities with origins in
high prevalence countries. Continued surveillance of acute
HBV infection is necessary to inform future immunisation
strategies.
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Appendix A

A.1. Adjustment for asymptomatic infections

The proportion of infections that is symptomatic (and
may therefore lead to diagnosis and reporting), q(a), is age-
dependent. A model was fitted to data from literature review
(Edmunds et al., 1996b) by assuming a logistic function with
three parameters. The best fit (deviance 6.1, df = 6) function
was

q(a) = 0.07× 0.71
(0.07+ ((0.71− 0.07) exp(−0.05× age)))

where age is given in years. To adjust for the proportion of
infections that is asymptomatic, the number of laboratory
reports by age was multiplied by 1/q(a).

where age is given in years. To adjust for the pro-
portion of infections that is asymptomatic, the num-
ber of laboratory reports by age was multiplied by 
1/q(a).

A.2. Adjustment for the proportion of infections that 
become chronic

A function to describe the relation between age 
and development of carrier state p(a) based on mod-
elling data from a literature review was used:

p(a) = exp(−0.645a0.455 )
For a < 1, P = 0.885 was used.
For a > 32, P = 0.04 was used (Hyams, 1995).
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Hepatitis B incidence among South Asian children in England 
and Wales: implications for immunisation policy

S HAHNé, M RAMSAY, K SOLDAN, K BALOGUN

Public Health Laboratory Service, Communicable Disease Surveillance Centre, London, UK P Mortimer, Public Health Laboratory Service, 
Sexually Transmitted and Blood-borne Virus Laboratory, London, UK

The incidence of acute hepatitis B virus (HBV) infection is higher among South Asian than among non-
South Asian UK residents, and infections in South Asians occur more often during childhood. The UK’s 
immunisation policy should be changed to protect ethnic minority children against HBV infection.

In the UK, hepatitis B virus (HBV) infection is more 
prevalent among minority ethnic groups than oth-
ers, particularly in people born abroad.1 This has 
limited implications for UK control policy, as the 
prevalence of HBV infection in ethnic minorities 
reflects infection risks both prior to and since immi-
gration. The main source of data on the incidence of 
HBV infection in England and Wales is the routine 
laboratory surveillance of acute hepatitis, but direct 
estimates of the incidence among minority ethnic 
groups resident in the UK are not available. Using 
a validated method based on names to assign South 
Asian ethnicity we have compared the epidemiolo-
gy of acute HBV infection in South Asian and non-
South Asian ethnic groups. In addition, we com-
pared the incidence of new HBV infections in blood
donors of South Asian and other ethnicity.

mEtHoDs

Acute HBV infections and associated risk factors re-
ported by laboratories in England and Wales between 
1 January 1988 and 31 December 2000 were studied. 
Reported names are held temporarily on the laborato-
ry surveillance database in agreement with guidance 
on confidential patient information (http://www.doh.
gov.uk/ipu/confiden/index.htm). ‘‘Nam Pehchan’’ soft-
ware2 was used to assign South Asian ethnicity based 
on names. As previously described,3 to calculate inci-
dence of infection from laboratory reports, infections 
were assumed to be symptomatic in 10% of cases under 
15 years of age and in 33% of cases of 15 years and older. 
It was assumed that 75% of all symptomatic infections 
were reported and, conservatively, all infections report-
ed in cases aged (2 years were regarded as perinatally 
acquired and so excluded from incidence and cumu-

lative incidence estimates. (Perinatal transmission has 
been largely preventable in the UK since April 2000 by 
the introduction of universal antenatal screening and 
vaccination of infants at risk.) The number of new in-
fections that became chronic was estimated by applying 
an age dependent risk of developing chronic infection4 

for cases up to age 20, and a risk of 4% for older cases. 
Denominators were obtained from mid-1997 popula-
tion estimates (Office for National Statistics).
The number of new HBV infections (acute infections 
and seroconversions) among blood donors in England 
and Wales tested between 1 October 1995 and 30 June 
2000 were grouped by reported ethnicity. The pro-
portion of South Asian and non-South Asian donors 
among all tested donors was estimated using ‘‘Nam Pe-
hchan’’ software on a sample of 26 970 named donors, 
selected to be representative of UK blood donors.

REsUlts

Between 1988 and 2000, an annual average of 635 
cases of laboratory confirmed acute HBV infection 
was reported, of which 79% included names. Of 
named records, 8.5% (555) were identified as South 
Asian. The adjusted HBV incidence was 3.1 times 
higher in South Asians than in non-South Asians 
(14.9 and 4.8 per 100 000 person years, respectively;
95% confidence interval (CI) incidence ratio 2.8 to 
3.4). The estimated lifetime risk of infection was 
1.4% in South Asians and 0.4% in non-South Asians, 
and of chronic infection was 0.08% in South Asians 
and 0.02% in non-South Asians (fig 1). In South 
Asian blood donors the frequency of new HBV in-
fections was 4.3 times higher than in non-South 
Asian blood donors (95% CI 1.1 to 11.8).
Nine per cent (51 cases) of reported acute HBV 
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infections in South Asians were children (age ,15 
years), significantly higher than this proportion in 
non-South Asians (1.7%; 99 cases; p,0.0001). Of 
South Asian cases in children, 22% (11 cases) were 
2 years of age or less, compared to 30% of non South 
Asian cases in children (30 cases; p = 0.3). After ex-
cluding all cases (2 years of age, the adjusted inci-
dence of acute HBV infection was 10 times higher in 
South Asian children than in non-South Asian chil-
dren (10.5 and 1.0 per 100 000 per year, respectively; 
95% CI incidence ratio 6.9 to 15.4). The most fre-
quent source of infection for South Asian children 
.2 years of age was within the household (11 cases; 
61% of cases with a risk factor reported); 45% of in-
fections (18 cases) in South Asian children .2 years 
of age were reported to have been acquired overseas.

DIsCUssIoN

Our study shows that South Asians are at higher 
risk of HBV infection than non-South Asians while 
resident in England and Wales, particularly in child-
hood. A high incidence of HBV infection has also 
been shown among UK born children of Somali eth-
nicity resident in the UK,5 suggesting that significant 
transmission during childhood may occur among 
UK ethnic minorities who originate in high or inter-
mediate prevalence countries.
Preventing HBV infections in children needs special 
emphasis, as the risk of developing chronic infection 
is higher in children than adults.4 Chronic HBV in-
fection sustains HBV transmission in the population 
and its sequelae constitute most of the associated 
burden of disease. For nonSouth Asians, HBV in-
fection in childhood is rare. By contrast, we found 
that HBV infection among South Asian children in 
England and Wales is more common, with transmis-
sion within the household (and while travelling) fre-

quently reported. Both are unlikely to be prevented 
by the current UK selective vaccination policy.
Our data suggest that infant immunisation target-
ed at UK resident ethnic minorities originating 
from HBV endemic areas could significantly reduce 
HBV transmission. Such a policy was recommend-
ed in 1990 in the United States,6 and started in the 
Netherlands in 2003 (http://www.gr.nl/adviezen.
php?ID=730). In the USA, coverage achieved with 
this policy was limited, possibly due to difficulties 
targeting vaccination based on ethnicity.6

In the UK, universal infant HBV immunisation in 
geographical areas with a high proportion of ethnic 
minorities may be more acceptable and feasible than 
targeting individual families on the basis of ethnic sta-
tus. Such a policy would be similar to the universal 
neonatal BCG immunisation programme currently 
used in some areas. To avoid additional visits or addi-
tional injections, the vaccine could be given in combi-
nation with other routine childhood immunisations, 
and has the potential to achieve high coverage in eth-
nic minority children at risk of hepatitis B.
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Our data suggest that infant immunisation targeted at UK
resident ethnic minorities originating from HBV endemic
areas could significantly reduce HBV transmission. Such a
policy was recommended in 1990 in the United States,6 and
started in the Netherlands in 2003 (http://www.gr.nl/
adviezen.php?ID=730). In the USA, coverage achieved with
this policy was limited, possibly due to difficulties targeting
vaccination based on ethnicity.6

In the UK, universal infant HBV immunisation in
geographical areas with a high proportion of ethnic minor-
ities may be more acceptable and feasible than targeting
individual families on the basis of ethnic status. Such a policy
would be similar to the universal neonatal BCG immunisa-
tion programme currently used in some areas. To avoid
additional visits or additional injections, the vaccine could
be given in combination with other routine childhood

immunisations, and has the potential to achieve high cover-
age in ethnic minority children at risk of hepatitis B.
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SUSAN J.M. HAHNé (1), IRENE K. VELDHUIJZEN (2), LUCAS WIESSING (4), TEK-ANG LIM (3), 
MIKA SALMINEN (3), MARITA VAN DE LAAR (3).

1. Centre for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), PO Box 1, 3720 BA, Bilthoven, 
The Netherlands.

2. Municipal Public Health Service Rotterdam-Rijnmond, PO Box 70032, 3000 LP Rotterdam, The Netherlands.
3. European Centre for Disease Prevention and Control (ECDC), Tomtebodavägen 11a, 171 83 Stockholm, Sweden.
4. European Monitoring Centre for Drugs and Drug Addiction (EMCDDA), Cais do Sodré 1249-289 Lisbon, Portugal.

ABstRACt

Background Treatment for chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection is improv-
ing but not benefiting individuals unaware to be infected. To inform screening policies we assessed (1) the 
hepatitis B surface antigen (HBsAg) and anti-hepatitis C virus antibodies (anti-HCV-Ab) prevalence for 34 
European countries; and (2) the cost-effectiveness of screening for chronic HBV and HCV infection.

methods We searched peer-reviewed literature for data on HBsAg and anti-HCV-Ab prevalence and cost-ef-
fectiveness of screening of the general population and five subgroups, and used data from two European 
organizations for injecting drug users (IDUs) and blood donors. Of 1759 and 384 papers found in the prev-
alence and cost-effectiveness search respectively, we included 124 and 22 papers after checking the paper’s 
quality. We used decision rules to calculate weighted prevalence estimates by country. 

Results The HBsAg and anti-HCV-Ab prevalence in the general population ranged from 0.1%-5.6% and 
0.4%-5.2% respectively, by country. For IDUs, men who have sex with men and migrants, the prevalence of 
HBsAg and anti-HCV-Ab was higher than the prevalence in the general population in all but 3 countries. 
There is evidence that HCV screening of IDUs and HBsAg screening of pregnant women is cost-effective. 
HBsAg screening of migrants is likely to be cost-effective.

Conclusion The prevalence of chronic HBV and HCV infection varies widely between European countries. 
Anti-HCV-Ab screening of IDUs and HBsAg screening of pregnant women are European public health 
priorities. HBsAg screening of migrants is likely to be cost-effective. Cost-effectiveness analyses may need to 
take effect of antiviral treatment on preventing HBV and HCV transmission into account.

Funding This study was commissioned by the European Centre for Disease Control and Prevention, Sweden.

Keywords Hepatitis B virus, hepatitis C virus, Europe, prevalence, HBsAg, anti-HCV-Ab, cost-effectiveness 
analyses.

BACKgRoUND

Hepatitis B and C virus (HBV and HCV) infect the 
liver and can lead to a broad spectrum of disease 
outcomes. Between 15% and 40% of those chronical-
ly infected with HBV or HCV will in their lifetimes 
develop serious liver disease due to cirrhosis and/
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or hepatocellular cancer (HCC).[1,2] People with 
chronic infection with HBV or HCV can remain in-
fectious to others. Both HBV and HCV are widely 
present with broad variation in prevalence by coun-
try [3]. Worldwide, between 350 to 400 million peo-
ple are infected with HBV, accounting for 1 million 
deaths per year [4,5]. Between 130 and 170 million 
people are infected with HCV, causing over 350,000 
deaths per year [6]. 
A safe and effective vaccine for HBV has been avail-
able since 1982, whereas no vaccine for HCV exists 
[7]. Treatment options are advancing rapidly, and 
several new antiviral drugs have become available in 
the past decade. Evidence is accumulating that these 
therapies provide a cost-effective means to reduce 
the morbidity and mortality associated with chron-
ic infection with HBV and HCV [8-10]. European 
treatment guidelines for chronic HBV and HCV 
infection are available [11,12]. In addition to im-
proving the outcome of chronic hepatitis, antiviral 
treatment is likely to reduce transmission by reduc-
ing the viral load and therefore infectivity of chronic 
carriers, similar to what has been documented for 
HIV [13-15]. For HBV, vaccination of susceptible 
contacts of identified carriers can prevent new in-
fections. Nonpharmaceutical interventions, such as 
the advice to limit alcohol intake and cease smoking, 
can improve outcomes for people living with chronic 
viral hepatitis [16,17]. 
Since the acquisition of HBV and HCV is often 
asymptomatic or subclinical, and sequelae take sev-
eral decades to develop, between 40% and 80% of 
people with chronic hepatitis are unaware of their 
infection [18-25]. Therefore, screening programmes 
for chronic HBV and HCV infection have the po-
tential to contribute considerably to primary and 
secondary prevention of these infections. However, 
existing HBV and HCV screening programmes in 
Europe stem from an era when treatment options for 
were limited. Hence they are mainly aimed at primary 
prevention, targeting blood donors, pregnant women, 
and behavioral high-risk groups [26]. Now that sec-
ondary prevention of HBV and HCV is possible, there 
is an urgent need to identify chronic carriers who may 
benefit from treatment.
For policy development in this area data on the size 
and characteristics of the population with chronic 
hepatitis and the evidence for cost-effectiveness of 
screening are needed. The most recent HBsAg prev-
alence review including data on European countries 
was from 2004, and reported findings from only 11 
European countries [27]. For HCV, a review of the 

burden of disease in Europe was published in 2009 
[28]. In this review, however expert opinion was a 
main source of data, which makes the validity of con-
clusions difficult to ascertain. Esteban reviewed the 
HCV prevalence in Europe in 2008 [29], but studies 
on blood donors were included, limiting the repre-
sentatives of the estimates for the general population. 
Regarding the cost-effectiveness of screening for HCV, 
an earlier review included studies published up to 
March 2007 and was partly sponsored by the pharma-
ceutical industry [30]. It concluded that HCV screen-
ing of former or current IDUs was cost-effective. Sys-
tematic reviews of cost-effectiveness of screening for 
HBV infections have not been published.
To address the missing information we performed 
a systematic literature review of the prevalence of 
hepatitis C virus antibodies (anti-HCV-Ab) and 
hepatitis B surface antigen (HBsAg) as well as the 
cost-effectiveness of screening for these markers. 
Our review included the general population and 
population subgroups (pregnant women, first-time 
blood donors, IDUs, men who have sex with men 
[MSM], and migrants) for 34 European countries.* 
We subsequently used our prevalence estimates to 
assess the total number of people living with chronic 
HBV and HCV infection by country.

mEtHoDs

To find studies that describe prevalence of HBsAg 
and anti-HCV-Ab (the serological markers used 
as proxies for chronic infection in this study) we 
searched Medline, Embase, and SciSearch for En-
glish-language, peer-reviewed literature published 
between 1 January 2000 and 27 July 2009. Reference 
lists of included studies were hand searched. Stud-
ies were eligible for inclusion in the review if they 
reported the anti-HCV-Ab and/or HBsAg preva-
lence in the general population or among pregnant 
women, first-time blood donors, MSM, or migrants. 
Studies that reported on children only were not in-
cluded. We only used the most recent estimate when 
more than 1 regional estimate was available based 
on studies performed 5 or more years apart. When 
several estimates were available for a specific coun-
try, an average weighted by study size was calculat-
ed. For first-time blood donors, we used data from 
a recent report for the Council of Europe in addi-
* All 27 EU member states, 4 EEA/EFTA countries (Norway, Iceland, 
Liechtenstein and Switzerland) and 3 EU enlargement countries 
(Croatia, the former Yugoslav Republic of Macedonia and Turkey).
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tion to data from the published literature [31]. An-
ti-HCV-Ab and HBsAg prevalence estimates among 
IDUs were obtained from 2 sources: the European 
Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA) [32] and from a recent review on HBV 
and HCV prevalence among IDUs [33]. The source 
with the most recent national prevalence estimate 
was used. We excluded estimates from studies per-
formed before 2000, with fewer than 50 participants, 
and where IDU status was unknown. 
For the systematic literature review of the evidence 
for cost-effectiveness of screening for chronic HBV 
and/or HCV infection we searched Medline, Sco-
pus, and the NHS Economic Evaluation Database 
(EED) for studies published in the English-language, 
peer-reviewed literature between 1 January 2000 and 
2 May 2011. Studies reporting only on screening of 
transfusion recipients and/or of patients treated by 
infected health care workers (look-back studies) 
were excluded. Studies were only eligible when re-
porting estimated costs per additional chronic infec-
tion identified and/or costs per life year (LY) gained 
(quality or disability adjusted). Cost estimates were 
converted into 2010 Euros using information from 
Eurostat and OECD [34,35]. For both systematic 
literature searches, data were extracted using a da-
ta-extraction form by two authors (SH and IV). 
For the prevalence search, the form included 
year, country population of the study, the sam-
pling method, laboratory test used, participation 
rate, number of participants, and HBsAg and 
anti-HCV-Ab results. For the cost-effectiveness 
search, the form included year and country of 
study, target population for screening, screening 
scenario, type of model used, outcome measure(s) 
used, monetary value and year, discounting per-
centage (costs/effects), results, and conclusions. 
The quality of the prevalence studies was assessed 
by reviewing the representativeness of sampling 
(eg, random vs convenience sampling) and, for 
the general population, whether estimates were 
standardized by age and sex. 
Prevalence estimates were summarized by country. 
When multiple general population prevalence es-
timates were available for one country, we used the 
estimate that was most representative for the entire 
country regarding demographic coverage. In case 
multiple representative general population preva-
lence estimates for one country were found, the aver-
age prevalence was calculated weighted by study size. 
Where estimates for 3 or more regions in a country 
were available, regional estimates were presented only 

when the difference between regions was more than 
0.5%. Countries were grouped into low, intermediate, 
and high HBsAg and anti-HCV-Ab prevalence using 
cut offs of ≤ 1%, > 1% to ≤ 2%, and > 2%. On the basis
of prevalence estimates in the general population for 
infection with HBV and HCV and 2009 population 
size [36], we estimated the total number of people in 
that country who would likely test positive for HBsAg 
or anti-HCV-Ab. Search terms used for both search-
es are available in supporting information (S1). The 
methods of our systematic literature reviews and their 
reporting are consistent with those recommended by 
the PRISMA statement and specified in advance in a 
protocol that is available from the corresponding au-
thor on request [37].

REsUlts

Seroprevalence of HBsAg and anti-HCV-Ab
The search for data on the HBsAg and/or anti-
HCV-Ab prevalence in the general population and 
5 subgroups identified 1759 citations, from which 
the full-text publication of 236 (13%) was retrieved. 
From the reference lists of included studies, an 
additional 8 potentially relevant citations were 
identified. After review of the full text of these 
244 papers, 53 publications were considered not 
relevant. Furthermore, 67 publications on IDUs 
were excluded, since prevalence estimates from 
IDUs were obtained from the EMCDDA and a 
recent literature review [33]. Finally, 124 publi-
cations were included in the review of prevalence 
data, with 81 publications used for the prevalence 
estimate for the general population or population 
subgroups. A flow diagram depicting the inclu-
sion of studies is available in the supporting in-
formation S2.
HBsAg general population prevalence estimates 
were found for 13 of the 34 countries in our re-
view, ranging from 0.1% to 5.6% by country 
(Figure 1a, Table 1a). The estimated number of 
people with chronic HBV infection ranged from 
3,718,889 in Turkey to 4,466 in Ireland (Table 1a). 
Prevalence estimates of anti-HCV-Ab in the gen-
eral population were found for 13 of the 34 coun-
tries in our review, ranging from 0.4% to 5.2% 
by country (Figure 2a, Table 2a). The estimated 
number of people who were anti-HCV-Ab posi-
tive ranged from 3,122,779 in Italy to 37,025 in 
Sweden (Table 1b). For only a minority of coun-
tries (9/34) information was available on both es-
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Figure 1a. Hepatitis B (HBsAg)* prevalence (%) in the general population by country, Europe, 2000-2009.

* Hepatitis B surface antigen

Figure 1b. Hepatitis C (anti-HCV-Ab)* prevalence (%) in the general population by country, Europe, 
2000-2009.

* anti-HCV antibody
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timates. Countries in the north-western part of 
Europe had a low prevalence for both infections 
whilst those in the south and south-east had an 
intermediate to high prevalence (Figure 2).
HBsAg prevalence estimates for first-time blood 
donors were found for 24 countries, ranging from 
0.0% to 5.2% (Figure S3.1a, Table S3.1). Anti-
HCV-Ab prevalence estimates for firsttime blood 
donors were available for 23 countries, ranging 
from 0.02% to 3.3% (Figure S3.1b, Table S3.1). 
The prevalence of HBsAg and anti-HCV-Ab in 
first-time blood donors was on average respec-
tively 3 and 4 times lower than the corresponding 
prevalence for the general population in coun-
tries that had both estimates available (12 coun-
tries for HBsAg and 11 for anti-HCV-Ab).
Estimates of antenatal HBsAg prevalence were 
found for 11 countries, ranging from 0.1% to 
4.4% (Figure S3.2a, Table S3.2). Estimates of an-
tenatal anti-HCV-Ab prevalence were found for 6 
countries, ranging from 0% to 1.7% (Figure S3.2b, 
Table S3.2). The antenatal HBsAg prevalence was 
on average 3 times higher than the general popula-
tion prevalence in 6 of the 7 countries that had both 
estimates available. The country where it was lower 
was Spain (based on regional data from Catalonia), 
likely reflecting the effect of the HBV vaccination 
programme for adolescents. In Italy and the Unit-
ed Kingdom, the antenatal anti-HCV-Ab prevalence 

was lower than the general population prevalence. In 
Germany and Greece, it was higher.
An estimate of HBsAg prevalence in IDUs was avail-
able for 21 of the 34 countries in this review, ranging 
from 0% to 21.3% (Figure S3.3a, Table S3.3). An esti-
mate of anti-HCV-Ab prevalence in IDUs was avail-
able for 29 of the 34 countries, ranging from 5.3% 
to 90% (Figure S3.3b, Table S3.3). The HBsAg prev-
alence in IDUs was on average 9 times higher than 
that in the general population (in 6 of the 8 countries 
that had both estimates available). In Romania and 
Ireland, the general population HBsAg estimate was 
higher. The estimate of anti-HCV-Ab prevalence in 
IDUs was on average 47 times higher than that in the 
general population (in 13 countries that had both es-
timates available).
Estimates of HBsAg prevalence in migrants were 
found for 5 countries. The HBsAg prevalence in mi-
grants ranged from 1.0% to 15.4% (Table S3.4). Esti-
mates of anti-HCV-Ab prevalence in migrants were 
found for 5 countries, ranging from 0% to 23.4% (Ta-
ble S3.5). The estimate of HBsAg and anti-HCV-Ab 
prevalence in migrants was on average respectively 6 
and 2 times higher than that in the general popula-
tion in all countries that had both estimates available 
(4 countries for HBsAg and 4 for anti-HCV-Ab), 
except for Italy, where the estimate of anti-HCV-Ab 
prevalence in migrants was lower than that in the 
general population. Estimates of HBsAg prevalence 

Figure 2. summary of HBsAg and anti-HCV-Ab prevalence profiles in Europe, 2000-2009.
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table 2. overview of publications included in the cost-effectiveness review (n=22)

First Author year of publication target group setting Country Infection model Data First Author Indicator Result* year of monetary value Result in Euro 2010** Cost-effective?

Thomas[54] 1990 Pregnant women Antenatal care Australia HBV None Actual screening Thomas[54] Cost per case detected $354 (AU] 1988 €410 Yes
Audet[53] 1991 Pregnant women Antenatal care Canada HBV None Hypothetical 

cohort
Audet[53] Cost per case detected/

infant carrier prevented
$1,693/$8,915 
(CA]

1988 €1,880/€9,900 Yes, probably

Tormans[50] 1993 Pregnant women Antenatal care Belgium HBV Markov Hypothetical 
cohort

Tormans[50] Cost per life year gained BEF 583,581 1991 €22,095 Yes

Dwyer[52] 1996 Pregnant women Antenatal care UK HBV Markov Hypothetical 
cohort

Dwyer[52] Cost per carrier 
prevented / life year saved

₤2,437 /  ₤ 16,450 Not mentioned €3,879/€26,181 Yes

Jordan[51] 1997 Pregnant women Antenatal care Britain HBV Markov Hypothetical 
cohort

Jordan[51] Cost per life year saved ₤1,300 Not mentioned €2,032 Yes

Plunkett[55] 2005 Pregnant women Antenatal care USA HCV Markov Hypothetical 
cohort

Plunkett[55] Cost per QALY*** No screening 
dominant

2003 n.a. No

Singer[48] 2001 General population Not specified USA HCV Markov Hypothetical 
cohort

Singer[48] Cost per QALY No screening 
dominant

2001 n.a. No

Nakamura[49] 2008 General population 
& risk groups

Not specified Japan HCV Markov Actual screening Nakamura[49] Cost per life year gained $848 $4,825 (US] 2007 €726/€4,130 Yes

Loubiere[47] 2003 General population, 
IDUs & other risk 
groups

Not specified France HCV Markov Hypothetical 
cohort

Loubiere[47] Cost per life year gained $4,513 1998 €4,856 Yes

Hutton[63] 2007 Migrants Not specified USA HBV Markov Hypothetical 
cohort

Hutton[63] Cost per QALY $36.088 (US] 2006 €31,692 Yes

Veldhuijzen[64] 2010 Migrants Population 
based

Netherlands HBV Markov Hypothetical 
cohort

Veldhuijzen[64] Cost per QALY € 8.966 2009 €9,047 Yes

Leal[56] 1999 IDUs Drug services UK HCV Markov Hypothetical 
cohort

Leal[56] Cost per QALY ₤9.300 1997 €14,540 Yes

Castelnuovo[57] 2006 IDUs Various UK HCV Markov Hypothetical 
cohort

Castelnuovo[57] Cost per QALY ₤15.493-₤20,083 2004 €22,172/€28,741 Yes

Thompson 
Coon[58]

2006 IDUs Primary care UK HCV Markov Hypothetical 
cohort

Thompson 
Coon[58]

Cost per QALY ₤16,493 2002/2003 €24,245 Yes

Kerr[43] 2009 IDUs & MSM STD clinic Scotland HCV None Actual screening Kerr[43] Cost per case detected ₤170 (IDUs]/ 
₤15,000 (MSM]

Not mentioned €215/€18,975 No (MSM]/Yes 
(IDUs]

Josset[59] 2004 IDUs & other risk 
groups

Primary care France HCV None Actual screening Josset[59] Cost per case detected n.a. Not mentioned n.a. Not stated

Stein[44] 2004 IDUs & other risk 
groups

STD clinic/
drug services

UK HCV Markov Hypothetical 
cohort

Stein[44] Cost per QALY ₤28.120 (IDUs]/ 
₤84,570 (GUM]

2001 €41,874/€125,933 Yes (IDUs]/No 
(GUM]

Honeycutt[60] 2007 IDUs & other risk 
groups

STD clinic USA HCV None Hypothetical 
cohort

Honeycutt[60] Cost per case detected $54 (US] 2006 €47 Yes

Tramarin[61] 2008 IDUs & other risk 
groups

Not specified Italy HCV Markov Hypothetical 
cohort

Tramarin[61] Cost per QALY -€ 3,132 2007? -€3,320 Yes

Helsper[62] 2012 IDUs & other risk 
groups

Primary care/
drug services

Netherlands HCV Markov Actual screening Helsper[62] Cost per QALY € 7,321 2007 €7,625 Yes

Sutton[65] 2006 Prisoners Prison UK HCV Markov Hypothetical 
cohort

Sutton[65] Cost per case detected ₤2,102 ₤3,107 2004 €3,008/€4,446 Yes

Sutton[66] 2008 Prisoners Prison UK HCV Markov Hypothetical 
cohort

Sutton[66] Cost per QALY £54,852 2004 €78,498 No

* Results of most favorable scenario reported here.
** Where the paper did not quote year of monetary value the year of publication was used to convert the results into 2010 Euros [34].
n.a. Not available
*** Quality adjusted life year
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table 2. overview of publications included in the cost-effectiveness review (n=22)

First Author year of publication target group setting Country Infection model Data First Author Indicator Result* year of monetary value Result in Euro 2010** Cost-effective?

Thomas[54] 1990 Pregnant women Antenatal care Australia HBV None Actual screening Thomas[54] Cost per case detected $354 (AU] 1988 €410 Yes
Audet[53] 1991 Pregnant women Antenatal care Canada HBV None Hypothetical 

cohort
Audet[53] Cost per case detected/

infant carrier prevented
$1,693/$8,915 
(CA]

1988 €1,880/€9,900 Yes, probably

Tormans[50] 1993 Pregnant women Antenatal care Belgium HBV Markov Hypothetical 
cohort

Tormans[50] Cost per life year gained BEF 583,581 1991 €22,095 Yes

Dwyer[52] 1996 Pregnant women Antenatal care UK HBV Markov Hypothetical 
cohort

Dwyer[52] Cost per carrier 
prevented / life year saved

₤2,437 /  ₤ 16,450 Not mentioned €3,879/€26,181 Yes

Jordan[51] 1997 Pregnant women Antenatal care Britain HBV Markov Hypothetical 
cohort

Jordan[51] Cost per life year saved ₤1,300 Not mentioned €2,032 Yes

Plunkett[55] 2005 Pregnant women Antenatal care USA HCV Markov Hypothetical 
cohort

Plunkett[55] Cost per QALY*** No screening 
dominant

2003 n.a. No

Singer[48] 2001 General population Not specified USA HCV Markov Hypothetical 
cohort

Singer[48] Cost per QALY No screening 
dominant

2001 n.a. No

Nakamura[49] 2008 General population 
& risk groups

Not specified Japan HCV Markov Actual screening Nakamura[49] Cost per life year gained $848 $4,825 (US] 2007 €726/€4,130 Yes

Loubiere[47] 2003 General population, 
IDUs & other risk 
groups

Not specified France HCV Markov Hypothetical 
cohort

Loubiere[47] Cost per life year gained $4,513 1998 €4,856 Yes

Hutton[63] 2007 Migrants Not specified USA HBV Markov Hypothetical 
cohort

Hutton[63] Cost per QALY $36.088 (US] 2006 €31,692 Yes

Veldhuijzen[64] 2010 Migrants Population 
based

Netherlands HBV Markov Hypothetical 
cohort

Veldhuijzen[64] Cost per QALY € 8.966 2009 €9,047 Yes

Leal[56] 1999 IDUs Drug services UK HCV Markov Hypothetical 
cohort

Leal[56] Cost per QALY ₤9.300 1997 €14,540 Yes

Castelnuovo[57] 2006 IDUs Various UK HCV Markov Hypothetical 
cohort

Castelnuovo[57] Cost per QALY ₤15.493-₤20,083 2004 €22,172/€28,741 Yes

Thompson 
Coon[58]

2006 IDUs Primary care UK HCV Markov Hypothetical 
cohort

Thompson 
Coon[58]

Cost per QALY ₤16,493 2002/2003 €24,245 Yes

Kerr[43] 2009 IDUs & MSM STD clinic Scotland HCV None Actual screening Kerr[43] Cost per case detected ₤170 (IDUs]/ 
₤15,000 (MSM]

Not mentioned €215/€18,975 No (MSM]/Yes 
(IDUs]

Josset[59] 2004 IDUs & other risk 
groups

Primary care France HCV None Actual screening Josset[59] Cost per case detected n.a. Not mentioned n.a. Not stated

Stein[44] 2004 IDUs & other risk 
groups

STD clinic/
drug services

UK HCV Markov Hypothetical 
cohort

Stein[44] Cost per QALY ₤28.120 (IDUs]/ 
₤84,570 (GUM]

2001 €41,874/€125,933 Yes (IDUs]/No 
(GUM]

Honeycutt[60] 2007 IDUs & other risk 
groups

STD clinic USA HCV None Hypothetical 
cohort

Honeycutt[60] Cost per case detected $54 (US] 2006 €47 Yes

Tramarin[61] 2008 IDUs & other risk 
groups

Not specified Italy HCV Markov Hypothetical 
cohort

Tramarin[61] Cost per QALY -€ 3,132 2007? -€3,320 Yes

Helsper[62] 2012 IDUs & other risk 
groups

Primary care/
drug services

Netherlands HCV Markov Actual screening Helsper[62] Cost per QALY € 7,321 2007 €7,625 Yes

Sutton[65] 2006 Prisoners Prison UK HCV Markov Hypothetical 
cohort

Sutton[65] Cost per case detected ₤2,102 ₤3,107 2004 €3,008/€4,446 Yes

Sutton[66] 2008 Prisoners Prison UK HCV Markov Hypothetical 
cohort

Sutton[66] Cost per QALY £54,852 2004 €78,498 No

* Results of most favorable scenario reported here.
** Where the paper did not quote year of monetary value the year of publication was used to convert the results into 2010 Euros [34].
n.a. Not available
*** Quality adjusted life year
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for MSM were found for 3 countries, ranging from 
<1% to 4% [38-41]. Estimates of anti-HCV-Ab prev-
alence among MSM were available for 3 countries, 
ranging from 0.07% to 2.9% [41-43]. The HBsAg 
and anti-HCV-Ab prevalence in MSM was on aver-
age respectively 22 and 3 times higher than that for 
the general population in all countries that had both 
estimates available (2 countries for HBsAg and 1 for 
anti-HCV-Ab).

Cost-effectiveness of HBV and/or HCV screening
The search for evidence on cost-effectiveness of 
HBV and/or HCV screening identified 384 publica-
tions. We retrieved the full text for 31 publications 
(8%). From the reference lists of included studies 3 
additional potentially relevant citations were iden-
tified. Of these 34 papers, 10 were considered not 
relevant following full text review. Two additional 
publications were excluded [44,45]. because they re-
ported on data that were more extensively presented 
in a third publication.[46] Finally, 22 publications 
were included in the review of cost-effectiveness of 
screening (flow chart S2, table 2). No paper studied 
combined screening for HBV and HCV. Of the 22 
papers, 17 used a Markov model (15 with hypothet-
ical data and 2 presented actual screening results). 
Five other studies did not use a model and presented 
costs per case identified or cost per infection pre-
vented. None of the studies included dynamic mod-
eling to take into account effects of reducing trans-
mission by lowering viral load through treatment, 
behavior change, or HBV vaccination.
No economic analyses of HBsAg screening of the 
general population were found. Three economic 
analyses reported on HCV screening and subse-
quent treatment of HCV positives of the general 
population [47-49]. Two of these reported costs per 
LY gained.[47,49] Of these, 1 study assuming a 1.2% 
HCV prevalence in the general French population 
concluded that HCV general population screening 
was cost-effective (cost per LY saved €4856) [47]. 
The other study reported on an actual screening 
programme performed between 2003 and 2006 in 
one region of Japan. In the target population aged 40 
to 70 years, an anti-HCV-Ab prevalence of 0.4% was 
found [49]. Estimated costs per LY gained, ranging 
between €726 and €4,130 by age-group, all of which 
were considered cost-effective. A US group studied 
costs per quality-adjusted LY gained in relation to 
a HCV screening and treatment programme for 
35-year-olds from the general population of whom 
2.9% were HCV-RNA positive [48]. They found that 

this was not cost-effective. In this study, incomplete 
treatment adherence and more cost items were taken 
into account compared to the other 2 studies, which 
may partly explain the less favorable outcome for 
screening.
Five economic analyses reported on antenatal HB-
sAg screening [50-54], presenting estimated costs 
per LY gained [50-52], costs per case detected and 
per infant carrier prevented [53] and costs per case 
detected [54]. The 3 studies presenting costs per LY 
gained studied the scenario of universal screening 
of all pregnant women, with vaccination of infants 
born to HBsAg positive mothers. Studies were 
published between 1993 and 1997, and none con-
sidered antiviral treatment. Incremental cost-ef-
fectiveness ratios (ICERs) ranged from €2,032 to 
€26,181 per LY gained. All studies concluded that 
universal antenatal HBV screening is cost-effective 
considering the respective thresholds used. One 
economic analysis of antenatal HCV screening was 
found, which considered universal antenatal HCV 
screening and treatment of HCV infection with 
or without elective cesarean delivery [55]. Neither 
of these scenarios was considered cost-effective.
No economic analysis of HBsAg screening of IDUs 
was found. Ten studies reported on cost-effec-
tiveness of HCV screening and treatment of IDUs 
[43,46,47,56-62]. Seven of these reported estimated 
costs per quality-adjusted LY. These studies varied 
widely, including different screening settings, treat-
ments considered, and discount rates. Nevertheless, 
all 7 studies concluded that HCV screening of IDUs 
was likely to be cost-effective considering the re-
spective thresholds used, with ICERs ranging from 
– €3.320 to €41,874 per quality-adjusted LY. 
Two economic analyses of screening migrants for 
HBsAg were found, both presenting cost per qual-
ity-adjusted LY [63,64]. Target populations and the 
interventions studied varied. Both studies concluded 
that all scenarios in the analysis were cost-effective, 
with ICERs ranging from €9,047 [64] to €31,692 
[63]. One economic analysis of HCV screening of 
migrants was found [62]. In this study, the target 
group for screening included migrants from coun-
tries with a HCV prevalence >10%, as well as from 
other population subgroups. Separate estimates of 
cost-effectiveness of screening migrants were, how-
ever, not presented.
We found no economic analysis of HBsAg screening 
of MSM. One economic analysis of HCV screening 
of MSM at sexually transmitted disease (STD) clin-
ics concluded that HCV screening of MSM in this 
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setting was not cost-effective [43]. 
We did not find any economic analyses of HBsAg 
screening of STD-clinic attendees, but 2 of HCV 
screening of STD-clinic attendees [46,60]. Universal 
screening and treatment of UK STD-clinic attendees 
was assessed as not cost-effective (ICER €125,933/
quality-adjusted LY) [46,60]. Among STD-clinic at-
tendees in the US, HCV screening of non-IDUs was 
only cost-effective when restricted to men with >100 
lifetime sex partners.60
No economic analyses of HBsAg screening of prison-
ers were found. Regarding HCV screening of prisoners, 
we found two studies both from England and Wales 
[65,66]. The first study found that asking prisoners 
about their HCV and injecting status prior to laborato-
ry testing can considerably reduce the cost per case de-
tected [65]. The second paper found that HCV screen-
ing and treatment of prisoners was not cost-effective 
(cost per quality-adjusted LY €78,498) [66].
Five economic analyses of HCV screening 
of other population subgroups were found 
[47,49,59,61,62,67]. Both studies that considered 
screening programmes targeting several population 
subgroups concluded that the specific programmes 
considered were potentially cost-effective [49,62].  
Josset et al reported estimated costs per positive test 
result for 6 screening scenarios, which varied regard-
ing population subgroups targeted [59]. Analyses of 
HCV screening of people transfused before 1991 in 
France and of people with a history of surgery in Ita-
ly both concluded this was not cost-effective [47,61].
 

DIsCUssIoN AND CoNClUsIoNs

The general population prevalence of chronic HBV 
and HCV infection varies widely between Europe-
an countries, with those in the south and east of 
the European Union and in Turkey having a much 
higher prevalence than those in northwestern Eu-
rope. Among countries for which data were avail-
able for both infections, Romania stands out, with 
high prevalence for both HBV and HCV. In contrast, 
Belgium, Sweden, Germany, and The Netherlands 
have low-population prevalence for both infections. 
Results from a study published after our literature 
search was completed suggest that France belongs to 
this latter category as well [24]. For HCV, Italy had 
the highest estimated population prevalence, much 
higher than its estimated HBV prevalence. Epide-
miologic and phylogenetic assessments suggest that 
this phenomenon in Italy may have been caused by a 

period of frequent iatrogenic transmission that took 
place around the 1950s [68].  Without screening and 
early treatment, these infections will lead to a con-
siderable disease burden and many deaths due to 
liver disease in the coming decades. Given that HBV 
and HCV disproportionately affect disadvantaged 
groups and less affluent countries in Europe, these 
infections will also contribute to increasing inequal-
ities in health. 
For the majority of countries, data on the general 
population prevalence of HBV or HCV were lacking. 
Availability of sufficiently recent estimates is neces-
sary to be able to prioritize primary and secondary 
prevention of HBV and HCV among other public 
health interventions, to evaluate control measures, 
and for health care planning. Estimates of prevalence 
obtained from blood-donor and antenatal screen-
ing were found to differ substantially from general 
population estimates, and in addition usually do not 
include vulnerable groups at high risk of infection. 
Within countries, the prevalence of HBsAg and an-
ti-HCV-Ab among IDUs, MSM, and migrants was 
much higher than the corresponding prevalence in 
the general population, with only a few exceptions. 
Of the high-risk groups considered, IDUs had the 
highest prevalence, particularly for HCV. 
Regarding cost-effectiveness of screening, we found 
evidence that HCV screening of IDUs and HBsAg 
screening of pregnant women are cost-effective in-
terventions to reduce the burden of disease due to 
HBV and HCV infection. HCV screening of preg-
nant women and comprehensive screening of all 
STD-clinic attendees is probably not cost-effective, 
although there may be exceptions for some specific 
local or subpopulation conditions. For other pro-
grams, including HBV screening of IDUs, HCV 
screening of the general population and migrants, 
HBV and HCV screening of prisoners and MSM, the 
evidence found in this systematic review was insuffi-
cient to draw conclusions. 
The strongest evidence regarding cost-effectiveness 
was available for HCV screening of IDUs. It is un-
clear, however, to what extent IDUs in Europe are 
offered HCV screening and are successfully referred 
once found to be positive. HCV screening pro-
grammes for IDUs exist in only 16 of the 29 Euro-
pean Union/European Economic Area countries 
reviewed in 2009 [26] whereby testing coverage and 
referral to treatment often remain poor [69]. On the 
other hand, several countries without screening pro-
grammes report adequate HCV testing of IDUs [70]. 
Optimizing implementation of IDU testing guide-
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lines and monitoring of this are priorities [71,72].
Regarding HBsAg screening of pregnant women it 
is likely that it would be even more economically 
favourable if antiviral treatment of the mother was 
considered. European countries that currently have 
selective or no antenatal HBsAg screening pro-
grammes, including Lithuania, Luxembourg, Ro-
mania, and Norway, should consider implementing 
universal antenatal screening.[26] This holds also for 
countries with a universal infant HBV-vaccination 
programme with an at-birth dose of vaccine, since 
prevention of perinatal HBV transmission requires 
the first dose of vaccine to be given within 24 hours, 
and providing hepatitis B immunoglobulin is of ad-
ditional effectiveness [73,74].
The two publications examining HBsAg screening of 
migrants born in endemic countries (HBsAg preva-
lence ≥ 2%) suggest this is cost-effective, consistent 
with a recent additional study from the United States 
[75]. Main determinants of ICER were the propor-
tion of eligible people starting treatment, disease 
progression rates with and without treatment, and 
costs of treatment [63,64]. Further research should 
focus on these areas of uncertainty, as well as on how 
to optimize participation in screening and referral 
pathways [76]. Given that HCV could be tested us-
ing the same blood sample and that migrants gen-
erally have higher HCV prevalence than the indige-
nous population in European countries, an econom-
ic assessment of combined HBV/HCV screening for 
migrants is a priority [77,78]. 
There was lack of evidence of cost-effectiveness of 
screening for HBsAg and/or anti-HCV-Ab in the 
general population or population subgroups other 
than pregnant women, IDUs, and migrants. Of im-
portance, no economic analyses were found of HBV 
and/or HCV screening in the general population in 
countries that have an intermediate to high preva-
lence (Greece, Italy, Romania, Spain and Turkey). 
There is an urgent need to study cost-effectiveness 
and feasibility of general population screening in 
these mid-to-high level endemic countries.
The main limitation of our review is regarding the 
comparability of the estimates found. First this is 
limited since different laboratory tests were used, 
particularly for HCV where antibody assay validity 
has improved in recent years. Second, prevalence 
estimates were not always standardized by age and 
sex. Lastly, the definition and sampling of the high 
risk population groups are likely to influence preva-
lence estimates found. A limitation of the cost-effec-
tiveness studies is that most analyses used Markov 

modeling, necessary since the disease outcomes of 
chronic HBV and HCV infection take several de-
cades to develop. These models do not allow quan-
tifying the effect of reduced transmission by lower-
ing viral load due to antiviral treatment and due to 
potential behavior change. Since these effects can 
be considerable [13-15], dynamic models assessing 
the effects of screening and treatment need to be de-
veloped. This is likely to be of particular relevance 
for population subgroups where not only the preva-
lence, but also the incidence, is increased compared 
to the general population, such as MSM and IDUs. 
Lastly, methods, assumptions, and quality varied 
between studies, making it difficult to compare re-
sults and limiting the possibilities of carrying out 
meta-analyses. Guidelines such as those developed 
for economic analyses of vaccination programmes 
may be helpful to improve the quality of studies [79]. 
In conclusion, we demonstrated the wide variation 
in prevalence of chronic HBV and HCV infection 
between countries in Europe. Countries in the south 
and east of the European Union and in Turkey have a 
much higher prevalence for chronic HBV and HCV 
than countries in northwestern Europe. For the ma-
jority of countries data on the general population 
prevalence of HBV or HCV were lacking. Within 
countries, the prevalence of HBsAg and anti-HCV-
Ab among IDUs, MSM, and migrants was generally 
much higher than the general population preva-
lence. Considerable health benefits can be gained 
cost-effectively by anti-HCV-Ab screening of IDUs 
and HBsAg screening of pregnant women. HBsAg 
screening of migrants is likely to be cost-effective. 
Appraisals of the evidence for screening the gener-
al population in midand highly endemic countries 
and of combined HBV/HCV screening are needed. 
Future cost-effectiveness analyses may need to take 
effect of antiviral treatment on preventing HBV and 
HCV transmission into account.
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supporting information 1: search strategy

s1.1 Prevalence studies 
general population, 34 countries European region

ovid-mEDlINE

1 (hepatitis B or hbv or hepatitis c or hcv).ti. 
2 exp hepatitis b/ or exp hepatitis c/
3 1 or 2
4 (prevalence or seroprevalence or seroepidemiolog* or serologic* markers or serology or residual sera or hbsag or hbs ag or 

hepatitis b surface antigen* or hbv surface antigen* or anti-hcv or anti hcv or hcv rna or carrier*).tw. 
5 prevalence/ or seroepidemiological studies/ or hepatitis b surface antigens/ or hepatitis c antibodies/ or carrier state/
6 3 and (4 or 5)
7 (population or community or child* or adolesc* or adults or elder* or older or surveillance or serosurveillance or survey*).tw. 
8 population surveillance/ or health surveys/ 
9 6 and (7 or 8)
10 (“european populations” or europ* or iceland or norway or sweden or finland or denmark or “great britain” or england or 

scotland or wales or ireland or netherlands or belgium or france or luxemburg or spain or portugal or italy or switzerland or 
austria or germany or poland or hungary or czech or croatia or slovakia or slovenia or romania or bulgaria or lithuania or latvia 
or estonia or estland or greece or turkey or macedonia or cyprus or malta).tw. 

11 exp europe/ or european union/ 
12 9 and (10 or 11)
13 limit 12 to yr=2000-2009
14 13 and english.lg. 

DImDI (sbas me90;em90;is74;rd=01.01.2000-27.07.2009)
1 c=me90; em90; is74                                         
2 s=ft=(hepatitis b;hbv;hepatitis c;hcv)/ti                  
3 ct d (hepatitis b;hepatitis c)                           
4 2 or 3                                                   
5 ft=(prevalence;seroprevalence;seroepidemiolog?;serologic 

? markers;serology;residual sera;hbsag;hbs ag;hepatitis  
b surface antigen?;hbv surface antigen?;anti-hcv;anti    
hcv;hcv rna;carrier?)/(ti;ab)                            

6 ct=(prevalence;seroepidemiological                       
studies;seroepidemiology;hepatitis b surface             
antigens;hepatitis b surface antigen;hepatitis c         
antibodies;carrier state)                                

7 4 and (5 or 6)                                           
8 ft=(population;community;child?;adolesc?;adults;elder?; 

older;surveillance;serosurveillance;survey?)/(ti;ab)      
9 ct=(population surveillance;population                   

research;population exposure;health surveys;health       
survey)                                                  

10 7 and (8 or 9)                                           
11 ft=(european populations;europ?;iceland;norway; sweden;finland; denmark; great britain; england;scotland;wales;ireland; 

netherlands; belgium; france;luxemburg;spain;portugal;italy;switzerland;austria;

;germany)/(ti;ab)                                    
12 ft=(poland;hungary;czech;croatia;slovakia;slovenia;romania;
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bulgaria;lithuania;latvia;estonia;estland;greece;turk 
ey;macedonia;cyprus;malta)/(ti;ab)                       

13 ct d europe or ct=(european union;european economic      
community)                                               

14 10 and (11 or 12 or 13)                                  
15 14 and py>1999                                           
16 15 and la=english                                        
17 check duplicates: unique in s=16                         
18 17 and base=me90                                         
19 17 not 18  

Prevalence in 5 specific population subgroups, 34 countries European Region

ovid-medline
1 (hepatitis B or hbv or hepatitis c or hcv).ti. 
2 exp hepatitis b/ or exp hepatitis c/ 
3 1 or 2 
4 (prevalence or seroprevalence or seroepidemiolog* or serologic* markers or serology or residual sera or hbsag or hbs ag or 

hepatitis b surface antigen* or hbv surface antigen* or anti-hcv or anti hcv or hcv rna or carrier*).tw. 
5 prevalence/ or seroepidemiological studies/ or hepatitis b surface antigens/ or hepatitis c antibodies/ or carrier state/ 
6 3 and (4 or 5) 
7 (blood donor* or blood-donor* or idu or injecting drug users or intravenous drug users or substance abuse* or drug abuse* 

or drug users).tw. 
8 (msm or (men adj3 sex adj3 men) or homosex* or (homo adj3 sexual) or gay men or migrant* or immigrant* or minorit* or 

pregnan* or antenatal or prenatal).tw. 
9 blood donors/ or intravenous substance abuse/ or drug users/ or male homosexuality/ or “transients and migrants”/ or 

“emigrants and immigrants”/ or minority groups/ or pregnancy/ 
10 6 and (7 or 8 or 9) 
11 (“european populations” or europ* or iceland or norway or sweden or finland or denmark or “great britain” or england or 

scotland or wales or ireland or netherlands or belgium or france or luxemburg or spain or portugal or italy or switzerland or 
austria or germany or poland or hungary or czech or croatia or slovakia or slovenia or romania or bulgaria or lithuania or 
latvia or estonia or estland or greece or turkey or macedonia or cyprus or malta).tw.  

12 exp europe/ or european union/ 
13 10 and (11 or 12) 
14 limit 13 to yr=2000-2009 
15 14 and english.lg. 

DImDI (sbas me90;em90;is74;rd=01.01.2000-27.07.2009)
1 c=1  me90; em90; is74                                         
2 s=2  ft=(hepatitis b;hbv;hepatitis c;hcv)/ti                  
3 ct d (hepatitis b;hepatitis c)                           
4 2 or 3                                                   
5 ft=(prevalence;seroprevalence;seroepidemiolog?;serologic 

? markers;serology;residual sera;hbsag;hbs ag;hepatitis  
b surface antigen?;hbv surface antigen?;anti-hcv;anti    
hcv;hcv rna;carrier?)/(ti;ab)                            

6 ct=(prevalence;seroepidemiological                       
studies;seroepidemiology;hepatitis b surface             
antigens;hepatitis b surface antigen;hepatitis c         
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antibodies;carrier state)      
7 4 and (5 or 6)                                           
8 ft=(blood donor?;blood-donor?;idu;injecting drug         

users;intravenous drug users;substance abuse?;drug        
abuse?;drug users)/(ti;ab)                                

9 ft=(msm;men # # # sex # # # men;homosex?;homo # # #       
sexual;gay men;migrant?;immigrant?; minorit?;pregnan?;antenatal;pren atal)/(ti;ab)                                            

10 ct=(blood donors;blood donor;intravenous substance       
abuse;intravenous drug abuse;drug users;drug use;drug    
abuse;male homosexuality;homosexuality;transients and    
migrants;emigrants and immigrants;immigrant;minority     
groups;minority group;pregnancy)                         

11 7 and (8 or 9 or 10)                                     
12 ft=(european populations;europ?;iceland; norway;sweden;finland;denmark; great britain;england;scotland;wales;ireland; 

netherlands;belgium;france;luxemburg;spain;portugal;italy;switzerland;aus tria; germany)/(ti;ab) 
13 ft=(poland;hungary;czech;croatia;slovakia;slovenia;roman ia; bulgaria;lithuania;latvia;estonia;estland;greece;turkey; 

macedonia;cyprus;malta)/(ti;ab)                       
14 ct d europe or ct=(european union;european economic      

community)                                               
15 11 and (12 or 13 or 14)                                  
16 15 and py>1999                                           
17 16 and la=english                                        
18  check duplicates: unique in s=17                         
19 18 and base=me90                                         
20 18 not 19   

s1.2 Cost-effectiveness studies

ovid mEDlINE(R), ovid mEDlINE(R) In-Process
1 (hepatitis B or hbv or hepatitis c or hcv or hbsag or hbs ag or hcv-rna or anti-hcv).ti.
2 exp hepatitis b/ or exp hepatitis c/ or hepatitis b surface antigens/ or hepatitis c antibodies/
3 1 or 2
4 (screening or testing).tw.
5 mass screening/
6 3 and (4 or 5)
7 cost-benefit analysis/ or “costs and cost analysis”/ or mass screening/ec or quality-adjusted life years/
8 (cost benefit* or cost effect* or cost utilit* or cost efficien* or econom* or quality adjusted or disability adjusted or qaly* or 

daly* or icer).ti.
9 6 and (7 or 8)
10 (blood donors or blood recipients or blood donations or transfusion* or posttransfusion or donor* or donation* or 

blood screening or blood supply or blood product* or plasma product* or plasma or postdonation or coagulation factor 
concentrates or blood bank or transplantation or hepatocellular carcinoma or HCC).ti.

11 9 not 10
12 11 and english.lg.
13 limit 12 to yr=1990-2011
14 remove duplicates from 13
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scopus
(((TITLE((hepatitis-b) OR hbv OR (hepatitis-c) OR hcv OR hbsag OR (hbs-ag) OR (hcv-rna) OR (anti-hcv)) OR KEY((hepatitis-b) OR 
hbv OR (hepatitis-c) OR hcv OR hbsag OR (hbs-ag) OR (hcv-rna) OR (anti-hcv))) AND (TITLE(screening OR testing) OR KEY(screening 
OR testing)) AND (TITLE((cost-benefit*) OR (cost-effect*) OR (cost-utilit*) OR (cost-efficien*) OR econom* OR (quality-adjusted) OR 
(disability-adjusted) OR qaly* OR daly* OR icer) OR KEY((cost-benefit*) OR (cost-effect*) OR (cost-utilit*) OR (cost-efficien*) OR 
econom* OR (quality-adjusted) OR (disability-adjusted) OR qaly* OR daly* OR icer))) AND NOT (TITLE((blood-donors) OR (blood-
recipients) OR (blood-donations) OR transfusion* OR posttransfusion OR donor* OR donation* OR (blood-screening) OR (blood-
supply) OR (blood-product*) OR (plasma-product*) OR plasma OR postdonation OR (coagulation-factor-concentrates) OR (blood-
bank) OR transplantation OR (hepatocellular-carcinoma) or HCC))) AND (LANGUAGE(english) AND PUBYEAR AFT 1989)
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supporting information 2: PRIsmA flow diagrams116

s2.1 systematic review of seroprevalence of HBsAg and anti-HCV-Ab

Supporting information 2: PRISMA flow diagrams116

S2.1 Systematic review of seroprevalence of HBsAg and anti-HCV-Ab 

Records identified through 
database searching 

(n = 1759) 

Additional records identified 
through other sources 

(n = 8) 

Records after duplicates removed 
(n = 1767) 

Records screened 
(n =1767) 

Records excluded 
(n = 1523) 

Full-text articles assessed 
for eligibility 

(n = 244) 

Full-text articles excluded, 
with reasons 

(n =120) 

Studies included in 
qualitative synthesis 

(n = 124) 

Studies included in 
quantitative synthesis 

(n = 81) 
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s2.2 systematic review of cost-effectiveness of screening for chronic HBV and HCV infection

S2.2 Systematic review of cost-effectiveness of screening for chronic HBV and HCV infection 

Records identified through 
database searching 

(n = 384) 

Additional records identified 
through other sources 

(n = 3) 

Records after duplicates removed 
(n = 387 ) 

Records screened 
(n =387) 

Records excluded 
(n = 353) 

Full-text articles assessed 
for eligibility 

(n = 34) 

Full-text articles excluded, 
with reasons 

(n =12) 

Studies included in 
qualitative synthesis 

(n = 22) 
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supporting information 3: Figures: HBsAg and anti-HCV-Ab prevalence estimates in population sub-
groups, by country, European neighbourhood. 

Figure s3.1a First-time blood donors: HBsAg prevalence (%) by country, Europe, 2000-2009.

Figure s3.1b First-time blood donors: anti-HCV-Ab prevalence (%) by country, Europe, 20002009.
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Figure s3.2a Pregnant women: HBsAg prevalence (%) by country, Europe, 2000-2009.

Figure s3.2b Pregnant women: anti-HCV-Ab prevalence (%) by country, Europe, 2000-2009.
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Figure s3.3a IDUs: Prevalence of HBsAg among IDUs (%), Europe, 2000-2009. 

Figure s3.3b IDUs: Prevalence of anti-HCV-Ab among IDUs (%), Europe, 2000-2009. 
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table s3.1a First-time blood donors: HBsAg prevalence (%), Europe, 2000-2009.

Country (Reference) Period Prevalence (%)
Belgium (31) 2005 0.06
Bulgaria (31) 2005 5.2
Croatia (31) 2005 0.2
Cyprus (117) Not reported 3.0
Czech Republic (31) 2005 0.07
Finland (31) 2005 0.04
France (31) 2005 0.1
Germany (118) 1997-2002 0.2
Greece (119) 1995-1997 0.9
Hungary (31) 2005 0.00
Ireland (31) 2005 0.02
Italy (120) 2005 0.4
Lithuania (121) 2005-2006 1.7
Luxembourg (31) 2005 0.1
Netherlands (31) 2005 0.09
Norway (31) 2005 0.02
Poland (122) 1998-2000 0.9
Romania (31) 2005 4.3
Slovakia (31) 2005 0.2
Slovenia (31) 2005 0.09
Spain (31) 2005 0.1
Sweden (31) 2005 0.06
Switzerland (31) 2005 0.1
United Kingdom (31) 2005 0.04

table s3.1b First-time blood donors: anti-HCV-Ab prevalence (%), Europe, 2000-2009.

Country (Reference) Period Prevalence (%)
Belgium (31) 2005 0.06
Bulgaria (31) 2005 0.9
Croatia (31) 2005 0.06
Cyprus (117) 2005 0.5
Czech Republic (31) 2005 0.1
Finland (31) 2005 0.04
France (31) 2005 0.06
Germany (31) 2005 0.08
Germany (118) 1997-2002 0.1
Greece (31) 2005 0.6
Hungary (31) 2005 0.3
Ireland (31) 2005 0.02
Lithuania (121) 2005-2006 1.7
Luxembourg (31) 2005 0.06
Netherlands (31) 2005 0.03
Norway (31) 2005 0.06
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Poland (122) 1998-2000 0.6
Romania (31) 2005 3.3
Slovakia (31) 2005 0.06
Slovenia (31) 2005 0.02
Spain (123) 1999-2001 0.2
Sweden (31) 2005 0.1
Switzerland (31) 2005 0.08
United Kingdom (31) 2005 0.04

table s3.2a Pregnant women: HBsAg prevalence (%), Europe, 2000-2009.

Country (Reference) Period Area Region N Prevalence (%) 95% CI
Denmark (124) 2005-2006 Nationwide 29,708 0.3
France (125) 1984-1998 Regional Limoges 22,859 0.7
Germany (126) 1996-2005 Regional Heidelberg 5,518 1.6
Greece (127) 2003 Nationwide 3,384 2.9 2.3-3.4
Ireland (128) 1998-2000 Regional Dublin 16,222 0.4
Italy (129) 2001 Nationwide 10,881 1.7 1.4-1.9
Netherlands (130) 1993-1998 Regional Amsterdam 56,756 1.2
Slovakia (131) 2000-2004 Regional Bratislava 90 4.4
Spain (132) 2004 Regional Catalonia 1,534 0.1 0.0-0.3
Switzerland (133) 2001 Regional Basel 1,503 1.2 0.7-1.8
United Kingdom (134) 2002 Regional London 110,621 1.0

table s3.2b Pregnant women: anti-HCV-Ab prevalence (%), Europe, 2000-2009.

Country (Reference) Period Area Region N Prevalence (%) 95% CI
Germany (135) 1992-1996 regional Munich 3,712 0.9
Greece (136) 1994-2002 regional Athens 

(Piraeus)
5,497 0.8

Greece (137) 1996-1997 regional North 2,408 2.0
Italy (138) 1996 regional North 2,059 1.9
Italy (139) 1995-1998 regional North 15,25 2.4
Italy (140) 1996-2001 regional North 13,025 0.8
Slovakia (131) 2000-2004 regional Bratislava 90 0.0
Switzerland (141) 1990-1991 nationwide 9,057 0.7
United Kingdom (142) 1997-1998 nationwide 126,009 0.2 0.1-0.3
United Kingdom (143) 1996 regional Northern and 

Yorkshire
16,675 0.2 0.1-0.3

United Kingdom (143) 1996 regional London 25,94 0.4 0.3-0.5
United Kingdom (144) 1997-1999 regional London 4,729 0.8 0.6-1.0
United Kingdom (145) 1997 regional Scotland 3,548 0.6 0.4-1.0
United Kingdom (146) 2000 regional Scotland 30,259 0.3
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table s3.3a IDUs: Prevalence of HBsAg among IDUs (%), Europe, 2000-2009. 

Country* (Reference) Period Area Region N Prevalence (%) 95% CI*
Belgium (32) 2008-2009 Subnational Antwerp, Flemish community 434 3.5 2.0-5.6
Bulgaria (32) 2009 Subnational Sofia 941 5.8 4.4-7.5
Croatia (32) 2007 National 200 0.5 0.0-2.8
Cyprus (32) 2009 National - 115 0.9 0.0-4.8
Czech Rep. (33) 2010 Not reported 575 15·1 12.3-18.3
Denmark  (33) 2007 Subnational Funen 239 1·3 0.3-3.6
Estonia  (33) 2004 Subnational Tallinn 155 21·3 15.1-28.6
Greece (32) 2009 National 1814 2.6 1.9-3.4
Hungary (32) 2009 National - 676 0.7 0.2-1.7
Ireland (32) 2003 Subnational Dublin 63 0.0 0.0-5.7
Lithuania (32) 2005-2006 Subnational Alytus city, Vilnius 517 4.4 2.8-6.6
Luxembourg (32) 2005 National - 255 3.9 1.9-7.1
Netherlands (32) 2000 Subnational The Hague 199 3.0 1.1-6.5
Norway (32) 2009 Subnational Oslo 179 0.0 0.0-2.0
Poland (32) 2002-2009 Subnational Eight cities 952 4.2 3.0-5.7
Portugal (32) 2009 National - 838 2.9 1.8-4.2
Romania (32) 2009 Subnational Bucharest 447 4.7 2.9-7.1
Slovenia (32) 2002 National - 564 3.4 2.0-5.2
Spain (33) 2006 Subnational Barcelona 166 1·8 0.4-5.2
Sweden (33) 2006 Subnational Stockholm 310 2·6 1.1-5.0

*CI Confidence Interval
No estimate of HBsAg prevalence for IDUs was available for Austria, Finland, the FYR Macedonia, France, Germany, Iceland, Italy, Latvia, 
Liechtenstein, Malta, Slovakia, Switzerland, Turkey and the United Kingdom.
For EMCDDA data (32) original sources are available online: http://www.emcdda.europa.eu/stats11/inftab0
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table s3.3b IDUs: Prevalence of anti-HCV-Ab among IDUs, Europe, 2000-2009.

Country (Reference) Period Area Region N Prevalence (%) 95% CI*

Austria (32) 2009 National 511 53.2 48.8 57.6
Belgium (32) 2008-2009 Subnational Antwerp, Flemish community 454 68.3 63.9 72.5
Bulgaria (32) 2009 Subnational Sofia 955 61.2 58.0 64.3
Croatia (32) 2007 National - 200 44.0 37.0 51.2
Cyprus (32) 2009 National - 116 46.6 37.2 56.1
Czech rep. (32) 2009 National - 353 22.4 18.1 27.1
Estonia (32) 2002 Subnational Ida-Viru, Tallinn 100 90.0 82.4 95.1
Finland (32) 2009 National - 682 60.5 56.8 64.3
France (32) 2006 Subnational Five cities 362 41.7 36.6 47.0
Germany (33) 2001-2003 Subnational Warstein 1512 75·0 72.7 77.2
Greece (32) 2009 National 1751 55.0 52.6 57.4
Hungary (32) 2009 National - 667 24.4 21.2 27.9
Ireland (32) 2003 Subnational Dublin 65 72.3 60.0 82.7
Italy (32) 2000 National - 628 72.9 69.3 76.4
Latvia (32) 2007 Subnational Riga 406 74.4 69.9 78.6
Lithuania (32) 2000 National - 693 79.0 75.7 81.9
Luxembourg (32) 2005 National - 268 81.3 76.2 85.8
Malta (32) 2009 National - 121 30.6 22.5 39.6
Netherlands (32) 2008 Subnational Rotterdam 65 86.2 75.3 93.5
Norway (32) 2009 National - 3972 72.9 71.5 74.3
Poland (32) 2009 Subnational Eight cities 950 59.2 56.0 62.3
Portugal (32) 2009 National - 895 83.1 80.5 85.5
Romania (32) 2009 Subnational Bucharest 449 82.9 79.0 86.2
Slovakia (32) 2009 Subnational Bratislava 98 50.0 39.7 60.3
Slovenia (32) 2009 National - 401 23.4 19.4 27.9
Spain (32) 2001-2003 Subnational Barcelona, Madrid, Seville 912 77.2 74.3 80.0
Sweden (32) 2008, 2009 Subnational Stockholm county, Sotckholm, 

Gothenburg
683 75.5 72.2 78.7

Turkey (32) 2008 Subnational Gaziantep 168 5.3 2.5 9.9
UK (32) 2008, 2009 Subnational England & Wales, Northern 

Ireland, Scotland
3112 45.3 43.6 47.1

* CI Confidence interval
No estimate of anti-HCV prevalence for IDUs was available for Denmark, the FYR Macedonia, Iceland, Liechtenstein and Switzerland.
For EMCDDA data (32) original sources are available online: http://www.emcdda.europa.eu/stats11/inftab0
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table s3.4a migrants: HBsAg prevalence (%), Europe, 2000-2009.

Country (Reference) study period Country of birth / 
ethnicity

status N Prevalence 
(%)

Remark

Greece (147) not reported Albania Refugees 130 15.4
Italy (148) 1997 Albania Refugees 670 13.6
Italy (149) 2005-2006 South America Refugees 130 10.7
Italy (150) 2005 Africa, Asia Refugees 556 10.7
Italy (151) 2005 Sub-Sahara Africa Undocumented 

migrants
182 9.3

Italy (152) 2003-2004 Several countries Refugees 890 9.3
Spain (153) 2001-2004 Several countries Residents 1,905 7.7
Italy* (154) 2000 Turkey (Kurds) Refugees 368 6.8
United Kingdom (155) 2000 Somalia Residents 448 5.7
Greece (156) 2002 Roma Residents 118 4.2 Children only
Italy (157) 1999 Kosovo Refugees 526 2.9
Italy* (154) 2000 Iraq (Kurds) Refugees 637 2.2
Netherlands (158) 2004 Several countries Residents 205 1.0  

* One publication on 2 migrant groups

table s3.4b migrants: anti-HCV-Ab prevalence (%), Europe, 2000-2009.

Country study period Country of birth / 
ethnicity

status N Prevalence 
(%)

Remark

Hungary (159) 2004 Roma Residents 64 23.4
Spain (153) 2001-2004 Several countries Residents 1,848 3.1
Greece (147) not reported Albania Refugees 130 2.3
Italy (151) 2004-2005 Sub-Saharan Africa Undocumented 

migrants
182 2.2

Netherlands (158) 2004 Several countries Residents 205 1.5
Italy (160) 2002-2006 Several countries Residents 120 0.8 Children only
Italy (157) 1999 Kosovo Refugees 526 0.7
Italy (148) 1997 Albania Refugees 670 0.3
Italy* (154) 2000 Turkey (Kurds) Refugees 368 0.1
Greece (156) 2002 Roma Residents 216 0.0 Children only
Italy* (154) 2000 Iraq (Kurds) Refugees 637 0.0  

supporting information 5: PRIsmA checklist 116

tItlE 
Title 1 Identify the report as a systematic review, meta-analysis, or both. ü

ABstRACt 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data 

sources; study eligibility criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and implications of key findings; 
systematic review registration number. 

ü

INtRoDUCtIoN 
Rationale 3 Describe the rationale for the review in the context of what is already known. ü

Objectives 4 Provide an explicit statement of questions being addressed with reference to 
participants, interventions, comparisons, outcomes, and study design (PICOS). 

ü
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mEtHoDs 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 

address), and, if available, provide registration information including registration 
number. 

ü

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used as criteria 
for eligibility, giving rationale. 

ü

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with 
study authors to identify additional studies) in the search and date last searched. 

ü

Search 8 Present full electronic search strategy for at least one database, including any limits 
used, such that it could be repeated. 

ü

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis). 

ü

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, 
in duplicate) and any processes for obtaining and confirming data from 
investigators. 

ü

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 
sources) and any assumptions and simplifications made. 

ü

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including 
specification of whether this was done at the study or outcome level), and how this 
information is to be used in any data synthesis. 

ü

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). ü

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, 
including measures of consistency (e.g., I2) for each meta-analysis. 

ü

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 
publication bias, selective reporting within studies). 

ü

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression), if done, indicating which were pre-specified. 

n.a.

REsUlts 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, 

with reasons for exclusions at each stage, ideally with a flow diagram. 
ü

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, 
PICOS, follow-up period) and provide the citations. 

ü

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12). 

ü

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple 
summary data for each intervention group (b) effect estimates and confidence 
intervals, ideally with a forest plot. 

ü

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 
measures of consistency. 

ü

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). ü

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 
meta-regression [see Item 16]). 

n.a.

DIsCUssIoN 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main 

outcome; consider their relevance to key groups (e.g., healthcare providers, users, 
and policy makers). 

ü

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 
(e.g., incomplete retrieval of identified research, reporting bias). 

ü

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and 
implications for future research. 

ü

FUNDINg 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., 

supply of data); role of funders for the systematic review. 
ü
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Discussion 

This Thesis presents results of a decade of studying the epidemiology of HBV in the Netherlands, England & 
Wales and at a European level, starting in 2003. These studies mainly aimed to increase the understanding 
of the local epidemiology of HBV and to assess the effectiveness of HBV vaccination programmes in order 
to inform public health policy for prevention and control of HBV. In this final Chapter, I discuss what these 
studies add to what was already known. Subsequently, I outline the implications of this Thesis for HBV sur-
veillance, control and research.

1. epidemiology oF HBV in tHe 
netHeRlAnds

prevalence in the general population

What was known
The corrected HBsAg prevalence estimate from a 
1996 HBV prevalence study in the general Dutch 
population (the Pienter-1 study) was 0.1%. The an-
ti-HBc prevalence was 2.1%. Non-Dutch ethnicity 
and travel abroad for 3 months or longer were the 
only risk factors for infection identified (1-3).

What this Thesis adds
Our 2007 national seroprevalence study (the  
Pienter-2 study) showed that 10 years after the 1996 
study the prevalence of HBV infection did not in-
crease (Chapter 2.1). The Netherlands therefore 
continues to be among countries with the lowest 
HBV prevalence in the world (Chapter 4.1, 4,5). We 
estimated that about 40,000 people are living with 
chronic HBV infection in the Netherlands. In 2008, 
Marschall et al. published an estimate of the HBsAg 
prevalence (HBsAg 0.3-0.5%) that was considerably 
higher than the prevalence found in 1996 and 2007 
(6). Marschall’s estimate was based on the 1996 se-
roprevalence study with a correction for under-rep-
resentation of migrants, assuming the prevalence 
in migrants reflects their country of origin. Later 
evidence suggests this assumption may not be suf-
ficiently valid (7). Since in our 2007 seroprevalence 
study migrants were over sampled, we believe the 
estimated prevalence is representative of the general 
population including migrants. However, since ille-
gal migrants and some other, less numerous high-
risk groups such as injecting drug users are less well 
represented, we may have still slightly underestimat-
ed the HBV prevalence.

The infection prevalence decreased in indigenous 
Dutch, likely due to the implementation of various 
prevention strategies in the past decades such as ad-
equate screening of blood products, improved vacci-
nation of health care workers and travelers (Chapter 
2.1).  Increases in migration to the Netherlands had 
no discernable impact on the prevalence in the in-
digenous Dutch. The same conclusion was drawn 
for HIV (8). Similarly, increases in migration to the 
UK did not have an impact on patterns of HBV inci-
dence and transmission (Chapter 3.1). 

prevalence among first and second generation 
migrants

What was known
The 1996 Pienter-1 seroprevalence study showed 
that non-Dutch participants had a higher preva-
lence of infection than native Dutch, particularly 
those of Turkish descent (1-3). However, due to the 
low number of participating migrants, a sufficiently 
precise estimate of the HBV prevalence among FGM 
in the Netherlands and insight into risk factors for 
infection were not available. An increased risk of 
HBV among second generation migrants (SGM) 
was deemed plausible but never demonstrated. This 
assumption was the basis for the selective national 
infant vaccination programme for SGM (9,10).

What this Thesis adds
FGM had a 10-times higher prevalence of chronic 
infection than indigenous Dutch1, with those born 
in Asia at increased risk2. These findings match nu-
merous studies of HBV prevalence in migrants in 
developed countries (11-13). Contrasting with pre-
vious findings, SGM were also at increased risk of 
1  Chapter 2.1, table 1
2  Chapter 2.1, table 5
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infection: They were 5-times as likely to be anti-HBc 
positive compared to indigenous Dutch3, for SGM 
children this prevalence ratio was even 124. These 
findings from our seroepidemiological study were 
corroborated by our case-control study, showing that 
SGM children have a 7-times higher risk of acquisi-
tion of HBV infection whilst resident in the Neth-
erlands than the indigenous population5. A recent 
study from Amsterdam confirmed the increased 
HBV infection risk of SGM (14). These findings are 
consistent with our studies in England & Wales, in 
which we demonstrated an increased risk of acute 
HBV infection in residents of South Asian descent 6. 

Risk factors for acquisition of HBV infection 
among Dutch residents

What was known
Previous assessments of risk factors for HBV infec-
tion among the general population in the Nether-
lands were mostly based on case-only descriptions 
of notified acute HBV infections (15-17). This study 
design uses a priori assumptions regarding the hi-
erarchy of risk factors for transmission, is unable to 
identify risk factors among high risk groups, and 
does not allow quantification of risks associated 
with certain exposures. These studies estimated that 
about 60% of HBV infections in the Netherlands was 
acquired by sexual contact (15-17) and suggested 
that men who have sex with men (MSM) and het-
erosexuals with a partner from an endemic country 
are important high-risk groups.

What this Thesis adds
We confirmed that among Dutch residents male ho-
mosexual contact is the most important risk for ac-
quisition of HBV infection, with a 146 times higher 
odds of infection than heterosexual females7. MSM 
who had 3 or more partners in the past 6 months were 
at higher risk than those with 0 or 1 partner8. Male 
heterosexuals had approximately double the risk of 
HBV infection of heterosexual females9. Among het-
erosexuals having had 2 sexual partners in the past 6 
months and having a foreign born partner were inde-
pendent risk factors10. Our seroepidemiological study 

3   Chapter 2.1, table 2
4  Chapter 2.1, table 3 
5   Chapter 2.2, table 4b
6   Chapter 3.1, paragraph 3.4, and Chapter 3.2, Figure 1
7   Chapter 2.2, Table 1
8  Chapter 2.2, Table 3
9   Chapter 2.2, Table 1
10   Chapter 2.2, Table 2b: OR 4.1 and 8.9, respectively.

(Chapter 2.1) confirmed the independently increased 
risks of HBV infection when being a SGM and having 
a sexual partner from an endemic country. In adult 
SGM, about 30% of the infections were attributable 
to having a foreign-born sexual partner11. A consider-
able part of the HBV infections in SGM children are 
acquired during travel to endemic regions12, frequent-
ly through parenteral exposures13. A newly identified 
risk factor was having had a blood transfusion in the 
Netherlands in the past14. 
Injecting drug use (IDU) continues to be an import-
ant route of acquisition of HBV infection in Europe 
(18-20). Previous studies suggested this is no longer 
the case in the Netherlands (21). Our analyses con-
firmed this15.

2. EFFECtIVENEss oF PUBlICly FUNDED 
HBV VACCINAtIoN PRogRAmmEs IN tHE 
NEtHERlANDs

What was known
HBV vaccine coverage among infants of mothers 
with chronic infection, children of migrants, and 
of the universal infant vaccination programme is 
high compared to national targets and coverage fig-
ures reported from elsewhere (22-25). Since HBV 
vaccines are generally efficacious, this suggests the 
Dutch programmes are effective in protecting the 
target population. However, for several reasons 
the effectiveness of the two HBV vaccination pro-
grammes targeting groups at highest risk of HBV 
infection remained uncertain. First, the coverage 
achieved by programme for population groups at 
risk of HBV due to high-risk behaviour is difficult 
to assess, since the size of the target populations (in-
cluding MSM, injecting drug users (IDUs) and com-
mercial sex workers (CSWs)) are not well known. 
Furthermore, drawing conclusions based on the 
number of case reports is problematic as effects of 
changes in risk-behaviour are difficult to disentangle 
from effects of the vaccination programme. A previ-
ous assessment suggested the programme had been 
insufficiently effective to control HBV infection in 
the targeted groups (26). 
Second, regarding the programme for infants born to 
mothers with chronic HBV infection, the uncertain-
ty was related to the national vaccine schedule used, 
which did not contain a birth dose of vaccine be-

11   Chapter 2.1
12   Chapter 2.1, Table 3
13   Chapter 2.2, table 4b
14   Chapter 2.1, Tables 2, 3 and 4
15   Chapters 2.1, 2.2 and 2.3
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tween 1989 and 2006. This contrasted with WHO and 
Dutch Health Council recommendations (27,28). 
The evidence base for the Dutch schedule without a 
birth dose was derived from locally performed trials 
in the 1980s (29). However, these had been insuffi-
ciently powered to detect important differences in ef-
fectiveness. Other uncertainties that remained were 
whether the selective programme for children of mi-
grants was acceptable to the population, and wheth-
er the hexavalent vaccine used in this programme 
may elicit insufficient immune responses  (30,31). 

What this Thesis adds
The programme for behavioural high-risk groups 
has effectively reduced the incidence of HBV in the 
Netherlands by preventing HBV infection among 
men who have sex with men (MSM) (Chapter 2.3). 
This is an important finding to guide policy on HBV 
prevention in MSM in the Netherlands and else-
where. The discrepancy with an earlier evaluation 
can be explained by newer methods used (coales-
cence analyses) and the longer observation period 
since the start of the vaccination programme (26). 
Mathematical modeling had indeed projected that 
impact of the programme would need several years 
to be discernable (32). The relative absence of ho-
mophobia, marginalisation and stigmatisation of 
MSM in the Netherlands compared to most other 
countries in the world is likely to have had a benefi-
cial effect on improving access to prevention services 
(33). It is therefore uncertain whether the success of 
the MSM vaccination programme can be replicated 
elsewhere. It is also uncertain whether a similar pro-
gramme would be able to curb transmission in other 
high-risk groups such as IDUs.
Molecular epidemiological analyses furthermore 
identified the emergence of a clonal A2 HBV strain 
among heterosexuals in the Netherlands (Chapter 
2.3). This may be explained by factors including a 
relative advantage of this strain in causing chronic 
infection or a higher viral load (34-37). This could 
explain the spread of genotype A2 infections among 
adult risk groups worldwide (38). It is also consistent 
with findings from a recent study from Amsterdam, 
showing that an unexpectedly high proportion of 
MSM (23%) developed chronic infection of acqui-
sition of HBV (39).
We confirmed that in the Netherlands the HBIg and 
vaccine coverage among infants born to mothers 
with chronic HBV infection is very high (98% in 
2007) (Chapter 2.4). The proportion of infants ac-
quiring HBV infection despite vaccination was 0.8% 

(8 children of 1044) for the schedule without a birth-
dose, and 0.7% (5 children of 738) for the schedules 
with a birth dose16. All children in this analysis had 
received HBIg at birth. The difference between the 
effectiveness of the schedules was not statistically 
significant. However, also in our study the sample 
size was insufficient to detect small differences. In-
terestingly, the analyses of anti-HBc levels in chil-
dren of HBsAg positive mothers suggested there 
may have been several breakthrough infections that 
were cleared by the age of 1,5 years (Chapter 2.5). 
The question regarding the effectiveness of a sched-
ule without a birth dose of HBV vaccine is no longer 
relevant since in 2006 a birth dose was added to the 
programme for children of mothers with chron-
ic HBV infection in the Netherlands. The question 
was never relevant for countries where HBIg is not 
given at birth, including most developing countries, 
since there is sufficient evidence that in the absence 
of HBIg a birth dose of vaccine is essential (40). 
Another rational is logistical in nature: higher vac-
cine coverage is more likely when vaccines are given 
at birth rather than later. An important finding in 
Chapter 2.3 was that Chinese women with chronic 
HBV infection are more likely to transmit the virus 
to their infants than other chronically HBV infected 
women17, probably related to the specific genotypes 
and higher viral load in this group (38,41). Some of 
these infections may be preventable by antiviral (and 
HBIg) treatment during pregnancy (42-44). Antivi-
ral treatment is recommended in the Netherlands 
for pregnant women with a high viral load (45). The 
current guideline for prenatal care for HBsAg pos-
itive pregnant women recommends referral for an 
assessment of the indication for antiviral treatment 
for HBeAg positive women (46). Implementation 
of guideline, especially among women of Chinese 
descent, should be monitored and where needed 
improved. In our study, 2 of the 12 mothers where 
breakthrough infection occurred were HBeAg neg-
ative. More information on the prevalence of a high 
viral load among HBeAg negative women is needed.
After HBV vaccination of infants of migrants was 
implemented in 2003, the incidence of acute HBV 
notifications in young children decreased signifi-
cantly (Chapter 2.6). However, mainly due to chang-
es in surveillance case definitions we were unable to 
conclude that this reduction was a result of the selec-
tive vaccination programme. However, the question 
whether the infant vaccination programme targeted 

16   Chapter 2.4, Table 3
17   Chapter 2.4, Table 3
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at certain ethnic groups is effective is no longer rele-
vant for the Netherlands since universal vaccination 
was introduced in August 2011. However, countries 
without universal infant programmes such as Den-
mark, Hungary, Iceland, Norway, Sweden, Switzer-
land and the UK (47) should consider introduc-
ing HBV vaccination for infants of migrants from 
endemic countries, since there is evidence both of 
increased risk of HBV infection in this group18 and 
of acceptability of the programme to parents of chil-
dren in the target population (Chapter 2.7). 
In Chapter 2.8 we studied the immunogenicity of 
Infanrix hexa, a vaccine that is used in the Dutch 
national immunisation programme concomitantly 
with Prevenar (conjugated 7-valent pneumococcal 
vaccine) since 2006. We found that over 99% of 164 
children studied developed an adequate immune re-
sponse against HBV (anti-HBs ≥ 10IU/L). The im-
mune response to one pertussis component was low-
er in Infanrix hexa vaccinated children than in those 
vaccinated with Infanrix IPV/Hib. Furthermore, the 
geometric mean concentration of anti-HBs antibod-
ies was lower than expected. The clinical relevance 
of these findings remains uncertain but is probably 
limited.

3. EPIDEmIology oF HBV INFECtIoN IN 
ENglAND & WAlEs

What was known
In the late-1980s to early 1990s, the incidence of 
acute HBV notifications in England & Wales de-
creased from 2.7 to 1.4 per 100,000 per year, with 
IDU the most frequent route of transmission (48,49). 
As in other developed countries, HBV was known to 
be more prevalent among UK ethnic minorities than 
among its indigenous populations (11,50). 

What this Thesis adds
The incidence of HBV in England & Wales in the 
late 1990s up to 2000 remained at the level reported 
for the early 1990s. IDU remained the most frequent 
route of transmission19. Over half of new infections 
could have been prevented had sufficient coverage 
been achieved of the UK’s current selective vaccina-
tion programme20. Between 2002 and 2008, IDU still 
accounted for over 20% of cases of acute HBV in En-
gland & Wales (51). Strengthening of selective vac-
cination, particularly of IDUs, is therefore needed. 
We were the first ever to demonstrate an increased 
18   Chapter 2.1, 2.2, 3.1 and 3.2
19   Chapter 3.1, Table 2
20   Chapter 3.1 Table 2

incidence of infection among the South Asian ethnic 
minority in England & Wales21, later corroborated 
by findings in Chapter 3.2. Therefore, the option of 
targeting UK ethnic minority children for HBV vac-
cine should be explored, especially since we demon-
strated such a programme in the Netherlands was 
feasible, acceptable and probably effective22. 

4. PREVAlENCE oF HBV AND HCV INFECtIoN 
IN tHE EURoPEAN NEIgHBoURHooD AND 
Cost-EFFECtIVENEss oF sCREENINg

What was known
A HBV prevalence review published in 2004 re-
ported estimates for 11 European countries (5). For 
HCV, two European prevalence reviews were pub-
lished. Esteban reviewed the HCV prevalence in Eu-
rope in 2008 (52), but studies on blood donors were 
included limiting the general population representa-
tiveness. A study from 2009 used expert opinion as 
a main source of data, which makes the validity of 
conclusions difficult to ascertain (53). 
Regarding the cost-effectiveness of screening for 
HCV, an earlier review included studies published 
up to March 2007 and was partly sponsored by the 
pharmaceutical industry (54). It concluded that 
HCV screening of former or current IDUs was 
cost-effective. Systematic reviews of cost-effective-
ness of screening for HBV infections have not been 
published.

What this Thesis adds
We provide updated HBsAg and anti-HCV-Ab prev-
alence estimates for 13 countries in the European 
neighbourhood showing that countries in the South 
and West of the EU, and Turkey, have much higher 
prevalences than countries in the North and West of 
the EU (Chapter 4.1). Now that treatment options 
for chronic HBV and HCV infection have improved, 
policies for secondary prevention, including screen-
ing and access to treatment, are a priority. Our re-
view of evidence for cost-effectiveness concludes 
that HCV screening of IDUs and HBsAg screening 
of pregnant women are cost-effective interventions. 
We found some evidence for cost-effectiveness of 
HBsAg screening of migrants.

21   Chapter 3.1 paragraph 3.4
22   Chapters 2.6 and 2.7
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5. ImPlICAtIoNs oF tHIs tHEsIs FoR HBV 
sURVEIllANCE
• The assessment of HBV infection prevalence in 

a population requires carrying out a seroepide-
miological study, since acute and chronic HBV 
infections are often asymptomatic. To obtain rep-
resentative estimates, migrant populations need to 
be oversampled. Assuming the prevalence among 
migrants equals that in the country of origin is not 
sufficiently valid.

• HBV incidence and trends in the most frequent 
routes of transmission among adults can be fairly 
reliably assessed using case based information only, 
provided cases are interviewed by trained public 
health nurses and reporting is adequate. Among 
children, where HBV infection is usually asymp-
tomatic, seroprevalence studies are the only way to 
assess HBV infections.

• For about a third to a quarter of acute HBV infec-
tions, the route of transmission remains unknown. 
Trends in the number of cases over time with an 
unknown route of transmission are remarkably 
similar to those in the main transmission group 
(IDUs in the UK and MSM in the Netherlands). 
This suggests a considerable proportion of cases 
with an unknown route of transmission were ac-
quired by IDU or were in MSM. This is corrobo-
rated by molecular typing of acute HBV cases in 
the Netherlands. 

• Routine monitoring of the HBV vaccination cov-
erage in target populations is adequate to monitor 
the effectiveness of HBV vaccination programmes, 
provided sufficiently precise estimates for the size 
of the target populations are available. For be-
havioural high risk groups, where this is not the 
case, additional surveillance methods including 
molecular epidemiology, phylodynamics and be-
havioural surveillance are required to assess the 
programme’s effectiveness.

• Molecular epidemiology combines information 
on the genetic variability of pathogens with demo-
graphic and behavioural characteristics of its hosts 
to obtain insight into transmission patterns (55). 
The resolution of genetic information needed is 
determined by the epidemiological questions. In 
Chapter 2.4 we applied phylogenetic methods to 
HBV-DNA sequence data to study clustering of 
cases of acute HBV infection. For about a third to 

a quarter of acute HBV cases the route of acqui-
sition of infection remains unclear, and molecular 
typing can help to obtain insight into which risk 
group these cases are likely to belong to. This anal-
ysis suggested that a considerable proportion of 
male cases with an unknown route of transmission 
were likely acquired by undisclosed male homo-
sexual contact. This is important since it implies 
that vaccination of MSM may also be effective to 
lower the number of cases without a reported route 
of transmission. Usefulness of data can be further 
enhanced by applying phylodynamic methods. In 
contrast, routine typing of chronic HBV cases is 
of little use to study transmission patterns, since 
in the Netherlands people with chronic HBV in-
fection are predominantly migrants who acquired 
the infection at birth prior to migration. Strains in 
this group therefore reflect global diversity of HBV 
rather than transmission patterns in the Nether-
lands.  

• We enhanced the information obtained from 
molecular epidemiology by applying coalescence 
analysis, a phylodynamic method (Chapter 2.4). 
This considers molecular epidemiological data in 
the dimension of time, by taking into account the 
date of sampling of the virus and HBV’s evolution-
ary rate. This results in insight into changes in ge-
netic diversity over time, which can reflect inten-
sity of transmission. The results of the coalescence 
analyses together with those following the tradi-
tional methods of analyses suggested the selective 
vaccination programme effectively reduced the in-
cidence of HBV among MSM in the Netherlands. 
Coalescence based methods are likely to be of even 
more value in the context of infections or countries 
where surveillance is less optimal than is the case 
for HBV in the Netherlands.

• HBV genetic variants that can cause the virus to es-
cape vaccine induced immunity, detection by reg-
ular diagnostics and antiviral treatment have been 
described (56). The prevalence of these variants is 
still low in the general population but needs careful 
monitoring.

• Now that treatment options for HBV are improv-
ing, HBV surveillance should include monitoring 
of delays in testing, treatment and care, to inform 
interventions to improve access to care.

• At a European level, standardisation of methods 
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for surveillance of acute HBV infection, including 
common case definitions, is a priority. The added 
value of molecular surveillance of acute HBV in-
fection, as was demonstrated in the Netherlands, 
needs to be explored.

6. Implications of this Thesis for further research

Epidemiology, immunology, molecular epidemiology 
and phylodynamics
• The evidence that the Netherlands are a very low 

prevalence country for HBV is robust, repeated as-
sessments of this will only be necessary every 10 
years or so. The increased prevalence in Dutch res-
idents born in midor highly endemic countries is 
also evident, and this information should feed into 
screening policy to allow early treatment to prevent 
liver disease. Less, but still convincing information 
is available regarding the increased risk of FGM 
and SGM for acquisition of HBV whilst resident in 
the Netherlands. However, routes of transmission 
and cost-effectiveness of catch-up vaccination for 
FGM and SGM need exploration. 

• Regarding the prevention of perinatal transmis-
sion by antiviral treatment during pregnancy, cur-
rent guidelines recommend an assessment of the 
indication for this only for HBeAg positive wom-
en. Information regarding the adherence to this 
guideline is necessary to allow potential improve-
ments. Among the cases of perinatal transmission 
we documented, 2 out of 12 mothers were HBeAg 
negative. This may suggest that the current guide-
line of only referring HBeAg positive women for 
antiviral treatment is inadequate. Therefore, fur-
ther evidence on the prevalence of a high viral load 
among HBeAg negative women is needed.

• We found an indication that the anti-HBs titer re-
sulting from concomitant HBV and pneumococcal 
vaccination was lower than expected. Explanations 
and the clinical relevance of this finding need fur-
ther documentation.

• In this Thesis we used both epidemiological and 
coalescence based methods to obtain insight into 
the intensity of HBV transmission in the Nether-
lands and England & Wales (23). These methods 
provide relative estimates of transmission intensity. 
Absolute estimates of the incidence would allow a 
comparison with results of standard surveillance, 

23    Chapter 2.3 and Chapter 3.1

and could hence provide insight into important 
parameters such as the true (age-specific) rate of 
underreporting and asymptomatic infection. How-
ever, mathematical theory and tools to translate ge-
netic diversity into incidence are lacking and need 
development.

• A key question to understand transmission of HBV 
and impact of e.g. early treatment on prevention is 
which proportion of new cases is caused by chronic 
versus acute infections. Methods used in this The-
sis are inadequate to answer this. Phylodynamic 
methods that are likely to be able to contribute to 
answering this question are being developed (57).

• Coalescence based analyses were proven to be of 
large added value to understand infectious disease 
transmission patterns in the recent and distant 
past (58,59). Most relevant for public health pol-
icy, however, is the application of these methods 
to evaluate interventions. Apart from the work 
presented in Chapter 2.4 of this Thesis, based on 
methods developed earlier (60), this is rarely done. 
It is likely that there is much added value in re-
source poor settings where standard surveillance 
is problematic. Further research of assessing the 
methods’ validity and robustness when applied to 
interventions for various infections and in differ-
ent contexts is therefore needed

Methods and impact of screening, testing and early 
treatment

• In Chapter 2.1 we estimated that about 40,000 peo-
ple in the Netherlands are living with chronic HBV 
infection, a relatively small number compared to 
the millions infected in e.g. Romania and Turkey24. 
Interventions to prevent severe liver disease and 
death in these people are available, particularly 
now that improved antiviral drugs are being devel-
oped. However, between 40%-80% of people with 
chronic hepatitis are unaware of their infection and 
can hence not access these (61,62). Research pri-
orities to build the evidence for screening policies 
include:
- HBV disease progression rates in natural history 

of infection and under treatment,
- long-term effectiveness of HBV treatment to pre-

vent progression,
- methods to optimize participation in screening 

and referral,
- methods to optimize the detection of HBV (and 

24    Chapter 4.1, Table 1a
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HCV) in clinical samples to allow high through-
put at low costs, e.g. nucleic acid detection in 
dried blood spots,

- cost-effectiveness and feasibility of combined 
screening for HBV, HCV and other infections/
diseases in high-risk populations,

- needs assessment of general population screening 
for HBV (and HCV) in countries with medium to 
high prevalence such as Romania and Turkey,

- the effect of testing and treatment on lowering 
the infectiousness of HBV carriers and reducing 
HBV transmission, and the development of dy-
namic HBV transmission models that can take 
such an effect into account.

Viral characteristics and co-infections
• The emergence of a clonal genotype A2 strain 

among cases of HBV acquired among adults in 
the Netherlands, UK, USA and Japan raises the 
question whether this is merely the consequence 
of seeding this strain in high-risk populations, or 
whether it reflects intrinsic advantages of this vi-
rus for transmission. The latter may include an in-
creased capability to evade the immune system and 
cause chronic infection or a high infectiousness 
e.g. due to a relatively high viral load. Interesting-
ly, co-infection with genotype G seems restricted 
to individuals infected with genotype A2 (63). If 
truly so, this also likely impacts on the natural his-
tory of infection and transmission. Cohort studies 
of high-risk populations such as the Amsterdam 
cohort studies coupled with studies following up 
acute HBV cases in low risk populations are need-
ed to answer some of these questions.

• Co-infection of HBV with HCV, HAV and HIV 
is known to adversely affect the outcome of treat-
ment and infection (64,65). However, prevalence 
of co-infections are rarely imported and need fur-
ther documentation.

• Recent studies suggest quantitative HBsAg titer 
testing may be a valid surrogate to assess the viral 
load (66,67). The role of quantitative HBsAg assays 
to assess the indication for antiviral treatment, to 
monitor treatment effect, and to identify pregnant 
women at high risk of perinatal transmission needs 
further assessment.

• There are indications that the natural history of 
HBV infection and viral load are genotype depen-
dent (41,68). In contrast, a recent Danish study sug-

gests this is not related to differences in viral load 
by genotype (69). Further work is needed to under-
stand the virological and epidemiological differenc-
es between HBV genotypes and genosubtypes.

7. Implications of this Thesis for the prevention 
and control of HBV infection in the Netherlands, 
England & Wales and the European neighbour-
hood
• We demonstrated the effectiveness of the selective 

HBV vaccination programme to control HBV in-
fection among MSM in the Netherlands. Since 
universal HBV vaccination was implemented only 
for infants in 2011, the programme coupled with 
sensitive surveillance, will need to continue for the 
foreseeable future. 

• Outreach vaccination and strong programmatic 
coordination are likely explanations for the success 
of the Dutch HBV vaccination programme for be-
havioural high-risk groups. Other countries who 
fail to curb HBV transmission in high-risk popula-
tions, such as the UK, USA and Japan, are recom-
mended to consider adopting a similar approach.

• The effectiveness of the Dutch programme to pre-
vent perinatal HBV transmission may be enhanced 
when pregnant women with high viral loads are 
treated with antivirals, as is currently recommended 
by Dutch guidelines. It may be of particular impor-
tance for women of Chinese origin, given the in-
creased risk in this group for perinatal transmission. 
Monitoring of the implementation of the guidelines, 
the safety and effectiveness is urgently needed.

• Now that treatment options for HBV are improv-
ing it is a public health priority to avoid delays in 
testing, treatment and care, and to ensure equity in 
access to these.

• There is robust evidence of an increased risk of 
HBV infection among children of migrants in 
low-endemic countries for HBV. Targeting these 
children for HBV vaccination is feasible and ac-
ceptable. Countries in the European neighbour-
hood that have not implemented universal infant 
HBV vaccination programmes25 should implement 
selective HBV vaccination programmes for chil-
dren of migrants from endemic countries.

25    Including Denmark, Hungary, Iceland, Norway, 
Sweden, Switzerland and the UK
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• There is clear evidence that antenatal HBsAg 
screening is cost-effective. Countries in Europe 
that have selective antenatal HBV screening pro-
grammes should implement universal antenatal 
screening. A birth-dose of vaccine in the national 
vaccination programme is not an argument against 
this, since the coverage of national programmes is 
usually too low for optimal prevention of perinatal 
transmission, and it does not include HBIg. The 
evidence that antiviral treatment during preva-
lence can reduce the risk of perinatal transmission 
further supports the need for universal antenatal 
HBV screening. 

• Screening migrants from endemic countries for 
chronic HBV infection is likely to be cost-effective. 
Policies and models of best practice need to be de-
veloped for this.

REFERENCEs

 1.  Veldhuijzen IK, Rijlaarsdam J, Beuker RJ, van de Laar 
MJW. Het voorkomen van hepatitis B in Nederland. 
Infectieziekten bulletin 2001;12:233-7.

 2.  van Marrewijk CM, Veldhuijzen IK, Conyn-van Spae-
ndonck, MA, Kooy H, van den Hof S, Dorigo-Zets-
ma JW. Prevalence of hepatitis B viral markers in the 
Dutch population: a population-based serosurveil-
lance study (Pienter project). RIVM rapport 243680 
001. 1999. Bilthoven, RIVM. 

 3.  Hahné SJ, de Melker HE de, Kretzschmar M, Mollema 
L, van der Klis FR, van der Sande MA et al. Prevalence 
of hepatitis B virus infection in The Netherlands in 
1996 and 2007. Epidemiol Infect. 2011;1-12.

 4.  Shepard CW, Simard EP, Finelli L, Fiore AE, Bell BP. 
Hepatitis B virus infection: epidemiology and vaccina-
tion. Epidemiol.Rev. 2006;28:112-25.

 5.  Custer B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra 
DL, Kowdley KV. Global epidemiology of hepatitis B 
virus. J Clin Gastroenterol 2004;38:S158-S168.

 6.  Marschall T, Kretzschmar M, Mangen MJ, Schalm S. 
High impact of migration on the prevalence of chron-
ic hepatitis B in the Netherlands. Eur.J.Gastroenterol.
Hepatol. 2008;20:1214-25.

 7.  Uddin G, Shoeb D, Solaiman S, Marley R, Gore C, 
Ramsay M et al. Prevalence of chronic viral hepatitis 
in people of south Asian ethnicity living in England: 
the prevalence cannot necessarily be predicted from 
the prevalence in the country of origin. J Viral Hepat. 
2010;17:327-35.

 8.  Xiridou M, van Veen M, Coutinho R, Prins M. Can 
migrants from high-endemic countries cause new 
HIV outbreaks among heterosexuals in low-endemic 
countries? AIDS 2010;24:2081-8.

 9.  Health Council of the Netherlands. Universal vaccina-

tion against Hepatits B. 2001/03. 2001. 
 10.  Baaten GG, Sonder GJ, Dukers NH, Coutinho RA, van 

den Hoek JA. Population-based study on the seroprev-
alence of hepatitis A, B, and C virus infection in Am-
sterdam, 2004. J.Med.Virol. 2007;79:1802-10.

 11.  Aweis D, Cooper CD, Brabin B, Beeching N. Serolog-
ical evidence for Hepatitis B infection in the Somali 
population of Liverpool. Arch Dis Child 84 (suppl I), 
A62. 2001. 

 12.  Cai W, Poethko-Muller C, Hamouda O, Radun D. 
Hepatitis B virus infections among children and ad-
olescents in Germany: migration background as a risk 
factor in a low seroprevalence population. Pediatr.In-
fect.Dis.J 2011;30:19-24.

 13.  Tong MJ,.Hwang SJ. Hepatitis B virus infection in 
Asian Americans. Gastroenterol.Clin North Am. 
1994;23:523-36.

 14.  Whelan J, Sonder G, Heuker J, van den Hoek A. Inci-
dence of acute hepatitis B in different ethnic groups in 
a low-endemic country, 1992-2009: Increased risk in 
second generation migrants. Vaccine 2012.

 15.  Koedijk FD, op de Coul EL, Boot HJ, van de Laar MJ. 
[Hepatitis B surveillance in the Netherlands, 2002-
2005: acute infection is mainly via sexual contact while 
chronic infection is via vertical transmission through 
mothers from endemic regions]. Ned.Tijdschr.Genees-
kd. 2007;151:2389-94.

 16.  Koedijk FD, van Houdt R, op de Coul EL, Dukers 
NH, Niesters HG, Mostert MC et al. [Hepatitis B virus 
transmission patterns in the Netherlands, 2004]. Ned.
Tijdschr.Geneeskd. 2008;152:2673-80.

 17.  Veldhuijzen IK, Smits LJ, van de Laar MJ. The impor-
tance of imported infections in maintaining hepatitis B 
in The Netherlands. Epidemiol.Infect. 2005;133:113-9.

 18.  Andersson MI, Low N, Irish CJ, Verlander NQ, Car-
rington D, Horner P et al. Investigation of a large com-
munity-based outbreak of hepatitis B infection in the 
United Kingdom. Epidemiol.Infect. 2012;140:47-57.

 19.  Cowan SA. Denmark decides not to introduce hepati-
tis B into the childhood vaccination programme. Euro 
Surveill 2005;10:pii=2827.

 20.  Blystad H, Blad L, Tulisov A, Aavitsland P. Hepatitis B 
in northwest Russia and the Nordic and Baltic coun-
tries: recent trends and prevention activities. Euro Sur-
veill 2005;10:pii==2662.

 21.  van Houdt R, van den Berg CH, Stolte IG, Bruisten 
SM, Dukers NH, Bakker M et al. Two decades of hepa-
titis B infections among drug users in Amsterdam: are 
they still a high-risk group? J Med.Virol 2009;81:1163-
9.

 22.  van Lier EA, Oomen PJ, Giesbers H, Drijfhout IH, de 
Hoogh PAAM, de  Melker HE. Immunization cover-
age National Immunization Programme in the Neth-
erlands. 210021014/2011. 2011.  RIVM. 

 23.  Giraudon I, Permalloo N, Nixon G, Charlett A, Co-
huet S, Mandal S et al. Factors associated with incom-
plete vaccination of babies at risk of perinatal hepa-
titis B transmission: a London study in 2006. Vaccine 
2009;27:2016-22.

23436 Hahne, Susan NW.indd   192 01-11-12   16:04



Discussion

193

  5
 D

isc
us

sio
n

 24.  Heininger U, Vaudaux B, Nidecker M, Pfister RE, 
Posfay-Barbe KM, Bachofner M et al. Evaluation of 
the compliance with recommended procedures in 
newborns exposed to HBsAg-positive mothers: a 
multicenter collaborative study. Pediatr.Infect.Dis.J. 
2010;29:248-50.

 25.  Borresen ML, Koch A, Biggar RJ, Ladefoged K, Melbye 
M, Wohlfahrt J et al. Effectiveness of the targeted hep-
atitis B vaccination program in Greenland. Am.J Public 
Health 2012;102:277-84.

 26.  van Houdt R, Koedijk FD, Bruisten SM, Coul EL, Hei-
jnen ML, Waldhober Q et al. Hepatitis B vaccination 
targeted at behavioural risk groups in the Netherlands: 
does it work? Vaccine 2009;27:3530-5.

 27.  WHO. Hepatitis B Vaccines. Weekly Epidemiol Record 
2009;40:405-20.

 28.  Health Council of the Netherlands. Vaccination of 
children against hepatitis B2003/14. The Hague, The 
Netherlands, 2003. 

 29.  del Canho R, Grosheide PM, Mazel JA, Heijtink RA, 
Hop WC, Gerards LJ et al. Ten-year neonatal hepatitis 
B vaccination program, The Netherlands, 1982-1992: 
protective efficacy and long-term immunogenicity. 
Vaccine 1997;15:1624-30.

 30.  Tichmann-Schumann I, Soemantri P, Behre U, Dissel-
hoff J, Mahler H, Maechler G et al. Immunogenicity 
and reactogenicity of four doses of diphtheria-teta-
nus-three-component acellular pertussis-hepatitis 
B-inactivated polio virus-Haemophilus influenzae 
type b vaccine coadministered with 7-valent pneu-
mococcal conjugate Vaccine. Pediatr.Infect.Dis.J. 
2005;24:70-7.

 31.  Knuf M, Habermehl P, Cimino C, Petersen G, Schmitt 
HJ. Immunogenicity, reactogenicity and safety of a 
7-valent pneumococcal conjugate vaccine (PCV7) 
concurrently administered with a DTPa-HBV-IPV/
Hib combination vaccine in healthy infants. Vaccine 
2006;24:4727-36.

 32.  Xiridou M, Wallinga J, Dukers-Muijers N, Coutinho 
R. Hepatitis B vaccination and changes in sexual risk 
behaviour among men who have sex with men in Am-
sterdam. Epidemiol Infect 2008;1-9.

 33.  Altman D, Aggleton P, Williams M, Kong T, Reddy V, 
Harrad D et al. Men who have sex with men: stigma 
and discrimination. Lancet 2012;380:439-45.

 34.  Tamada Y, Yatsuhashi H, Masaki N, Nakamuta M, 
Mita E, Komatsu T et al. Hepatitis B virus strains of 
subgenotype A2 with an identical sequence spreading 
rapidly from the capital region to all over Japan in pa-
tients with acute hepatitis B. Gut 2011.

 35.  Mayerat C, Mantegani A, Frei PC. Does hepatitis B vi-
rus (HBV) genotype influence the clinical outcome of 
HBV infection? J.Viral Hepat. 1999;6:299-304.

 36.  Hayashi K, Katano Y, Takeda Y, Honda T, Ishigami M, 
Itoh A et al. Association of hepatitis B virus subgeno-
types and basal core promoter/precore region variants 
with the clinical features of patients with acute hepati-
tis. J.Gastroenterol. 2008;43:558-64.

 37.  Ozasa A, Tanaka Y, Orito E, Sugiyama M, Kang JH, 
Hige S et al. Influence of genotypes and precore muta-

tions on fulminant or chronic outcome of acute hepa-
titis B virus infection. Hepatology 2006;44:326-34.

 38.  Araujo NM, Waizbort R, Kay A. Hepatitis B virus in-
fection from an evolutionary point of view: How viral, 
host, and environmental factors shape genotypes and 
subgenotypes. Infect.Genet.Evol. 2011;11:1199-207.

 39.  Houdt RV, Bruisten SM, Speksnijder AG, Prins M. 
Unexpectedly high proportion of drug users and men 
having sex with men who develop chronic hepatitis B 
infection. J Hepatol. 2012.

 40.  Lee C, Gong Y, Brok J, Boxall EH, Gluud C. Effect of 
hepatitis B immunisation in newborn infants of moth-
ers positive for hepatitis B surface antigen: systematic 
review and meta-analysis. BMJ 2006;332:328-36.

 41.  Chu CJ, Hussain M, Lok AS. Hepatitis B virus geno-
type B is associated with earlier HBeAg seroconver-
sion compared with hepatitis B virus genotype C. Gas-
troenterology 2002;122:1756-62.

 42.  Shi Z, Yang Y, Ma L, Li X, Schreiber A. Lamivudine 
in late pregnancy to interrupt in utero transmission of 
hepatitis B virus: a systematic review and meta-analy-
sis. Obstet.Gynecol. 2010;116:147-59.

 43.  Shi Z, Li X, Ma L, Yang Y. Hepatitis B immunoglobulin 
injection in pregnancy to interrupt hepatitis B virus 
mother-to-child transmission-a meta-analysis. Int.J 
Infect.Dis. 2010;14:e622-e634.

 44.  Dusheiko G. Interruption of mother-to-infant trans-
mission of hepatitis B: time to include selective antivi-
ral prophylaxis? Lancet 2012;379:2019-21.

 45.  Buster EH, van Erpecum KJ, Schalm SW, Zaaijer HL, 
Brouwer JT, Gelderblom HC et al. Treatment of chron-
ic hepatitis B virus infection Dutch national guide-
lines. Neth.J Med 2008;66:292-306.

 46.  RIVM. Draaiboek hepatitis B-vaccinatie bij zuigelin-
gen van hepatitis B-draagsters. 215031003. 2008. Bilt-
hoven, The Netherlands, RIVM. 

 47.  Mereckiene J, Cotter S, Lopalco P, D’Ancona F, Le-
vy-Bruhl D, Giambi C et al. Hepatitis B immunisation 
programmes in European Union, Norway and Iceland: 
where we were in 2009? Vaccine 2010;28:4470-7.

 48.  Balogun MA, Ramsay ME, Fairley CK, Collins M, 
Heptonstall J. Acute hepatitis B infection in England 
and Wales: 1985-96. Epidemiol Infect 1999;122:125-31.

 49.  Ramsay M, Gay N, Balogun K, Collins M. Control of 
hepatitis B in the United Kingdom. Vaccine 1998;16 
Suppl:S52-S55.

 50.  Soldan K, Gay NJ, Allain JP, Llewelyn C, Jones C, 
Reeves I et al. The prevalence of hepatitis B infection in 
adults with no recognized increased risk of infection. J 
Infect 2000;41:198-9.

 51.  Brant LJ, Hurrelle M, Collins S, Klapper PE, Ramsay 
ME. Using automated extraction of hepatitis B tests 
for surveillance: evidence of decreasing incidence 
of acute hepatitis B in England. Epidemiol Infect. 
2012;140:1075-86.

 52.  Esteban JI, Sauleda S, Quer J. The changing epidemiol-
ogy of hepatitis C virus infection in Europe. J Hepatol 
2008;48:148-62.

 53.  Muhlberger N, Schwarzer R, Lettmeier B, Sroczynski 
G, Zeuzem S, Siebert U. HCV-related burden of dis-

23436 Hahne, Susan NW.indd   193 01-11-12   16:04



Chapter 5

194

ease in Europe: a systematic assessment of incidence, 
prevalence, morbidity, and mortality. BMC Public 
Health 2009;9:34.

 54.  Sroczynski G, Esteban E, Conrads-Frank A, Schwarzer 
R, Muhlberger N, Wright D et al. Long-term effective-
ness and cost-effectiveness of screening for hepatitis C 
virus infection. Eur.J.Public Health 2009;19:245-53.

 55.  Laar TJW van de. Molecular epidemiology of hepatitis 
C virus.  2008.  University of Amsterdam. 

 56.  Echevarria JM,.Avellon A. Hepatitis B virus genetic 
diversity. J Med.Virol. 2006;78 Suppl 1:S36-S42.

 57.  Volz EM, Koopman JS, Ward MJ, Brown AL, Frost 
SD. Simple Epidemiological Dynamics Explain Phylo-
genetic Clustering of HIV from Patients with Recent 
Infection. PLoS.Comput.Biol. 2012;8:e1002552.

 58.  de Oliveira T, Pybus OG, Rambaut A, Salemi M, Cas-
sol S, Ciccozzi M et al. Molecular epidemiology: HIV-
1 and HCV sequences from Libyan outbreak. Nature 
2006;444:836-7.

 59.  Pybus OG, Drummond AJ, Nakano T, Robertson BH, 
Rambaut A. The epidemiology and iatrogenic trans-
mission of hepatitis C virus in Egypt: a Bayesian co-
alescent approach. Mol.Biol.Evol. 2003;20:381-7.

 60.  van Ballegooijen WM, van HR, Bruisten SM, Boot HJ, 
Coutinho RA, Wallinga J. Molecular sequence data of 
hepatitis B virus and genetic diversity after vaccina-
tion. Am.J.Epidemiol. 2009;170:1455-63.

 61.  Meffre C, Le Strat Y, Delarocque-Astagneau E, Dubois 
F, Antona D, Lemasson JM et al. Prevalence of hepati-
tis B and hepatitis C virus infections in France in 2004: 
social factors are important predictors after adjusting 
for known risk factors. J Med.Virol 2010;82:546-55.

 62.  Wasley A, Finelli L, Bell B, and Alter M. The knowl-
edge and behaviors of HCV-infected persons identi-
fied in a seroprevalence survey, USA, 2001-2002. J Clin 
Virol 36(Supplement 2), S198-S199. 2006. 

 63.  Kato H, Orito E, Gish RG, Bzowej N, Newsom M, 
Sugauchi F et al. Hepatitis B e antigen in sera from in-
dividuals infected with hepatitis B virus of genotype G. 
Hepatology 2002;35:922-9.

 64.  Kourtis AP, Bulterys M, Hu DJ, Jamieson DJ. HIV-
HBV coinfection--a global challenge. N.Engl.J Med. 
2012;366:1749-52.

 65.  European Association for Study of the Liver (EASL). 
EASL clinical practice guidelines: Management 
of chronic hepatitis B virus infection. J Hepatol. 
2012;57:167-85.

 66.  Sun KX, Li J, Zhu FC, Liu JX, Li RC, Zhai XJ et al. A 
predictive value of quantitative HBsAg for serum HBV 
DNA level among HBeAg-positive pregnant women. 
Vaccine 2012;30:5335-40.

 67.  Chan HL, Thompson A, Martinot-Peignoux M, Pirat-
visuth T, Cornberg M, Brunetto MR et al. Hepatitis B 
surface antigen quantification: why and how to use it 
in 2. J Hepatol. 2011;55:1121-31.

 68.  McMahon BJ. The influence of hepatitis B virus geno-
type and subgenotype on the natural history of chronic 
hepatitis B. Hepatol.Int. 2009;3:334-42.

 69.  Krarup H, Andersen S, Madsen PH, Christensen PB, 
Laursen AL, Bentzen-Petersen A et al. HBeAg and not 

genotypes predicts viral load in patients with hepatitis 
B in Denmark: a nationwide cohort study. Scand.J Gas-
troenterol. 2011;46:1484-91.

23436 Hahne, Susan NW.indd   194 01-11-12   16:04



23436 Hahne, Susan NW.indd   195 01-11-12   16:04



23436 Hahne, Susan NW.indd   196 01-11-12   16:04



Summary

Samenvatting

Dankwoord

Acknowledgements

Curriculum Vitae (English/Dutch)

Publications

23436 Hahne, Susan NW.indd   197 01-11-12   16:04



23436 Hahne, Susan NW.indd   198 01-11-12   16:04



Summary 

199

    
Su

m
m

ar
y

Summary

This Thesis resulted from a decade of studying the epidemiology of hepatitis B virus (HBV) infection in the 
Netherlands, England & Wales and at a European level, starting in 2003. The studies mainly aimed to im-
prove the knowledge of the local epidemiology of HBV and to assess the effectiveness of HBV vaccination 
programmes, in order to inform public health policy for prevention and control of HBV and its associated 
burden of disease and death in the Netherlands and elsewhere.

Chapter 1.1 includes a general overview of the main 
virological, clinical and epidemiological characteris-
tics of HBV and the methods for its primary and sec-
ondary prevention. HBV is a DNA virus that causes 
hepatitis and can be transmitted between humans. 
HBV infection can resolve or result in chronic infec-
tion. People developing chronic HBV infection are 
at high risk of cirrhosis and hepatocellular carcino-
ma (HCC), which is often fatal. There are up to 200-
fold differences in the risk of HBV infection in the 
general population between countries and regions. 
HBV infection can be prevented by hygienic precau-
tions and safe sexual practices, active immunisation 
with HBV vaccine and in some situations by passive 
immunisation using hepatitis B immunoglobulin 
(HBIg). Treatment of chronic HBV infection can 
reduce the risk of cirrhosis, HCC and death. Sec-
ondary prevention is possible by early detection and 
treatment of chronic infection. This may contribute 
to primary prevention by reducing the infectious-
ness of infected individuals. HBV vaccination pro-
grammes in the Netherlands have up to 2011 only 
been targeted at selected groups in the populations 
at increased risk, such as infants with one or two par-
ents born in an endemic country, infants of moth-
ers with chronic HBV infection and behavioural 
high-risk groups including e.g. men who have sex 
with men (MSM). In addition, from August 2011 
onwards, all infants are offered HBV vaccine with-
in the Dutch National Immunisation Programme. 
Chapter 1 finishes by outlining that surveillance is 
the main tool to design and evaluate public health 
programmes for HBV prevention and control.
Chapter 2 focuses on the Netherlands, starting with a 
study of the prevalence in the general Dutch popula-
tion in 1996 and 2007, and risk factors for infection 
in 2007 (Chapter 2.1). This study made use of serum 

and questionnaire data collected in two national se-
roprevalence studies (the Pienter studies), in which 
about 7,200 and 6,200 randomly selected Dutch res-
idents participated. In 2007, the weighted anti-HBc 
prevalence was 3.5% (95% CI 2.2–5.5) and the HB-
sAg prevalence was 0.2% (95% CI 0.1–0.4). In indig-
enous Dutch participants, the anti-HBc prevalence 
was lower in 2007 than in 1996 (p=0.06). First-gen-
eration adult migrants (FGMs) had a 13-fold greater 
risk of being HBsAgand/or HBV-DNA-positive than 
indigenous Dutch participants. In indigenous Dutch 
participants, risk factors for anti-HBc positivity were 
older age and having received a blood product be-
fore 1990. In FGMs, being of Asian origin was a risk 
factor. In second-generation migrants, having a for-
eign-born partner and injecting drug use were risk 
factors. FGMs are the main target group for second-
ary HBV prevention in the Netherlands.
Chapter 2.2 focuses on routes of transmission of 
HBV in the Netherlands. These were studied using 
information from 120 notified cases of acute HBV 
infection reported in 1999-2000 and nearly 4,000 
population sampled controls. The risk of acute hepa-
titis B was increased in men who have sex with men, 
with reporting to have had more than two partners 
in the past 6 months the only significant risk. In chil-
dren, adult females and heterosexual males, having 
parents born in a hepatitis B endemic country was a 
significant risk. For adult females and heterosexual 
males, this was largely explained by having a foreign 
partner. For children this was partly explained by 
parenteral exposures abroad.
The following Chapters in this section (2.3-2.8) all 
focus on assessing the effectiveness of HBV vaccina-
tion programmes. Chapter 2.3 deals with the HBV 
vaccination programme for behavioural high-risk 
groups. This commenced in 2002, targeting men 

23436 Hahne, Susan NW.indd   199 01-11-12   16:04



200

having sex with men (MSM), drug users, commer-
cial sex workers and heterosexuals who change part-
ners frequently. The latter group was excluded from 
the programme in 2007. We studied all 1687 rou-
tinely notified cases of acute HBV infection reported 
between 2004 and 2010 using molecular epidemiol-
ogy and phylodynamic methods. The incidence of 
reported acute HBV infection decreased from 1.8 to 
1.2 per 100,000 inhabitants between 2004 and 2010, 
mostly due to a reduction in the number of cases in 
MSM. Men were overrepresented among cases with 
an unknown route of transmission, especially among 
genotype A2 cases mainly associated with transmis-
sion through male homosexual contact. The genetic 
diversity of non-imported genotype-A strains ob-
tained from MSM decreased from 2006 onwards, 
suggesting the HBV incidence among MSM de-
creased. We concluded that the selective HBV-vacci-
nation programme for behavioural high-risk groups 
reduced the incidence of acute HBV infection in the 
Netherlands, predominantly by preventing HBV in-
fections in MSM. Effectiveness of such a programme 
on a national level was never demonstrated before.  
Targeting high-risk MSM was probably essential to 
the programme’s success. A considerable proportion 
of cases in men who did not report risk behaviour 
was probably acquired through male homosexual 
contact. Our findings support continuation of the 
programme in the Netherlands and adopting a sim-
ilar approach in other countries where HBV trans-
mission is focused in high-risk adult groups. 
Chapter 2.4 includes an assessment of the effective-
ness of the vaccination programme for children of 
mothers with chronic HBV infection. In the Neth-
erlands, different hepatitis B vaccination schedules 
have been used for these children. All schedules in-
cluded a birth dose of hepatitis B immunoglobulin 
(HBIg). However, a birth dose of HBV vaccine was 
only introduced in the national programme in 2006 
while in Amsterdam a birth dose was given since 
the programme’s start. This allowed an assessment 
of the added value of a birth dose of HBV vaccine. 
We studied infants born to HBV infected mothers 
between 1.1.2003 and 30.6.2007, using national da-
tabases and a separate database for Amsterdam. Of 
2,657 infants registered in the national database, 
91% were registered to have received HBIG and at 
least three hepatitis B vaccinations. In Amsterdam, 
this coverage among 413 children at risk was high-
er (96%, p < 0.01). Serological test results for 2121 
infants (80%) indicated that 13 (0.6%) were HBsAg 
positive. A mother of Chinese descent was the only 

risk factor for perinatal HBV infection identified 
(RR 9.1, 95% CI 3.1–26.8). Among infants who re-
ceived HBIg at birth, we did not detect an increased 
risk of perinatal HBV infection when the first dose 
of hepatitis B vaccine was administered after the first 
week of life. A shorter period between last vaccina-
tion and testing, and having received more doses 
of hepatitis B vaccine were independently associat-
ed with a higher anti-HBs titer. We concluded that 
infants born to Chinese mothers are at increased 
risk of perinatal HBV infection. The viral load of all 
HBsAg positive pregnant women of Chinese origin 
should therefore be assessed to determine whether 
there is an indication for anti-viral treatment during 
pregnancy. 
In Chapter 2.5 we studied the same group of children 
born to HBsAg positive mothers, using national data 
that did not include Amsterdam. In addition to the 
children with break-through infection, three older 
children were found with high levels of anti-HBc, an-
ti-HBs and anti-HBe whilst being HBsAg and HBV 
DNA negative, indicating resolved HBV infection. 
In the group of older children (1.5–5 years of age, n 
= 728), about half of the HBV-infected children (3 
of 7) had already cleared their infection at the time 
of sampling. Two of the 12 HBV-infected children 
(17%) had a high level of anti-HBs. An evaluation 
of the efficacy of a new intervention programme to 
prevent vertical HBV transmission should analyse 
HBV markers in serum collected when the children 
are older than 1.5 years. Testing of children born to 
HBV-infected mothers should include an HBsAg 
test, since a protective level of anti-HBs does not ex-
clude chronic infection.
The last Chapters in this section (2.6-2.8) focus on 
the HBV vaccination programme for children of 
migrants, which was in operation between 2003 and 
2011. In Chapter 2.6 we studied the effectiveness and 
impact of this programme by assessing the HBV 
vaccine coverage and HBV notifications in the tar-
get population. The HBV incidence was determined 
in children aged 0-4 years and born after (2003-7) 
and before (1990-2002) the introduction of the HBV 
vaccination programme. The HBV vaccine coverage 
in the target population was 89.6% (96,186/107,338) 
in the period 2003-5. There were 37 notified acute 
infections in the pre-vaccination birth cohort 1990-
2002 (incidence 2.9/106 person-years), compared 
with one in the post-vaccination birth cohort 2003-
7 (incidence 0.3/106 person-years). The incidence 
rate ratio for the 2003-7 birth cohort compared with 
the 1990-2002 birth cohort was 0.12 (95% CI 0.02 
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to 0.87; p=0.04). We concluded that the incidence 
of HBV notifications in children born after the in-
troduction of targeted childhood HBV vaccinations 
was lower than the incidence in children born before 
the start of this vaccination programme. Although 
this is consistent with the adequate HBV vaccine 
coverage found, the interpretation is hampered by 
a change in case definition for notification in 1999. 
The results are of importance to policy makers in 
both The Netherlands and other countries that have 
a targeted HBV vaccination programme for infants 
of migrants from endemic countries.
Subsequently, we assessed in Chapter 2.7  the accept-
ability of this programme by conducting a question-
naire survey among parents of children in the HBV 
target population (130 participants) and children 
not targeted for HBV vaccination (69 participants). 
Only 13 of 83 parents (16%) within the HBV-eligible 
group whose child was registered as ‘incompletely 
vaccinated’ for HBV reported that they refused a 
vaccine for their child. Risk factors for HBV refusal 
were a low risk perception of HBV, a high socioeco-
nomic status and one parent born in The Nether-
lands. Within the non-eligible group, we found that 
9% (95% CI: 3–22%) of the parents whose child was 
fully vaccinated with DPT-IPV-Hib had a negative 
attitude towards universal HBV vaccination. 
Finally, in Chapter 2.8, we assessed the immunoge-
nicity of the hexavalent vaccine, including HBV vac-
cine, used in the programme for children of migrants 
between 2006-2011 and currently offered to all 
Dutch neonates. This vaccine is administered, con-
comitantly with pneumococcal vaccine (Prevenar) 
in a 4-dose schedule at 2, 3, 4 and 11 months of age. 
We assessed the immunogenicity of the HBV com-
ponent of Infanrix hexa co-administered with Prev-
enar, and compared pertussis and Hib components 
in Infanrix hexa with the standard Infanrix-IPV + 
Hib vaccine. Target thresholds for immune respons-
es were achieved for all antigens studied. Over 99% 
(163/164) of children vaccinated with Infanrix hexa 
achieved an adequate immune response (≥10 mIU/
ml) to the HBV component and peak anti-HBs geo-
metric mean concentration (GMC) was 2,264 mIU/
ml (95% CI: 1,850–2,771 mIU/ml). This anti-HBs 
GMC was about 3 times lower than has been re-
ported following Infanrix hexa vaccination without 
concomitant other vaccines. The clinical relevance of 
this remains uncertain but is probably limited. The 
GMC of a pertussis component, filamentous hem-
agglutinin (FHA), of Infanrix-hexa was significantly 
lower in children vaccinated with Infanrix hexa and 

Prevenar than in children vaccinated with Infan-
rix-IPV + Hib. Despite very high rates of serocon-
version for the HBV component of Infanrix hexa, its 
long-term immunogenicity and effectiveness should 
be monitored after concomitant vaccination.
Chapter 3 includes studies carried out in England & 
Wales in the first years of the new millennium 2000. 
In Chapter 3.1 we analysed routine laboratory sur-
veillance data of acute HBV infection in England & 
Wales between 1995–2000 with data on migration 
and global HBsAg prevalence. The estimated annu-
al incidence of HBV infection in England & Wales 
was 7.4 per 100,000 (adjusted for underreporting 
and asymptomatic infections). Injecting drug use 
was the most frequently reported route of transmis-
sion. The number of cases attributed to heterosexu-
al contact was fairly stable, whereas the number of 
cases in men having sex with men decreased. These 
observations continue trends reported for the early 
1990s. Transmission during childhood was rarely re-
ported, but was more frequent among South Asians 
(UK residents descendent from countries including 
India, Pakistan and Bangladesh). The incidence in 
South Asians was relatively high, and their main risk 
factors were medical treatment overseas and hetero-
sexual contact. For about a third of cases of acute 
HBV infection no route of transmission is reported, 
but analysis of secular trends and age distribution 
suggest that many of these may be related to injecting 
drug use. Endemic transmission gives rise to only a 
small proportion of all new chronic infections, with 
the vast majority arising from immigration of estab-
lished HBV carriers. We concluded that the incidence 
of acute HBV infection in England and Wales re-
mained low, with a similar pattern of reported routes 
of transmission compared to the early 1990s. The UK 
prevalence of HBV infection is dependant on global 
rather than national immunisation policy. We recom-
mended improving immunisation coverage among 
injecting drug users, which is expected to also reduce 
the number of cases without a risk factor reported. In 
addition, immunisation strategies that better suit the 
needs of ethnic minorities need to be explored.
In Chapter 3.2 we focused on the South Asian sub-
population in England & Wales by using acute HBV 
infections and associated risk factors reported by 
laboratories in England and Wales between 1988 
and 2000. We used ‘‘Nam Pehchan’’ software to as-
sign South Asian ethnicity using names of cases that 
were held temporarily on the laboratory surveillance 
database. We found that the incidence of acute HBV 
infection is higher among South Asian than among 

23436 Hahne, Susan NW.indd   201 01-11-12   16:04



202

non-South Asian UK residents, and infections in 
South Asians occur more often during childhood. 
We recommended that the UK’s immunisation pol-
icy should better protect ethnic minority children 
against HBV infection. To date, this recommenda-
tion has unfortunately not been followed. 
In Chapter 4 we report the findings of a system-
atic literature review into the prevalence of HBV 
and hepatitis C virus infection in 34 countries in 
the European neighbourhood and five population 
subgroups, and the cost-effectiveness of screen-
ing for chronic HBV and HCV infections, in order 
to inform screening policies. Of 1759 and 384 pa-
pers found in the prevalence and cost-effectiveness 
search respectively, we included 124 and 22 papers 
after checking the paper’s quality. We used decision 
rules to calculate weighted prevalence estimates by 
country. The HBsAg and anti-HCV-Ab prevalence 
in the general population ranged from 0.1%-5.6% 
and 0.4%-5.2% respectively, by country. For IDUs, 

men who have sex with men and migrants, the prev-
alence of HBsAg and anti-HCV-Ab was higher than 
the prevalence in the general population in all but 3 
countries. There is evidence that HCV screening of 
IDUs and HBsAg screening of pregnant women is 
cost-effective. HBsAg screening of migrants is like-
ly to be cost-effective. We concluded that the prev-
alence of chronic HBV and HCV infection varies 
widely between European countries. Anti-HCV-Ab 
screening of IDUs and HBsAg screening of preg-
nant women are European public health priorities. 
HBsAg screening of migrants is likely to be cost-ef-
fective. Cost-effectiveness analyses may need to take 
effect of antiviral treatment on preventing HBV and 
HCV transmission into account.
In Chapter 5, the general discussion, I discuss what 
this Thesis adds to what was already known (sum-
marised in Table 1 below), its implications for HBV 
surveillance and research (Table 2), and recommen-
dations for prevention and control of HBV (Table 3).

table 1: What this Thesis adds to what was already known about HBV

HBV epidemiology in the Netherlands
■ About 40,000 people are living with chronic HBV infection in the Netherlands. 
■ The prevalence of HBV infection in the general Dutch population did not increase between 1996 and 

2007; The Netherlands continue to be among countries with the lowest HBV prevalence in the world. 
■ Among indigenous Dutch, the prevalence of HBV infection decreased between 1996 and 2007. Having 

had a blood transfusion in the past was a risk factor for infection. 
■ Increases in migration to the Netherlands have had no impact on the HBV prevalence in the indigenous 

Dutch.
■ First generation migrants (FGM) had a 10-times higher prevalence of chronic infection than 

indigenous Dutch. The vast majority of these infections were most likely acquired prior to migration.
■ Second generation migrants (SGM) were also at a somewhat increased risk of HBV infection compared 

to indigenous Dutch. Among adult SGM, this is mainly caused by having a foreign born sexual partner. 
Among SGM children, travel to endemic regions explains part of the increased risk.

■ Among Dutch residents male homosexual contact is the most important risk for acquisition of HBV 
infection, with those having had 3 or more partners in the past 6 months at increased risk. Among 
heterosexuals having had 2 sexual partners in the past 6 months and having a foreign born partner 
were independent risk factors.

■ Injecting drug use is no longer an important route of transmission for HBV in the Netherlands, in 
contrast to other countries including England & Wales. 

■ Chinese women with chronic HBV infection are more likely to perinatally transmit the virus to their 
infants than other chronically HBV infected women.

Vaccination programmes
■ The programme for behavioural high-risk groups has effectively reduced the incidence of HBV in the 

Netherlands by preventing HBV infection among men who have sex with men (MSM).
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■ The HBIg and vaccine coverage among infants born to mothers with chronic HBV infection is high 
(>95%). Among infants who received HBIg at birth, the proportion of infants acquiring HBV infection 
despite vaccination did not differ between those having received the schedule without and with a birth 
dose (0.8% and 0.7%, respectively). 

■ Among HBsAg positive pregnant women the risk of perinatal transmission to their infant was higher 
for women of Chinese descent compared to other women. Antiviral treatment during pregnancy can 
reduce this risk, and may also be indicated for some HBeAg negative women.

■ After the HBV vaccination programme for infants of migrants was implemented in 2003, the incidence 
of acute HBV notifications in young children decreased significantly. Due to changes in surveillance 
case definitions we were unable to conclude that this reduction was a result of the vaccination 
programme. The programme was acceptable to parents of children in the target population.

■ Over 99% of children vaccinated with Infanrix hexa concomitantly with Prevenar developed an 
adequate immune response against HBV (anti-HBs ≥ 10IU/L). However, the geometric mean 
concentration of anti-HBs antibodies was somewhat lower than expected.

HBV epidemiology in England & Wales
■ The incidence of HBV in England & Wales in the late 1990s up to 2000 remained at the level reported 

for the early 1990s. IDU remained the most frequent route of transmission. 
■ Over half of new infections could have been prevented had the UK’s current selective vaccination 

programme been implemented properly.
■ The South Asian ethnic minority in England & Wales is at increased risk of acquisition of HBV 

infection. 

HBV epidemiology in Europe
■ Countries in the South and West of the EU, and Turkey, have much higher HBV and HCV prevalences 

than countries in the North and West. 
■ Now that treatment options for chronic HBV and HCV infection have improved, policies for 

secondary prevention, including screening and access to treatment, are a priority. 
■ There is robust evidence that HBsAg screening of pregnant women is cost-effective. HBV screening 

of migrants is probably cost-effective, depending on factors including their HBsAg prevalence.

table 2. Implications for HBV surveillance and research 

HBV surveillance
■ Assuming the HBV prevalence among migrants equals that in their country of origin is not sufficiently 

valid.
■ HBV incidence and trends in the most frequent routes of transmission among adults can be assessed 

using case-based information only. Among children, seroprevalence studies are needed.
■ Routine monitoring of HBV vaccination coverage needs to be complemented by additional 

surveillance methods for those target groups where the population size is uncertain.
■ Molecular typing of acute HBV is of added value to provide insight in routes of transmission and 

incidence. Information obtained can be enhanced by applying phylodynamic methods.
■ Monitoring of HBV genetic variants that escape vaccine induced immunity, detection by regular 

diagnostics and antiviral treatment is necessary to timely detect increases in the occurrence of these.
■ HBV surveillance should include monitoring of delays in testing, treatment and care, to inform 

interventions to improve access to care.
■ At a European level, standardisation of methods for surveillance of acute HBV infection is a priority. 

The added value of molecular surveillance of acute HBV infection needs exploration.
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Epidemiology, immunology, molecular epidemiology and phylodynamics
■ Regarding HBV infection in FGM and SGM, further research is needed into the routes of transmission 

and cost-effectiveness of catch-up vaccination.
■ Regarding prevention of perinatal transmission, it is a priority to study whether antiviral treatment 

is given when needed. To assess whether current referral guidelines are adequate, the prevalence of a 
high viral load among HBeAg negative women needs documentation.

■ The anti-HBs titer after concomitant HBV and pneumococcal vaccination was lower than expected. 
Explanations and the potential clinical relevance of this need further documentation.

■ Mathematical and phylodynamic theory and tools to translate genetic diversity into incidence, and to 
attribute new infection to either acute or chronic infections, need development.

■ Further research of assessing the validity and robustness of coalescence based methods when applied 
to interventions regarding various infections and contexts is needed. 

Methods and impact of screening, testing and early treatment
■ The evidence for screening of chronic HBV needs to be strengthened. Priorities include assessing 

progression rates with and without treatment, methods to optimise participation to screening, 
efficient testing, referral and treatment, cost-effectiveness of combining screening for HBV with 
screening for other infections such as HCV and HIV, needs assessment for general population HBV 
screening in mid-and high prevalence countries in Europe such as Romania, and the effect of testing 
and treatment on preventing new infections.

Viral characteristics and co-infections
■ Intrinsic characteristics regarding natural history of disease and transmission parameters associated 

with HBV genotypes and clones need clarification.
■ HBV genetic variants and co-infection of HBV, HCV and HIV need further monitoring.

Viral diagnostics
■ The role of quantitative HBsAg testing needs further exploration.

table 3. Recommendations for prevention and control of HBV infection in the Netherlands and beyond

■ The selective HBV vaccination programme for behavioural high risk groups needs to be continued in 
the Netherlands for the coming decades. 

■ Other countries which fail to curb HBV transmission in high-risk populations, such as the UK, USA 
and Japan, are recommended to consider adapting a similar approach.

■ The effectiveness of the Dutch programme to prevent perinatal HBV transmission may be enhanced 
when pregnant women with high viral loads receive antiviral treatment. Monitoring of the 
implementation of this, especially among women of Chinese descent, is urgently needed.

■ Now that treatment options for chronic HBV infection are improving it is a public health priority to 
ensure optimal access to care by e.g. avoiding delays in testing, referral and treatment.

■ European countries that have not implemented universal infant HBV vaccination should consider 
targeted HBV vaccination for infants of migrants. 

■ There is robust evidence that antenatal HBsAg screening is cost-effective. All European countries 
should therefore implement this using best practice models.

■ Screening of migrants from endemic countries for chronic HBV infection is likely to be cost-effective. 
Policies and models of best practice need to be developed for this.
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SAMENVAttINg

Onderhavig proefschrift bevat de resultaten van epidemiologisch onderzoek naar hepatitis B-virusinfectie 
(HBV-infectie) in Nederland, Engeland en Wales en op Europees niveau dat werd uitgevoerd tussen 2003 en 
2012. Dit onderzoek was gericht op het vergroten van de kennis van de lokale epidemiologie van HBV-infec-
tie en op het beoordelen van de effectiviteit van HBV-vaccinatie programma’s. Deze informatie is van belang 
voor het volksgezondheidsbeleid ten aanzien van HBV-infectie, hetgeen is gericht op het verminderen van 
de ziektelast en sterfte door HBV-infectie in Nederland en elders.

In Hoofdstuk 1 worden ter introductie algemene 
virologische, klinische en epidemiologische kenmer-
ken van het HBV en de methoden voor de primaire 
en secundaire preventie beschreven. Het HBV is een 
DNA-virus dat hepatitis veroorzaakt en overdraag-
baar is van mens tot mens. Een HBV-infectie kan ge-
nezen, maar ook leiden tot een chronische infectie. 
Een chronische HBV-infectie kan leiden tot ernstige 
leverziekten, zoals cirrose en hepatocellulair carci-
noom (HCC). Deze aandoeningen zijn vaak fataal. 
Het deel van de algemene bevolking dat ooit met 
het HBV is geïnfecteerd verschilt enorm, tot wel 200 
maal, tussen landen en regio’s in de wereld. HBV-in-
fectie kan worden voorkómen door hygiënische 
voorzorgsmaatregelen wanneer mensen in aanra-
king komen met bloed en lichaamsvloeistoffen, en 
door veilig seksueel gedrag. Daarnaast is preventie 
van infectie mogelijk door actieve immunisatie met 
een HBV-vaccin en door passieve immunisatie met 
hepatitis-B-immunoglobuline (HBIg). Behandeling 
van chronische HBV-infectie vermindert het risico 
op cirrose, HCC en overlijden. Secundaire preventie 
is daarom mogelijk door vroege opsporing en be-
handeling van chronische HBV-infectie. Dit draagt 
hoogstwaarschijnlijk ook bij aan primaire preventie 
van HBV-infectie door vermindering van de be-
smettelijkheid van geïnfecteerde individuen die be-
handeld worden. 
HBV-vaccinatie-programma’s in Nederland waren 
tot 2011 alleen gericht op bepaalde groepen in de 
bevolking met een verhoogd risico op infectie, zoals 
kinderen van wie één of beide ouders geboren zijn in 
een HBV-endemisch land, zuigelingen van moeders 
met een chronische HBV-infectie en personen die 
door hun gedrag hoger risico lopen op HBV-infec-
tie, waaronder bijvoorbeeld mannen die seks heb-
ben met mannen. Sinds augustus 2011 wordt aan 

alle zuigelingen HBV-vaccin aangeboden binnen het 
Nederlandse Rijksvaccinatieprogramma. Hoofdstuk 
1 besluit met een onderbouwing van het belang van 
surveillance voor het ontwerpen en evalueren van 
volksgezondheidprogramma’s voor HBV-preventie 
en -bestrijding.

Hoofdstuk 2 richt zich op Nederland, te beginnen 
met een studie van de prevalentie in de algemene 
Nederlandse bevolking in 1996 en 2007, en risico-
factoren voor infectie in 2007 (Hoofdstuk 2.1). Deze 
studie maakte gebruik van serum en vragenlijsten 
die verzameld werden in twee nationale seropreva-
lentiestudies (de Pienter studies) onder ruim 6000 
willekeurig geselecteerde Nederlanders. In 2007 
was de gewogen anti-HBc prevalentie 3.5% (95% 
betrouwbaarheidsinterval (BI) 2.2-5.5); de HBsAg 
prevalentie was 0.2% (95% BI 0.1-0.4). Onder au-
tochtone Nederlanders was de anti-HBc prevalentie 
in 2007 lager dan in 1996 (p = 0.06). Eerste generatie 
volwassen migranten (EGM) hadden een 13-maal 
hoger risico op HBsAg- en/of HBV-DNA-positivi-
teit dan autochtone Nederlanders. Onder autochto-
ne Nederlanders waren hogere leeftijd en ontvangst 
van een bloedproduct voor 1990 risicofactoren voor 
anti-HBc positiviteit. Onder EGM was een Aziati-
sche afkomst een risicofactor. Onder tweede gene-
ratie migranten waren het hebben van een in het 
buitenland geboren partner en injecterend drugs-
gebruik risicofactoren. EGM zijn de belangrijkste 
doelgroep voor de secundaire preventie van HBV in 
Nederland.
Hoofdstuk 2.2 richt zich op de transmissieroutes van 
het HBV in Nederland. Deze zijn onderzocht met 
behulp van gegevens van 120 gemelde gevallen van 
acute HBV-infectie gerapporteerd in 1999-2000. 
Deze werden vergeleken met gegevens van bijna 
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4000 personen uit de algemene bevolking (contro-
les). Het risico op acute HBV-infectie was verhoogd 
bij mannen die seks hebben met mannen (MSM), 
waarbij diegenen met drie of meer partners in de 
afgelopen 6 maanden een hoger risico hadden dan 
MSM met minder partners. Bij kinderen, volwassen 
vrouwen en heteroseksuele mannen was het hebben 
van ouders geboren in een hepatitis B-endemisch 
land een significante risicofactor. Voor volwassen 
vrouwen en heteroseksuele mannen werd dit risico 
grotendeels verklaard doordat deze groep vaker een 
buitenlandse partner heeft. Voor kinderen werd het 
risico deels verklaard door parenterale blootstelling 
in het buitenland.
De volgende Hoofdstukken 2.3 tot en met 2.8 be-
schrijven studies naar de effectiviteit van HBV-vac-
cinatie-programma’s in Nederland. Hoofdstuk 2.3 
gaat over het HBV-vaccinatie programma voor ge-
dragsgebonden hoog-risico groepen. Dit program-
ma werd landelijk geïmplementeerd in 2002, en is 
gericht op MSM, druggebruikers, prostituees en 
heteroseksuelen met wisselende partners. Deze laat-
ste groep werd uitgesloten van het programma in 
2007. We bestudeerden alle 1687 gevallen van acute 
HBV-infectie die gemeld werden in het kader van de 
infectieziektewet tussen 2004 en 2010, met molecu-
lair epidemiologische en fylodynamische methoden. 
De incidentie van acute HBV-infectie daalde van 1.8 
naar 1.2 per 100,000 inwoners tussen 2004 en 2010, 
voornamelijk door een daling in het aantal gevallen 
bij MSM. Mannen waren oververtegenwoordigd 
bij de groep gevallen met een onbekende route van 
overdracht, vooral wanneer dit genotype A2 geval-
len betrof. Dit genotype is geassocieerd met trans-
missie via mannelijke homoseksuele contacten. De 
genetische diversiteit van niet-geïmporteerde geno-
type-A-stammen vant MSM daalde vanaf 2006, het-
geen suggereert dat de HBV-incidentie onder MSM 
is afgenomen. We concludeerden dat het selectieve 
HBV-vaccinatie programma voor gedragsgebonden 
risicogroepen de incidentie van acute HBV-infectie 
in Nederland verminderde, voornamelijk door de 
preventie van HBV-infecties bij MSM. Effectiviteit 
van een dergelijk programma op nationaal niveau 
was nooit eerder aangetoond. Het vaccineren van 
met name hoog risico MSM was waarschijnlijk es-
sentieel voor het succes van het programma. Een 
aanzienlijk deel van de gevallen bij mannen die geen 
risicogedrag rapporteerden werd waarschijnlijk 
opgelopen door mannelijk homoseksueel contact. 
Onze bevindingen ondersteunen de voortzetting 
van het HBV-vaccinatieprogramma voor gedragsge-

bonden risicogroepen in Nederland, en pleiten voor 
een soortgelijke aanpak in andere landen waar HBV 
transmissie voornamelijk plaatsvindt onder volwas-
senen met risicogedrag.
Hoofdstuk 2.4 bevat een beoordeling van de effecti-
viteit van de vaccinatie voor kinderen van moeders 
met een chronische HBV-infectie. In Nederland zijn 
verschillende HBV-vaccinatie schema’s gebruikt 
voor deze kinderen. In alle schema’s werd een do-
sis HBV-immunoglobuline (HBIg) direct na de ge-
boorte aangeraden. Ten aanzien van HBV-vaccinatie 
werd pas in 2006 landelijk een dosis vaccin aangera-
den direct na de geboorte; in Amsterdam werd deze 
geboorte dosis vaccin gegeven sinds het begin van 
het programma. Deze situatie gaf de mogelijkheid 
de effectiviteit van een geboorte dosis HBV-vaccin 
te onderzoeken. We bestudeerden zuigelingen van 
HBV-geïnfecteerde moeders tussen januari 2003 en 
juli 2007 met behulp van nationale databases en een 
aparte database voor Amsterdam. Van 2657 kinde-
ren in de onderzoekspopulatie kreeg 91% HBIG en 
ten minste drie HBV-vaccinaties. In Amsterdam was 
deze vaccinatiegraad hoger (96%, p <0.01). Serolo-
gische resultaten voor 2121 kinderen (80%) gaf aan 
dat 13 kinderen (0.6%) een perinatale HBV–infectie 
hadden opgelopen (HBsAg positiviteit). Een moe-
der van Chinese afkomst was de enige risicofactor 
voor perinatale HBV-infectie die werd vastgesteld 
(RR 9.1, 95% BI 3.1-26.8). Onder zuigelingen die 
HBIg kregen werd geen verhoogd risico op perina-
tale HBV-infectie gevonden wanneer de eerste do-
sis HBV-vaccin werd toegediend na de eerste week 
van het leven. Een kortere periode tussen de laatste 
vaccinatie en de serologische test en het hebben ont-
vangen van meer doses van het HBV-vaccin waren 
onafhankelijk geassocieerd met een betere bescher-
ming (hogere anti-HBs titer). We concludeerden dat 
zuigelingen van HBV-geïnfecteerde Chinese moe-
ders een hoger risico op perinatale HBV-infectie 
lopen dan zuigelingen van andere HBsAg positieve 
zwangeren. Alle zwangeren van Chinese afkomst 
zouden beoordeeld moeten worden ten aanzien van 
de indicatie voor anti-virale behandeling tijdens de 
zwangerschap.
In Hoofdstuk 2.5 werd dezelfde groep van kinderen 
van HBsAg-positieve moeders bestudeerd op basis 
van landelijke gegevens met uitzondering van Am-
sterdam. Naast de kinderen met doorbraak infectie 
werden 3 oudere kinderen gevonden met hoge an-
ti-HBc, anti-HBs en anti-HBe titers terwijl ze HB-
sAg en HBV DNA negatief waren, hetgeen wijst 
op een genezen HBV-infectie. In de groep van ou-
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dere kinderen (1.5-5 jaar, n=728) hadden 3 van de 
7 HBV-geïnfecteerde kinderen hun infectie op het 
moment van de bemonstering geklaard. Van de 12 
HBV-geïnfecteerde kinderen hadden 2 (17%) een 
hoge anti-HBs titer. Evaluaties van de effectiviteit 
van interventies om perinatale HBV-transmissie te 
voorkomen zouden serologische gegevens moeten 
gebruiken van kinderen die ouder zijn dan 1,5 jaar. 
Om perinatale infectie uit te sluiten is een HBsAg 
test noodzakelijk; een beschermende anti-HBs titer 
sluit namenlijk chronische infectie niet uit.
De laatste hoofdstukken in dit deel (2.6-2.8) richten 
zich op de HBV-vaccinatie voor kinderen van mi-
granten, hetgeen tussen 2003 en 2011 een onderdeel 
was van het Nederlandse Rijksvaccinatieprogram-
ma. In Hoofdstuk 2.6 onderzochten we de effecti-
viteit en impact van dit programma door zowel de 
HBV-vaccinatiegraad als de meldingen van HBV-in-
fecties in de doelgroep te bestuderen. De HBV-inci-
dentie onder kinderen van 0-4 jaar werd vergeleken 
tussen de groepen geboren vóór en na invoering 
van het HBV-vaccinatieprogramma (respectievelijk 
1990-2002 en 2003-2007). De HBV-vaccinatiegraad 
in de doelpopulatie was 89,6% (96.186/107.338) in 
de periode 2003-2005. Er waren 37 geregistreerde 
acute infecties in het pre-vaccinatie geboorteco-
hort 1990-2002 (incidentie 2.9/106 persoonsjaren), 
vergeleken met slechts één in het post-vaccinatie 
geboortecohort 2003-2007 (incidentie 0,3/106 per-
soonsjaren). De incidentie ratio voor het 2003-2007 
geboortecohort in vergelijking met het 1990-2002 
geboortecohort was 0.12 (95% BI 0.02-0.87; p=0.04). 
We concludeerden dat de incidentie van HBV-mel-
dingen bij kinderen die geboren zijn na de invoering 
van het selectieve vaccinatieprogramma lager was 
dan de incidentie bij kinderen geboren vóór de start 
van dit vaccinatieprogramma. Dit is in lijn met de 
hoge HBV-vaccinatiegraad die gevonden werd. Het 
interpreteren van de resultaten werd echter bemoei-
lijkt doordat het meldcriterium voor HBV-infectie 
in 1999 gewijzigd werd. De resultaten zijn van be-
lang voor beleidsmakers in zowel Nederland als 
andere landen met een selectief HBV-vaccinatiepro-
gramma voor kinderen van migranten uit endemi-
sche landen.
Vervolgens hebben we in Hoofdstuk 2.7 de aanvaard-
baarheid van het HBV-vaccinatieprogramma voor 
kinderen van migranten onderzocht door het uit-
voeren van een vragenlijstonderzoek onder ouders 
van kinderen in de doelpopulatie voor HBV-vac-
cinatie (130 deelnemers) en andere kinderen (69 
deelnemers). Slechts 13 van 83 ouders (16%) binnen 

de HBV-vaccinatie doelgroep wiens kind werd ge-
registreerd als ‘onvolledig gevaccineerd’ voor HBV 
meldden dat zij een vaccin voor hun kind hadden 
geweigerd. Risicofactoren voor HBV-weigering wa-
ren een lage risicoperceptie van HBV, een hoge so-
ciaal-economische status en één ouder geboren in 
Nederland. Binnen de groep die niet in aanmerking 
kwam voor HBV-vaccinatie vonden we dat 9% (95% 
BI: 3-22%) van de ouders wier kind wel volledig 
gevaccineerd was met DPT-IPV-Hib een negatieve 
houding ten opzichte van universele HBV-vaccinatie 
had.
Tenslotte wordt in Hoofdstuk 2.8 de immunogeni-
citeit van het hexavalente vaccin (Infanrix hexa), 
dat ook HBV-vaccin bevat, beoordeeld. Dit vaccin 
werd gebruikt in het HBV-vaccinatieprogramma 
voor kinderen van migranten tussen 2006 en 2011 
en wordt momenteel aangeboden aan alle Neder-
landse pasgeborenen. Dit vaccin wordt in een 4-do-
sisschema op de leeftijd van 2, 3, 4 en 11 maanden 
toegediend, gelijktijdig met pneumokokkenvaccin 
(Prevenar). Wij hebben de immunogeniciteit van 
de HBV-component van het hexavalente vaccin, 
gelijktijdig toegediend met Prevenar, beoordeeld. 
Verder vergeleken we de immunogeniciteit van de 
kinkhoest en Haemofilus Influenzae b (Hib) compo-
nenten tussen het hexavalente vaccin en het penta-
valente vaccin (Infanrix-IPV en Hib-vaccin). Voor 
alle onderzochte onderdelen van het vaccin werd 
een adequate immuunrespons bereikt. Meer dan 
99% (163/164) van de kinderen die gevaccineerd 
werden met Infanrix hexa behaalde een adequate 
HBV-immuunrespons (anti-HBs titer ≥ 10 mIU/
ml). De anti-HBs geometrisch gemiddelde concen-
tratie (GMC) was 2264 mIU/ml (95% BI : 1850-2771 
mIU / ml). Dit is ongeveer drie maal lager dan ge-
rapporteerd is voor Infanrix hexa vaccinatie zonder 
gelijktijdige toediening van andere vaccins. De klini-
sche relevantie van deze bevinding is onzeker, maar 
waarschijnlijk beperkt. De GMC van één pertussis 
component (filamenteuze hemagglutinine (FHA)) 
was lager bij kinderen gevaccineerd met Infanrix 
hexa en Prevenar dan bij kinderen gevaccineerd met 
Infanrix-IPV en Hib. Wij concludeerden dat de im-
munogeniciteit van de HBV-component van Infan-
rix hexa adequaat is, maar dat het van belang blijft 
lange-termijn immunogeniciteit te beoordelen.

In Hoofdstuk 3 wordt onderzoek beschreven dat 
in Engeland en Wales uitgevoerd werd in de eerste 
jaren van het millennium 2000. In Hoofdstuk 3.1 
worden laboratorium surveillance gegevens van 
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acute HBV-infectie in Engeland en Wales tussen 
1995 en 2000 geanalyseerd, samen met gegevens 
over migratie en schattingen van internationale 
HBsAg prevalenties. De geschatte jaarlijkse inci-
dentie van HBV-infectie in Engeland en Wales was 
7.4 per 100,000 (gecorrigeerd voor onderrapportage 
en asymptomatische infecties). Injecterend drugs-
gebruik was de meest frequent gemelde wijze van 
overdracht. Het aantal gevallen toegeschreven aan 
heteroseksuele contacten was stabiel, terwijl het aan-
tal gevallen bij mannen die seks hebben met mannen 
afnam. Deze epidemiologische bevindingen zijn on-
veranderd ten opzicht van de jaren 1990. Infecties 
bij kinderen werden zelden gemeld, maar kwamen 
frequenter voor bij Zuid-Aziaten (inwoners van het 
Verenigd Koninkrijk afkomstig uit Zuid-Aziatische 
landen, waaronder India, Pakistan en Bangladesh). 
De incidentie in Zuid-Aziaten was relatief hoog. 
Hun belangrijkste risicofactoren voor HBV-infectie 
waren een medische behandeling in het buitenland 
en heteroseksueel contact. Voor ongeveer een derde 
van de gevallen van acute HBV-infectie werd geen 
waarschijnlijke overdrachtsroute gemeld. De analyse 
van de seculiere trends en leeftijdsopbouw suggere-
ren dat een aanzienlijk deel van deze infecties gere-
lateerd was aan injecterend drugsgebruik. Endemi-
sche transmissie leidt tot slechts een klein deel van 
alle nieuwe chronische infecties; de overgrote meer-
derheid is het gevolg van immigratie van chronisch 
besmette indivuen. We concludeerden dat de inci-
dentie van acute HBV-infectie in Engeland en Wa-
les stabiel laag bleef, met een vergelijkbaar patroon 
van de gemelde routes van overdracht ten opzichte 
van het begin van de jaren 1990. De prevalentie van 
HBV-infectie in het Verenigd Koninkrijk is meer 
afhankelijk van mondiale dan nationale vaccinatie-
programma’s. De vaccinatiegraad onder injecteren-
de drugsgebruikers zou verbeterd moeten worden. 
Hierdoor zal naar verwachting ook het aantal ge-
vallen zonder een gemelde risicofactor ook dalen. 
Daarnaast zou onderzocht moeten worden hoe de 
bestaande vaccinatiestrategieën beter kunnen aan-
sluiten bij de behoeften van etnische minderheden. 
In Hoofdstuk 3.2 hebben we ons gericht op de 
Zuid-Aziatische subpopulatie in Engeland en Wa-
les door het bestuderen van acute HBV-infecties 
en de daarmee samenhangende risicofactoren wel-
ke zijn gerapporteerd door laboratoria in Engeland 
en Wales tussen 1988 en 2000. We gebruikten ‘Nam 
Pehchan’ software om op basis van de naam van de 
ziektegevallen diegene van Zuid-Aziatische afkomst 
te identificeren. We vonden dat de incidentie van 

acute HBV-infectie hoger was onder Zuid-Aziatische 
dan onder niet-Zuid-Aziatische inwoners van het 
Verenigd Koninkrijk. HBV-infecties bij Zuid-Azia-
ten komen relatief vaak voor op kinderleeftijd. Het 
Britse immunisatiebeleid zou allochtone kinderen 
beter moeten beschermen tegen HBV-infectie. Tot 
op heden is deze aanbeveling helaas niet opgevolgd.

In Hoofdstuk 4 rapporteren we de resultaten van een 
systematische literatuurstudie naar de prevalentie 
van HBV- en hepatitis C-virus (HCV)-infectie in 
34 Europese landen en 5 subgroepen van de bevol-
king, en naar de kosteneffectiviteit van screening op 
chronische HBV- en HCV-infecties. Het doel van 
deze exercitie was het onderbouwen van het beleid 
ten aanzien van HBV screening. Van 1759 en 384 
artikelen welke zijn gevonden in respectievelijk de 
prevalentie en kosteneffectiviteit zoekopdracht wer-
den 124 en 22 artikelen opgenomen in de analyse. 
We gebruikten beslisregels om gewogen prevalentie 
schattingen te berekenen per land. De HBsAg en 
anti-HCV-Ab prevalentie in de algemene populatie 
varieerde van 0.1% -5.6% en 0.4% -5.2% respec-
tievelijk per land. In alle onderzochte landen, met 
uitzondering van 3, was de prevalentie van HBsAg 
en anti-HCV-Ab onder injecterend drug gebruikers 
(IDU’s), mannen die seks hebben met mannen en 
migranten hoger dan de prevalentie in de algeme-
ne bevolking. HCV screening van IDU’s en HBsAg 
screening van zwangere vrouwen is kosteneffectief. 
HBsAg screening van migranten is waarschijnlijk 
kosteneffectief. We concludeerden dat de prevalen-
tie van chronische HBV- en HCV-infectie sterk ver-
schilt tussen de Europese landen. Het invoeren van 
anti-HCV-Ab screening van IDU’s en HBsAg scree-
ning van zwangere vrouwen heeft prioriteit voor 
de Europese volksgezondheid. HBsAg-screening 
van migranten is waarschijnlijk kosteneffectief. Bij 
kosteneffectiviteit analyses is het waarschijnlijk van 
belang rekening te houden met het effect van anti-
virale behandeling op het voorkómen van HBV- en 
HCV-overdracht.
In Hoofdstuk 5, de algemene discussie, bespreek ik 
wat dit proefschrift toevoegt aan wat reeds bekend 
was (samengevat in Tabel 1 hieronder), de implica-
ties daarvan voor HBV-surveillance en -onderzoek 
(Tabel 2), en aanbevelingen voor preventie en be-
strijding van HBV-infectie (Tabel 3 ).
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tabel 1: Wat dit proefschrift toevoegt aan wat reeds bekend was t.a.v. HBV-infectie

HBV- epidemiologie in Nederland
■  Ongeveer 40,000 mensen in Nederland hebben een chronische HBV-infectie.
■  De prevalentie van HBV-infectie in de algemene Nederlandse bevolking is niet toegenomen tussen 1996 

en 2007; Nederland blijft behoren tot de landen met de laagste prevalentie van HBV-infectie in de wereld.
■  Onder autochtone Nederlanders daalde de prevalentie van HBV-infectie tussen 1996 en 2007. Ontvangst 

van een bloedtransfusie in het verleden was een risicofactor voor infectie.
■  Toename van de migratie naar Nederland had geen invloed op de HBV-prevalentie onder autochtone 

Nederlanders.
■  Eerste generatie migranten hadden een 10-voudig hogere prevalentie van chronische infectie dan au-

tochtone Nederlanders. De overgrote meerderheid van deze infecties waren waarschijnlijk voorafgaand 
aan de migratie opgelopen.

■  Tweede generatie migranten (TGM) hadden een enigszins verhoogd risico op HBV-infectie in verge-
lijking met autochtone Nederlanders. Onder volwassen TGM werd dit met name veroorzaakt door het 
hebben van een in het buitenland geboren seksuele partner. Onder TGM kinderen verklaarde reizen 
naar endemische gebieden een deel van het verhoogde risico.

■  Mannelijk homoseksueel contact is de belangrijkste risicofactor voor het oplopen van een HBV-infectie, 
waarbij diegene met 3 of meer partners in de afgelopen 6 maanden een hoger risico hadden dan MSM met 
minder partners. Onder heteroseksuelen waren het hebben gehad van 2 seksuele partners in de afgelopen 
6 maanden en het hebben van een in het buitenland geboren partner onafhankelijke risicofactoren.

■  Intraveneus drugsgebruik is niet langer een belangrijke route van overdracht van HBV in Nederland, in 
tegenstelling tot veel andere landen, waaronder Engeland en Wales.

■  Chinese vrouwen met een chronische HBV-infectie hebben meer kans om het virus perinataal doorge-
ven aan hun kinderen dan andere chronische HBV-geïnfecteerde vrouwen.

Vaccinatieprogramma’s
■  Het HBV-vaccinatieprogramma voor gedragsgebonden risicogroepen heeft een daling van de incidentie 

van HBV in Nederland veroorzaakt, met name door het voorkomen van HBV-infectie bij mannen die 
seks hebben met mannen.

■  De HBIg en vaccinatiegraad onder kinderen van moeders met een chronische HBV-infectie is hoog (> 
95%) in Nederland. Onder zuigelingen die HBIg ontvingen, hebben wij geen verschil gevonden tussen 
het risico op doorbraakinfectie tussen de vacicnatieschema’s met en  zonder een geboorte dosis vaccin 
(0.8% en 0.7%, respectievelijk).

■  Onder HBsAg-positief zwangere vrouwen is het risico van perinatale transmissie naar hun kind hoger 
voor vrouwen van Chinese afkomst in vergelijking met andere vrouwen. Antivirale behandeling tijdens 
de zwangerschap kan dit risico verminderen en is mogelijk ook geïndiceerd voor sommige HBeAg-ne-
gatieve vrouwen.

■  Nadat het HBV-vaccinatie-programma voor kinderen van migranten werd geïmplementeerd in 2003 
nam de incidentie van acute HBV-meldingen bij jonge kinderen aanzienlijk af. Door veranderingen in 
het meldcriterium in de onderzoeksperiode is het moeilijk te beoordelen of deze daling een gevolg is van 
het vaccinatieprogramma. Het programma was aanvaardbaar voor ouders van kinderen in de doelgroep.

■  Meer dan 99% van de kinderen die gevaccineerd werden met Infanrix hexa en Prevenar ontwikkelde een 
adequate immuunrespons tegen HBV (anti-HBs ≥ 10 IU/ L). Echter de geometrische gemiddelde con-
centratie van anti-HBs antilichamen was lager dan verwacht. De klinische relevantie hiervan is onzeker, 
maar waarschijnlijk beperkt.

HBV- epidemiologie in Engeland en Wales
■  De incidentie van HBV in Engeland en Wales in de late jaren 1990 tot 2000 bleef op hetzelfde niveau als 

gerapporteerd voor het begin van de jaren 1990. Injecterende drug gebruik bleef de meest voorkomende 
wijze van overdracht.
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■  Meer dan de helft van de nieuwe infecties had voorkomen kunnen worden wanneer het huidige selectie-
ve Britse HBV-vaccinatieprogramma volledig geïmplementeerd was.

■  De Zuid-Aziatische etnische minderheid in Engeland en Wales loopt een verhoogd risico op het oplopen 
van HBV-infectie.

HBV-epidemiologie in Europa
■  Landen in het zuiden en westen van de EU en Turkije hebben een veel hogere HBV- en HCV-prevalentie 

dan landen in het noorden en westen.
■  Nu de behandelingsmogelijkheden voor chronische HBV- en HCV-infectie zijn verbeterd, heeft het pri-

oriteit het beleid voor secundaire preventie, met inbegrip van screening en toegang tot behandeling, te 
verbeteren.

■  Er is overtuigend bewijs dat HBsAg screening van zwangere vrouwen kosteneffectief is. HBV-screening 
van migranten is waarschijnlijk kosteneffectief, afhankelijk van factoren waaronder hun HBsAg preva-
lentie.

tabel 2. Implicaties voor HBV-surveillance en -onderzoek
HBV-surveillance
■  De aanname dat de HBV-prevalentie onder migranten gelijk is aan de prevalentie in hun land van her-

komst is waarschijnlijk onvoldoende geldig.
■  HBV-incidentie en trends in de meest voorkomende routes van overdracht bij volwassenen kunnen goed 

worden beoordeeld met behulp van individuele gegevens van ziektegevallen. Bij kinderen zijn HBV-in-
fecties vaak asymptomatisch en zijn seroprevalentie studies nodig.

■  Routinematige monitoring van de HBV-vaccinatiegraad alleen is onvoldoende om de effectiviteit van de 
HBV-bestrijding in gedragsgebonden hoog-risicogroepen te onderzoeken, met name omdat de omvang 
van deze populaties onzeker is.

■  Moleculaire typering van acute HBV-infectie is van toegevoegde waarde om inzicht in routes van trans-
missie en incidentie te verkrijgen. De verkregen informatie kan worden verbeterd door toepassing van 
fylodynamische methoden.

■  Surveillance van HBV-genetische varianten die ontsnappen aan door vaccinatie verkregen immuniteit, 
diagnostiek en antivirale behandeling is van belang om tijdig eventuele toename in de prevalentie van 
deze varianten te detecteren.

■  HBV-surveillance moet ook toegang tot diagnostiek, behandeling en zorg monitoren zodat deze waar 
nodig verbeterd kunnen worden.

■  Op Europees niveau heeft de standaardisatie van methoden voor surveillance van acute HBV-infectie 
prioriteit. De toegevoegde waarde van de moleculaire surveillance van acute HBV-infectie zou onder-
zocht moeten worden.

Epidemiologie, immunologie, moleculaire epidemiologie en fylodynamica
■  Ten aanzien van HBV-infectie in eerste en tweede generatie migranten is verder onderzoek nodig naar 

de routes van transmissie en kosteneffectiviteit van inhaalvaccinatie.
■  Met betrekking tot de preventie van perinatale transmissie heeft het onderzoeken of antivirale behan-

deling wordt verstrekt wanneer daarvoor een indicatie is prioriteit. Om te beoordelen of de huidige 
richtlijnen voor verwijzing adequaat zijn, zou de prevalentie van een hoge virale concentratie bij HBe-
Ag-negatieve vrouwen onderzocht moeten worden.

■  De anti-HBs titer na gelijktijdige toediening van HBV- en pneumokokkenvaccin was lager dan verwacht. 
Verklaringen hiervoor en de eventuele klinische relevantie vergen nader onderzoek.

■  Wiskundige en fylodynamische theorie en methoden moeten ontwikkeld worden om gegevens over gene-
tische diversiteit te vertalen naar incidentieschattingen. Deze zijn dan ook relevant in het onderzoek naar 
welk deel van de acute infecties veroorzaakt wordt door acute en welk deel door chronische infecties.
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■  Verder onderzoek is nodig naar de waarde en de robuustheid van coalescentie gebaseerde methoden die 
de effectiviteit van interventies onderzoeken ten aanzien van verschillende infecties en contexten.

Methoden en impact van screening, testen en vroege behandeling
■  De ‘evidence base’ voor het screenen op chronische HBV-infectie moet worden versterkt. Prioriteit moet 

gesteld worden aan het vergelijken van progressie van leverziekte bij HBV-geinfecteerden met en zonder 
behandeling, methoden om de deelname aan de screening te optimaliseren, efficiënt testen, verwijzing 
en behandeling, de kosteneffectiviteit van het combineren van screening op HBV met screening op ande-
re infecties zoals HCV en HIV, indicatiestelling voor algemene bevolking HBV-screening in midden- en 
hoge prevalentie landen in Europa zoals Roemenië en het effect van de behandeling op het voorkomen 
van nieuwe infecties.

Virale kenmerken en co-infecties
■  Intrinsieke kenmerken ten aanzien van het natuurlijk beloop van infectie en transmissie parameters, 

geassocieerd met verschillende HBV-genotypes en klonen behoeven opheldering.
■  HBV-genetische varianten en co-infectie van HBV, HCV en HIV vergen nadere surveillance.

Virale diagnostiek
■  De rol van kwantitatieve HBsAg test vergt nader onderzoek.

tabel 3. Aanbevelingen voor preventie en bestrijding van HBV-infectie in Nederland en daarbuiten
■  Het selectieve HBV-vaccinatie programma voor gedragsgebonden hoog-risicogroepen moet de komen-

de decennia worden voortgezet in Nederland.
■  Andere landen waar HBV-transmissie voornamelijk plaatsvindt in hoog-risicogroepen, zoals het Ver-

enigd Koninkrijk, de Verenigde Staten en Japan, wordt aangeraden een soortgelijk programma te imple-
menteren.

■  De effectiviteit van het Nederlandse programma voor de preventie van perinatale HBV-overdracht kan 
worden versterkt als zwangere vrouwen met een hoge viral load behandeld worden met antivirale be-
handeling. Monitoring van de uitvoering van behandeling, vooral onder vrouwen van Chinese afkomst, 
is dringend nodig.

■  Nu behandelingsmogelijkheden voor chronische HBV-infectie verbeteren, heeft het prioriteit voor de 
volksgezondheid om een optimale toegang te garanderen tot zorg, bijvoorbeeld door het vermijden van 
vertragingen in de diagnostiek, verwijzing en behandeling.

■  Europese landen die geen universele HBV-vaccinatie van zuigelingen hebben, zouden gerichte HBV-vac-
cinatie voor zuigelingen van migranten moeten overwegen.

■  Er is overtuigend bewijs dat prenatale screening HBsAg kosteneffectief is. Alle Europese landen zouden 
dit derhalve moeten implementeren.

■  Screening van migranten uit endemische landen voor chronische HBV-infectie is waarschijnlijk koste-
neffectief. Beleid en optimale methoden voor implementatie moeten worden ontwikkeld.
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Dankwoord

Utrecht, 24 oktober 2012

‘Ik dacht dat jij al lang gepromoveerd was’ is wat ik het meest hoorde toen ik her en der ging melden dat het 
proefschrift nu bijna af was. Ik weet niet precies wat ik daar nou van moet vinden. Ik ben in ieder geval blij 
dat het nu zover gekomen is, met hulp van velen, die ik hier wil bedanken.

Als eerste mijn promotor, Roel Coutinho. Zowel inhoudelijk als in het proces heeft hij enorm geholpen door 
op het juiste moment de juiste dingen te zeggen, op een prettige manier. En een snellere reactie op stukken 
dan welke co-auteur dan ook, hoe is dat eigenlijk mogelijk voor een directeur vraag ik me af. Ik denk dat ik 
deels het antwoord gehoord heb: niet overmatig perfectionistisch zijn, en vroeg opstaan. Tja. Co-promotor 
Hein Boot heeft me erg geholpen met zijn virologische expertise en voortdurende enthousiasme over het 
project promoveren. Het proefschrift als opstapje in plaats van het struikelblok zoals ik het soms zag. Hein, 
ik hoop dat ik nog heel lang met je samen kan werken.

Mijn leidinggevenden, Hester de Melker, Marina Conyn-van Spaendonck en Marianne van der Sande wil ik 
bedanken voor het bieden van de mogelijkheid te promoveren. Ik realiseer me dat het een luxe is dat ik dat 
deels onder werktijd kon doen. Ik kan me niet een prettiger direct leidinggevende voorstellen dan Hester, 
die goed is in epidemiologie en een erg prettige, menselijke werksfeer weet te scheppen. Daarnaast biedt ze 
goede adviezen op allerlei vlak. Ik ga inderdaad proberen eerst nu eens ervan te genieten dat dit proefschrift 
nu af is, daarna zien we verder. Alle andere co-auteurs van de artikelen in dit proefschrift wil ik bedanken 
voor het vertrouwen en de constructieve samenwerking, met name Jane Whelan, Jan Hontelez en Hein Boot, 
die de 1e auteur zijn van artikelen die in het proefschrift zijn opgenomen. Zonder co-auteurs (Figuur 1) was 
dit proefschrift er niet gekomen!
Figuur 1. Co-auteurs in dit proefschrift
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Ik ben erg blij dat ik door Matty de Wit, Eveline Geubbels en Marc Sprenger de infectieziekte-epidemiologie 
heb leren kennen, toen in 1999 bleek dat klinisch werk in het ziekenhuis niet de richting was die ik op wilde. 
Dankzij de enthousiaste verhalen van Marina Conyn-van Spaendonck heb ik vervolgens kennis gemaakt 
met het Europese Programma voor Interventie Epidemiologie Training (EPIET). Door de toegewijde 
begeleiding van Roland Salmon, Alain Moren, Tom Grein, Mike Rowland en vele anderen heb ik tijdens het 
EPIET fellowship bij CDSC Wales in 1999-2001 in de infectieziekte-epidemiologie definitief mijn richting 
gevonden. Samen met de ‘EPIET-familie’ en EAN heb ik veel geleerd en lol beleefd op de meest fantastische 
plekken in Europa, en ben ik een echte Europeaan geworden.

Onder andere door Natasha Crowcroft werd tijdens de EPIET vaccine module in Glasgow in 2001 mijn 
interesse in vaccinaties gewekt. Dit leidde tot de samenwerking met Mary Ramsay bij het CDSC in Colindale, 
Londen. Zij introduceerde mij in het onderzoek aan hepatitis B, en staat daarmee aan de wieg van dit 
proefschrift. Daarnaast heeft ze mijn werk op allerlei manieren geïnspireerd: inhoudelijk, de onderwerpen, 
methoden en vooral ook de manier van werken. Marita van de Laar introduceerde me, tijdens een etentje in 
Londen, in het hepatitis B werk in Nederland.
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de RVP groep: teveel om op te noemen. De goede sfeer, gezellige praatjes in ons keukentje en bereidwilligheid 
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steun en liefde.
Paranimfen Bettina Zevenbergen en Richard Pebody bedankt dat jullie de 18e december en de weg ernaar toe 
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“I thought you got your PhD ages ago” was the comment made most frequently when I mentioned my PhD 
thesis was now near completion. I do not know exactly what to think of this. Anyway, I am very glad that the 
PhD is now nearly finished. Below I’d like to acknowledge and thank everyone who has helped me to get to 
this stage.

First my supervisor, Roel Coutinho. Both in terms of content and process he greatly helped by saying the right 
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than a stumbling block, as I sometimes tended to see it. Hein, I hope we can work together for a long time.

I would like to thank my line-managers, Hester de Melker, Marina Conyn-van Spaendonck and Marianne 
van der Sande for having the opportunity to do this PhD. I realise it is a luxury this could be partly done 
during working hours. I cannot imagine a nicer boss than Hester, who is an excellent epidemiologist and is 
able to create a very pleasant work atmosphere. In addition, she offers good advice on various levels. I will 
indeed try to now firstly enjoy completing this thesis. All other co-authors of the articles in this thesis (Figure 
1) I would like to thank for the trust and constructive collaboration, particularly Jane Whelan, Jan Hontelez 
and Hein Boot, first authors of articles that are included in this thesis. Without co-authors this thesis would 
not have been there!

Figure 1. Co-authors in this thesis
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I am very glad that through Matty de Wit, Eveline Geubbels and Marc Sprenger I got to know about infectious 
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Salmon, Alain Moren, Tom Grein, Mike Rowland and many others during EPIET fellowship at CDSC Wales 
in 1999-2001 I found my career in infectious disease epidemiology. Together with the ‘EPIET family’ and 
EAN I learned a lot and had great fun in the most fantastic places in Europe, and I became a true European.

My interest in vaccine preventable diseases sparked during the EPIET vaccine module, in Glasgow 2001, 
where Natasha Crowcroft was one of the facilitators. This was further developed by working with Mary 
Ramsay at CDSC in Colindale, London, who got me started on hepatitis B and was thus at the inception 
of the work in this Thesis. She has been inspiring my work in many aspects: topics, methods and ways of 
working. I am glad that subsequently Marita van de Laar introduced me, at a dinner party in London, to the 
hepatitis B work in the Netherlands.

Back in the Netherlands, the EPI department proved to be a fun environment with many dear colleagues 
within and outside the RVP group: too many to mention. The good atmosphere, cozy chats in our kitchen 
and willingness to think and work together makes it a great place to work. I would also like to thank the other 
colleagues within the Centre for Infectious Disease Control (CIb), especially those of LIS, LCI and BBA, for 
the cooperation and critical discussions. I was around at the time the CIb was established and am convinced 
of the importance of the Centre for infectious disease control and the quality of scientific research in this 
field in the Netherlands.

I hope that I do not need the Acknowledgement section of my Thesis to make clear that friendships that 
developed during school, college, EPIET, work and elsewhere, in the Netherlands and beyond, are very 
important to me. My friends are a source of inspiration, support, fun and love.
I’d like to thank my Para Nymphs Bettina Zevenbergen and Richard Pebody for their support prior to and 
at the PhD defence on the 18th of December, and Irene Veldhuijzen, for helping to organise the PhD party 
during the longest night.

My parents and family are the foundation for my life and work. They have always been confident in me and 
my choices. I am grateful that freedom and opportunities have always been there.
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