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General Introduction 

The research in this thesis bundles several population-based surveillance studies 

on infectious diseases carried out by the public health service (PHS) of 

Amsterdam. In contrast to national surveillance systems which are designed for 

ongoing systematic data collection in order to monitor trends in disease prevalence 

in the national population, the studies in this thesis were intended to answer 

specific research questions generated from the actual day-to-day practice of 

infectious disease control by the PHS of Amsterdam. The PHS of Amsterdam has 

a robust reputation in producing evidence to shape and evaluate local and national 

public health policies and programmes.1 Most of the research data are routinely 

collected and/or locally acquired. 

 

Since 1982 the PHS has initiated several research projects concerning infectious 

diseases in the Amsterdam population. Apart from an electronic database, in which 

data of all patients with notifiable infectious diseases are entered (as required for 

national surveillance), the PHS has collected supplementary information, like 

details of contacts of the reported patients. In addition to all routinely collected 

data, the PHS has established several surveillance databases bases on locally 

acquired data (i.e. from cross-sectional surveys, or longitudinal cohort studies), 

including several serum repositories. One of the reasons for performing local 

research in public health, and in infectious diseases in particular is the complexity 

of the Amsterdam population, and the presence of large risk groups for numerous 

infectious diseases. The PHS of Amsterdam is the biggest PHS in the Netherlands, 

and serves a population of approximately 800,000 residents. The urban character 

of the capital city is reflected in the diversity of its population. At least 35% of the 

population are non-Western immigrants, who are considered at risk for e.g. viral 

hepatitis, and import diseases.2 Furthermore, Amsterdam, known as one of the 

‘Gay Capitals’ of Europe, is a popular residency for men who have sex with men, 

and hosts at least 26,000 MSM, who have a higher risk for sexually transmittable 

diseases.3,4 Lastly, it holds a large drug user population, and a considerable 

number of commercial sex workers. About 7 million foreign tourists visit Amsterdam 

annually.5 

 

Surveillance is defined as data collection and analysis, interpretation of these data 

to provide information, and dissemination of that information for action, or as its 
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shortest definition ‘data for action’.6,7 Surveillance studies contribute largely to the 

development of evidence-based public health policies in the control of infectious 

diseases by monitoring trends of infections and diseases in the population. They 

are an indispensable tool for planning and evaluation of intervention programmes 

as well as for establishing up-to-date practice guidelines. This thesis is about 

gathering evidence for action, and starts with an introductory chapter explaining 

how the synthesis between research and recommendations in current public health 

practice takes place. 

Practice guidelines 

Over the past 30 years a new trend in medicine has risen, namely the development 

and use of practice guidelines, also called medical guidelines, clinical protocols or 

clinical practice guidelines. A practice guideline in medicine may be defined as: 

“systematically developed statements to assist practitioners and patients in making 

decisions about appropriate health care for specific clinical circumstances”.8 A wide 

variety of international practice guidelines have been developed since, e.g. the 

global Guidelines International Network (GIN), founded in 2002, holds a web-based 

library containing (by October 2012) over 6,600 guidelines, evidence reports and 

related documents, developed or endorsed by 88 professional organisations from 

48 countries.9 The recent surge of interest in practice guidelines can be explained 

by the simultaneous emergence of another phenomenon, namely the evidence-

based medicine (EBM), well described as “conscientious, explicit, and judicious 

use of current best evidence in making decisions in health care”.10 Whereas in the 

past practice guidelines were mainly based on tradition and reflected expert-

opinion, in the era of evidence-based medicine, modern guidelines dwell more and 

more on the assessment of scientific research. The premise is that the greater the 

strength of the evidence used, the higher the quality of the guidelines. Practice 

guidelines based on the best available evidence can transform practice-based 

medicine into evidence-based medicine and consequently improve the quality of 

health care.  

 

As often is the case, notwithstanding the growing interest and attention, it is not the 

quantity, but the quality that counts. The enormous expansion of guidelines has 

given rise to a growing concern about their quality, affecting successful 

implementation and desired results. Several studies showed that the use of 

practical guidelines by the targeted user population depends on its quality and 
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should have a scientific base.11-13 Research on the quality of practice guidelines 

showed that the methodology used in the development of guidelines varied, and 

often was of poor quality. As a result practice guidelines lacked supporting 

evidence, showed inconsistency (across different guidelines), and even were 

biased through conflict of interest, jeopardizing its validity, acceptability, and 

applicability. Clearly, guidelines for practice guidelines were needed.14,15 In 2003, 

an international group of academics and health care practitioners from 13 countries 

designed a framework to appraise and compare the quality of the practice 

guidelines; The Appraisal of Guidelines, REsearch and Evaluation Instrument 

(AGREE), which can be used by both guideline designers and users to assess the 

key components of methodological quality of the guidelines, including the process 

of development, and the quality of reporting.16 Recently, a revised version, AGREE 

II, was developed, with improved measurement properties.17 Yet, despite the 

international validation and widespread dissemination of the AGREE instruments, 

concerns about suboptimal quality and the lack of supporting evidence persists. 

The greatest need for improvement is still the identification, evaluation, and 

synthesis of the scientific evidence.18.19 

Developing practice guidelines  

According to current insights a guideline must include more than recommendations 

only; it should also contain a description of the methodology used, supporting 

evidence, and implementation advice.20 In summary, the process of systematic 

guideline development is best described by the following steps. First a topic is 

selected, after which a guideline development group is composed, which gathers 

scientific evidence, and formulates a draft. Thereafter the draft is often peer-

reviewed and/or corrected by a consensus group. The final version is then ready 

for publication. In some cases, before publication, the final draft needs 

endorsement by the health authorities first.16,21 Guideline development involves 

both a technical process (collection of relevant evidence) and a social process 

(interpretation of evidence and development of recommendations). The validity of 

guideline recommendations can be adversely influenced if either process is 

biased.22 

The most effective method in gathering the scientific evidence (the technical 

process) is to perform a systematic review to collect all available evidence, assess 

the quality of the selected studies and combine the results into recommendations.21 

However, systematic reviews of the evidence may provide essential information, 

but often do not contain sufficient information for making well informed decisions, 
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nor lead to clear and unambiguous recommendations.23 Also, reviewers may draw 

subjective conclusions about the quality of this evidence. The interpretation of 

evidence and development of recommendations (the social process of guideline 

development) depends mostly on the composition and expertise of the guideline 

development group, and there is consistent empirical evidence that the 

composition of the guideline development group influences the resulting 

recommendations.22 It is clear that recommendations backed by scientific evidence 

should always take precedence over statements based on subjective judgments, 

yet, expert-opinion still is (especially when scientific evidence is lacking) an 

important brick on which practice guidelines are based. Nonetheless, practice 

guidelines solely based on perceived wisdom, clinical judgement and experience, 

and lacking an explicit decision making process (and may be biased by undeclared 

conflicts of interest) should best be avoided, and the undesirable methodology or 

GOBSAT (Good Old Boys Sat Around a Table) should no longer be valid or 

accepted.24 Therefore, when evidence is limited or absent, or when experts reach 

consensus that is not consistent with the evidence, practice guidelines should 

clearly describe the limits of the evidence or the rationale for rejecting obvious 

evidence.21 

The successful implementation of practice guidelines depends, apart from the 

quality of evidence and the methodology used for its development, also on the 

acceptance of the targeted used population and policy makers. The adherence to 

practice guidelines increases when future users actively participate in its 

development.12 Ideally, guideline development groups should be multidisciplinary, 

especially when recommendations are shaped. This ensures adequate discussion 

of the evidence (or its absence) as multidisciplinary groups reach different 

conclusions than single expert groups, even when presented with the same 

evidence.21,22.In guideline development groups all people involved with the subject, 

should be represented, that is health care professionals who directly or indirectly 

engage in patient care in different health care settings (for example, primary and 

secondary care, nurses), but also policy makers who need to make decisions about 

resource allocation. Evidence-based practice guidelines are a useful tool in 

bridging the gaps between research, health policy and practice. Research must be 

fed into policy in order to have any impact, whereas health policies can increase 

impact when implemented in practice guidelines. In public health, some practice 

guidelines are merely policy guidelines expressing public health intervention 

programmes such as screening or vaccination programmes.25 
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Practice guidelines for control of infectious diseases  

Practice guidelines are considered an essential tool for the prevention and control 

of infectious diseases, and most of them are primarily designed to assist medical 

doctors and other health care providers in the prevention, diagnosis, and 

management of patients infected with infectious diseases.26 Its main aim is the 

improvement of the quality of health care, by improving consistency in practice and 

providing guidance to therapeutic, preventive, diagnostic and organisational 

processes.  

The control of infectious diseases is an interdisciplinary field of medicine involving 

hospital-based medical consultants (e.g. internal medicine, medical microbiology), 

public health consultants (specialised in the control of infectious diseases), and 

general practitioners. Furthermore, many other disciplines, such as nurses and 

hygienists are engaged with rendering care and advice in disease and infection 

control. Depending on the context in which the control of infectious diseases takes 

place, specific guidelines are available for e.g. hospitals, nursing care institutions, 

general practices, or local public health services. Depending on its purpose the 

guidelines’ focus may be on hygiene, treatment, infection control, prevention or 

outbreak management, and is accordingly developed by different organisations. It 

is important, especially when one subject is covered by diverse fields of medicine 

to attune to each other’s guidelines. The simultaneous existence of several 

national guidelines for one subject can cause confusion, and discouragement.27 All 

organisations responsible for guideline development should be aware, and make 

sure practice guidelines accommodate similar and non-conflicting 

recommendations. Ideally, diverse practice guidelines on a particular disease 

should be integrated into one.  

Evidence for the prevention and control of infectious diseases 

Worldwide a large variety of international and national practice guidelines on 

infectious diseases is available. For example from 1994 to July 2009 the Infectious 

Disease Society in America (IDSA) has issued and endorsed over 6,500 

recommendations in 63 guidelines. In 2010 a study evaluated 44 IDSA guidelines 

(using the US Public Health Grading System on strength of recommendation and 

quality of evidence), and concluded that most recommendations in IDSA guidelines 

are primarily based on low quality evidence derived from non-randomized studies, 

such as observational studies, or expert-opinion/ descriptive studies. The need for 

high-quality research, that is randomized clinical trials (RCT), considered the 
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golden standard in EBM, is high. However, in public health and the control and 

prevention of infectious diseases in particular, observational research may be the 

best evidence available. In public health RCTs are usually not feasible, or have 

limited external validity (generalisability).26 Observational research in infectious 

diseases comprises of several study designs such as cohort, case-control, and 

cross-sectional studies. In addition, data form surveillance systems on infectious 

diseases are a rich source of information contributing to the evidence in practice 

guidelines and policy making. Surveillance studies are used to establish baseline 

disease rates, to identify time trends and new and emerging epidemics, to monitor 

the impact of public health interventions such as vaccination programmes, to guide 

vaccine development and clinical management, and to help allocation of resources 

for disease prevention and treatment programmes.28 

Guidelines on infectious diseases in the Netherlands  

The Netherlands has a long tradition of producing practice guidelines, and many 

institutes, associations and professional organizations are involved in its 

development. Table 1 gives an overview (although non comprehensive) of the main 

organisations involved in the development and dissemination of practice guidelines 

on infectious diseases in the Netherlands, which are used in primary care, 

specialist care and public health. In 1997, the Dutch Cochrane Centre and Dutch 

Institute for Healthcare Improvement (CBO) founded a national platform of 

guideline organisations with the aim to harmonise the methodology and to promote 

EBM guideline development. The Dutch platform (Evidence Based Richtlijn 

Onderzoek; EBRO) is a network that facilitates guideline development and revision. 

Another task is the promotion and transfer of knowledge on EBM guideline 

development by organising conferences and educational programmes.29 

Furthermore, in 2009 the Dutch Council for Quality of Healthcare (Regieraad) was 

established by the Minister of Health, Welfare and Sport, also conducting research 

into how guidelines are developed, implemented and updated.30 In the 

Netherlands, there is no official system of regulation of the evaluation of practice 

guidelines yet, nor are there mechanisms to assess implementation assessment. 

However, in 2004 Burgers et al. appraised the quality of CBO and NHG guidelines 

using the AGREE instrument and concluded that the quality of the CBO and NHG 

guidelines, in particular, the reporting of the methodology could be improved, in 

order to determine whether the guidelines are evidence-based.31 
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The following section will discuss briefly two of the organisations producing practice 

guidelines for the prevention of infectious diseases most relevant to the studies 

presented in this thesis. 

The National Coordination Communicable Diseases Control  

The National Coordination Communicable Diseases Control (Landelijke 

Coördinatie Infectieziektebestrijding; LCI) was founded in 1995, to coordinate and 

enhance the collaboration of all partners involved in the (extramural) infectious 

disease control in the Netherlands, e.g. local PHS (or Geneeskundige en 

GezondheidsDienst; GGD), local and national government and policymakers. The 

LCI produces and publishes the national guidelines for communicable disease 

control (LCI-Richtlijnen). In addition to the national guidelines for communicable 

disease control, the LCI also produces national guidelines concerned with health 

policy, health programme strategies and outbreak management (LCI- 

Draaiboeken). During the past 17 years, 90 disease-specific guidelines have been 

published, including all 42 infectious diseases notifiable by Dutch law. Upon first 

publication many of these guidelines were based on informal existing guidelines 

produced by local PHS in the 1980s, and reflected expert-opinion on local 

agreements between several PHS. Nowadays, LCI-guidelines are developed under 

supervision of the LCI board of editors, which annually evaluates the need for 

revision and development of new guidelines, and subsequently appoints an author. 

Since 2006, the author executes a systematic review in order to make the LCI-

guideline evidence-based. Before publication, all new and revised guidelines must 

be approved by a national multidisciplinary consensus group, in which a wide 

range of professional organisations and governmental institutions, e.g. PHS, the 

National Immunisation Programme, the Dutch Inspectorate of Health Care, and the 

National Coordination Centre for Travellers Health Advice, are represented. The 

final draft is endorsed by the National Health Council.32 Since 2005, the LCI is part 

of the Centre for Infectious Disease Control (CIb), the main body for infectious 

disease control in the Netherlands. The CIb, as part of the National Institute of 

Public health and the Environment (RIVM), is funded by the government (Ministry 

of Health, Welfare and Sport).  

The National Coordination Centre for Travellers Health Advice  

In 1996, the Dutch National Coordination Centre for Travellers Health Advice 

(Landelijk Coördinatiecentrum Reizigersadvisering; LCR) was established to 

improve the uniformity of travellers’ health advice and to increase the quality of 
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national vaccination centres. To reach the first objective, in 1996, the LCR 

published national guidelines for vaccinations and malaria prophylaxis for travellers 

(LCR-Protocollen). To reach the second objective, the improvement of the quality 

of national vaccination centres, the LCR published criteria for the quality of care in 

travel clinics and general practices.33 Most LCR-guidelines are disease-specific 

(most vaccine-preventable diseases), problem-based (e.g. the pregnant or 

immune-deficient traveller), or informative (e.g. on international health regulations). 

LCR-guidelines are developed, depending on its subject, e.g. by a working group 

on vaccination; on malaria; on nursing issues, or on quality of care issues. The 

working groups consist of a range of medical consultants and/ or nurses 

considered experts in the field of tropical medicine, epidemiology, and travellers’ 

medicine. In practice, the working group decides on the need for revision or 

development of a new guideline, and appoints an author, who writes a draft 

proposal. In quarterly meetings draft proposals are reviewed and discussed. Before 

publication, the final proposal has to be approved and accepted by a national LCR 

consensus group, whose members represent all professional organizations (e.g. 

PHS, travel clinics, academic hospitals, occupational health organisations, general 

practitioners, and Ministry of Health) involved with travel medicine in the 

Netherlands. The Dutch Inspectorate of Healthcare (IGZ), part of the Ministry of 

Health, Welfare and Sport, regards the LCR guidelines as professional standards. 

The LCR is a non-governmental organisation. The secretariat is a trust, and it does 

not receive public funding, nor sponsorship from the pharmaceutical industry. 

Expenses are covered by membership fees paid by travel health advisors. LCR-

guidelines are available for paying members only, who have access to the 

guidelines in writing and online. 
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Table 1 Overview of organisations publishing practice guideline on infectious diseases in the Netherlands  

Organisation (year) 
Type of 

organisation 
Focus Examples 

Dutch Institute for Healthcare Improvement 
(Centraal BegeleidingsOrgaan; CBO) 1979 

Department  
of TNO 
management 
consultants 

Assist professional societies in 
development of EBM guideline and 
enhances appraisal. Dissemination 
of guidelines for guidelines 

Lyme borreliosis (2012)  
Varicella (2011) (with NVMM and 
NVDV) 

Dutch College of General Practitioners 
(Nederland Huisartsen Genootschap; NHG) 
1990 

Professional 
society 

Practice guidelines (NHG 
standaarden) for general 
practitioners (and partners in primary 
care)  

Influenza (2008) 
Acute otitis media (2006) 

Dutch Society for Medical Microbiology 
(Nederlandse Vereniging voor Medische 
Microbiologie; NVMM) 1911 

Professional 
society 

Evidence based practice guidelines 
for medical microbiologists 

Varicella (2011) (with CBO ,NVDV) 
Laboratory detection of highly 
resistant microorganisms (2011) 

National Coordination Communicable Diseases 
Control (Landelijke Coördinatie 
Infectieziektebestrijding; LCI) 1995 

Governmental 
Practice and health policy guidelines 
for the control of infectious diseases 
in Public Health. 

Hepatitis B programme for high-risk 
groups (2009) 
Q fever (2012) 

National Centre for Hygiene and Safety 
(Landelijk Centrum Hygiëne en Veiligheid; 
LCHV) 2003 

Governmental 
Practice guidelines and policies on 
infection control in Public Health 

Health risks in child day care (2011) 
Requirements ship sanitation (2011)) 

National Coordination Centre for Travellers 
Health Advice (Landelijk Coördinatiecentrum 
Reizigersadvisering; LCR) 1996 

Trust 
Protocols for travel health advisors 
and quality requirements for 
vaccination clinics 

Yellow fever (2012) 
Malaria prophylaxis (2012) 

Dutch Working Party on Antibiotic Policy 
(Stichting Werkgroep Antibioticabeleid; SWAB) 
1996  

Group of 
professional 
societies  

Practice guidelines on antibiotic 
treatment in hospitalized adult 
patients 

Central Nervous System bacterial 
infections (2012) 
Acute infectious diarrhoea (2005) 

Working Party on Infection Prevention 
(Werkgroep Infectie Preventie; WIP) 1980  

Group of 
professional 
societies 

Practice guidelines and standards 
on infection control in health care 
institutions (hospitals, elderly 
homes) 

Clostridium difficile and multi-resistant 
organism in hospitals (2012) 

The Netherlands Society of Occupational 
Medicine (Nederlandse Vereniging voor Arbeids- 
en Bedrijfsgeneeskunde; NVAB) 1953 

Professional 
society 

Practice guidelines on occupational 
health 

Influenza; prevention and outbreak 
control (2007) 

Dutch Society for Dermatology & Venereology 
(Nederlandse Vereniging voor Dermatologie en 
Venereologie; NVDV), 1896 

Professional 
society 

Practice guidelines on sexually 
transmitted diseases diagnosis and 
treatment for dermatologists  

Sexually transmitted diseases (2012) 
Varicella (2011) (with CBO and 
NVMM) 
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Aim of this thesis  

The research in this thesis aims to contribute to more evidence-based guidelines 

on the control of infectious diseases. In the Netherlands, most national guidelines 

for the prevention of infectious diseases are comprehensive and based on solid 

knowledge of the disease and its consequences. Yet many recommendations are 

still expert opinions based on practice- or knowledge, and not equally supported by 

evidence. Therefore the need for scientific evidence to support the 

recommendations in national guidelines remains high.  

 

The studies presented in this thesis were intended to answer specific research 

questions generated from the actual day-to-day practice of infectious disease 

control by the PHS of Amsterdam. Most research questions arose from a lack of 

guidance in the national practice guidelines, others serve as evaluations of the 

effectiveness of existing recommendations. The outcomes are intended to improve 

the national practice guidelines, and to support the evidence and implementation of 

its recommendations.  

Outline of this thesis  

This thesis is divided in three parts, each relating to specific national practice 

guidelines or policy programmes.  

Seroprevalence of varicella-zoster virus, parvovirus B19, and 

cytomegalovirus  

The first part of this thesis (chapter 2, 3 and 4) relate to the LCI-guidelines on three 

viral skin rash infections common in children: varicella-zoster virus; parvovirus B19; 

and cytomegalovirus.34-36 In addition, chapter 4 relates to the NVAB practice 

guideline “Pregnancy, Postpartum Period and Work”, in which recommendations 

on pregnancy and the occupational risk of infection in day care centres are made.37  

According to Dutch law, schools and child day care centres need to report all 

outbreaks of skin rash illness to the PHS. Depending on the diagnosis (or most 

likely diagnosis, and often case ascertainment is required), the PHS advises 

school- and child day care management on control measures, and gives health 

education on hygiene measures to control further spread of the pathogen. Although 

most skin rash infections in children are benign and self-limiting, risk groups for 
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complications, such as immune-compromised persons or pregnant women, need to 

be identified for disease specific investigation and management. In daily practice, 

the PHS is regularly consulted by pregnant women, who have been exposed to a 

child with a skin rash disease. In order to assess the risk of infections after 

exposure, sound epidemiological data on the presence of antibodies against these 

infections within the population, and knowledge about special risk groups without 

immunity is needed. However, for many infections, these data are rare or lacking 

completely. 

 

The first two chapters describe two sero-epidemiological studies on the presence 

of IgG antibodies against varicella-zoster virus (chapter 2), and parvovirus B19 

(chapter 3) among various ethnic groups in the Amsterdam adult population. 

Knowing that immunity may depend on the country of birth, the researchers 

anticipated to find differences in seroprevalence between people born in the 

Netherlands and immigrants. In chapter 4 the seroprevalence rates of IgG 

antibodies against varicella-zoster virus, parvovirus B19, and cytomegalovirus in 

women working in Amsterdam child day care centres in Amsterdam were 

estimated. By comparing these seroprevalence rates with data from Amsterdam 

women not working in day care, the association between occupation and infection 

in women working in child day care was assessed. Additionally, other likely 

determinants of seropositivity for varicella-zoster virus, parvovirus B19, and 

cytomegalovirus, such as age and ethnic origin, were investigated.  

Travel related diseases 

The second part comprises of two chapters relate to travel medicine, and the 

recommendations made in the LCR-guidelines on malaria and hepatitis B.38;39 

Travel medicine practice guidelines offer guidance to the interdisciplinary range of 

health care workers practising travel medicine (consultants of internal and tropical 

medicine; public health consultants; occupational health consultants, general 

practitioners and specialised nurses). As a young discipline, however, the evidence 

base of many topic areas is still feeble, and the guideline development process is 

often dominated by expert opinion and experience, highlighting the need for more 

research and evaluation to support current recommendations.  

 

Chapter 5 describes the epidemiology and trends of all imported malaria in the 

Netherlands from 2000 to 2008.  
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In the Netherlands, the Malaria Working Group writes the LCR-guideline on malaria 

chemoprophylaxis for travellers. The recommendations in the practice guideline are 

based on the most actual epidemiology of malaria available, which needs regular 

updating as the epidemiology and drug resistance in parasites worldwide is ever 

changing. Surveillance of import malaria is specifically important to evaluate the 

effectiveness of the current recommendations, to identify trends, and guide the 

development of new strategies for prevention of import malaria. In this study travel 

statistics, and data on the use of malaria chemoprophylaxis are taken into account 

as well. In the Netherlands, despite the availability of adequate chemoprophylactic 

drugs in the Netherlands, imported malaria continues to cause considerable 

morbidity and mortality among returning travellers.  

 

Chapter 6 evaluates whether the LCR-guideline (version 2008) on hepatitis B 

vaccination for travellers was adequate. All notified acute hepatitis B cases in 

Amsterdam between 1992 and 2003 were analyzed in order to answer the 

following questions: which proportion of acute hepatitis B infections is travel-related 

and imported from endemic countries? Is hepatitis B vaccination for all travellers 

necessary, or are particular groups more at risk of hepatitis B than others while 

travelling? 

Sexually transmitted diseases in men having sex with men 

The last part presents two chapters on the trends of sexually transmitted diseases 

among approximate 26,000 men who have sex with men (MSM) living in 

Amsterdam, and relate to the national HBV vaccination programme targeted at 

behavioural high risk groups.  

Amsterdam - about 800 000 inhabitants - is a popular residency for MSM from all 

over the world and hosts at least 26,000 MSM.3;4 Among Amsterdam MSM the 

incidence of sexually transmitted disease (STI) is much higher than in the general 

population and largely depending on changes in sexual risk-behaviour. After the 

introduction of combination antiretroviral therapy (cART) for human 

immunodeficiency virus (HIV) infected patients in the mid-1990s, the sexual risk-

behaviour among MSM increased, followed by an increase of STI.40,41 In 2002, a  

hepatitis B vaccination programme targeting these behavioural high risk-groups 

was implemented nationally, following a pilot programme from 1998-2000 in 

several regions including Amsterdam.42 
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In Chapter 7 data of all Amsterdam notifications of hepatitis A, acute hepatitis B, 

and shigellosis from 1992 to 2007, were compared with data from all patients newly 

diagnosed with gonorrhoea and infectious syphilis at the STI outpatient department 

of the PHS in Amsterdam. Though hepatitis A, acute hepatitis B, and shigellosis 

are not considered conventional STIs, their transmission within groups of MSM is 

known to be linked to sexual activities. Yet it is not known whether more risky 

sexual behaviour affects their incidence as it affects the conventional STIs like 

syphilis.  

 

In chapter 8, the same data on notified acute hepatitis B in MSM were used, but 

supplemented with the notifications until 2011. In this study, incidence trends of 

acute hepatitis B in the Amsterdam MSM population are used to evaluate the 

impact of the hepatitis B vaccination programme targeted at MSM that began in 

1998. 
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Abstract 

Background: In the Netherlands, infection with varicella-zoster virus (VZV) is 

considered a benign common childhood illness and routine vaccination against 

VZV is not done. In 1995 it was estimated that 98-100% of the adult Dutch general 

population is immune, yet the estimate is based on a database in which a relative 

small number of people of non-Dutch ethnic origin were represented. As the city of 

Amsterdam has large immigrant communities originating from various subtropical 

and tropical countries, such as Morocco, Surinam, and Turkey with probably lower 

VZV transmission, this study aimed to estimate the seroprevalence of VZV IgG 

antibodies (anti-VZV) among various ethnic groups in Amsterdam, and identify 

factors associated with seronegative VZV status. 

Methods: The study was a cross-sectional survey of the Amsterdam population 

(2004), and the study sample was stratified by age and ethnicity, with deliberate 

oversampling of minority ethnic groups. Serum samples obtained from 1341 

residents in 2004 were tested for antibodies to VZV. Basic demographic data 

(gender, age, country of birth, age at immigration and number of children) were 

also available. 

Results: The anti-VZV seroprevalence in the overall Amsterdam population was 

estimated to be 94% (95% confidence intervals; 92-96%). Regarding ethnic origin, 

first generation immigrants (Moroccan immigrants 90%, Surinamese or Antillean 

immigrants 91%, and Turkish 92%), especially those that migrated after the age of 

11 years, were more likely to be anti-VZV seronegative compared to those arriving 

at an earlier age or those born in the Netherlands (97-98%). Both ethnic origin and 

generation of immigration were positive predictors for IgG seronegativity to VZV (p 

<0.015). No other predictors for seronegativity were found. 

Conclusion: The results of this study imply that about 4-8% of the general adult 

Amsterdam population is still susceptible to infection with VZV, and that 

susceptibility is even higher in some immigrant groups. When assessing the risk of 

infection after VZV exposure alertness is needed for vulnerable persons like 

pregnant women, patients with haematological malignancies or organ transplants 

in particular among first-generation immigrants. 
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Background 

In the Netherlands, primary varicella infection (chicken pox) is considered a benign 

common childhood illness. After a first infection with varicella-zoster virus (VZV), 

immunity is regarded as life-long.1 In later life, reactivation of latent VZV 

established in cells of the dorsal root ganglia after primary infection, may cause 

herpes zoster (shingles). Currently, routine vaccination against VZV is not done, 

although its introduction in the national immunization programme is now being 

evaluated.2 To assess the risk of infection after VZV exposure sound 

epidemiological data are needed to identify risk groups associated with VZV 

seronegativity. 

VZV circulates widely in the Dutch population, and exposure to the virus is 

relatively frequent. The risk for VZV infection is highest in pre-school children aged 

1-5 years, and by the age of 5, at least 93% of the children have VZV antibodies. 

According to a national population-based VZV seroprevalence study (1995-1996), 

almost all Dutch adults (98-100%) have antibodies against VZV, yet that study 

included relatively few residents of non-Dutch origin.3-5 This finding of near-total 

VZV seropositivity in the adult Dutch population, and the high risk of infection in 

young children is typical for a country in a region with a temperate climate. For 

unclear reasons the epidemiology of VZV shows great regional and seasonal 

variation. In subtropical and tropical climates the overall incidence of VZV 

infections is lower and infection occurs often at a later age; physical factors like 

different levels of ultra-violet radiation may play a role.1,6,7 As the city of Amsterdam 

has large immigrant communities originating from various subtropical and tropical 

countries, such as Morocco, Surinam, and Turkey with probably lower VZV 

transmission, this study aimed to estimate the seroprevalence of VZV IgG 

antibodies (anti-VZV) among various ethnic groups in Amsterdam, and identify 

factors associated with seronegative VZV status. 

Methods  

Study Population and Sampling Procedure 

The data used for this study were obtained from a cross-sectional population-

based health survey (the Amsterdam Health Monitor, or AHM). The survey was 

carried out in 2004 by the Amsterdam Public Health Service (GGD) in collaboration 
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with the National Institute for Public Health and the Environment (RIVM). 

Amsterdam consists of thirteen districts and the sample for the survey was drawn 

from five of them. These five contain a population that was representative 

concerning socioeconomic status and ethnicity for the total population of 

Amsterdam. The survey was approved by the Medical Ethics Committee of the 

Academic Medical Centre. The sample was stratified by ethnic background (Dutch, 

Moroccan, Turkish and other ethnic groups) and five age groups (18-34, 35-44, 45-

54, 55-64, and 65 years or older). Within each stratum a random sample was 

drawn. The Turkish and Moroccan ethnic groups were oversampled to ensure 

sufficient numbers of individuals from these groups. Data were weighted to correct 

for oversampling by ethnic groups. After weighting the data for age, gender and 

ethnicity, respondents appeared to have an annual income and unemployment rate 

that was comparable to that of the total population of Amsterdam in 2004. The 

overall response rate among ethnic Dutch, Turkish and Moroccan subjects was 

45%. More details on the survey are described elsewhere.8,9 Respondents were 

invited for an interview and medical examination in a community health centre. All 

interviews were conducted in the language of choice of the respondent (i.e. Dutch, 

Turkish, Moroccan-Arabic or Berber). From all the issues that were addressed the 

following variables were considered pertinent to the current study: sex, age, 

country of birth of the participant and his/her parents, age at the time of migration, 

and the number and age of children living with the participant currently and/or in 

the past. Participants were classified into five ethnic groups (Dutch, Surinamese or 

Antillean, Turkish, Moroccan, and other), according to the self-reported country of 

birth and the country of birth of the respondent's mother or father. Furthermore, 

participants of non-Dutch ethnic origin were classified as first- or second-

generation immigrants depending on their own country of birth. Those born in the 

Netherlands were considered as second-generation and all others as first-

generation immigrants. Participants were requested to provide a blood sample. 

These were collected, after obtaining written informed consent, and were stored at 

7°C within 30 minutes, then centrifuged and frozen at -80°C within 48 hours. 

Seventy-nine per cent of the participants (n = 1376) donated a blood sample for the 

serum repository. 

Serological assays 

Plasma samples were tested for IgG-class antibodies to VZV by means of 

quantitative enzyme immunoassays. The assays were performed in the Public 

Health Laboratory in Amsterdam according to the instructions of the manufacturer. 
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The serological test was a microplate enzyme-linked immunosorbent assay system 

that uses purified antigen (cell lysate of a human fibroblast cell line, VZV wild 

strain) to detect VZV IgG (EURO IMMUN Anti-Varicella-Zoster-Virus IgG- ELISA, 

Medizinische Labor diagnostika AG, Lübeck, Germany). In estimating anti-VZV 

seroprevalence, only samples with a positive result were considered immune. All 

negative and equivocal test results (according to the manufacturer all results 

between 80 and 110 mIU/ml) were considered as not immune. We thereby 

increased the specificity and reduced the number of false positive results. As the 

purpose of this study was to establish factors associated with VZV susceptibility, 

reduced assay sensitivity is preferable to reduced specificity.10 

Statistical analysis 

In order to obtain results representative for the adult population in Amsterdam, 

prevalences and confidence intervals of 95% (95%CI) corrected for stratification 

were calculated using the complex samples modules of SPSS, version 17 (SPSS 

Inc., Chicago, Illinois, USA). In these analyses data were weighted for age, sex and 

ethnic origin, using a weighing method which corrected the oversampling by ethnic 

groups as described elsewhere.8,11,12 Prevalences (P) and odds ratios (OR) were 

estimated in the general Amsterdam population by taking into account the study 

design using Intercooled Stata 11.1 for Windows (Stata Corp., College Station, 

Texas, USA). Prevalences were compared using the Chi-square test; and a p value 

of <0.05 was considered as significant. 

Results  

Characteristics of the study sample 

For this study, 97.5% (1341 / 1376) of the collected blood samples were available 

for laboratory analysis. Table 1 shows the characteristics of the 1,341 participants 

who were included. The table shows both the distribution in the study sample (non-

weighted), and the estimated distribution representing the Amsterdam population. 

The study sample consisted of 619 men (46%) and 717 women (54%). Age ranged 

from 17 to 90 years. The median age for men was 52 years (interquartile range 

(IQR) 41–62 years) and for women 47 years (IQR 37–58 years). Most participants 

were of Dutch (33%), Turkish (24%), or Moroccan (21%) ethnic origin. Within 

ethnic groups, there was an unequal distribution between the sexes for participants 

of Surinamese and Antillean ethnic origin (71% was female), for participants of 

Dutch ethnic origin (59% was female), and for participants of Moroccan ethnic 



Chapter 2 

32   

origin (57% was male). Of all 1341 participants 61% (814) were born outside the 

Netherlands, of which the majority was first-generation Turkish (306) or Moroccan 

immigrant (262). Other first-generation immigrants came often from the Republic of 

Surinam and the Netherlands Antilles (78) or from Indonesia (32). The median age 

at immigration was 25 years (range 0–76 years), and only a minority (64 or 8%) of 

the immigrants came to live in the Netherlands before the age of 11 years. Only 4% 

(59) were second-generation immigrants. Half of the participants (47%) had one or 

more children (median 2 children, range 1–10 children), and 29% none. For 23% of 

the group, data on having children were missing. 

Seroprevalence of anti-VZV in the Amsterdam population 

Table 2 gives an overview of the test results and the estimated anti-VZV 

seroprevalence by demographic characteristics. The anti-VZV seroprevalence is 

shown both non-weighted, representing the study sample, and weighted, 

representing the Amsterdam population. The anti-VZV seroprevalence in the 

overall Amsterdam population was estimated to be 93.8% (95%CI 91.6-95.5%). 

Regarding ethnic origin, seroprevalence was lowest among first-generation 

immigrants (Moroccan immigrants 90%, Surinamese or Antillean immigrants 91%, 

and Turkish 92%) compared to those born in the Netherlands (Dutch ethnic origin 

and second-generation immigrants 97-98%). Among the first-generation 

immigrants, those that migrated before the age of 11 were more likely to be 

seropositive, than those that migrated at a later age (p <0.001). 

Predictors for IgG seronegativity to VZV in the study sample 

The results of the univariable analysis for IgG seronegativity to VZV are shown in 

Table 3. All negative and equivocal test results were considered as IgG 

seronegative. Both ethnic origin and generation of immigration were positive 

predictors for IgG seronegativity to VZV. When considering the ethnic origin, 

people of Moroccan and Turkish ethnic origin were 2.5 times more likely to be 

seronegative compared to people from Dutch ethnic origin (p =0.013). Almost 10% 

of all first-generation immigrants from Morocco and Turkey were anti-VZV 

seronegative (p =0.015). Immigrants that migrated after the age of 10 were more 

likely to be seronegative compared to those that migrated at a younger age and 

those born in the Netherlands (p =0.0001). No other predictors for seronegativity 

were found.  
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Table 1 Characteristics of 1341 participants of the AHM Survey, 2004 

 
Study sample Amsterdam adult population 

n (%) (Estimated proportion) 
Total 1341   
Sex    
  Female  717 (53.5) 50.3 
  Male  619 (46.2) 49.7 
  Sex missing  5 (0.4) - 
Age category    
  18–34  212 (15.8) 35.1 
  35–44  291 (21.7) 23.8 
  45–54  325 (24.2) 17.1 
  55–64  279 (20.8) 12.0 
  65 and older  224 (16.7) 12.0 
  Age missing  10 (0.7) - 
Ethnic origin    
  Dutch  437 (32.6) 53.5 
  Moroccan  275 (20.5) 6.9 
    1st generation, Moroccan   262 - - 
  Surinamese/ Antillean  88 (6.6) 9.3 
    1st generation, Surinamese/ Antillean 78 - - 
  Turkish  319 (23.8) 4.4 
    1st generation, Turkish   306 - - 
  Other ethnic origin  212 (15.8) 25.9 
    1st generation, other ethnic origin   189 - - 
  Ethnic origin missing  10 (0.7) - 
Immigration status    
  (born in the Netherlands)  516 (38.5) 64.4 
  Immigrated at age ≤10 years  64 (4.8) 5.8 
  Immigrated at age. >10 years 721 (53.8) 29.8 
  Immigrated at unknown age  32 (2.4) - 
  Country of birth missing  8 (0.6) - 
Having children    
  Yes  634 (47.3) 55.7 
  No  394 (29.4) 44.3 
  Missing  313 (23.3) - 
Number of children (n = 1,028)    
  0  394 (38.3) 44.8 
  1  203 (19.7) 21.6 
  2  239 (23.2) 22.0 
  3 or more  176 (17.1) 11.6 
  Number of children missing  16 (1.2) - 
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Table 2 Prevalence of VZV IgG antibodies by demographic characteristics among 1341 Amsterdam residents aged 18 

years and older, 2004 

  Study sample The overall Amsterdam population 

 n % negative % equivocal % positive 
% anti-VZV seropositive 

(95%CI) 
p value 

Total 1341 4.1 2.8 93.1 93.8 (91.6-95.5)  
Sex      0.29 
  Male 619 4.2 2.9 92.9 92.8 (89.0-95.4)  
  Female 717 4.0 2.8 93.2 94.8 (92.2-96.6)  
Age category      0.42 
  18–34 years 212 4.7 2.4 92.9 92.0 (86.3-95.5)  
  35–44 years 291 4.1 3.4 92.4 95.0 (90.8-97.3)  
  45–54 years 325 4.9 3.1 92.0 93.5 (89.3-96.1)  
  55–64 years 279 2.2 2.5 95.3 96.4 (92.4-98.4)  
  65 years and older 224 4.5 2.7 92.9 94.8 (89.9-97.4)  
  Age missing 10 10.0 0 90.0 -  
Ethnic origin      0.03 
  Dutch 437 2.1 1.8 96.1 96.6 (94.3-98.0)  
  Surinamese / Antillean 89 5.6 1.1 93.3 93.0 (80.2-97.8)  
  Turkish 319 4.7 4.7 90.6 91.8 (87.1-94.8)  
  Moroccan 275 5.8 3.6 90.6 89.7 (82.9-94.0)  
  Other 211 4.7 1.9 93.6 90.0 (82.8-94.3)  
  Ethnic origin missing 10 0 0 100 -  
Generation       
  Dutch 437 2.1 1.8 96.1 96.6 (94.3-98.0) 0.002 
  1st generation. Surinamese /Antillean 78 6.4 1.3 92.3 90.6 (74.7-96.9)  
  1st generation. Turkish 306 4.6 4.9 90.5 91.5 (86.5-94.7)  
  1st generation. Moroccan 262 5.7 3.8 90.5 90.1 (83.5-94.2)  
  Other 1st generation 189 5.3 2.1 92.6 87.9 (79.7-93.0)  
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  Study sample The overall Amsterdam population 

 n % negative % equivocal % positive 
% anti-VZV seropositive 

(95%CI) 
p value 

  2nd generation immigrants 59 3.4 0 96.6 98.3 (91.3-99.7)  
  Ethnic origin missing 10 0 0 100 -  
Immigration status      0.02 
  (born in the Netherlands) 516 2.1 1.6 96.3 -  
  Immigrated at age > 10 years 721 5.7 4.0 90.3 86.3 (80.4-90.7)  
  Immigrated at age ≤ 10 years 64 1.6 1.6 96.9 97.5 (87.8-99.5)  
  Immigrated at unknown age 32 6.3 0 93.8 -  
  Country of birth missing 8 0 0 100 -  
Children      0.80 
  No 394 4.1 2.8 93.2 93.3 (88.7-96.1)  
  Yes 634 4.3 3.3 92.4 94.7 (91.1-96.9)  
  Data on having children missing 313 3.8 1.9 94.3 -  
Number of children (n =1028)      0.94 
  0 394 4.1 2.8 93.2 93.3 (88.7-96.1)  
  1 203 4.4 2.0 93.6 94.9 (88.2-97.9)  
  2 239 5.0 3.8 91.2 94.7 (87.5-97.8)  
  3 or more 176 3.4 4.5 92.1 93.6 (84.2-97.5)  
  Number of children missing 16 0 0 100 -  
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Table 3 IgG seronegativity to VZV by demographic characteristics in the study sample aged 18 years and older 

 
 
n 

VZV seronegative 
Univariable OR (95%CI) p value 

n % 
Total 1341 93 6.9 (5.6-8.4)   
Sex     0.84 
  Male  619 44 7.1 1  
  Female  717 49 6.8 0.96 (0.6-1.5)  
Age category     0.52 
  18–34 years  212 15 7.1 1  
  35–44 years  291 22 7.6 1.07 (0.5-2.1)  
  45–54 years  325 26 8.0 1.14 (0.6-2.2)  
  55–64 years  279 13 4.7 0.64 (0.3-1.4)  
  65 years and older  224 16 7.1 1.01 (0.5-2.1)  
  Age missing  10 1 10.0 -  
Ethnic origin     0.013 
  Dutch  437 17 3.9 1  
  Surinamese/ Antillean  89 6 6.7 1.79 (0.7-4.7)  
  Turkish  319 30 9.4 2.56 (1.4-4.7)  
  Moroccan  275 26 9.5 2.58 (1.4-4.8)  
  Other  211 14 6.6 1.76 (0.8-3.6)  
  Ethnic origin missing  10 0 0 -  
Generation      
  Dutch  437 17 3.9 1  
  1st generation, Surinamese/ Antillean 78 6 7.7 2.06 (0.8-5.4)  
  1st generation, Turkish 306 29 9.5 2.59 (1.4-4.8)  
  1st generation, Moroccan 262 25 9.5 2.61 (1.4-4.9)  
  Other 1st generation 189 14 7.4 1.98 (1.0-4.1)  
  2nd generation immigrants 59 2 3.4 0.87 (0.2-3.9)  
  Ethnic origin missing  10 0 0 -  
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n 

VZV seronegative 
Univariable OR (95%CI) p value 

n % 
Immigration status     < 0.0001 
  (born in the Netherlands)  516 19 3.7 0.36 (0.2-0.6)  
  Immigrated at age > 10 years 721 70 9.7 1  
  Immigrated at age ≤ 10 years  64 2 3.1 0.3 (0.1-1.3)  
  Immigrated at unknown age 32 2 6.3 -  
  Country of birth missing  8 0 0 -  
Children     0.57 
  No  394 27 6.9 1  
  Yes  634 48 7.6 1.11 (0.7-1.8)  
  Data on having children missing  313 18 5.8 0.83 (0.5-1.5)  
Number of children (n =1,028)     0.75 
  0  394 27 6.9 1  
  1  203 13 6.4 0.93 (0.5-1.8)  
  2  239 21 8.9 1.31 (0.7-2.4)  
  3 or more  176 14 8.0 1.17 (0.6-2.3)  
  Number of children missing  16 0 0 -  
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Discussion  

Our study shows a high seroprevalence (94%) of VZV IgG antibodies in the overall 

adult Amsterdam population (95%CI 92-96%), which is in line with other 

seroprevalence estimates in adults living in temperate zones.3,5,13-19 A comparative 

sero-epidemiology study of anti-VZV in 11 countries in the European region found 

that seroprevalence was above 90% in all countries, except for Italy (88.8%).5 The 

estimated seroprevalence in Amsterdam is rather low, compared to the near-total 

VZV seropositivity (97-100%) in the adult Dutch population, but probably 

representative for a highly urbanized area. In a national population-based 

seroprevalence study in 1995, a significantly lower seroprevalence (93.6%; 95%CI 

91.7-95.8%) was found in highly urbanized municipalities, compared to rural 

regions (95.9%; 95%CI 95.2-96.6%) [Personal communication; H. de Melker, Data 

from 'PIENTER 1995-1996']. Urbanization of <2500 addresses per square 

kilometre (sq.km) was an independent predictor for seropositivity of VZV compared 

to urbanization ≥2500 addresses per sq.km (OR 2.1; 95%CI 1.1-3.7).3 The 

difference was not easily explained.3,5,13,16,20,21 

One explanation for this difference may be the ethnic diversity present in urban 

populations. The city of Amsterdam has large migrant communities, with people 

originating from various subtropical and tropical countries, which are known to have 

less VZV transmission. In temperate regions, VZV causes annual epidemics 

among susceptible household members, in day care centres, and in schools, 

resulting in high seroprevalence. In warmer climates, VZV infection is less frequent 

and as many as 50% of young adults in tropical countries may never have had a 

primary VZV infection.1,5,7,22 In this study, the relatively low anti-VZV 

seroprevalence in the Amsterdam adult population is explained by the presence of 

susceptible immigrants. First-generation immigrants did have a significantly lower 

seroprevalence than persons who were born in the Netherlands. On average, first-

generation immigrants had a 2 times higher risk of being anti-VZV seronegative. 

Furthermore there was a positive association between anti-VZV seroprevalence 

and the age of migration. In this study, the median age at immigration was 25 

years, and most participating immigrants (665 or 84%) migrated more than 11 

years ago (data not shown). Immigrants who migrated after the age of 11 years 

were more likely to be seronegative compared to those that immigrated at a 

younger age. It is likely that new immigrants, especially the children, experience 

VZV infection after settling in the Netherlands, yet data on the incidence of VZV in 

immigrants in the Netherlands are lacking. A good number of Surinamese people 
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who migrated to the Netherlands after the independence of Surinam in 1975, were 

referred to the outpatient department for sexually transmitted infections because of 

a vesicular rash, which was thought to be secondary syphilis but turned out to be 

chickenpox [Personal communication; A, van den Hoek]. Also, an outbreak of 

chickenpox among West-Indians residing in the Netherlands has been described.23 

Several surveys in other countries describe a low seroprevalence in immigrants 

and outbreaks of chickenpox among newly arrived migrants.24-27 As in this study 

the only three variables eligible for inclusion into a multivariable model (ethnic 

origin; ethnic origin & generation; immigration status) were nearly identical (‘ethnic 

origin and ethnic origin & generation’) or collinear (‘immigration status’ and ‘ethnic 

origin’), a multivariable analysis was not feasible. 

Other studies have described that anti-VZV seroprevalence may be related to 

household composition (≥4 persons) and school attendance by a household 

member.3,6,28-30 However, in this study no association between anti-VZV 

seroprevalence and having children or the number of children was found. 

In this study, we increased the specificity of the test by considering those with 

equivocal test results as non-immune. This may have led to an underestimate of 

the true anti-VZV seroprevalence and thus the immunity in the Amsterdam 

population, and overestimated the VZV susceptibility. However, as the aim of this 

study was to identify factors associated with VZV susceptibility, and in order to 

reduce the number of false positives, this approach seems justified. A subsidiary 

analysis in which the equivocal test results were considered as false negative 

showed similar, although less significant outcomes (data not shown). 

The relatively low response rate of the AHM (45%) and its sampling methods may 

be considered as potential sources of bias, which may have affected the results of 

this study. However, the oversampling and non-response bias by ethnic groups 

were addressed by weighing the data by sex, age, and ethnicity. A non-responders 

survey showed that the sample appeared to be representative of the population on 

most health determinants.9 Furthermore, a direct association between VZV 

infection and response to the AHM seems unlikely. For these reasons the weighted 

VZV prevalence may be considered representative for the whole adult population 

of Amsterdam. 

The introduction of a two-dose universal childhood VZV vaccination programme in 

the Netherlands is being considered. In terms of health policies and the cost-

effectiveness of the introduction of a universal vaccination programme for VZV, the 

finding of 4-8% of adult susceptibles in Amsterdam should be taken into account. 

One of several unresolved questions is the impact of a VZV vaccination 
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programme on the incidence of herpes zoster. Another issue related to cost-

effectiveness is the uncertainty of the burden of disease of VZV in children 2. 

Compared to neighbouring countries, the Netherlands reports lower rates of 

complications of chickenpox in children.31 With a universal childhood programme a 

shift in the age of primary VZV infection from childhood to adolescents and adults 

is likely to occur.5,32-35 Primary VZV in adults and adolescents have, like pregnant 

women and immune-compromised individuals, an increased risk of 

complications.1,29,36,37 As in the Netherlands chickenpox is not a notifiable disease, 

little is known on the incidence of primary VZV infection or its complications in 

adults, and the current overall burden of VZV infection in the adult population 

cannot be estimated. Improved surveillance is needed as a universal childhood 

vaccination programme will only change the risk of infection in VZV-negative adults 

long after its introduction. 

In conclusion, the results of this study imply that about 4-8% of the general adult 

Amsterdam population is still susceptible to infection with VZV, and that 

susceptibility is even higher in some immigrant groups. When assessing the risk of 

infection after VZV exposure alertness is needed for vulnerable persons like 

pregnant women, patients with haematological malignancies or organ transplants 

in particular among first-generation immigrants.38 
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Abstract 

A study was undertaken to estimate the seroprevalence of parvovirus B19 infection 

in the general adult population of Amsterdam, the Netherlands. To our knowledge 

this is the first study testing parvovirus B19 in a random sample of the Dutch adult 

population. The study was a cross-sectional survey, and the study sample was 

stratified by age and ethnicity, with deliberate oversampling of minority ethnic 

groups. Serum samples obtained from 1323 residents in 2004 were tested for 

antibodies to parvovirus B19. Basic demographic data (gender, age, country of 

birth, and number of children) were also available. Sixty-two percent of the 

participants were seropositive; corrected for the over-sampling the estimated 

prevalence in the Amsterdam adult population was 61%. No specific predictors or 

risk groups for seropositivity were identified. In our urban adult study population no 

positive correlation with increasing neither age, nor significant differences between 

age groups was found. These results imply that almost 40% of the adult 

Amsterdam population is susceptible to infection. 
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Introduction 

Human parvovirus B19, a member of the family Parvoviridae, genus Erythrovirus, 

is a widespread infectious pathogen in humans causing erythema infectiosum or 

the fifth disease, mostly during childhood. After infection, immunity is regarded as 

life-long.1 Parvovirus B19 infection may be asymptomatic or may cause a mild, 

usually non-febrile illness with a systemic maculopapular rash (erythema 

infectiosum), especially among children. Characteristic is an erythema of the 

cheeks (slapped cheeks) and a lace-like rash on the extremities and trunk. 

Particularly in adults, acute symmetric poly-arthropathy may occur. The infection is 

self-limiting and complications are rare in healthy individuals. However in 

individuals with underlying disease e.g. immune-compromised hosts, persons with 

chronic haemolytic anaemia, and in pregnant women parvovirus B19 infection can 

cause severe morbidity and mortality. Acute infection of a susceptible pregnant 

woman can result in congenital infection or pregnancy loss.1,2 Sound and detailed 

sero-epidemiological data on parvovirus B19 susceptibility in a population is 

needed to assess the risk of infection in pregnant women, and in others who are 

vulnerable. 

Parvovirus B19 circulates widely in the Dutch population and exposure to the virus 

is relatively frequent. Yet, representative data of its seroprevalence in the general 

Dutch population are lacking. Existing estimates are based on samples of 

convenience. In a large sample of an unselected population of pregnant women 

seroprevalence was 70%,3 whereas among 246 male blood donors the estimate 

ranged from 57 to 88%.3,4 This is comparable with other estimates in surrounding 

countries and typical for a country in a region with a temperate climate, where up to 

50-60% of the adult population is considered immune.1,5 The epidemiology of 

parvovirus B19 shows large regional and seasonal variation. In some tropical and 

subtropical countries, seroprevalence in adults is often lower than 40%, possibly as 

a result of a different epidemiological pattern of infection.6-11 In temperate zones, 

epidemics among susceptible household members, in day care centres, and in 

schools tend to occur in winter and early spring with a periodicity of 3- to 5-

years.1,6,12 In the Netherlands a pattern of a 4-year cycle, with peaks in 1994, 1998 

and 2002 has been identified.13 In Western countries the age-specific risk for 

parvovirus B19 infection is the highest in school-aged children (7-9 years). An 

estimated 2-15% of children aged 1-5 years and 15-60% of the children aged 5-9 

years have IgG parvovirus B19 antibodies.1 
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This study investigates a representative sample of the general adult Amsterdam 

population on the presence of immunoglobulin G antibody (IgG) against parvovirus 

B19 in relation to demographic data. To our knowledge this is the first study testing 

parvovirus B19 in a random sample of the Dutch adult population. Knowing that the 

seroprevalence of parvovirus B19 differs by country of birth, we anticipate that the 

large number of migrants from subtropical and tropical countries living in 

Amsterdam might result in a lower overall seroprevalence. These data may offer 

new insights into the sero-epidemiology of parvovirus B19 infection in an urbanized 

area, with mixed ethnicities.  

Methods 

Study Population and Sampling Procedure 

The data used for this study were obtained from a cross-sectional survey carried 

out in 2004 by the Public Health Service of Amsterdam (GGD Amsterdam), and 

was approved by the Medical Ethics Committee of the Academic Medical Centre in 

Amsterdam, the Netherlands. 

To obtain insight into the health situation of the general Amsterdam population a 

random sample of residents aged 18 years or older was drawn from the 

Amsterdam municipal registers in five city districts. These districts comprised a 

population representative of the Amsterdam general population in terms of ethnic 

mix, sex, and age. The sample was stratified by age and ethnicity, with 

oversampling of Turks and Moroccans. The participants were invited via mail for a 

standardized face-to-face interview in Dutch, English, Turkish, Moroccan, or 

Berber, concerning socio-demographics, health determinants and risk-behaviour. 

From all the issues that were addressed the following variables were considered 

pertinent to the current study: sex, age, country of birth of the participant and 

his/her parents, age at the time of immigration, and the number and age of children 

living with the participant currently and/or in the past. Participants were classified 

into the following five ethnic groups according to the self-reported country of birth, 

and the country of birth of the respondent's mother or father:  Dutch, Surinamese 

or Antillean, Turkish, Moroccan, and others.  

Besides the survey questionnaire, blood samples were collected from the same 

individuals, after obtaining written informed consent. The samples were stored at 

7ºC within 30 minutes, then centrifuged and frozen at -80ºC within 48 hours. The 

participation rate to the interview was 44% (Dutch 46%, Turks 50%, and 

Moroccans 39%). Table 1 shows the response rates by age and ethnic group.14,15 
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Seventy-nine percent of the participants (n=1376) provided a blood sample for the 

serum repository.  

 

Table 1 Response rates by age and ethnic group (%) of the Amsterdam Health 

Monitoring Survey, the Netherlands, 2004. 

 Ethnic origin Dutch Turkish Moroccan 
Age category    
  18–34 years 31.8 41.4 29.1 
  35–44 years 42.3 56.8 39.2 
  45–54 years 53.6 61.7 41.7 
  55–64 years 51.4 52.9 43.7 
  65 years and older 48.8 33.8 40.9 
  Total 45.8 49.6 38.7 
From: Agyemang et al.J Hypertens; 2006, Volume 24:2169-217 

Serological Assays 

Serum samples were tested for IgG-class antibodies to parvovirus B19 by means 

of quantitative enzyme immunoassays (NovaLisa™ Parvovirus B19 recombinant 

IgG-ELISA; Novatec Immundiagnostica GmbH, Dietzenbach, Germany). 

Statistical analysis  

In calculating seroprevalence, all samples with a positive result were considered 

immune. Equivocal results were considered positive (cut-off ≥ 9 NovaTec Units).  

To make the results representative for the adult population in Amsterdam, 

prevalences and confidence intervals of 95% (95%CI), corrected for stratification, 

were calculated using the complex samples modules of SPSS, version 15 (SPSS 

Inc., Chicago, Illinois, USA). In these analyses the data were weighted for age, sex 

and ethnic origin, using a weighting method which corrected the oversampling by 

ethnic groups as described elsewhere.14-16 

Prevalences (P) and odds ratios (OR) were calculated for the study sample using 

Intercooled Stata 9.2 for Windows. Prevalences were compared using the chi-

square test; values of p <0.05 were considered as significant.  
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Results  

Characteristics of the study sample 

For this study, 96% (1323 / 1376) of the collected blood samples were available for 

laboratory analysis. Table 2 shows the characteristics of the 1323 participants who 

were included, and the weighted percentages representing the Amsterdam adult 

population. The study sample consisted of 608 men (46%) and 714 women (54%). 

Age ranged from 17 to 90 years. The median age for men was 51 years 

(interquartile range (IQR) 41-62 years) and for women 47 years (IQR 37-58 years). 

There was an equal distribution between the sexes, except for participants of 

Surinamese and Antillean ethnic origin (72.4% was female), and participants of 

Moroccan ethnic origin (57.5% was male). Most participants were of Dutch 

(32.7%), Turkish (23.7%), or Moroccan (20.8%) ethnic origin. Almost two thirds 

(808 or 61.4%) of the participants were born outside the Netherlands, of which the 

majority (767 or 94.9%) was born in a subtropical or tropical country, defined as 

situated below the 45th degree of latitude. The mean age at migration was 25.8 

years (range 0-76 years), and only a minority (68 or 8.7%) of the immigrants came 

to live in the Netherlands before the age of 10 years.  Half of the participants 

(51.5%) had one or more children (mean 2.1 children), and 21.1% none. For 27.4% 

of the group, data on children were missing. There was an unequal distribution of 

‘having children’ between the participants of different ethnic origins. Turkish 

(70.4%) and Moroccan (73.5%) participants were more likely to have children than 

participants of Dutch (30.1%), Surinamese or Antillean (42.3%), or other (40.5%) 

ethnic origin, and when they had children, they also tended to have more children 

than the Dutch.  
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Table 2 Characteristics of 1323 Participants of the Amsterdam Health Monitoring 

Survey, the Netherlands, 2004. 

 Study sample Amsterdam adult population 

 n (%) % weighted 
Total  1323   
Sex    
  Female  714 (54.0) 50.3 
  Male  608 (46.0) 49.7 
Age category     
  18–34  210 (15.9) 35.3 
  35–44  292 (22.1) 23.8 
  45–54  319 (24.1) 17.1 
  55–64  275 (20.8) 11.9 
  65 and older  220 (16.6) 11.9 
  Age missing  7 (1.0) - 
Ethnic origin    
  Dutch 432 (32.7) 54.0 
  Moroccan  275 (20.8) 7.1 
  Surinamese or Antillean  87 (6.6) 8.9 
  Turkish  314 (23.7) 4.4 
  Other  210 (15.9) 25.7 
  Ethnic origin missing 5 (0.4) - 
Age at immigration     
  0- 10 years 68 (5.1) 6.1 
  11 and older 713 (53.9) 30.2 
  (born in the Netherlands) 505 (38.2) 63.7 
  Missing 37 (2.8) - 
Having children     
  Yes  681 (51.5) 67.9 
  No 279 (21.1) 32.1 
  Missing 363 (27.4) - 
Number of children    
  1 193 (28.3) 36.9 
  2 233 (34.2) 41.7 
  3 97 (14.2) 15.3 
  4 or more 78 (5.9) 6.2 
  Number of children missing 80 (11.7) - 
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Table 3 Prevalence of Anti IgG Parvovirus B19 by demographic characteristics in the Amsterdam population aged 18 

years and older, 2004. 

 
 

Study sample 
The overall Amsterdam 

population 

n 
% Parvovirus B19 

seropositive 
Univariable OR 

(95%CI) 
p value % Parvo seropositive (95%CI) 

Total   1323 62.3   60.9 (57.0- 64.4) 

Sex       

  Female  714 63.7 1.14 (0.91-1.42) 0.26 60.9 (54.9- 66.5) 

  Male  608 60.7 1  60.9 (55.8- 65.7) 

Age category      

  18–34  210 64.8 1  60.2 (51.7- 68.1) 

  35–44  292 64.0 0.97 (0.67-1.4) 0.87 62.6 (55.0- 69.6) 

  45–54  319 61.4 0.88 (0.6-1.25) 0.44 57.7 (50.8- 64.3) 

  55–64  275 61.8 0.88 (0.6-1.28) 0.50 62.4 (55.0- 69.3) 

  65 and older  220 58.6 0.77 (0.52-1.14) 0.19 62.4 (54.1- 70.1) 

  Missing  7 100.0 -  - 

Ethnic origin      

  Dutch 432 59.0 1  59.2 (53.8- 64.4) 

  Moroccan  275 61.1 1.09 (0.80-1.48) 0.58 64.7 (56.0- 72.5) 

  Surinamese or Antillean  87 58.6 0.98 (0.62-1.57) 0.94 54.9 (41.5- 67.7) 

  Turkish  314 67.2 1.42 (1.05-1.93) 0.02 67.7 (60.2- 74.3) 

  Other  210 64.3 1.25 (0.89-1.76) 0.20 64.2 (55.8- 71.9) 

  Missing 5 100.0 -  - 
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Study sample 
The overall Amsterdam 

population 

n 
% Parvovirus B19 

seropositive 
Univariable OR 

(95%CI) 
p value % Parvo seropositive (95%CI) 

Age at immigration       

  0- 10 68 64.7 1  56.3 (40.2- 71.3) 

  11 and older 713 62.4 1.1 (0.66-1.86) 0.70 61.0 (54.5- 67.1) 

  Missing 37 61.6 -  - 

Not applicable (born in  
the Netherlands)  

505 67.6 -  - 

Having children       

  No 279 59.1 1  60.8 (54.8-66.5) 

  Yes  681 65.2 1.29 (0.97-1.72) 0.08 65.4 (57.5-72.2) 

  Missing 363 59.5 1.01 (0.74-1.39) 0.93 - 

Number of children       

  0  279 59.1 1   

  1  193 64.3 1.25 (0.85-1.83) 0.25 65.4 (57.5-72.5) 

  2 233 64.4 1.26 (0.88-1.80) 0.21 59.2 (48.7-69.0) 

  3 97 63.9 1.23 (0.76-1.99) 0.39 53.7 (44.0-63.2) 

  4 or more 78 73.0 1.89 (1.08-3.29) 0.03 77.9 (61.7-88.6) 

  Missing number of children 80 63.8 1.20 (0.73-2.03) 0.49 - 
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Seroprevalence of parvovirus B19 antibodies 

Table 3 shows the seroprevalence of parvovirus B19 antibodies by person 

characteristics. The seroprevalence is shown both non-weighted, representing the 

study sample, and weighted, representing the Amsterdam population. Of the 1323 

samples, 825 or 62.3% (95%CI: 59.7-65.0%) tested IgG parvovirus B19 positive. 

The seroprevalence of parvovirus B19 in the overall Amsterdam population was 

estimated 60.9% (95%CI 57.0-64.4%). In the Amsterdam population of 18 years 

and older, seroprevalence was not associated with gender, increasing age, country 

of birth, age at immigration, the number of years living in the Netherlands, or ethnic 

origin. People with children had a higher seroprevalence (65.4%) compared to 

people without children (60.8%), yet this difference was not statistically significant 

(p =0.43). When looking at ethnic origin, seroprevalence was highest among 

persons of Turkish ethnic origin (67.7%), followed by persons of Moroccan ethnic 

origin (64.7%), the group classified as other ethnic origin (64.2%), and of Dutch 

ethnic origin (59.2%). Persons with Surinamese or Antillean ethnic origin had the 

lowest seroprevalence (54.9%). In the study sample, participants of Turkish ethnic 

origin were more likely to be parvovirus B19 seropositive compared to the Dutch 

participants (OR 1.42; 95%CI 1.05-1.93; p <0.02). In a logistic regression model, 

the variable ‘having children’ appeared to be confounding the results of ethnic 

origin, yet as over a quarter (27.4%) of the data on ‘having children‘ was missing, 

the results were inconclusive. Having children was not a significant predictor of 

seropositivity, but within the group of participants with children, participants having 

4 or more children were more likely to be seropositive (p =0.03). The odds ratio for 

seropositivity for each additional child was 1.12 (p =0.04). In the multivariate 

analysis no other specific significant predictors of seropositivity were identified.  

Discussion 

The overall seroprevalence of parvovirus B19 in the Amsterdam population is 

60.9%, which corresponds with the range of previous estimates (30-70%) found 

among blood donors, and pregnant women in the Dutch population.3,4 The 

seroprevalence in Amsterdam is comparable to the estimates found in Finland 

(56.5%), in Italy (60.1%), and in Poland (63.2%), but rather low compared to the 

estimates found in the adult population of the neighbouring countries (74% in 

Belgium, 72.1% in Germany, and >75% in England & Wales).5,17-19 

The city of Amsterdam has large immigrant communities, with people originating 

from various countries, such as Morocco, Surinam, and Turkey. Knowing that 
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immunity may depend on the country of birth the authors anticipated to find 

differences in seroprevalence between people born in the Netherlands and 

migrants. Yet, no independent association of country of birth, age at immigration or 

the number of years living in the Netherlands with parvovirus seropositivity in the 

Amsterdam population was found. Also there was no difference between people of 

different ethnic origins. In the study sample however, participants of Turkish ethnic 

origin were more likely to be parvovirus B19 positive compared to the Dutch people 

(p <0.02). This finding is probably explained by the larger number of children that 

Turkish participants reported. As over a quarter (27.4%) of the data on ‘having 

children‘ was missing, the results were inconclusive.  

Several studies suggest that living with children in school-going age poses a risk 

factor for seropositivity.17,18,20-22 In the Amsterdam population there was no 

significant difference between people with children (65.4%) compared to people 

without children (60.8%). In the study sample, having more children was 

significantly associated with a higher seroprevalence (odds ratio for each additional 

child OR 1.12, p =0.04). 

As our study sample is limited to adults only, age-specific seroprevalence for 

children and adolescents could not be calculated. It is known that the age-specific 

risk for parvovirus B19 is the highest in school-aged children (7-9 years). Although 

most people acquire antibodies against parvovirus B19 before they are 15 years 

old,18 age-stratified seroprevalence data demonstrate an increase of prevalence 

with age, meaning that throughout life new infections occur in all age groups 

resulting in a continuing increase of seroprevalence up to more than 80% in the 

elderly population (>70 years).4-6,17,19 However our study did not find an increasing 

prevalence with increasing age, nor significant differences between age groups.  

In conclusion, the results of this study imply that about 40% of the adult Amsterdam 

population is susceptible to infection with parvovirus B19. As no specific predictors 

for seropositivity were identified, alertness is needed for all risk groups, like 

pregnant women of all ethnic origins, when assessing the risk of infection after 

exposure to children with erythema infectiosum, and during epidemics.23 The 

knowledge on the sero-epidemiology of parvovirus B19 in the Netherlands is 

scarce, and for that reason the overall burden of parvovirus B19 infection in the 

population cannot be estimated. Accurate estimates on the age specific risks of 

infection, the force of infection, and the incidence during epidemic and during non-

epidemic years in the Netherlands is needed. Therefore the authors recommend 

national population-based research on parvovirus B19 seroprevalence with more 

emphasis on children, and equal emphasis on immigrant populations. 
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Abstract 

Background: Primary maternal infection with cytomegalovirus (CMV), parvovirus 

B19 (B19V), and varicella-zoster virus (VZV) may result in adverse pregnancy 

outcomes like congenital infection or foetal loss. Women working in child day care 

have an increased exposure to CMV, B19V, and VZV. By comparing the 

seroprevalence of IgG-class antibodies against CMV, VZV and B19V in female day 

care workers (DCW) with the seroprevalence in women not working in day care this 

study aimed to assess the association between occupation and infection. 

Methods: A cross-sectional design was used. Out of a random sample of 266 day 

care centres, demographic data, data on work history, and blood samples were 

collected from 285 women from 38 centres. In addition, blood samples and basic 

demographics from women who participated in a cross-sectional survey of the 

Amsterdam population (2004) were used. All blood samples were tested for IgG-

class antibodies against CMV, B19V, and VZV. 

Results: Twenty-seven percent of the DCW were still susceptible to B19V or CMV. 

Working in day care was independently associated with B19V infection in all DCW 

(prevalence ratio; PR 1.2; 95%CI 1.1–1.3), and with CMV infection in DCW of 

European origin only (PR 1.7; 95%CI 1.3–2.3). Almost all women born outside 

Europe tested seropositive for CMV (96%). All DCW tested seropositive for VZV, 

compared to only 94% of the women not working in day care. 

Conclusion: This study confirms the clear association between employment in 

child day care centres and infection with CMV and B19V. Intervention policies, like 

screening of new employees and awareness campaigns emphasizing hygienic 

measures among DCW, should be implemented urgently to improve the maternal 

health of these women and the health of their offspring. 
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Introduction 

Primary maternal infection with cytomegalovirus (CMV), parvovirus B19 (B19V), 

and varicella-zoster virus (VZV) may result in adverse pregnancy outcomes like 

congenital infection or foetal loss.1-4 CMV is the most common congenital infection, 

occurring in 0.3% to 1.0% of all live births worldwide. It may lead to permanent 

disabilities in the unborn child, such as deafness, blindness and mental 

impairments.5 Primary CMV infection results in life-long latent infection, and 

although congenital infection after reactivation and re-infection with a different CMV 

strain may occur, the risk of congenital infection is highest for seronegative 

women.6,7 It is difficult to identify an acute CMV infection because the disease is 

asymptomatic in 90% of individuals and the clinical signs, if present, are non-

specific. In contrast, primary VZV infection almost always causes signs of disease, 

specifically, a generalized pruritic vesicular rash called chickenpox.1 Primary 

maternal infection with VZV during the first 20 weeks of pregnancy only, can lead 

to foetal varicella syndrome in 1% to 2% of the patients, but perinatal infection can 

also be harmful to the newborn.1,3,8 Like VZV, the risk of congenital B19V infection 

depends on the gestational age, with the greatest risk following maternal infection 

in the first 20 weeks. In about 5-10% of pregnant women with primary B19V 

infection, transplacental transmission may lead to adverse pregnancy outcome like 

hydrops foetalis or foetal death. After primary VZV or B19V infection, immunity is 

regarded as life-long.1,9 

In the Netherlands, most people experience primary CMV, B19V, and VZV 

infection during their childhood. Vaccination against VZV is not part of the national 

childhood vaccination program. The identification of risk groups susceptible to 

these infections is important to assess the risk of infection in pregnant women. The 

risk of exposure is generally present as CMV, B19V, and VZV circulate widely in 

the population, but is particularly high in child day care centres and schools. 

Children attending day care have significantly higher rates of CMV excretion in 

their saliva and urine, compared to children not attending day care.10,11 Outbreaks 

of VZV and B19V occur regularly in day care centres and schools. Employees of 

day care centres, most of whom are women of childbearing age, are repeatedly 

exposed to CMV, B19V, and VZV and, therefore, are considered at risk.10,12-14 The 

purpose of this study was to provide current estimates of the seroprevalence of 

IgG-class antibodies against CMV, VZV, and B19V in women of childbearing age 

working in child day care centres in Amsterdam (DCW). By comparing these 
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seroprevalence rates with data from Amsterdam women not working in day care, 

we aimed to assess the association between occupation and infection in DCW. 

Additionally, other likely determinants of seropositivity for CMV, B19V, and VZV, 

such as age and ethnic origin, were investigated. 

Methods 

Study Population and Sampling Procedure 

Child day care workers 

Data on child day care personnel were obtained through a cross-sectional survey 

carried out in 2007 by the Public Health Service of Amsterdam (GGD Amsterdam). 

Out of 266 day care centres on the Amsterdam municipal register, a random 

sample of 63 was drawn. All 63 centres were invited to participate, with a response 

rate of 60%. Thirty-eight centres were then visited; all female employees present 

were invited to participate, and nearly all agreed, yielding a total of 285 

participants. After giving informed consent, the participants were questioned via a 

standardized face-to-face interview concerning socio-demographics, family size, 

work history, and a blood sample was collected. The samples were centrifuged and 

frozen at −80°C within 48 hours. The following variables were considered pertinent 

to the study: sex, age, country of birth of the participant and her parents, when 

applicable the age at the time of immigration, the number and age of children living 

with the participant currently and/or in the past, and the number of years working 

as a child care worker. In the analysis only women of childbearing age (16 to 44 

years) were included (n=242). 

Women not working in child day care 

Data on women not working in day care came from a cross-sectional survey of the 

adult Amsterdam general population, the Amsterdam Health Monitor (AHM), 

carried out by the Public Health Service of Amsterdam in 2004 from which a serum 

repository was established. AHM data was collected using frequency stratification 

by ethnic group, and women of Turkish and Moroccan origin were oversampled. 

Seroprevalence reported for this group in our study did not account for the 

sampling method of the AHM and basic demographic data and blood samples from 

all female participants in that survey aged 18 to 44 years (n = 298) were included. 

It should not be considered as representative of women in the Amsterdam general 

population, but rather as representative of women not working in child day care. 
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More information on the AHM and its serum repository is described elsewhere.15-17 

Approval for both studies was obtained from the Medical Ethics Committee of the 

Academic Medical Centre. 

Serological assays 

All serum samples were tested for IgG-class antibodies against B19V by means of 

quantitative enzyme immunoassays (NovaLisa™ Parvovirus B19 recombinant IgG-

ELISA; Novatec Immundiagnostica Gmbh.; Dietzenbach, Germany). In calculating 

seroprevalence, samples with a positive result (cut-off ≥ 9 NovaTec Units) were 

considered immune. 

IgG-class antibodies against CMV were determined by a quantitative enzyme 

immunoassay (SERION ELISA classic Cytomegalovirus IgG/IgM; Institut 

Virion/Serion, Würzburg, Germany). Equivocal test results were considered 

seropositive. 

Serum samples obtained from DCW were tested for IgG-class antibodies against 

VZV with quantitative enzyme immunoassays (SERION ELISA classic Varicella-

Zoster-Virus IgG/IgM/IgA; Institut Virion/Serion, Würzburg, Germany). To estimate 

VZV seropositivity in women in the Amsterdam repository, plasma samples were 

used and tested for IgG-class antibodies against VZV with a microplate enzyme-

linked immunosorbent assay system (EUROIMMUN Anti-Varicella-Zoster-Virus 

IgG-ELISA; Medizinische Labordiagnostika AG, Lübeck, Germany). Only women 

whose samples had a positive result (cut-off ≥ 110 mIU/ml) were considered 

immune. All assays were performed in the Public Health Laboratory in Amsterdam 

according to the instructions of the manufacturer. 

Statistical analysis 

Prevalences (P) were compared using the chi-square test; values of p <0.05 were 

considered significant. Univariable and multivariable binominal regression analysis, 

adjusted for day-care centre clustering, was used to estimate prevalence ratios 

(PR) with 95% confidence intervals (95%CI) based on robust standard errors. If 

significant at univariable level (p <0.1), covariates were included in a multivariable 

model. In the analysis the AHM data were not corrected for the sampling method. 

All analyses were performed in Intercooled Stata 11.1 for Windows (Stata Corp., 

College Station, Texas, USA). 
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Results  

Characteristics of the study sample 

Table 1 shows the characteristics of the total of 540 women aged 16 to 44 years 

included in the analyses; 55% (298) were women from the AHM, and 45% (242) 

were DCW. The median age was 32 years (interquartile range; IQR 25–39 years). 

The DCW were younger than the women from the AHM (median age 29 years; IQR 

24–35 years versus 35 years; IQR 28–40 years; rank sum test, p <0.001). Most 

women (294; 54%) were born in the Netherlands. Of the women born elsewhere, 

37% originated from Turkey, 27% from Morocco, 15% from Suriname or the Dutch 

Antilles, 10% from within Europe and 11% from other countries (Africa, Asia, 

Central and South America). Most DCW were born in Europe (77%), whereas 

women from the Amsterdam Health Monitoring Survey were more often born 

outside Europe (46%). Most immigrants (59%) arrived in the Netherlands when 

they were adults; the median age at migration was 20 years (range 1–42 years). 

Sixty-two per cent of the women were mothers, 19% had 1 child, 21% had 2 

children, and 14% had 3 or more. The two groups differed in that 84% of the 

women of the AHM had children compared to only 42% of the DCW. Also, 84% of 

all women born outside Europe had one or more children compared to only 47% of 

all women born in the Netherlands or Europe (p <0.001). 

Seroprevalence of CMV IgG 

No valid test results for CMV were available for 11 women (1 DCW and 10 from the 

general Amsterdam population survey). The seroprevalence of CMV IgG 

antibodies among the 529 women with valid test results was 73.0% (95%CI 69.0–

76.7%), and was similar among DCW and among the women not working in day 

care. Table 2 shows the seroprevalence by demographic characteristics and the 

PR from univariable analysis. Seroprevalence was significantly higher among 

immigrants born outside Europe (96%) compared to women born in European 

countries, including the Netherlands (57%). Nearly all of the women born in Turkey 

(99%), in Morocco (98%), or in Suriname or the Dutch Antilles (97%) tested IgG-

seropositive for CMV. Because the seroprevalence of CMV in immigrants born 

outside Europe approached 100%, a subgroup analysis limited to the strata of 

women born in Europe was performed in a separate multivariable binominal 

regression model. In this model, after adjusting for working in child care, for age (in 

categories), and for having children, CMV seroprevalence in DCW was significantly 

higher than among women not working in day care centres (PR 1.7; 95%CI 1.3-2.3; 
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p <0.001), and also among those having one or more children of their own (PR 1.2; 

95%CI 1.1–1.4; p =0.03). (Data not shown). 

Seroprevalence of B19V IgG 

The seroprevalence of B19V IgG antibodies among all 540 women was 65.9% 

(95%CI 61.8–69.9%). The seroprevalence among DCW (73%) was significantly 

higher compared to the women not working in day care (60%; PR 1.2, 95%CI 1.1–

1.4; p =0.003). Table 3 shows the seroprevalence per variable, as well as the 

results of the univariable and multivariable analyses. In a multivariable model, 

working at a child care centre was an independent determinant of B19V IgG-

seropositivity (PR 1.2, 95%CI 1.1-1.3; p =0.002). Also, in this model, being a parent 

of one or more children was significantly associated with B19V IgG-seropositivity 

(PR 1.2; 95%CI 1.0-1.3; p =0.02). No other independent risk factors were 

identified. 

Seroprevalence of VZV antibodies IgG 

All 540 women were tested for IgG antibodies against VZV. The seroprevalence of 

VZV IgG antibodies in the study sample was 96.5% (95%CI 94.6-97.7%). All 242 

DCW were seropositive for VZV IgG antibodies (95%CI 98.7–100.0%), and 

although women from the Amsterdam general population had a high VZV IgG 

seroprevalence (93.6%; 95%CI 90.2–96.2%), this was significantly lower than 

among the DCW (p <0.001). In view of the 100% VZV seropositivity among DCW, 

no overall logistic regression analysis was performed. In a multivariable model 

restricted to the women of Amsterdam Health Monitoring Survey (no independent 

predictors for seropositivity were found. (Data not shown). 
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Table 1 Characteristics of 242 female child day care workers in Amsterdam 

compared with 298 women of the Amsterdam population  

 
  

Child Day Care 
Workers 

Population sample 

N % n % n % 
p 

value 
Total 540  242 44.8% 298 55.2%  

Median age (in years) 
32 

(IQR 25–39) 
29  

(IQR 24–35) 
35 

(IQR 28–40) 
<0.001 

Age (in years)       <0.001 
  <20 23 4.3% 11 4.6% 12 4.0%  
  20–24 92 17.0% 51 21.1% 39 13.1%  
  25–29 107 19.8% 69 28.5.% 40 13.4%  
  30–34 90 16.7% 48 19.8% 42 14.1%  
  35–39 108 20.0% 30 12.4% 78 26.2%  
  40–44 120 22.2% 33 13.6% 87 29.2%  
Country of birth       <0.001 
  The Netherlands 294 54.4% 176 72.7% 118 39.6%  
  Other European countries 25 4.6% 11 4.6% 14 4.7%  
  Suriname /Dutch Antilles 37 6.9% 26 10.7% 11 3.7%  
  Turkey 90 16.7% 5 2.1% 85 28.5%  
  Morocco 66 12.2% 15 6.2% 51 17.1%  
  Other countries 28 5.2% 9 3.7% 19 6.4%  
Continent of birth         <0.001 
  European countries 319 59.1% 187 77.3% 132 44.3%  
  Non-European countries* 221 40.9% 55 22.7% 166 55.7%  
Age at immigration       <0.001 
  0–17 years 97 40.9% 27 44.3% 70 39.6%  
  18 and older 140 59.1% 34 55.7% 107 60.5%  
  Data missing 9 – 5 – 4 –  
  (born in the Netherlands) 294 – 176 – 118 –  
Having children       <0.001 
  Yes 293 62.2% 101 41.7% 192 84.2%  
  No 177 37.8% 141 58.3% 36 15.8%  
  Data missing 70 – 0 – 70 –  
Number of children       <0.001 
  0 177 32.8% 141 58.3% 36 12.1%  
  1 104 19.3% 46 19.0% 58 19.5%  
  2 113 20.9% 35 14.5% 78 26.2%  
  3 76 14.1% 20 8.3% 56 18.8%  
  Data missing 70 13.0% 0 0% 70 23.5%  
 
*  Africa, Asia and Central and South America  IQR;  Interquartile range 
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Table 2 Prevalence of IgG antibodies against CMV by demographic characteristics in female child day care workers in 

Amsterdam, and in women of the Amsterdam population * 

  
Study Sample CMV IgG Positive Univariable PR(95%CI) 

N n % p value  p value 
Total  529 386 73.0%    
Working in child day care No 288 209 72.6% 0.8 1  
 Yes 241 177 73.4%  1.0 (0.9–1.1) 0.8 
Age (in years) 16–24 110 80 72.3% 0.08 1  
 25–34 199 135 67.8%  0.9 (0.8–1.1) 0.4 
 35–44 220 171 77.7%  1.1 (0.9–1.2) 0.3 
Continent of birth European countries 313 178 56.9% < 0.001 1  
 Non-European countries** 216 208 96.3%  0.6 (0.5–0.7) < 0.001 
Age at immigration 0–17 years 95 88 92.6% <0.001 1  
 18 and older 138 129 93.5%  1.0 (0.9–1.1) 0.8 
 Data Missing 8 8 100%  –  

 
Not applicable (born in the 
Netherlands) 

288 161 55.9%  –  

Having children No 175 113 64.6% < 0.001 1  
 Yes 288 236 81.9%  1.3 (1.1–1.4) < 0.001 
 Data missing 66 39 56.1%  –  
Number of children 0 175 113 64.6% < 0.001 1  
 1 103 76 73.8%  1.1 (1.0–1.3) 0.1 
 2 111 90 81.8%  1.3 (1.1–1.5) 0.003 
 3 74 70 94.6%  1.5 (1.3–1.7) < 0.001 
 Number of children missing 66 37 56.1%  –  
 
*  All analysis adjusted for day-care centre clustering 
**  Africa, Asia and Central and South America 
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Table 3 Prevalence of IgG antibodies against parvovirus B19 by demographic characteristics in female day care 

workers (2007) in Amsterdam, The Netherlands, and in women of the Amsterdam population (2004) 

 Study Sample B19V IgG Positive Univariable PR (95%CI) Multivariable PR (95%CI) 
N n % p value  p value  p value 

Total 540 356 65.9%      
Working in child day care    0.003     
  No 298 180 60.4%  1  1  
  Yes 242 176 72.7%  1.2 (1.1–1.4) 0.002 1.2 (1.1–1.4) 0.002 
Age (in years)    0.18     
  16–24 113 72 63.7%  1  1  
  25–34 199 141 70.9%  1.1 (1.0–1.3) 0.2 1.1 (0.9–1.3) 0.2 
  35–44 228 143 62.7%  1.0 (0.8–1.2) 0.9 1.0 (0.8–1.3) 0.7 
Country of birth    0.75     
  European countries 319 212 66.5%  1  1  
  Non-European countries 221 144 65.2%  1.0 (0.9–1.1) 0.73 1.1 (0.9–1.5) 0.08 
Age at immigration    0.12     
  0–17 years 97 71 73.2%  1    
  18 and older 141 88 62.4%  0.9 (0.7–1.0) 0.07   
  Data missing 8 3 37.5%  –    
  Not applicable  294 194 66.0%  –    
Having children    0.09     
  No 177 114 64.1%  1  1  
  Yes 293 203 69.3%  1.1 (0.9–1.2) 0.27 1.2 (1.0–1.3) 0.02 
  Data missing 70 39 55.7%  –  –  
Number of children    0.24   –  
  0 177 114 64.4%  1    
  1 104 73 70.2%  1.1 (0.9–1.3) 0.26   
  2 113 80 70.8%  1.1 (0.9–1.3) 0.28   
  3 76 50 65.8%  1.0 (0.8–1.2) 0.82   
  Nr of children missing 70 39 55.7%  –    
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Discussion 

This study demonstrates obvious differences in CMV, B19V and VZV 

seroprevalence between women working in Amsterdam day care centres and 

those who are not. In the Netherlands a population-based percentage of CMV 

seroprevalence is not available, yet the overall CMV seroprevalence found in this 

study (73%) corresponds to previous estimates in pregnant women in the 

Amsterdam area.18 In our study, CMV seroprevalence was strongly related to 

ethnic background; among non-European women CMV seroprevalence was much 

higher (96%) than among European women (57%) and this difference was 

constant across all age groups. It is well known that CMV seroprevalence varies 

worldwide, and is related to geographic, ethnic and social factors.19,20 As a 

consequence of the very high CMV seroprevalence among non-European women, 

working in day care appeared not to be related to CMV seropositivity in this group. 

However, within the group of women of European origin, CMV seroprevalence 

differed considerably between those working in child care (68%; 95%CI 61–74%) 

and those who were not (42%; 95%CI 32–50%), and working in child care was 

independently associated with CMV IgG-seropositivity (PR 1.7) among European 

DCW. Whilst the same association was not found for non-European DCW born 

(because of their high background seropositivity), they surely have a similar 

occupational risk of (re-)infection to that of their European colleagues. 

Unlike CMV, in this study B19V seropositivity did not depend on ethnic 

background, although worldwide geographic differences in B19V seroprevalence 

(with lower seroprevalence in tropical regions) are described.20 The B19V 

seroprevalence in all women of childbearing age was 66%, in line with previous 

estimates in the overall Amsterdam population (61%; 95%CI 57–64%).16 However, 

DCW had a significantly higher seroprevalence (73%) compared to women not 

working in day care (60%). Apart from working with children (PR 1.2), being a 

parent of one or more children was also associated with B19V seropositivity (PR 

1.2). 

In this study an association between working in day care and VZV seroprevalence 

was not shown. Although VZV seroprevalence differed significantly between DCW 

(100%) and women not working in child care (94%) it was not possible to control 

for likely confounders such as age or ethnic background. Whereas VZV 

seroprevalence in Dutch adults is nearly 95–100%, which is typical for adults born 

in a temperate climate, VZV seroprevalence in immigrants from (sub)tropical 
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countries is often lower.21 Remarkably, in this study all DCW, including immigrant 

DCW, tested positive for VZV. Although it seems plausible that some susceptible 

DCW may have contracted VZV after they started working in child care, data on the 

incidence of chickenpox in this group were not available, nor were data on the VZV 

serostatus at the start of the women’s employment in child care. It is likely that a 

boosting effect from the occupational exposure to children infected by VZV has 

also contributed to the 100% seropositivity found among DCW.22,23 Lastly, although 

the manufacturers of the two different enzyme immunoassays (VIRION and 

EUROIMMUN) used for the two serum samples groups quote similarly high 

sensitivity (>94%), a discrepancy between the two tests may have affected the 

outcome. 

A limitation in this study is that two demographically different populations were 

studied. Although the multivariable regression models adjusted for some important 

confounders like age, country of birth and having children, it is possible that other 

confounders, like socio-economic factors were missed. Also the sampling data of 

the populations differed (2004 and 2008), however the effect of this difference is 

likely to be negligible. 

Despite these limitations, our results confirm that working in day care is 

independently associated with CMV and B19V infection. Although the occupational 

risk of infection in child care is not new and has been described since the 

1990’s,10,13,14,24-29 this knowledge has not contributed to the implementation of 

effective preventive policies for this particular risk group. For VZV, a safe and 

effective vaccine is available and although some countries have adopted 

guidelines to screen and vaccinate risk groups (like healthcare workers) this is not 

applicable to DCW.30,31 As a consequence, pregnant DCW exposed to chickenpox 

still need very rapid testing, and seronegative women require post-exposure 

prophylaxis with human varicella-human immunoglobulin within 72 h. For CMV and 

B19V, vaccines are not available, although the development of a vaccine against 

CMV is in progress.27,32 Female DCW should be considered a risk group eligible for 

vaccination once the vaccine becomes available. Until that time, other preventive 

strategies are necessary, such as awareness campaigns to ensure pregnant 

women are alerted to the risks associated with exposure to CMV or B19V. This is 

important as several studies have described a lack of knowledge, not only among 

risk groups, but also among physicians about the effects of these infections during 

pregnancy.33-35 Screening should be considered, especially in those who are 

pregnant or are trying to become pregnant, as knowledge of one’s serostatus might 

enhance the effect of behavioural interventions and adherence to hygiene 
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measures such as hand washing after diaper changing. In addition, the employer, 

the occupational physician, and the pregnant employee who is susceptible to CMV 

or B19V infection could agree on alternative work during at least part of the 

pregnancy. 

Conclusion 

This study shows clearly the association between employment in child day care 

centres and CMV and B19V infection. Also a considerable number of female DCW 

of childbearing age remain susceptible to B19V infection. To reduce the risk of 

congenital infection, widespread implementation of intervention policies, like 

screening of new employees (and if applicable, VZV vaccination), behavioural 

interventions and awareness campaigns among DCW, are strongly recommended 

to improve the maternal health of these women and the health of their offspring. 
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Abstract 

Background: To describe the epidemiology and trends of imported malaria in the 

Netherlands from 2000 through 2007.  

Methods: Based on national surveillance data regarding all reported infections of 

imported malaria, diagnosed 2000 through 2007, incidence and trends of imported 

malaria in the Netherlands were estimated. Travellers’ statistics were used to 

estimate incidence, and data on malaria chemoprophylaxis prescriptions were used 

to estimate the number of unprotected travellers.  

Results: Importation of malaria to the Netherlands is declining even as more 

travellers visit malaria-endemic countries. On average, 82% were acquired in sub-

Saharan Africa, and 75% were caused by Plasmodium falciparum. The overall 

incidence in imported falciparum malaria fell from 21.5 to 6.6/10,000 of unprotected 

travellers. The percentage of unprotected travellers rose from 47% to 52% of all 

travellers. The incidence of imported falciparum infections is greatest from Middle 

and West Africa, and decreased from 121.3 to 36.5/10,000 travellers. The import of 

malaria from this region by immigrants visiting friends and relatives (VFR) 

decreased from 138 infections in 2000, to 69 infections in 2007.  

Conclusion: The annual number of imported malaria shows a continuing declining 

trend, even with an increasing number of travellers visiting malaria endemic 

countries. VFR import less malaria than previously, and contribute largely to the 

declining incidence seen. The decline is not readily explained by increased use of 

chemoprophylaxis and may reflect a reduced risk of infection due to decreasing 

local malaria transmission as observed in some malaria endemic areas. 

Nevertheless, the increasing number of unprotected travellers remains worrisome. 
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Background 

Malaria is the world’s most important parasitic disease and is endemic in more than 

105 countries. About 3.3 billion people, or half of the world's population, are at risk 

of malaria. Every year there are about 250 million malaria cases and nearly one 

million deaths,1,2 mostly in malaria-endemic regions. An infection acquired in an 

endemic region, but diagnosed in a non-endemic country, usually after 

development of clinical symptoms, is defined as imported malaria.1,3,4 Such 

diagnoses may occur either in travellers who have recently toured or visited 

endemic regions or in travellers from endemic regions who are visiting a non-

endemic country. Travellers from non-endemic regions are generally advised to 

use personal protective measures and malaria chemoprophylaxis when visiting 

malaria-endemic regions. Yet despite the availability of adequate 

chemoprophylactic drugs in the Netherlands and other non-endemic countries, 

imported malaria continues to cause considerable morbidity and mortality among 

returning travellers. Immigrants from endemic countries and returning to their 

country of origin to visit friends and relatives (VFR) are a particular risk group 

among these.5,6 From the 1970s onward, the annual importation of malaria to 

Europe showed a steady increase. In the late 1990s, these imported cases in 

Europe were estimated to number at least 10,000 to 13,000 per year, excluding 

many that are believed to be unreported.7-9 

The aim of this research is to present a comprehensive overview of trends in 

imported malaria in the Netherlands in the period from 2000 through 2007. In 

addition, the annual incidence of Plasmodium falciparum infections is estimated 

using travel statistics regarding the annual number of travellers to malaria-endemic 

regions, as well as data from Dutch pharmacies regarding annual prescriptions for 

malaria chemoprophylaxis. 

Methods  

Malaria infections 

In the Netherlands, all laboratory-confirmed infections of malaria are reported to the 

National Institute for Public Health and the Environment (RIVM). Since such reports 

became compulsory in 1932, the system of reporting has changed over the years. 

In order to minimize underreporting of malaria infections in the Netherlands, the 
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reporting system was changed in 1999 from doctor-based to laboratory-based 

reporting. Underreporting before that time was estimated to be about 60%.10 All 

infections reported between January 1, 2000, and December 31, 2007 were 

analysed, using the following surveillance data: date of laboratory confirmation of 

the Plasmodium species (results of conventional microscopy with subsequent 

specification of the Plasmodium species), patient data (gender, date of birth, 

country of birth, and country of mother’s birth), and travel information (most likely 

country of infection, reason for travel). Infected persons were classified as to ethnic 

origin based on the reported country of their birth and/or their mother’s birth. They 

were classified into four categories based on their reason for travel; Western 

tourists visiting endemic countries; Dutch expatriates living in endemic countries 

(including military and airline personnel); visiting residents from endemic countries 

(including new immigrants, asylum seekers, refugees); and immigrants (or their 

descendants) from endemic countries to the Netherland who visit friends and 

relatives (VFR) in those countries. In this report, these categories will be referred to 

as, tourists, expatriates, visitors and VFR, respectively. In the period 2000-2003, 

data on some of these variables were missing. In 2003, a new digital reporting 

system was introduced, providing more complete information.  

Traveller statistics 

Only data on malaria-endemic countries, for which the Malaria Working Group of 

Dutch the National Coordination Centre for Travellers’ Health Advice (LCR) advises 

travellers to take malaria chemoprophylaxis were used.11 See additional file 1 for a 

list of all travel destinations included. When no country-specific travel data were 

available, regional data were used instead. Countries were grouped into 

continental regions and sub-regions according to the composition of macro-

geographical regions described by the United Nations Statistics Division.12 

Malaria chemoprophylaxis prescriptions 

Data on the number of annual prescriptions for malaria chemoprophylaxis 

(atovaquone/proguanil, mefloquine, and proguanil), collected from pharmacies in 

the Netherlands by the Foundation for Pharmaceutical Statistics (SFK),13 were 

employed to estimate the annual number of travellers using the chemoprophylaxis. 

Chloroquine was not included because it is generally prescribed in combination 

with proguanil, and not as a single chemoprophylactic drug. Doxycycline was not 

included, because it is not recommended as a first drug of choice, and according to 
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LCR, only sporadically prescribed as a malaria chemoprophylactic drug. It is mostly 

prescribed for other indications than malaria prophylaxis.  

Data analysis 

The incidence of imported P. falciparum malaria in the Netherlands was estimated 

using the annual number of reported P. falciparum infections as numerator and the 

number of travellers to malaria-endemic regions as denominator. Imported 

infections in visiting residents from malaria-endemic countries were excluded from 

this part of the analysis, as visiting residents from malaria-endemic countries are 

no part of the travellers’ statistics.  

Incidence specific to a region or a sub-region was estimated using the number of 

reported P. falciparum infections from that region or sub-region as numerator and 

the annual number of travellers to that region or sub-region as denominator. 

In addition, assuming that P. falciparum infection mainly occurs in travellers not 

using chemoprophylaxis, the incidence of imported P. falciparum malaria in 

unprotected travellers from the Netherlands was calculated. The annual number of 

unprotected travellers was estimated by deducting the number of annual 

prescriptions for malaria chemoprophylaxis from the total of travellers to malaria-

endemic regions. A region-specific incidence for ‘unprotected’ travellers only could 

not be calculated, because data on prescriptions from Dutch pharmacies do not 

include data on destination. Trends in infection probability (incidence) were 

modelled via Poisson regression. Trends in relative contribution of reason for travel 

were modelled via multinomial logistic regression. All time trends were fitted using 

restricted cubic splines, to allow for smoothly varying trends over time.14 Analyses 

were performed in the R statistical package. 

Results  

Imported infections of malaria 2000-2007 

From 2000 through 2007, a total of 2847 persons were diagnosed with malaria in 

the Netherlands. The annual number of imported malaria infections fell from 535 in 

2000 to 197 in 2007. Most infections (92% or 2624) occurred in adults; 5% 

occurred in children aged 6-15 years, and 3% in children five years or younger. 

The median age of infection was 36 years, and 33% of patients were female. Table 

1 shows the annual number of reported infections by Plasmodium species. As in 

11% (322) of all confirmed infections the causative species was not specified, 

mainly in the years 2000 through 2003, estimates were calculated. In the column 
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‘adjusted’ of Table 1, the unknown Plasmodium species were proportionally 

distributed among the four species, based on their respective annual contribution. 

Most recorded infections (2131 or 75%) were caused by P. falciparum. The 

remainder was caused by Plasmodium vivax (15%), Plasmodium ovale (7%), and 

Plasmodium malariae (3%). A very small proportion of all infections (20 or 0.7%) 

was attributable to mixtures of species, most of which involved P. falciparum. 

Despite a decrease in the absolute number of infected patients, the relative 

distribution of the causative species remains fairly stable over the time period 

studied (p =0.58).  

Region of infection 

In 88% (2511) of the records, the most likely country of infection was supplied. 

Table 2 shows the continental region and sub-region where the infections were 

acquired, by Plasmodium species. Most infections were acquired in Africa, (2068 or 

82%), followed by Asia (298 or 12%) and Middle and South America (142 or 6%). 

From 2000 through 2007, the annual number of imported Plasmodium infections 

from Africa almost halved, from 310 to 159 infections per year. Infections from 

Middle and South America fell from 27 in 2000 to seven in 2007. Imported 

infections from Asia varied, ranging from 18 to 63 infections per year.  

Infections acquired in Asia were for the greater part (64%) caused by P. vivax, 

whereas those acquired in Africa were for the greater part (80%) caused by P. 

falciparum. Almost all P. falciparum infections (1658 or 94%) were acquired in 

Africa. Of these, 80% (1337) were acquired in the West African sub-region, with 

most coming from Ghana (550) followed by Nigeria (280) and the Gambia (126). 

Importation of P. falciparum from West Africa decreased from 182 infections in 

2000 to 124 infections in 2007. The decrease was seen for all countries in this sub-

region except Nigeria, which showed an increase.  
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Table 1 Reported infections of malaria in the Netherlands. 2000-2007  

In the column ‘adjusted’ unknown Plasmodium species were proportionally distributed among the four species based on their 
respective annual contribution. 
 

Species 

 

Year 

P. falciparum P. ovale P. vivax P. malariae Total Not specified 

No. 
No. corrected

(%) 

No.

 

No. corrected 

(%) 

No.

 

No. corrected

(%) 

No.

 

No. corrected

(%) 
  

2000 295 413 (77.2%) 28 39 (7.3%) 52 73 (13.6%) 7 11 (1.8%) 535 (153) 

2001 313 390 (71.3%) 34 42 (7.7%) 78 97 (17.8%) 14 17 (3.2%) 547 (108) 

2002 269 294 (74.3%) 29 32 (8.0%) 53 58 (14.6%) 11 12 (3.0%) 396 (34) 

2003 244 255 (75.1%) 24 25 (7.4%) 49 51 (15.1%) 8 8 (2.5%) 340 (15) 

2004 199 201 (68.6%) 25 25 (8.6%) 60 61 (20.7%) 6 6 (2.1%) 293 (3) 

2005 232 235 (78.9%) 22 22 (7.5%) 33 33 (11.2%) 7 7 (2.4%) 298 (4) 

2006 186 189 (78.5%) 14 14 (5.9%) 30 31 (12.7%) 7 7 (3.0%) 241 (4) 

2007 151 152 (77.0%) 8 8 (4.1%) 33 33 (16.8%) 4 4 (2.0%) 197 (1) 

Total 1889 2130 (74.8%) 184 208 (7.3%) 388 437 (15.4%) 64 72 (2.5%) 2847 (322) 
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Table 2 Reported imported infections of malaria by continent and sub-region of infection, and by species, The 

Netherlands, 2000-2007 

Region P. falciparum P. ovale P. vivax P. malariae Species unknown Total 

Africa 1658 (94%) 157 (94%) 78 (22%) 47 (78%) 128 (80%) 2068 (82%) 

  Middle & West1  1413 110 23 39 89 1674 

  East & Southern2  245 47 55 8 39 394 

America  43 (2%) 2 (1%) 79 (23%) 7 (12%) 11 (7%) 142 (6%) 

  Middle America3 4 0 17 0 5 24 

  South America4 39 2 62 7 6 118 

Asia 71 (4%) 9 (5%) 192 (55%) 5 (8%) 21 (13%) 298 (12%) 

  South Asia5  20 0 57 3 9 89 

  South East Asia6 51 9 135 2 12 209 

Oceania 2 (0.1 %) 0 (0.0%) 0 (0.0%) 1 (2%) 0 (0.0%) 3 (0.1%) 

Sub total 1774 (100%) 169 (100%) 349 (100%) 60 (100%) 160 (100%) 2511 (100%) 

Region unknown 115 15 39 4 162 336 

Total 1889 184 388 64 322 2847

 
1 Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Central African Republic, Chad, Côte d'Ivoire, Congo, the Democratic republic of Congo, 
Gabon, The Gambia, Ghana, Equatorial Guinea, Guinea, Guinea-Bissau,, Liberia, Mali, Mauritania, Niger, Nigeria, São Tomé and Principe, Senegal, 
Sierra Leone, Togo. 2 Botswana, Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique, Nauru, Namibia, Rwanda, South Africa, 
Somalia, Sudan, Swaziland, Tanzania, Uganda, Zimbabwe.3 Anguilla (U.K.), Antigua and Barbuda, Aruba, the Bahamas, Barbados, Belize, 
Bermuda (U.K.), Cayman Islands (U.K.) , Costa Rica, Cuba, Dominica, Dominican Republic, El Salvador, Grenada, Guadeloupe, Guatemala, Haiti, 
Honduras, Jamaica, Martinique (France), Mexico, Montserrat (U.K.), Netherlands Antilles, Nicaragua, Panama, Puerto Rico (U.S.), Saint Kitts and 
Nevis, Saint Lucia, Saint Vincent and the Grenadines, Trinidad and Tobago, Turks and Caicos Islands (U.K.), Virgin Islands, British, Virgin Islands, 
U.S.4 Argentina, Bolivia, Brazil, Chile, Colombia, Easter Island (Chile), Ecuador, Falkland Islands (U.K.), French Guiana (France), Guyana, 
Paraguay, Peru, South Sandwich Islands, Suriname, Uruguay, Venezuela.5 Afghanistan, Bangladesh, Bhutan, India, Iraq, Iran, Maldives, Nepal, 
Oman, Pakistan, Sri Lanka.6 Brunei, Burma (Myanmar), Cambodia, Indonesia, Laos, Malaysia, Philippines, Singapore, Thailand, Timor-Leste (East 
Timor), Vietnam. 
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Reason for travel  

Information regarding the reason of the travel was available for 82% (2346) of 

cases. Of these, 53% were adults and children who had emigrated from malaria-

endemic countries, settled in the Netherlands, and were subsequently visiting 

friends and relatives. Infections in these VFR declined from 210 in 2000 to 77 in 

2007. Among Western tourist travellers (666 or 28%), infections declined from 122 

to 53 over the study period. In expatriates (309 or 13%), infections remained 

stable, ranging from 32 and 50 per year.  

In 119 cases (5%), the diagnosis of malaria was made in visiting residents from 

malaria endemic countries, mostly from the African region. The number of 

infections diagnosed in visiting residents increased from three in 2000 to 24 in 

2007. The relative contributions for all four categories of patients to the probability 

of an imported malaria infection were estimated. Figure 1 shows the fitted trends of 

the probability of infection for all four categories of patients with 95% confidence 

intervals. The probability of infection in VFR and Western tourists show a declining 

trend, whereas the probability of infection in expatriates and visiting residents from 

malaria endemic countries is increasing. 
 

Figure 1. Fitted trends in probability of infection for the four categories of patients 

with imported malaria, the Netherlands, 2000-2007  
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Ethnic origin 

Information on the ethnic origin of the patients was available in 75% (2141) of the 

records. Of these patients, almost half (1042 or 49%) were persons of Middle and 

West African origin, mainly from Ghana (452) and Nigeria (221), of which 98% and 

95% acquired the infection in the country of origin, respectively. Of these, 11% 

(115/1042) were aged 16 years or younger. The number of infections in persons of 

Middle and West African origin declined from 150 in 2000 to 80 in 2007, and in 

persons of East and Southern African origin from 22 in 2000 to 10 in 2007. 

Approximately a third (769 or 36%) of the infections were in persons of Dutch 

ethnic origin, of which 5% were in children aged 16 years or younger. The 

countries in which Dutch persons most frequently acquired infection were Ghana 

(102), Indonesia (78), or the Gambia (72). The number of infections in persons of 

Dutch ethnic origin fluctuated between 68 and 129. Few infections occurred in 

persons of South or South East Asian origin (83 or 4%; mainly from Afghanistan 

(14), India (18), and Indonesia (19)), and in persons of Middle or South American 

origin (58 or 3%; mainly Surinam (42)). Infections in all these groups decreased. 

Number of travellers and the use of malaria chemoprophylaxis 

The number of travellers visiting the malaria-endemic regions for which the LCR 

recommends malaria chemoprophylaxis increased from 247,000 in 2000 to 

384,000 in 2007.11 The number of travellers to the Middle and West African sub-

region almost doubled over time from 16,000 to 31000, but the proportion of travel 

to this region is rather small (range 3 -13%) compared to other the regions.  

In the same period, the number of prescriptions for malaria chemoprophylaxis 

issued by Dutch pharmacies rose steadily by 42%, from 131,400 in 2000 to 

186,300 in 2007. In 2000, the combination drug atovaquone/proguanil was 

registered for the use of malaria chemoprophylaxis, whereupon it gradually 

replaced the number of prescriptions for mefloquine and proguanil. In 2007, 76% of 

all prescriptions were atovaquone/proguanil. Figure 2 shows the proportional 

change in the use of malaria chemoprophylaxis and the absolute growth of the 

number of travellers to malaria-endemic countries. Despite the increased number 

of prescriptions for malaria chemoprophylaxis, the proportion of protected travellers 

decreased from 53% (115,600) of all travellers in 2000 to 48% (197,700) of all 

travellers in 2007.  
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Figure 2. Number of collected prescriptions for malaria chemoprophylaxis (shown 

in bars), and total number of travellers to malaria-endemic regions (shown in line), 

the Netherlands, 2000-2007 

 

 

Trends in incidence of imported Plasmodium falciparum malaria 

Figure 3 shows the estimated annual incidence of P. falciparum malaria imported in 

unprotected travellers and in all travellers from the Netherlands, combined with the 

number of travellers. The estimated incidence was highest in 2002 (27.5/10,000 

unprotected travellers) but dropped from 21.5 in 2000 to 6.6 infections per 10,000 

unprotected travellers in 2007 (p <0.001). The incidence in all travellers (i.e., 

protected and unprotected) declined from 10.0 to 3.4 infections per 10,000 

travellers (p <0.001). This drop is for the most part caused by the decreased 

importation from Africa, in particular from Middle and West Africa (from 121.3 / 

10,000 travellers in 2000 to 36.5/10,000 travellers in 2007, p <0.001).  

Figures 4, 5 and 6 show the incidence changes per region and sub-region. Except 

for Asia (p =0.15) and Middle America (p =0.5), all areas showed significant 

declining trends (p <0.001, except South East Asia, p =0.03), however the number 

of infections were small for these regions. 
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Figure 3 Overall incidence of imported P. falciparum malaria in the Netherlands, 2000-2007, and number of travellers 

to malaria endemic regions  
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Figure 4 Region-specific of imported P. falciparum malaria in the Netherlands, 

2000-2007, and number of travellers to malaria endemic regions 

 – Africa 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Region-specific of imported P. falciparum malaria in the Netherlands, 

2000-2007, and number of travellers to malaria endemic regions  

– Central and South America 
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Figure 6 Region-specific of imported P. falciparum malaria in the Netherlands, 

2000-2007, and number of travellers to malaria endemic regions  

– Asia 

 

Discussion  

The results of this study show a steep and declining trend in malaria infections 

since 2000. This is in striking contrast to the steady increase in imported cases that 

began in the 1970s.15 Despite increasing travel to malaria-endemic countries, the 

estimated incidence of imported P. falciparum infections per 10,000 travellers 

declined from 10.0 in 2000 to 3.4 in 2007. This decrease is not readily explained by 

an increased uptake of malaria chemoprophylaxis, because the observed increase 

of prescriptions for chemoprophylaxis did not match the growth in travel. Moreover, 

despite the additional number of travellers at risk, the estimated incidence of 

imported P. falciparum fell from 21.5 to 6.6 infections per 10,000 unprotected 

travellers.  

In this study, incidence estimates were calculated assuming that P. falciparum 

infection occurs only in travellers not using malaria chemoprophylaxis. Other 

studies confirm this,16-19 and several surveys show that up to 60% of travellers are 

not protected against malaria.20,21 Of course it is likely that some of the imported 

infections in the Netherlands were caused by incorrect use of malaria 

chemoprophylaxis, rather than non-use. Improved drug compliance over time may 

have contributed to the observed decrease of imported malaria. It is likely that the 
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increased use of atovaquone/proguanil, since 2000, has enhanced compliance 

with chemoprophylaxis,22,23 and in this way contributed to the decreased 

importation of malaria. Yet, some studies found no difference in compliance among 

the various prophylactic regimens.24-26 Furthermore, how patients comply depends 

on many more variables than the chemoprophylactic drug itself, such as personal 

characteristics, perception of risk, and travel destination.27-29 The risk of infection in 

travellers not using malaria chemoprophylaxis depends on other factors too. For 

example, the use of personal protective measures, such as impregnated bed nets 

and mosquito repellents, reduces the risk of infection considerably. Lastly, the risk 

of infection depends on the malaria endemicity, which varies per country, within a 

country or region, but also may depend on the season of travel. In some travel 

destination personal protective measures offer sufficient protection against 

infection. In conclusion, this may have led to an underestimation of the true 

incidence, but still allowed us to analyse the declining trends.  

The drop in incidence of imported P. falciparum infections is greatest in travellers 

returning from Middle and West Africa, even though travel to this sub-region has 

doubled. Other studies likewise describe a declining incidence of malaria imported 

from West Africa.4,18,30 Most malaria infections in the Netherlands are acquired in 

that region, and occurred in immigrants, mainly VFR from Ghana and Nigeria. The 

importation of malaria by VFR from this region decreased from 138 infections in 

2000 to 69 infections in 2007, making a large contribution to the observed decline 

in incidence. Also among tourist travellers, the number of infections from this region 

(mainly from Ghana and the Gambia) decreased from 65 infections in 2000 to 25 

infections in 2007.  

An explanation may be a decreased risk of infection in their destination country.30 

Indeed, in some African countries a reduction in local malaria transmission is 

reported, especially in urban areas.31 Some countries have achieved a high 

coverage of measures to control malaria, including extended use of bed nets 

treated with insecticide and improved access to malaria treatment, resulting in a 

large fall in the number of malaria cases and deaths between 2000 and 2007.2,32 At 

the same time in some other countries like Ghana and Nigeria, there was no 

evidence of a true reduction in malaria infections, and most parts of Africa are still 

considered areas of high endemicity.2,33 Yet VFR may have improved their 

accommodations when visiting, e.g. by investing in better local housing, often in 

cities and urban areas, and having better access to protective measures like indoor 

spraying and insecticide-treated bed nets. In 2001, the public health service of 

Amsterdam studied factors determining the use of pre-travel preventive services by 
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VFR travelling to West Africa from the Netherlands. The researchers concluded 

that some West Africans (in particular, non-Ghanaians, illegal immigrants, and 

immigrants leaving at short notice) were not consulting pre-travel preventive health 

services.34 An explanation for the observed decrease in malaria imported by 

Ghanaian VFR may be that their uptake of malaria chemoprophylaxis has 

improved even more than in other groups.  

A limitation of this study may be that the travellers statistics, based on the 

Continuous Holiday Survey, did not include non- Dutch and illegal immigrants. In 

the Netherlands, a large proportion (50%) of the resident West Africans have no 

legal status, although this percentage is less among people from Ghana than those 

from Nigeria.34 (Illegal) immigrants were classified in the VFR category, but were 

not represented in the denominator. Any resulting overestimation of the incidence 

of malaria in West African travellers would be small, as illegal immigrants lack 

official documents permitting regular travel.  

Another limitation of this study is that for some continental regions, country-specific 

travellers’ statistics were unavailable. In estimating the incidence specific to regions 

and sub-regions, only travellers’ statistics of countries for which the Malaria 

Working Group of the Dutch LCR advises malaria chemoprophylaxis were used. 

This produced however some denominator problems. For South America data for 

the whole sub-region were used as travel data to malaria-endemic and non-

endemic countries could not be separated,. As mentioned previously this may have 

led to an underestimation of the true incidence of infection from the individual 

malaria- endemic countries. 

Conclusion 

The declining incidence of imported malaria is not easily explained and likely to be 

multi-factorial. The decline is positive, but the increasing number of travellers from 

the Netherlands using no malaria chemoprophylaxis remains a concern. Despite 

the current optimism about decreasing malaria transmission in several parts of the 

world, vigilance is needed for the growing lack of awareness among travellers and, 

therefore, the growing need for prophylactic measures. In 2008, a cluster of 56 

European tourist travellers returned from Gambia with P. falciparum, of which three 

died. All patients did not use, or wrongly used chemoprophylaxis.35 For some 

malarious destinations, such as the Indian subcontinent and Middle and South 

America, less strict guidelines on malaria prophylaxis seem plausible.36,37 However, 

an improved effort is needed to increase awareness and protection among the 

growing number of travellers to Africa and other areas endemic for P. falciparum.  
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Additional file 1: 

 

Travel destinations used for travellers statistics: 

 

Africa: Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, 

Central African Republic, Chad, Côte d'Ivoire, Congo, the Democratic republic of 

Congo, Djibouti, Eritrea, Ethiopia Gabon, the Gambia, Equatorial Guinea, Guinea, 

Guinea-Bissau, Kenya, Lesotho Liberia, Malawi, Mali, Mauritania, Mozambique, 

Namibia, Niger, Nigeria, Rwanda, São Tomé and Príncipe, Senegal, Sierra Leone, 

South Africa, Somalia, Sudan, Swaziland, Tanzania, Togo, Uganda, Zimbabwe. 

Asia: Afghanistan, Bangladesh, Bhutan, Brunei, Burma (Myanmar), Cambodia, 

India, Indonesia, Iraq, Iran, Laos, Maldives Nepal, Oman, Pakistan, Philippines, 

Singapore, Sri Lanka, Timor-Leste (East Timor), Vietnam. 

Middle and South America: Argentina, Belize, Bolivia, Brazil, Chile, Colombia, 

Costa Rica, Ecuador, El Salvador, French Guiana (France), Guatemala, Guyana, 

Honduras, Nicaragua, Panama, Paraguay, Peru, Suriname, Uruguay, Venezuela. 
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Abstract 

Objectives: Behavioural studies in travellers suggest that 33% to 76% of all 

travellers to hepatitis B virus (HBV)-endemic countries are at risk for HBV infection. 

We study the incidence and risk factors for HBV infection in travellers. 

Methods: Retrospective analysis of the characteristics and risk factors of all 

reported acute HBV patients in Amsterdam, the Netherlands, from January 1, 

1992, until December 31, 2003. 

Results: The estimated incidence in travellers from Amsterdam to HBV-endemic 

countries is 4.5/100,000 travellers. Two thirds of these patients were immigrants 

who lived in Amsterdam and who had visited their friends and relatives in their 

country of origin. In 12 years, only three Dutch short-term tourists contracted HBV 

while travelling, all by heterosexual contacts. 

Conclusions: Dutch tourists who travel to HBV-endemic countries run a very low 

risk of contracting HBV. Vaccination of short-term Dutch tourists is not necessary. 

Immigrants run a higher risk irrespective of travel or duration of travel. This group 

should be advised vaccination 
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Introduction 

The prevalence of hepatitis B (HBV) is not evenly distributed around the world. The 

world can be divided into three areas where the prevalence of chronic HBV 

infection is high (≥8%), intermediate (2%-8%), and low (<2%).1 In 1992, the World 

Health Organization recommended that by 1997, all countries should introduce a 

program of universal immunization against HBV.2 The Netherlands, like the UK and 

the Nordic countries, adopted a program of targeted HBV risk group vaccination 

rather than the universal vaccination practiced in most other countries in the world. 

In the Netherlands, these are risk groups as determined by their behaviour, such 

as injecting drug users (IDU), men who have sex with men (MSM), and male and 

female sex workers.3 Also, newborns from HBV surface antigen (HBsAg) -positive 

mothers and, since 2003, children with at least one parent from a country with 

HBV-endemicity ≥2% are offered free vaccination through the National Vaccination 

Program to prevent horizontal or sexual transmission in this group. These risk 

groups are offered free vaccination.  

The Dutch national HBV travellers’ guidelines advise HBV vaccinations together 

with other travellers’ vaccinations for all persons who travel to HBV-endemic 

countries for more than 3 months and for those who travel for less than 3 months 

but have other risk factors.4 These include sex tourists, people involved in 

dangerous sports, and frequent travellers. Travel vaccinations are not free of 

charge but, depending on the health insurer, partially reimbursed.  

Studies have indicated that travellers to HBV-endemic countries can be at risk for 

HBV infection. The only available prospective study found 2 of 7887 travellers 

infected. Both patients worked abroad, and no infections were found in 7317 short-

term travellers.5 Retrospective serological studies among expatriates originating 

from low-endemic countries, who had lived in HBV-endemic countries for several 

years, found that 9% to 11% had been infected with HBV.6-9 Assuming no 

infections had occurred before departure, Steffen10 estimated an incidence of 80 to 

420/100,000/month for expatriates, 2 to 10-fold higher than in short-term travellers. 

More recently, several questionnaire-based studies have examined the potential 

risk for HBV infection as determined by risky behaviours such as accidents, dental 

or medical treatment, tattooing, sporting activities, and sexual contact, reporting 

that 33% to 76% of all travellers to endemic countries are at risk.11-13  

The World Tourism Organization estimated that worldwide in 2004, 461 million 

travellers had arrived in HBV-endemic countries.14 From the Netherlands, the 
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number of travellers to HBV-endemic countries has tripled between 1992 and 2003 

from 540,000 to 1,611 000.15 These numbers are still rising. With the results of the 

behavioural studies,11-13 one would expect a large number of acute HBV infections 

among travellers.  

To evaluate whether our current HBV vaccination guidelines for travellers are 

adequate, we retrospectively analyzed all acute HBV cases in Amsterdam between 

1992 and 2003 to answer the following questions: which proportion of acute HBV 

infections are travel related and imported from endemic countries? Is HBV 

vaccination for all travellers necessary, or are particular groups more at risk of HBV 

than others while travelling? 

Methods  

In the Netherlands, each diagnosis of acute HBV has to be reported to the local 

public health service (PHS). Reporting criteria are clinical signs and symptoms in 

combination with findings of HBsAg or type M immunoglobulin antibodies to HBV in 

the serum. All reported patients are approached by public health nurses of the 

PHS, who provide active surveillance as to the source of infection for each patient 

and acquire information on specific risk factors in the 6 months prior to infection, as 

well as demographic data. An algorithm is used to classify sources of infection by 

probable mode of transmission. These include people with high-risk behaviour 

specifically for HBV: MSM, individuals having unprotected heterosexual contact 

with new or multiple partners, or IDU. People without such behaviours are 

classified as horizontal transmission, i.e., when a household or other contact is 

identified as a carrier of HBsAg or when such identification is likely, or as health 

care transmission if invasive procedures were performed in the 6 months preceding 

infection. If none of the above risks are identified, the transmission is classified as 

‘unknown’.  

If a person or one of his/her parents was born in a country endemic for HBV 

(HBsAg = 2%),1 the person was considered to be an ‘immigrant of endemic origin’ 

(‘immigrant’). All other patients were considered of ‘Dutch or other low-endemic 

origin’ (‘Dutch’).  

All reported cases in Amsterdam in a 12-year period, between 1992 and 2003, 

were evaluated. Evaluation was done until 2003 because of a change and 

therefore inconsistency in data collection in 2004. We analyzed risk factors for 

contracting an acute HBV infection in an endemic country. We used univariable 



Risk of hepatitis B for travelers 

 

99 

and multivariable logistic regression to assess risk factors for travel-related 

infections. In multivariate modelling, all factors with p <0.1 were included. 

Results  

Between January 1, 1992, and December 31, 2003, 342 patients with acute HBV 

were reported to the PHS of Amsterdam. Of these, 19 were excluded from analysis 

because no information could be obtained for a variety of reasons (no telephone 

number, language problems, and no patient consent to PHS involvement). Another 

seven were excluded because no information about travel in their incubation period 

was available, and two patients were excluded because they were immigrants who 

had very recently moved to Amsterdam and were already infected in their country 

of origin.  

The remaining 314 HBV patients are shown in Table 1. The largest proportion of 

patients (128/314 = 41%) were infected by homosexual contacts and another 26 of 

314 (8%) by IDU. Almost a third (100/314 = 32%) of all patients were immigrants 

from HBV-endemic countries. Excluding MSM and IDU, almost half (78/160 = 49%) 

of all patients were immigrants.  

Of all patients, 52 of 314 (16%) had travelled to an HBV-endemic country during 

their incubation period, but half (25/52 = 48%) the patients who had travelled to an 

endemic country had a most likely source not related to that travel: of the 98 

heterosexually infected patients, 25 (26%) had travelled to such countries, but 6 of 

them were infected by their own steady partner, and 2 reported unsafe sex 

contacts in the Netherlands but not abroad; of the 24 horizontally infected patients, 

7 (29%) had travelled, but 2 had a source in their own family in the Netherlands, 

and 2 reported blood–blood contact in the Netherlands but not abroad; of the 10 

medically infected patients, 6 (60%) had travelled, all 6 were most likely infected 

abroad, and of the 128 patients infected by homosexual contacts, 12 (9%) had 

visited an HBV-endemic country in their incubation period, but none mentioned 

sexual contacts exclusively while travelling. Of the IDU, none had travelled in their 

incubation period. 

In conclusion, of only 27 of 314 (9%) it was likely that the infection was acquired in 

an HBV-endemic country. 

Immigrants were significantly more likely to have contracted HBV in an endemic 

country (18/100 = 18%) than patients of low-endemic origin (9/214 = 4%). Also, 

patients infected by medical care or tattoos were significantly more likely to have 
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contracted their infection abroad (7/10 = 70%) than patients infected by other 

transmission routes (20/304 = 7%) (Table 1). 

Of all reported patients, 15 of 314 (3.2%) were younger than 16 years old, and 14 

of 15 originated from an endemic country. Of the 15, 9 were infected horizontally, 

of whom 1 was infected in her country of origin and 3 were infected by medical 

treatment in their country of origin (2 circumcisions and 1 injection). In three 

children, including the patient from Dutch origin, infection was not travel related and 

the transmission route was unknown. 

Of the 27 patients who contracted HBV in an endemic country, according to the 

Dutch guidelines, 10 of 27 were advised vaccinations. Six were expatriates from 

low-endemic origin, of whom one had received only one HBV vaccination before 

travel because there was no more time and one had received an accelerated 

series of three vaccinations but apparently was not protected. The other four 

expatriates did not seek pre-travel health advice or chose not to be vaccinated. 

Four immigrants, who travelled to their country of origin for more than 12 weeks, 

would have been advised vaccinations according to the guidelines, but none of 

these sought pre-travel health advice.  

Of the 17 of 27 patients who, according to the current Dutch guidelines, are not 

advised vaccinations before travel, 14 (82%) were immigrants. Of these 14 

immigrants, 6 were most likely infected by heterosexual contact, 2 horizontally 

(both children), 5 by medical treatment (2 children), and 1 by a tattoo. 

The remaining three were Dutch tourists who travelled less than 3 months. All three 

were infected by local casual sex partners during a short holiday in the Gambia, 

Tanzania, and Thailand, respectively. 
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Table 1 Characteristics of all acute HBV patients who were most likely infected while travelling to an HBV-endemic 

country, reported in Amsterdam, the Netherlands, 1992 to 2003 

 

Total HBV 
patients 

 

Source of infection HBV- 

endemic country 

(HBsAg >2%) 

univariable multivariable 

n = 314 
 

n = 27 (9%) OR (95%CI) p value OR (95%CI) p value 

Mean age (y), range 33 (1-75 y) 32 (2-64 y) 0.93 (0.66–1.32) per 10 y 0.687  
Gender (%)       
  Male 235 (75%) 20 (9%) 1.0  0.924  
  Female  79 (25%) 7 (9%) 1.05 (0.42-2.57)    
Origin (%)       
  Dutch /low-endemic 214 (68%) 9 (4%) 1.0 <0.000 1.0 <0.033 
  Immigrant HBV-endemic 100 (32%) 18 (18%) 5.0 (2.16-11.58)  2.83 (1.09-7.37)  
Transmission route (%)       
  Heterosexual  98 (31%) 17 (17%) 1.0 <0.001 1.0 <0.001 
  Horizontal 24 (8%) 2 (8%) 0.43 (0.09-2.02)  0.34 (0.07-1.61)  
  Medical care/tattoo 10 (3%) 7 (70%) 11.12 (2.61-47.40)  10.67 (2.40-47.46)  
  Unknown  28 (9%) 1 (4%) 0.18 (0.02-1.39)  0.16 (0.02-1.27)  
  Homosexual 128 (41%) 0 -  -  
  IDU 26 (8%) 0 -  -  

 
HBsAg = hepatitis B surface antigen; HBV = hepatitis B; OR = odds ratio; CI = confidence interval y = years. 
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Discussion 

This study confirms the findings of an earlier prospective study5 that the HBV risk 

for short-term tourists to HBV-endemic countries is very low: in 12 years, only 17 

such tourists from Amsterdam contracted HBV in an HBV-endemic country. In the 

same period, an estimated 13 million people have travelled to HBV-endemic 

countries from the Netherlands.15 Assuming that the same proportion of the 

Amsterdam population has travelled to such countries, this would mean that in the 

12 years studied, more than 600,000 people would have visited an HBV-endemic 

country, making the estimated incidence 4.5/100,000 travellers. This is even lower 

than earlier estimations10 and suggests that only a very small proportion of 

travellers considered ‘at risk’ according to the behavioural studies (33-76% of all 

travellers) actually contracts the disease.  

In our study, like in all studies based on reported cases of disease, underreporting 

may have led to an underestimation of incidences. In Amsterdam, where all 

laboratories report every positive HBsAg result to the PHS, we expect that the 

number of unreported infections is very low. 

Of all acute HBV patients in Amsterdam, 9% were likely infected in an HBV-

endemic country. In contrast, a national study in 1999 found that 18% of all HBV 

patients reported were infected abroad,16 another national study in 2002 to 2005 

found 15%,17 and a similar study in the UK found 12%.18 These findings were 

probably higher than in the current study because in those studies, everybody 

reporting international travel during incubation was considered to have contracted 

their infection abroad. In our study, we found that half the patients who had 

travelled were not infected abroad. 

HBV patients who were infected while travelling were significantly more often 

immigrants from endemic countries (18/27 = 67%) than people of low-endemic 

origin (9/27 = 33%), and these immigrants were, according to the current Dutch 

guidelines, significantly more often not advised vaccination. In contrast, in the 12 

years studied, only three short-term Dutch tourists, according to the guidelines 

were not advised vaccination, contracted HBV, all three by sexual contacts. No 

HBV cases were reported in Dutch tourists caused by accidents, medical care, 

sports activities, or tattooing. 

Long-term travellers from low-endemic origin are more likely to have sex with the 

local population than short-term travelers.19 A recent study among almost 2,000 

short-term travellers from the Netherlands found that 5% had sexual contact with a 
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new partner, of whom 2 of 3 had sexual contact with a local partner and 1 of 3 did 

not always use condoms. This behavioural study shows that about 1% (those 

having unprotected sex with local partners) of all travellers were possibly at risk of 

HBV, but again, the actual incidence of HBV in this group is likely to be very much 

lower and not necessarily higher than in people who do not travel. Travelling 

without a steady partner and expecting a new sexual contact were the most 

important risk factors of having casual sex, whereas reading pre-travel information 

on sexually transmitted infections protected sex.20 Therefore, people who travel 

without their steady partner should receive STI information and be advised to take 

condoms along. HBV vaccination could also be advised, but these travellers should 

be informed that HBV risk is not necessarily higher while travelling and that 

vaccination only protects from HBV after a complete series of vaccinations.  

That import of HBV by patients of Dutch origin plays a minor role in the 

epidemiology of HBV in the Netherlands was also confirmed by a recent molecular 

epidemiological study among 306 newly reported chronically infected HBV carriers 

in Rotterdam, the Netherlands: only 22 of 306 (7%) of these patients were born in 

the Netherlands and of Dutch origin, of whom only 1 was possibly infected in an 

HBV-endemic country because he had a history of travel in such countries.21 

A relatively large proportion in the immigrant group (14/18 = 78%) were short-term 

travellers (<12 weeks), a group currently not targeted by travellers’ vaccination 

guidelines. In contrast to Dutch short-term travellers, these immigrants were 

infected not only by sexual contacts but also horizontally and by medical care. This 

suggests that these immigrants are not only at higher risk but also run different 

risks, even though a higher proportion is already immune by previous infection.22 

This was also seen in a national study in the Netherlands.17 A Swiss study also 

found that immigrants from HBV-endemic countries who live in a low-endemic 

country and who visit friends and relatives (VFR) in their country of origin are a 

specific risk group for viral hepatitis.23  

Our study also confirms earlier retrospective studies6-9 that long-term travellers are 

at higher risk than short-term tourists: despite the fact that the current national 

guidelines for HBV vaccination for travellers recommend HBV vaccinations for all 

travellers who travel to HBV-endemic countries for more than 3 months, six Dutch 

long-term travellers contracted HBV. Only two of them were (partially) vaccinated. 

Conclusion 

Dutch tourists who travel to HBV-endemic countries run a very low risk of 

contracting HBV and their risk is probably not higher than those who do not travel. 
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The current national HBV guidelines for this group are adequate and do not need 

to be amended.  

The HBV risk for immigrants from endemic countries who VFR, however, is higher. 

This risk seems also irrespective of travel or the duration of travel. Because of the 

horizontal transmission risk for immigrants’ children, in the Netherlands, HBV 

vaccination is added to the National Vaccination Program for immigrants’ children 

born since 2003. Because the risk for older immigrants is also higher than for the 

indigenous population, older immigrants should be advised vaccination irrespective 

of travel.  

Our advice is to include all immigrants in the risk group vaccination campaign. 

Those who do seek pre-travel health advice should be advised HBV vaccination 

irrespective of duration of travel. The national HBV vaccination guidelines for 

immigrant travellers should be amended. 
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Abstract 

Background: Since the mid-1990s, sexually transmitted infections (STIs) among 

men who have sex with men (MSM) have increased and appear to be related to 

more risky sexual behaviour. We compare trends in hepatitis A acute hepatitis B 

and shigellosis with the trends of gonorrhea and infectious syphilis in Amsterdam 

MSM over a period of 15 years. 

Methods: We used data of all reported hepatitis A, acute hepatitis B, and 

shigellosis, and from all patients newly diagnosed with gonorrhea and infectious 

syphilis who visited the Public Health Service (PHS) STI outpatient department in 

Amsterdam between January 1, 1992, and December 31, 2006.  

Results: Hepatitis A incidence remained unchanged in MSM (mean 0.97 per 1000 

MSM, range 0.04-2.27), who had 21 percent of all 1697 infections. Hepatitis B 

likewise remained unchanged in MSM (mean 0.47 per 1000 MSM, range 0.19-

0.77), who had 41 percent of all 448 infections. Most shigellosis is travel-related 

(657/974), and 16 percent of the infections occurred in MSM. Its incidence dropped 

in general, but not in MSM. Both gonorrhea and infectious syphilis in MSM show a 

steep increase, mainly after 1998.  

Discussion: Hepatitis A, hepatitis B, and shigellosis do not follow the rising trends 

of conventional STI in MSM, which are believed to result from increased risky 

sexual behaviour. This disparity in trends implies differences in transmission 

dynamics. Recent molecular epidemiological studies suggest that clustered 

transmission in social MSM networks plays a major role. 
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Introduction 

Since the mid-1990s the number of sexually transmitted infections (STIs) among 

men who have sex with men (MSM) has increased. Several studies have indicated 

that the increase of gonorrhea, syphilis, and HIV in MSM is related to more risky 

sexual behaviour and coincides with the introduction of highly active anti-retroviral 

therapy (HAART).1-7 Though hepatitis A, acute hepatitis B, and shigellosis are not 

considered conventional STIs, their transmission within groups of MSM is known to 

be linked to sexual activities. Yet it is not known whether more risky sexual 

behaviour affects their incidence as it affects the conventional STIs like syphilis.  

In the mid-1970s, shigellosis and hepatitis A were recognized as sexual transmitted 

among MSM, mainly through direct oral-anal contact or digital-anal sex,8-13 

particularly when practiced in ‘darkrooms’ or saunas, with anonymous partners or 

in a group.14-17 Elevated incidence rates of shigellosis in HIV-infected populations 

imply that HIV may be an important risk factor for shigella infection.18 In the 

Netherlands, the incidence of shigellosis and hepatitis A in the general population 

is low, and disease mainly appears in groups at high risk of infection, such as 

travellers returning from endemic areas, migrant children, and MSM. Hepatitis B in 

MSM is primarily contracted by ano-genital transmission. A relatively high 

seroprevalence of hepatitis B surface antigen (HBsAg) in MSM, along with risky 

sexual behaviour, contributes to a higher incidence of acute hepatitis B in MSM 

compared to the general population.  

Methods 

Hepatitis A, hepatitis B and shigellosis 

In the Netherlands, all new laboratory-confirmed cases of hepatitis A, acute 

hepatitis B, and shigellosis must be reported to the Public Health Service (PHS). 

The PHS reports then to the National Institute for Public Health and the 

Environment (RIVM) which oversees national surveillance. Public health nurses 

from each PHS approach all its reported patients to collect data on the source of 

infection, demographic data, and information on specific risk factors, including 

travel prior to infection and sexual risk behaviour. Health advice is given, and active 

case finding among contacts is initiated. 
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We evaluated all hepatitis A, acute hepatitis B, and shigella patients reported to the 

PHS in Amsterdam in a 15-year period, between January 1, 1992, and December 

31, 2006. 

All patients were classified into groups by their most likely source of infection, using 

an algorithm based on probable transmission route.  

Hepatitis A patients were ranked hierarchically into five transmission groups: (1) 

patients most likely infected as a result of homosexual activity during the previous 6 

weeks; (2) patients most likely infected by horizontal transmission, that is having a 

symptomatic hepatitis A patient living/working in the immediate environment; (3) 

patients most likely infected while travelling in a hepatitis A-endemic country during 

the previous 6 weeks; (4) patients who did not travel abroad and were most likely 

infected by an asymptomatic peer at primary school; (5) injecting drug users (IDU), 

and (6) patients with no likely cause of disease. 

Only acute hepatitis B patients were included in analysis. Reporting criteria are 

clinical signs and symptoms, in combination with findings of HBsAg and/or type M 

immunoglobulin antibodies to hepatitis B in the serum. Acute hepatitis B patients 

were ranked hierarchically into five transmission groups: (1) sexual transmission- 

patients with high-risk sexual behaviour specific for hepatitis B transmission with 

sub-groups to distinguish unprotected homosexual and heterosexual contact with 

new and/or multiple partners; (2) IDU; (3) horizontal transmission- patients with 

exposure to a likely source i.e., when a household or other contact is identified as a 

carrier of HBsAg or when such identification is likely; (4) health care transmission- 

patients with invasive procedures performed in the six months preceding infection; 

(5) patients in whom none of the above risks are identified. 

Shigella patients are hierarchically classified in three groups, including (1) patients 

most likely infected while travelling in a shigella-endemic country within the 

incubation period for shigellosis, i.e., seven days prior to symptomatic disease; (2) 

patients with no history of travel to a shigella-endemic country, sub-grouped as 

MSM, contacts of primary patients from the group above, and patients with an 

unknown cause of  infection; (3) patients that can not be classified in group 1 or 2 

as data on travel history are missing. 

In Amsterdam, the sexual preference of patients has been registered for both 

hepatitis A and B since 1991. Data on the sexual preference of patients with 

shigellosis have been collected since 2001. We therefore used a derivative to 

represent MSM with shigellosis from 1992 to 2000, consisting of all male patients 

with shigellosis aged 15 and above with no history of travel within the incubation 

period.  
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Infectious syphilis and gonorrhea 

The PHS in Amsterdam offers free-of-charge examination and treatment for STIs at 

its outpatient department (STI-OPD). At every consultation, information about 

socio-demographic characteristics is collected, and all visitors are screened for 

gonorrhea and syphilis. An individual can have multiple new consultations in one 

year and/or more than one diagnosis per consultation. For this study, we used data 

from patients newly diagnosed with gonorrhea and infectious syphilis (primary, 

secondary, and early latent syphilis) in the period 1992 and 2006.  

Analyses 

Incidence rates were calculated using an estimate of 26,000 MSM residing in 

Amsterdam as denominator. This number is based on an estimation of Veugelers 

in 1993, and Dukers in 2004.19,20 There is no indication that the proportion of MSM 

in the Amsterdam population (about 9% of the male sexual active men) has 

changed largely over the past fifteen years. Incidence rates for the general 

Amsterdam population are based on yearly population data from the local 

government, minus 26,000 MSM. The catchment area for the STD clinic has not 

changed over time and is the whole population of Amsterdam. 

Incidence over calendar time was also modelled using Poisson regression. We 

allowed for smooth time trends via the use of natural splines.21 In order to allow for 

over dispersion, the dispersion parameter was estimated from the data (quasi-

Poisson model). p values were determined using the F test. For all infections we 

tested whether the null hypothesis of constant infection rates could be rejected. 

Analyses were done in the R statistical package version 2.6.2.22 

Results  

Hepatitis A 

During the study period, the total number of yearly reported hepatitis A patients 

dropped greatly, from 184 patients in 1992 to 18 patients in 2006. Of all 1697 

reported infections with hepatitis A in Amsterdam, 21 percent (353) were attributed 

to MSM. Incidence rates in the Amsterdam non-MSM population are low and 

decreased significantly from 0.23 in 1992 to 0.02 per 1000 inhabitants in 2006 (p 

<0.0001). Incidence rates in MSM decreased too, but show large fluctuations. This 

decrease is not significant (p =0.13). The mean incidence rate is 0.97 per 1000 

MSM (range 0.04-2.27) (Figure 1a).The trend of MSM shows a remarkable pattern 
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of peaks every three years, in 1992, 1995, 1998, 2001 and 2004. The incidence 

rate appears not to be different between MSM younger than 35 years and older 

than 35 years (data not shown). 

Acute hepatitis B 

A total of 448 patients with acute hepatitis B were reported to the PHS in 

Amsterdam of which 184 patients (41%) occurred in MSM. Among MSM, the 

number of new acute hepatitis B patients per year has remained fairly stable with a 

mean of 12 patients (range 5-20) The incidence rate appears not to be different 

between MSM younger than 35 years and older than 35 years (data not shown). 

Figure 1b shows the incidence rates in the last 15 years. Incidence rates in MSM 

(mean 0.47 per 1000 MSM, range 0.19-0.77, p =0.4)) are on average 15 times 

higher than in non-MSM (mean 0.03 per 1000 persons, range 0.02-0.07, p =0.1). 

Both trend lines are rather constant.  

Shigellosis 

Since 1992, the total number of yearly reported shigellosis patients has decreased 

considerably, from 120 patients in 1992 to 40 patients in 2006. In total 974 patients 

were reported of which 16% (157/974) occurred in MSM. Most shigellosis (67.5% 

or 657 patients) was most likely imported from shigella-endemic countries. The 

remaining third (33.5% or 317 patients) had a likely source of infection in the 

Netherlands, and half of these infections (157/317) occurred in MSM. Figure 1c 

shows the incidence rates per 1000 persons. The incidence rate in non-MSM 

dropped significantly from 0.14 in 1992 to 0.04 per 1000 persons in 2006 (p 

<0.002). Incidence rates in MSM decreased too, but this decrease is not significant 

(mean 0.41 per 1000 MSM, range 0.0- 0.96, p =0.4). The incidence rates in MSM 

show large fluctuations, with two distinct peaks in 1995 and in 2001 and patients 

varying from 0 to 25 per year. On average, the incidence in MSM is 5 times higher 

than the incidence in non-MSM. The incidence rate appears not to be different 

between MSM younger than 35 years and older than 35 years (data not shown).  

Gonorrhea 

In the fifteen-year study period, more than half (54%) of all 12,693 gonorrhea 

infections diagnosed at the STI-OPD of the PHS in Amsterdam occurred in MSM. 

Initially, the majority of diagnoses concerned heterosexuals, but since 1996 the 

number of diagnoses in MSM exceeds the number of diagnoses in heterosexuals. 

Figure 1d shows the incidence rates. The incidence rate in the general population 
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is low and fluctuated over time (mean 0.55 per 1000 persons, range 0.34-0.87, p 

<0.01).The incidence rate in MSM is much higher and increased from 10 in 1992 to 

25.5 per 1000 MSM in 2006 (p <0.0001). An initial increase of infections in MSM is 

seen in the period 1994-1996, followed by a second steep rise of infections from 

1998 onwards. After a peak of over 700 infections in 2001, the yearly number of 

infections seems to have stabilized around 600 diagnoses. Whereas before 2003 

most infections were diagnosed in MSM younger than 35 years, since 2004 

gonorrhea is mostly diagnosed in MSM of 35 years and older (data not shown). 

 

Infectious syphilis 

From 1992 to 2006, a total of 1840 infectious syphilis diagnoses were made at the 

STI OPD, of which three-quarters (75% or 1391) were in MSM. Figure 1e shows 

the incidence rates per 1000 persons. The incidence rate in the non-MSM 

population is low (mean 0.04) and increased only slightly (p =0.2). Before 1999, 

infectious syphilis in MSM was rare, but a steep increase of infections in MSM set 

off in 1998, and the incidence rates increased from 0.54 in 1992 to 7.54 in 2006 (p 

<0.0001). Since 2001, this rise seems to have stabilized, with an average of 199 

new infections per year. From 2001 onwards the increase of syphilis amongst MSM 

≥35 years is twice as high as amongst MSM 35 years (data not shown).  
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Figure 1. Incidence rates of (a) hepatitis A, (b) acute hepatitis B, (c) shigella, (d) gonorrhea, and (e) syphilis infections 

in MSM (black line) and all other patients (non-MSM) (grey line) in Amsterdam 1992-2006 
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Discussion 

In this study, population-based incidence rates for MSM were calculated, enabling 

not only comparison of trends in incidence between different STIs, but also 

between MSM and the general population. Only few analyses of STI trends in MSM 

have taken this approach.23 The findings in this study confirm the rising incidence 

of gonorrhea and infectious syphilis infections in Amsterdam MSM since the late 

1990s. Syphilis mainly increased in older MSM (35 years and older). A similar trend 

was seen for gonorrhea in both age groups.24 Both STIs are regarded as re-

emerging epidemics among MSM. These trends are not followed by hepatitis A, 

acute hepatitis B, and shigellosis in MSM, The trend of acute hepatitis B displays a 

more constant incidence rate, and an ongoing epidemic among MSM compared to 

the general population. Hepatitis A and shigellosis also show an ongoing epidemic 

among MSM, but its trend lines show a rather peaky course reflecting (cyclical) 

outbreaks. The disparity in trends suggests differences in transmission dynamics 

with the conventional STIs, showing little or no effect from the more risky sexual 

behaviour seen in MSM communities since the introduction of HAART.1-4,6,25-27  

For hepatitis A, it is well-known that the transmission pattern within the homosexual 

communities differs from the pattern in the general population. In the general 

population, new hepatitis A infections are usually imported by returning travellers, 

especially children, originating from endemic countries. Imported infections cause 

sporadic, common-source outbreaks with seasonal peaks after the summer 

holidays.28,29 After the introduction of a paediatric vaccine in 1997 and the start of 

an annual vaccination program for migrant children in 1998, hepatitis A in the 

general population of Amsterdam declined.30 In contrast, hepatitis A among 

Amsterdam MSM occurs in year-round micro-epidemics.15,31 Only occasionally are 

new HAV strains imported into the male homosexual population, where the disease 

remains endemic and spreads without a seasonal pattern. Recent molecular 

epidemiological studies show that hepatitis A virus (HAV) is endemic among MSM 

all over Europe.17,32-34 The homosexual communities within the individual countries 

are probably too small to maintain HAV in their population over time, whereas the 

combined homosexual communities across Europe are sufficiently large, to sustain 

continued circulation of homologous HAV strains for years. This may explain the 

frequent reports of outbreaks on the continent.16,32,33 The appearance of small 

epidemics every three years in MSM in Amsterdam is not easily understood. The 

proportion of immune MSM following an outbreak may decrease over time, and 
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only when enough non- immune MSM have entered the homosexual community 

can a new outbreak occur.32,33 No systemic efforts have been made to vaccinate 

MSM against HAV. Combined hepatitis B/ hepatitis A vaccination is offered to MSM 

since the start of the targeted hepatitis B vaccination campaign in 1998. It is 

unknown how many MSM received vaccination against hepatitis A, or what its 

overall vaccine coverage is in this group.  

For shigellosis social groups of HIV-infected MSM may have an effect on its 

transmission pattern. HIV infection enhances transmission of shigella species in 

the immuno-compromised host through an increased susceptibility or a prolonged 

infectivity.1,14,18,35 For example, the peak of 25 patients in 2001 among MSM in 

Amsterdam was a clustered outbreak in a specific social group of MSM visiting so-

called ‘trash parties’.36 Almost all patients in this outbreak were HIV-infected. The 

introduction of a new shigella species by an infected MSM returning from a 

shigella-endemic area may be the source of a clustered outbreak. However, it may 

be possible that some shigella species, just as homologous HAV strains, circulate 

among homosexual transmission networks in Western Europe. Various recent 

reported outbreaks of shigellosis among MSM in major cities in Europe, and also in 

the United States and Australia, were caused by either Shigella flexneri or Shigella 

sonnei species.36-43 More research such as a molecular cluster analysis could 

confirm whether these shigella species are molecularly linked.  

The effect of changed sexual behaviour on hepatitis B incidence in MSM is 

uncertain. Since the prevalence of hepatitis B surface antigen carriers is relatively 

high among MSM in Amsterdam,44 it seems inevitable that more risky sexual 

behaviour among MSM should have led to an increase of acute hepatitis B. Also, 

an increase of STI, especially genito-ulcerative infections, could have led to its 

increased transmission and incidence.45 It is plausible that the negative effects of 

increased risky sexual behaviour among MSM have been counterbalanced by the 

positive effects of the targeted vaccination campaign for this group that started in 

1998.46 The relatively high proportion of hepatitis B infections in MSM confirms that 

MSM are still a major risk group for acute hepatitis B in Amsterdam. Some 

limitations should be considered when reviewing the results of this study. Several 

probably predictive data, such as HIV co-infection, sexual activity or behaviour 

were not routinely collected in the different data bases. Data for infectious syphilis 

and gonorrhea are based on clients of a STI clinic only, whereas hepatitis A, B and 

shigellosis data are based on notified infections. Finally, risky sexual behaviour is 

not a homogenous concept. Variation in modes of transmission (oral-faecal, 
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genital, and genital-anal exposures during sex) may contribute to our varied 

findings.  

One may conclude from the presented results that, apart from the differences 

between MSM and non-MSM, clear differences in trends among STIs exist as well. 

Trends in the conventional STIs are soundly dependent on changes in sexual 

behaviour, whereas hepatitis A, and probably shigella too, show little or no effect 

from increased risky sexual behaviour. Other factors, such as a co-infection with 

HIV or introduction from abroad seem to play a more important role. The 

apparently absent effects of sexual behaviour on a vaccine preventable disease 

like hepatitis B demonstrate that careful evaluation of findings is needed to detect 

the positive, negative, and their counterbalancing effects of such an intervention as 

vaccination. The existence of international MSM-specific transmission networks is 

essential in understanding the epidemiology of STIs in MSM. More detailed 

knowledge on social and sexual behaviour among MSM is needed to understand 

the clustered transmission of infectious diseases. Molecular epidemiological 

studies are needed to gain insight into these possible transmission networks. 
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Abstract  

Background: In the Netherlands, transmission of hepatitis B virus (HBV) occurs 

mainly within behavioural high-risk groups, such as in men who have sex with men 

(MSM). Therefore, a vaccination programme has targeted these high-risk groups. 

This study evaluates the impact of the HBV vaccination programme targeting 

Amsterdam's large population of MSM from 1998 through 2011. 

Methods: We used data from all MSM in Amsterdam registered in the national 

database of the vaccination programme for high-risk groups (January 1, 1998 to 

December 31, 2011). Programme and vaccination coverage were estimated with 

population statistics. The incidence of acute HBV was analyzed with notification 

data from the Amsterdam Public Health Service (1992 to 2011). Mathematical 

modelling accounting for vaccination data and trends in sexual risk behaviour was 

used to explore the impact of the programme. 

Findings: At the end of 2011, programme coverage was estimated at 41% and 

vaccination coverage 30% to 38%. Most participants (67%) were recruited from the 

outpatient department for sexually transmitted infections (STI) and outreach 

locations such as saunas and gay bars. The incidence of acute HBV remained 

stable over time, but dropped sharply after 2005. The mathematical model in which 

MSM who engage most in high-risk sex are vaccinated, best explained the decline 

in incidence.  

Interpretation: HBV transmission among Amsterdam's MSM has decreased, 

despite ongoing high-risk sexual behaviour. Vaccination programmes targeting 

MSM do not require coverage of all MSM; they are effective when MSM who 

engage most in high-risk sex are reached, such as via STI clinics. 
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Introduction 

Worldwide, an estimated two billion people are infected with hepatitis B virus 

(HBV). More than 240 million have chronic liver infections, and approximately 

600,000 die each year from HBV-associated cirrhosis or hepatocellular carcinoma.1 

The endemicity of HBV differs greatly by geographical region; depending on the 

prevalence of hepatitis B surface antigen (HBsAg) in the population, countries may 

be classified endemically as high (>8%), intermediate (2-8%), or low (<2%).2 In 

high- and intermediate-endemic countries, HBV transmission occurs mainly 

perinatally or in early childhood, whereas in low-endemic areas, HBV is more often 

contracted later in life, either through sexual contact or use of contaminated 

needles. In 1982 a safe, effective vaccine became available, and many countries 

have since implemented a national infant immunization programme. In the 

Netherlands, HBV prevalence in the general population is very low (HBsAg = 0.2%; 

95% confidence interval; 95%CI 0.1-0.4%).3 Since 1983, vaccination programmes 

have been implemented for health care workers (1983), newborns of HBsAg-

positive mothers (1989), and newborns with at least one parent from a high- or 

intermediate-endemic country (2003).3 In addition, in 2002, as transmission 

occurred mainly within behavioural high-risk groups (injecting drug users, men who 

have sex with men (MSM), and commercial sex workers), a vaccination 

programme targeting behavioural high-risk groups was implemented nationally, 

after a pilot programme from 1998 to 2000 in several regions, including 

Amsterdam.4,5 Because more recent insights have shown that vaccination of the 

general population is cost-effective and more beneficial in the long term than those 

only in the high-risk groups, a nationwide infant vaccination programme was 

initiated in August, 2011.6 As no catch-up campaign will be instituted, the ‘high-risk 

group’ policy must be continued for at least another 20 to 30 years. This study 

evaluates the impact of the HBV vaccination programme targeting the behavioural 

risk group of MSM in Amsterdam. The Dutch capital, with about 800,000 

inhabitants, is a popular residence for MSM from the world all over, totalling at least 

26,000.7 The seroprevalence of HBsAg in MSM in Amsterdam in 2004 was 

estimated at 2.3% versus 0.4% in the general population, and the incidence of 

acute HBV in MSM was on average 15 times higher than in the general 

population.8 

This study aims to describe incidence trends of acute HBV in the MSM population 

in Amsterdam from 1992 through 2011 and the impact of the targeted HBV 
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vaccination campaign that began in 1998. We used a mathematical model, taking 

into account vaccination data, demographic aspects, and changes in sexual risk 

behaviour, to explore potential explanations for these trends.  

Methods 

Population statistics 

Yearly age- and gender-specific population data were obtained from the Research 

and Statistics Department of Amsterdam. The number of MSM residing in 

Amsterdam was estimated as 10% of the male population aged 15-69 years as 

registered on December 31 of each calendar year.9,10 The differential effect of 

migration in and out of the population was accounted for; however, the changing 

proportions of immune, vaccinated, or susceptible MSM were unknown.  

Targeted vaccination programme MSM 

To evaluate the programme targeting MSM in Amsterdam, data were used from the 

national database of the vaccination programme for high-risk groups (November 1, 

2002 until December 31, 2011, including follow-up data from 2012) and the pilot 

project (October 1, 1998 to May 1, 2000). Details of the programme are described 

elsewhere.4 Male residents aged 15 to 69 years who were registered in Amsterdam 

and indicated a same-sex preference were eligible for inclusion. Demographic 

data, date and location of inclusion (first contact), number and dates of vaccination, 

and results of testing for antibodies against hepatitis B core antigen (anti-HBc+) 

and, if applicable, consecutive HBsAg testing were used. Programme coverage 

was estimated as the fraction of MSM included in the program and the estimated 

number of MSM aged 15-69 years residing in Amsterdam. Vaccination coverage 

was calculated as the number of participants effectively vaccinated divided by the 

number of susceptible MSM in Amsterdam (the number of MSM residing in 

Amsterdam per calendar year, minus the assumed number of MSM immune/ anti-

HBc+ by previous natural infection). Since approximately 20% (range, 10-36%) are 

thought to be immune by previous infection,5 we used a range of 10% to 30%. 

Compliance was defined as the proportion of susceptible participants completing 

the series of three vaccinations. Vaccine efficacy increases from 40% after one 

dose to 70% after two doses to 90% after three doses, and it was estimated in this 

study by the number of susceptible participants receiving one to three doses.11,12 
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Acute hepatitis B infections 

In the Netherlands, all new patients with laboratory-confirmed acute HBV infection 

must be reported to the Public Health Service (PHS). Criteria, which were 

consistent during the 20-year period of analysis, include clinical signs and 

symptoms, combined with findings of HBsAg and/or type M immunoglobulin 

antibodies to hepatitis core antigen in the serum. Public health nurses collected 

data from all patients on the source of infection, demographic data, and information 

on specific risk factors, including travel prior to infection, sexual preference, and 

risk behaviour.  

From January 1992 to January 2012, 534 patients with acute HBV were reported to 

the PHS in Amsterdam. Patients were ranked hierarchically into five transmission 

groups: sexual transmission; injecting drug use; horizontal transmission; health 

care transmission; and patients in whom none of those risks were identified. With 

this classification, 220 (41%) acute HBV infections in MSM were identified and 

included in the analysis, together with baseline characteristics, including age and 

year of birth. 

Statistical analyses 

Analysis was conducted with Intercooled Stata 11.1 for Windows (Stata Corp., 

College Station, Texas, USA). Incidence rates were estimated as the annual 

number of new cases per 100,000 persons-at-risk. Incidence rate ratios (IRR) with 

95%CI were estimated via Poisson regression, separately for calendar time, age, 

and birth year, respectively. When modelling the IRR, we used natural splines to 

obtain smoothed trends. In each model, we tested whether the null hypothesis of 

constant infection rates could be rejected.  

Because the variables of age, period, and cohort were linearly related, an age-

period-cohort (APC) model was used for the multivariable analysis. The incidence 

of acute HBV was modelled in (log) rates as a sum of (non-linear) age-, period- 

(date of diagnosis), and cohort- (date of birth) effects. The model was constructed 

with ‘apcfit’ in Stata which uses natural splines to estimate each of the three effects 

that are then combined to give estimated rates. For details, see Carstensen 2007 

and Rutherford 2010.13,14 As we were interested in the age effects related to birth 

cohort effects, the model was parameterized to constrain the period effect to have 

a slope of zero and to be zero on average on the log scale. After adjustment for 

period effects, age-specific rates were estimated for the median birth cohort (1966). 

The cohort effect (cohort rate ratios) was similarly estimated and reported relative 

to the median 1966 birth cohort.  
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The mathematical model 

The current model, which was derived from previous models by Williams et al. and 

Kretzschmar et al.,11,15 demonstrates the course of the HBV epidemic among MSM 

in Amsterdam since 1992, taking into account demographic aspects, effects of the 

targeted vaccination programme, and changes in sexual risk behaviour. The model 

population consisted of the annual number of MSM residing in Amsterdam and was 

stratified by age (15 to 64 years) and 6 sexual activity classes.16 Migration in and 

out of the MSM population was incorporated into the model and occurred at a 

constant rate stratified by age group (mean rate more than 12 years). Vaccination 

rates stratified by age were calculated from the numbers of vaccinations averaged 

during the years since 1998 per age category. Only a sexual mode of transmission 

was considered. Partner change rates were based on data from sexual behaviour 

surveys and calibrated so that the model reproduced the observed incidence of 

notified acute hepatitis B infections averaged over the pre-vaccination years 1992-

1998.17 Trends in sexual risk behaviour were based on data on behaviour (i.e., 

proportion of MSM practicing unprotected anal intercourse (UAI)) among MSM in 

the Amsterdam Cohort Studies (1984-2009).18 The trends show steadily increasing 

sexual risk behaviour from the mid-1990s after the introduction of combination 

antiretroviral therapy, with a plateau from 2004 coinciding with increasing sexual 

risk behaviour among MSM.18,19 We assumed that incidence of infection was six 

times the incidence of notified cases, where a factor three is due to subclinical 

infection and a factor two to underdiagnosis and underreporting.20-22 

Three different scenarios are processed in the model. The endemic equilibrium is 

based on the incidence of patients of notified acute HBV infection before the start 

of the vaccination programme in 1998. The first scenario describes the trend of 

acute HBV infection without a targeted vaccination programme in a context of 

increasing sexual risk behaviour (partner change rates increased by 10% in 1997, 

followed by an annual increase of 5% until 2004, and stable risk behaviour from 

2005 onwards). Scenario two describes the effect of the current vaccination 

programme targeting all MSM. Scenario three describes the effect of the 

vaccination programme targeting the 20% of the population with higher partner 

change rates, i.e., the proportion of the model population in the four highest levels 

of sexual activity.16 
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Results 

Targeted vaccination programme MSM 

From 1998 to 2012, a total of 12,273 MSM in Amsterdam participated in the 

targeted HBV vaccination campaign. The median age at inclusion was 34 years 

(interquartile range (IQR) 27-41 years, range 14-83 years). Most participants were 

born in the Netherlands (71%) or other low-endemic countries (9%). Fifty-one 

percent of the participants (6306) were recruited from the outpatient department for 

sexually transmitted infections (STI-OPD) of the PHS in Amsterdam and 22% 

(2719) from the department for infectious diseases of the PHS. Other recruitment 

sites included outreach locations (i.e. saunas and gay bars,1965 or 16%), general 

practitioners' offices (6%), and penitentiaries and hospitals (4%). Almost all 

participants (98%) were tested for anti-HBc, and 18.3% were positive (95%CI 17.6-

19.0%). Anti-HBc seroprevalence decreased over time (Table 1a). Results of 

consecutive HBsAg testing were available from 2002 onwards for 1573 anti-HBc-

positive samples; 106 participants were chronic HBsAg carriers (6.7%; 95%CI 5.5-

8.0%), and HBsAg seroprevalence in all participants was 1.2% (95%CI 1.0-1.4%), 

decreasing over time. Results of both anti-HBc and HBsAg testing were associated 

with the location of recruitment. Participants recruited at STI-OPD and outreach 

locations were significantly more often immune by previous infection (anti-HBc+: 

19-21%) compared to those recruited elsewhere, and 78% of the HBsAg-

seropositive MSM were recruited at these locations (data not shown). 

Compliance, vaccine efficacy and vaccination coverage  

Table 1a shows the programme coverage per calendar year, which increased from 

2% in 1998 to 41% in 2011. Table 1b shows programme compliance and vaccine 

efficacy. At the time of inclusion, 82% of the participants were still susceptible to 

infection and received a first dose of the vaccine; of those, 84% received two 

doses, and 71% received the full series of three vaccinations. In 2011, 7952 

participants were effectively vaccinated. Assuming that 10% to 30% of the total 

MSM population (29,751 in 2011) was already immune by previous infection, we 

estimated vaccination coverage at 30% to 38%, leaving 12,875 to 18,825 MSM still 

susceptible to infection at the end of 2011.  
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Table 1a. Programme coverage of the HBV vaccination campaign targeting MSM 

in Amsterdam and the proportion of immune and MSM chronic carriers, 1998-2011 

Year 
Population 

size 
Number of inclusions 

(cumulative) 
Programme 

coverage (%) 
% 

AntiHBc+ 
% 

HBsAg+ 

1998 27,078 549 (549) 2% 16,8% - 

1999 27,486 2049 (2598) 9% 20,0% - 

2000 27,692 577 (3175) 11% 21,9% - 

2001 27,851 No vaccination programme 

2002 27,890 291 (3466) 12% 21,6% 2.5% 

2003 27,919 1302 (4768) 17% 24,6% 1.5% 

2004 28,067 1091 (5859) 21% 23,7% 0.9% 

2005 28,269 1028 (6887) 24% 20,7% 1.2% 

2006 28,286 941 (7828) 28% 19,0% 1.7% 

2007 28,313 1103 (8931) 32% 17,8% 1.3% 

2008 28,513 920 (9851) 35% 14,8% 1.0% 

2009 28,893 688 (10,539) 36% 10,4% 0.9% 

2010 29,331 948 (11,487) 39% 10,3% 1,0% 

2011 29,751 732 (12,219) 41% 9,1% 0,6% 

 

Table 1b. Compliance and vaccine efficacy of the HBV vaccination campaign 

targeting MSM in Amsterdam, the Netherlands, 1998-2011 

Number of MSM with 
Number of MSM  

who received 
Compliance 

Vaccine efficacy #  
Effectively 

immunized (%) 

≥ 1 vaccine 10,021 1 vaccine 1604 - 642 8% 

≥ 2 vaccines 8417 2 vaccines 1328 84% 930 12% 

≥ 3 vaccines 7089 3 vaccines 7089 71% 6380 80% 
# 40% protected after 1 vaccine, 70% protected after 2 vaccines, and 90% protected after 3 vaccines. 

Acute hepatitis B infections 

From January 1992 to January 2012, 220 MSM with acute HBV infection were 

reported to the Amsterdam PHS. The annual number of new patients ranged from 

5 to 21 (median 12). The median age at diagnosis was 34 years (IQR 29-40 years, 

range 19 to 72 years). Figure 1a shows the measured and fitted incidence and the 

growing MSM population over calendar time. The incidence (mean 39.5 per 

100,000 MSM, range 14.0-74.8) remained stable until 2005, but then dropped 

sharply from 60 to 20 out of 100,000 in 2011 (p <0.001). Age-specific incidence 
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peaked at 35 to 44 years (Figure 1b), yet its distribution shifted over calendar time 

(Figure 2a). In the period 1992-1996 the highest incidence was in those 25 to 29 

years old, whereas in 2007-2011 it was in those aged 40 to 44 years. This is 

reflected in the incidence rates specific to birth year (Figure 1c), which peaked in 

the years between 1960 and 1969, irrespective of the period of diagnosis (Figure 

2b). 

 

Figure 1 Acute HBV per 100,000 person years in MSM in Amsterdam (1992-2011) 

 

(A) Acute HBV incidence per 100,000 MSM in Amsterdam per calendar year (1992-2011). The 

measured incidence is represented by the line with dots, and the fitted incidence by the smooth line with 

its 95%CI (striped area). The grey shaded area is the population denominator data of the Amsterdam 

MSM population. (B) Age-specific rate per 100,000 MSM of acute HBV in Amsterdam (1992-2011). (C) 

Year of birth-specific rate of acute HBV per 100,000 person years in Amsterdam (1992-2011). The 

measured rate is represented by the dots, and the fitted rate by the smooth line with its 95%CI (striped 

area). 
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Figure 2 Age-and year-specific rates of acute HBV per 100,000 person years in 

MSM in Amsterdam  

 

(A) Age-specific rates of acute HBV per 100,000 person years in MSM in Amsterdam stratified by 4 

periods of diagnosis (‘92-‘96, ‘97-‘01, ‘02-‘06, ‘07-‘11). (B) Year of birth-specific rates of acute HBV (per 

100,000 person years) in MSM in Amsterdam stratified by 4 periods of diagnosis (‘92-‘96, ‘97-‘01, ‘02-

‘06, ‘07-‘11).  

 

These findings are supported by the multivariable APC-analysis (Figure 3). The left 

graph shows the age-specific (longitudinal) incidence for those born in 1966, which 

peaked at 20 and 40 years. After adjustment for age and period, the cohort effect is 

evident: all rate ratios in the graph are less than one, and the highest rate is the 

1966 birth cohort (centre graph). The right graph shows the non-linear effects of 

period, independent of age or cohort effects.  
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Figure 3. Results from the multivariable APC-analysis of the acute HBV incidence 

per 100,000 MSM in Amsterdam, the Netherlands 1992-2011, shown as line 

graphs representing log rates, with its 95% confidence interval (grey shaded area).  

 

 

(A) demonstrates the age-specific rates (per 100,000 person-years on left Y-axis) in the reference birth 

cohort (1966), after adjusting for period. The age-specific rate for this cohort peaks at age 20 and 40. 

(B) The cohort effect is evident from the centre graph (calendar year versus rate ratio on the right Y-

axis). After adjusting for age and period, the highest rate is in the 1966 birth cohort, i.e. all rate-ratios 

before and after this year are lower (i.e. <1, and the 95%CI do not include 1 for a major part of the 

calendar time). (C) represents the period effect, describing the non-linear effects of period, and acts like 

a residual effect (because it is constrained to be 0 on average with 0 slope) unexplained by the other 

two terms. 

Mathematical Model 

Figure 4 shows the effect of vaccination and changed sexual risk behaviour on the 

incidence of acute HBV infection in three different scenarios. In the first scenario, 

(no vaccination programme), the incidence sharply increased due to increasing risk 

behaviour from 1997 to 2004. In the second scenario (dashed line) the effects of 

the vaccination campaign directed at all MSM in the population counterbalance the 

increase of risk behaviour to some extent, but the vaccination programme cannot 

reverse the increasing trend in incidence. However, if vaccination is targeted to the 

population with the highest risk levels (scenario three), the current coverage is 

sufficient to reduce the incidence to below the baseline of the pre-vaccination era. 
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Figure 4. Effect of vaccination and increased sexual risk behaviour on the 

incidence of acute HBV.  

 

The endemic equilibrium (black solid line) is based on the incidence of notified acute HBV 1992-1998 

before the initiation of vaccination and before changes in sexual risk behaviour. Scenario 1: (green line): 

effect of increasing sexual behaviour from 1997 to 2004 if no MSM were vaccinated. Scenario 2: (red 

line) the effect of the vaccination programme targeting all MSM. Scenario 3: (black line) the effect of the 

vaccination programme targeting high-risk MSM only. 
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Discussion  

From 2004 to 2012, the incidence rate of HBV infection in MSM in Amsterdam 

decreased by 78% (from 75 to 17/100,000), indicating that transmission among 

MSM has decreased.8,23 As in the past eight years, high-risk sexual behaviour 

among MSM has stabilized, and the reduced transmission is a probable effect of 

the targeted MSM risk-group vaccination programme started in 1998.18 Earlier 

evaluations of the programme (up until 2006) did not find evidence that this 

programme had an impact, partly because of the coincident increase in risk 

behaviour among MSM since the mid-1990s that counterbalanced the positive 

effects of the programme and partly because the uptake was too low at that 

time.5,18,19,23,24 In 2008, a mathematical model by Xiridou et al. predicted a greater 

benefit if MSM engaging most in high-risk sex (i.e. having a higher rate of partners 

or having more UAI) could be reached.24  

The mathematical model in our study demonstrates that the current decline in 

incidence is best explained by the scenario in which high-risk MSM (approximately 

20% of the MSM population) are vaccinated. More than two thirds of our 

participants were MSM recruited at STI-OPD (51%) and at saunas and gay bars 

(16%). These participants were significantly more often immune by previous 

infection (anti-HBc+: 19-21%), and 78% of the HBsAg-seropositive (infectious) 

MSM were recruited at these locations.  

Furthermore, analysis of acute HBV infection in MSM showed that those born 

between 1960 and 1970 have been at highest risk for the disease in the past 20 

years. This aging cohort has contributed heavily to transmission of HBV in the last 

two decades and therefore can be considered a high-risk core group. Whether this 

is because they have more UAI than others is unknown, but it is possible that in 

their social network more acute and chronic HBV infection has occurred, meaning 

more infectious partners have been present. The vaccination programme included 

almost 4000 MSM born between 1960 and 1970, and the estimated programme 

coverage was highest (62%) within this group (data not shown). If we assume that 

this core group has become immune either by infection or vaccination, we have a 

potential explanation for the declining HBV incidence, despite ongoing sexual high-

risk sexual behaviour.  

The reduced transmission of HBV infection among MSM in Amsterdam because of 

the targeted vaccination programme is also supported by several molecular 

epidemiological studies of circulating HBV genotypes in this population in 
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Amsterdam and in the rest of the Netherlands. For the past two decades, an 

identical HBV genotype A strain has been circulating among MSM in 

Amsterdam.5,25 In 2009, the analysis of molecular DNA sequences revealed a 

significant decrease in genetic diversity of the HBV genotype A viral sequences 

collected from the same population (1992-2006) within a few years after the start of 

the programme, indicating a lower transmission rate of the virus.26  

This is the first time that a targeted HBV vaccination programme has been proven 

to be effective.27 Our findings have important policy implications. In the past the 

programme aimed to include as many MSM possible. Since 2005, as the average 

age of recruitment was 39 years and similar to the average age of infection, much 

effort was made to reach young MSM. However, this study shows that the 

epidemic is driven by older MSM, and young, non-immune MSM have no particular 

increased risk of infection. As long as a programme reaches MSM networks in 

which the virus circulates, it is effective. 

Previous evaluations of this programme up until 2006 (incidence trend analysis, 

mathematical modelling and molecular sequence models) could prove no impact.  

Concern also exists about the effectiveness of such programmes when the uptake 

or coverage remains low.28,29 This study proves that a targeted vaccination 

programme can be effective with vaccination coverage below 40%, as long as 

MSM who engage most in high-risk sex, such as clients of STI clinics, are reached. 

In conclusion, the targeted Amsterdam HBV vaccination programme has been 

successful in reducing transmission among MSM, despite ongoing high-risk sexual 

behaviour. HBV vaccination programmes targeting MSM do not require coverage 

of all MSM, but can have a substantial effect on the incidence, if those who engage 

most in high-risk sex and those who contribute most to transmission are reached. 

To make a targeted vaccination programme successful, policy decisions should 

focus on identifying MSM networks responsible for continued HBV transmission.  
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General Discussion 

In the Netherlands, on a local level, the actual control and prevention of infectious 

diseases in the general population is a responsibility of the regional public health 

services with specialised public health doctors and nurses, who are guided by the 

recommendations in the national practice guidelines (the LCI-Richtlijnen). The LCI 

guidelines give guidance to the daily practice of case ascertainment, active 

surveillance, source-and contact tracing, preventive interventions, health 

education, and outbreak management. In addition, the department of infectious 

diseases of the PHS carries out public health programmes such as vaccination 

programmes for behavioural risk groups, as described in LCI-Draaiboeken. Many 

recommendations in the national guidelines are based on evidence, clear and 

instructive, yet most recommendations are still expert opinions based on practice- 

or knowledge, and not equally supported by evidence, or lack detailed information, 

e.g. on risk groups. 

 

The population-based surveillance studies presented in this thesis used locally 

acquired data. As the city of Amsterdam holds higher proportions of risk groups for 

several infectious diseases than the rest of the Netherlands, these studies offer 

extra value for the evaluation of current recommendations, or intervention 

programmes, targeting these risk groups. The studies presented in this thesis were 

intended to answer specific research questions generated from the actual day-to-

day practice of infectious disease control by the PHS of Amsterdam. The outcomes 

are intended to serve as evidence for the national practice guidelines on the control 

of infectious diseases, and to support the implementation of its recommendations  

Seroprevalence of varicella-zoster virus, parvovirus B19, 
and cytomegalovirus 

In the first part (chapter 2, 3 and 4) data from the Amsterdam Health Monitor 

(AHM) in 2004 are used. The AHM is a cross-sectional health survey carried out by 

the PHS of Amsterdam regularly to obtain insight into the health situation of the 

general Amsterdam population. By using a weighting method in the statistical 

analysis, the results are considered representative for the whole population, 

including the large immigrant communities originating from Morocco, Surinam, and 

Turkey. Besides the survey questionnaire, blood samples were collected from the 

same individuals, from which a serum repository was established. In chapter 4 only 
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women of childbearing age (16 to 44 years) were included. Besides data of the 

AHM, data on child day care personnel were obtained through a cross-sectional 

survey among female employees of Amsterdam day care centres carried out by the 

PHS of Amsterdam in 2007. 

Chapter 2: Varicella-zoster virus 

This study describes the seroprevalence of IgG antibodies against varicella-zoster-

virus (VZV) among various ethnic groups in the Amsterdam adult population. Our 

findings show a rather low overall VZV seroprevalence in the adult population of 

Amsterdam (94%; 95%CI 92-96%), compared to the near-total VZV seropositivity 

(97-100%) in the national general population. This outcome is probably 

representative for a highly urbanized area, and may be explained by the ethnic 

diversity present in Amsterdam. VZV seroprevalence rates among first-generation 

immigrants (Moroccan immigrants 90%, Surinamese or Antillean immigrants 91%, 

and Turkish 92%) were significantly lower than among those born in the 

Netherlands. On average, first-generation immigrants had a 2 times higher risk of 

being VZV seronegative. In addition, the age of immigration was a positive 

predictor for VZV seronegativity. Those immigrants who migrated after the age of 

11 years, were more likely to be VZV seronegative compared to those arriving at 

an earlier age or those born in the Netherlands. This is understandable as most 

persons born in the Netherlands acquire VZV immunity during childhood. 

 

These findings have several implications.  

The results of this study imply that about 4-8% of the general adult Amsterdam 

population is still susceptible to infection with VZV, and that first-generation 

immigrants are a specific risk group for VZV seronegativity. When assessing the 

risk of infection after VZV exposure alertness is needed for vulnerable persons like 

pregnant women, patients with haematological malignancies or organ transplants 

in particular among first-generation immigrants. There is scarce and anecdotic 

evidence that non-immune adult immigrants experience VZV infection after settling 

in the Netherlands, and other countries have described outbreaks of chickenpox 

among newly arrived immigrants.1-3 Adults and adolescents with a primary VZV  

have an increased risk of complications, and hospitalisation.4-7 As in the 

Netherlands chickenpox is not a notifiable disease, little is known on the incidence 

of primary VZV infection or its complications in adults, and the current overall 

burden of VZV infection in the adult population cannot be estimated, but is 
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considered low, because most infections occur in pre-school children aged 1–5 

years.8,9 

At the moment, a vaccination programme in the Netherlands is not yet 

recommended. One of the issues relates to cost-effectiveness and the uncertainty 

of the burden of disease of VZV in children, yet in adults near-total seropositivity is 

assumed. This assumption is based on the national population-based VZV 

seroprevalence study executed in 1995–1996. Yet, that study included relatively 

few residents of non-Dutch origin.8 Mathematical models predict that in the long 

run, a universal childhood programme may induce a shift in the age of primary VZV 

infection from childhood to adolescents and adults.9-13 In terms of health policies 

and the cost-effectiveness of the introduction of a universal VZV vaccination 

programme, the prevalence of specific risk groups for VZV seronegativity among 

adults, like first-generation immigrants should be taken into account. Besides 

improved surveillance on VZV complications in children and adults, more 

comprehensive research on VZV seronegativity in the general population, including 

the immigrant populations, is recommended. 

Chapter 3 Parvovirus B19 

This study describes the seroprevalence of IgG antibodies against parvovirus B19 

among various ethnic groups in the Amsterdam adult population. The outcomes 

show an overall seroprevalence of 61%, which is comparable to the estimates 

found in neighbouring countries.14-17 Knowing that immunity may depend on the 

country of birth, it was anticipated to find differences in seroprevalence between 

people born in the Netherlands and immigrants. Yet, no independent association of 

parvovirus B19 seropositivity with country of birth, or age at immigration (or the 

number of years living in the Netherlands) was found. In contrast to other research, 

parvovirus B19 seropositivity was not associated with having children,16-18 but as 

over a quarter (27.4%) of the data on ‘having children‘ was missing, these results 

were inconclusive. However, among those reporting having children, parvovirus 

B19 seropositivity was associated with the number of children. 

 

As almost 40% of the adult Amsterdam population is still susceptible to infection, 

vigilance is needed among doctors when suspecting a child of having erythema 

infectiosum, or when outbreaks occur at schools or at child day care centres. 

Those at risk for complications, mainly pregnant women, need swift identification to 

assess the risk of infection. The LCI-guideline “Erythema infectiosum” 

recommends, after confirmed exposure to parvovirus B19, testing for 
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(non)immunity to parvovirus B19 in pregnant women in the first half of their 

pregnancy, in order to ease women’s anxiety. Yet, parvovirus B19 seronegative 

women have a long worrying follow-up period, and require more blood tests at 3 

and 8 weeks to exclude infection. If infection occurs, the overall risk of an abnormal 

outcome is approximately 5 to 10%, and the follow-up extends as they need close 

monitoring during the whole pregnancy.19 

As our study sample is limited to adults only, age-specific parvovirus B19 

seroprevalence for children and adolescents could not be calculated. It is known 

that the age-specific risk for parvovirus B19 is the highest in school-aged children 

(7-9 years), and most people (60%) acquire antibodies against parvovirus B19 

before they are 15 years old. Other studies show that new infections may occur 

throughout life in all age groups, resulting in a continuing increase of 

seroprevalence up to more than 80% in the elderly population (>70 years).14-17,20,21 

Yet, our study could not demonstrate an increasing prevalence with increasing age, 

nor significant differences between age groups.  

 

The epidemiological evidence of parvovirus B19 in the Netherlands is scarce. 

Representative data of its seroprevalence in the general Dutch population are 

lacking, and existing estimates are based on samples of convenience. Little is 

known about the incidence or the disease burden in the population. Accurate 

estimates on the age specific risks of infection, the force of infection, and the 

incidence during epidemic and during non-epidemic years in the Netherlands is 

needed. Therefore national population-based research on parvovirus B19 

seroprevalence with more emphasis on children is recommended with equal 

emphasis on immigrant populations. As infection with parvovirus B19 may go 

unnoticed, high-risk groups for exposure need to be identified, especially those in 

occupational settings. 

Chapter 4 Occupational risk of VZV, Parvovirus B19, and Cytomegalovirus in 

child day care  

In this chapter the association between occupation and infection in women working 

in child day care was assessed, by comparing the seroprevalence of IgG-class 

antibodies against CMV, VZV and parvovirus B19 in female day care workers with 

women not working in day care. Our findings demonstrated obvious higher CMV, 

parvovirus B19 and VZV seroprevalence in women working in Amsterdam day care 

centres, compared to those who are not. As pregnant (susceptible) employees of 

day care centres are repeatedly exposed to these childhood infections, they are 
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considered a risk group for congenital infection of their newborn. Although the 

occupational risk of infection in child care is not new and has been described since 

the 1990s, in the Netherlands this knowledge has not contributed to the 

implementation of effective preventive policies for this particular risk group.22-29 

 

Parvovirus B19 infection may cause a mild, usually non-febrile illness with a 

systemic maculopapular rash (erythema infectiosum), especially among children, 

or may be asymptomatic. This is an important finding as exposure to parvovirus 

B19 may go unnoticed. In this study, working in day care was independently 

associated with parvovirus B19 infection, as women working in day care had a 

significantly higher seroprevalence (73%) compared to women not working in day 

care (60%). Although worldwide geographic differences in B19V seroprevalence 

(with lower parvovirus B19 seroprevalence in tropical regions) are described, 

seroprevalence rates did not differ between ethnic groups.20 In 2007 the 

Netherlands Society of Occupational Medicine (NVAB) published the practice 

guideline ‘Pregnancy, Postpartum Period and Work’, in which recommendations on 

pregnancy and the occupational risk of infection in day care centres are made.30 

For parvovirus B19, the NVAB guideline recommends primary health education, 

and screening of female employees of childbearing age when they start working in 

a day care centre. In addition, those who are seronegative or have an unknown 

immune status, and are wishing to become pregnant, should be offered repeated 

blood tests.30 In practice however, most of the exposed pregnant women 

presenting at the PHS are unaware of their immune status.  

 

Infection with cytomegalovirus (CMV) is the most common congenital infection, 

occurring in 0.3% to 1.0% of all live births worldwide. In most patients, infection 

does not give clinical symptoms.31 It is well known that CMV seroprevalence varies 

worldwide, and is related to geographic, ethnic and social factors.32,33 In our study, 

CMV seroprevalence differed strongly between European women (57%) and non-

European women (96%). Although the association between CMV seropositivity and 

occupation could not be demonstrated for non-European women (because of their 

high background seropositivity), it is likely they have a similar occupational risk of 

(re-)infection as their European colleagues. 

The NVAB guideline recommends that pregnant employees should receive health 

education on following standard hygienic procedures. If a CMV infection in the 

workplace is demonstrated by a clinician and/or by laboratory tests pregnant 
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employees must avoid all contact with saliva (hugging) and urine. Pre-conception 

screening of employees for IgG antibodies is not advised.30 

The development of a vaccine against CMV is in progress.28,34 Once it becomes 

available, female child day care workers should be considered a risk group eligible 

for vaccination. Until that time, other preventive strategies are necessary, such as 

behavioural interventions and awareness campaigns among child day care 

workers, child day care management, and the occupational health specialists. 

Indeed, several studies have described a lack of knowledge, not only among risk 

groups, but also among occupational specialists about the effects of CMV during 

pregnancy.35,36 Primary CMV infection results in life-long latent infection, and 

although congenital infection after reactivation and re-infection with a different CMV 

strain may occur (mostly unnoticed), the risk of congenital infection is highest for 

seronegative women.37,38 Pre-conception screening should be considered as a 

recommendation, as knowledge of one’s serostatus might enhance the effect of 

behavioural interventions and adherence to hygiene measures such as hand 

washing after diaper changing.  

 

The association between working in day care and VZV seroprevalence could not 

be shown, because it was statistically not possible to control for likely confounders, 

e.g. age or ethnic background as all child day care workers were VZV seropositive 

compared to 94% of the women not working in child care. This total VZV 

seropositivity suggests that some susceptible women may have contracted VZV 

after they started working in child care, yet, the incidence of chickenpox in child day 

care workers is not known. For VZV, a safe and effective vaccine is available and 

although the CBO guideline (like some other countries) have adopted guidelines to 

screen and vaccinate risk groups (like health care workers) this is not applicable to 

women working in child day care.39,40 The NVAB guideline does recommend 

screening of female employees of childbearing age (with a negative history) when 

they start working in a day care centre, and vaccination in those planning to 

become pregnant.30 In public health practice in Amsterdam, many pregnant day 

care workers exposed to chickenpox still need rapid testing, and post-exposure 

prophylaxis with human varicella-human immunoglobulin within 72 hours when 

seronegative (or when test results cannot be required in time). Therefore it would 

be recommended that female child day care workers, similar to the CBO guideline 

for health care workers, be screened and if seronegative, be vaccinated 

beforehand. 
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Our findings show that 27% percent of the women working in day care are still 

susceptible to infection with parvovirus B19 or CMV. As both infections may go 

unnoticed, the employer, the occupational specialist, and the pregnant employee 

who is susceptible to CMV or parvovirus B19 infections could agree on alternative 

work during at least part of the pregnancy, and those still susceptible for VZV 

should be vaccinated.  

Although the NVAB recommends screening of employees for parvovirus B19 and 

VZV, adherence to these recommendations is apparently low. None of the 285 

participants (from 38 Amsterdam child day care centres) of the cross-sectional 

survey were previously screened for parvovirus B19, or for VZV, nor were aware of 

their parvovirus B19 (or CMV) serostatus, nor had knowledge of the effects of 

these infections during pregnancy. Further research on reasons why the NVAB 

recommendations are not implemented are recommended. 

Travel related diseases 

Chapter 5 Malaria 

In this chapter a comprehensive overview of trends in imported malaria in the 

Netherlands in the period from 2000 through 2007 is described, for which the 

national surveillance data of all laboratory-confirmed infections of malaria notified 

was used. To put the time lines of reported patients into its current context: 

increased global travel and the availability of new malaria chemoprophylactic 

drugs, travel statistics and data from Dutch pharmacies regarding annual 

prescriptions for different kinds of malaria chemoprophylaxis were used. Despite 

increasing travel to malaria-endemic countries, the estimated incidence of imported 

P. falciparum infections per 10,000 travellers declined from 10.0 in 2000 to 3.4 in 

2007. The causes for this decrease are likely multi-factorial, and not readily 

explained by more (or better use) of malaria chemoprophylaxis alone. Although the 

number of prescriptions for chemoprophylaxis collected from Dutch pharmacies 

increased, this increase did not match the growth in travel. In this study the 

estimated proportion of travellers to malaria endemic countries not using 

chemoprophylaxis rose slightly from 47% to 52% of all travellers. Remarkably, the 

incidence of imported P. falciparum in this group did not rise, but fell from 21.5 to 

6.6 infections per 10,000 unprotected travellers, indicating that other factors must 

have caused the decrease of import malaria. Increased use of personal protective 

measures (such as impregnated bed nets and mosquito repellents), and a 

decreased risk of infection in malaria-endemic countries due to a reduction in local 
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malaria transmission or a combination of these factors may be the cause of the 

decline.41 

The drop in incidence of imported P. falciparum infections is greatest in travellers 

returning from Middle and West Africa, even though travel to this sub-region has 

doubled. Most malaria infections in the Netherlands are acquired in that region, 

and occur in immigrants (immigrants from endemic countries returning to their 

country of origin to visit friends and relatives, so-called VFR) originating from 

Ghana and Nigeria. The import of malaria by VFR from this region decreased from 

138 infections in 2000 to 69 infections in 2007, making a large contribution to the 

observed decline in incidence. Also among tourist travellers, the number of 

infections from this region (mainly from Ghana and the Gambia) decreased from 65 

infections in 2000 to 25 infections in 2007. These VFR may have improved their 

accommodations when visiting, e.g. by investing in better local housing, often in 

cities and urban areas, and having better access to protective measures like indoor 

spraying and insecticide-treated bed nets. Other western countries describe a 

similar declining incidence of malaria imported from West Africa, which may be 

explained by a decreased risk of infection in their destination country.41-43 Some 

African countries have achieved a high coverage of measures to control malaria, 

including extended use of bed nets treated with insecticide and improved access to 

malaria treatment, resulting in a reduction in local malaria transmission, especially 

in urban areas. Yet, most parts of Africa are still considered areas of high 

endemicity.43-47 

 

As import of P. falciparum infection mainly occurred in travellers not using malaria 

chemoprophylaxis, one may conclude that the recommendations in the LCR-

guideline for malaria are adequate. However, the number of travellers not seeking 

travel health advice remains a great concern, and needs close monitoring and 

more public attention.48,49 VFR from West-Africa remain the highest risk group for 

acquiring import malaria as many West Africans (in particular non-Ghanaians, 

illegal immigrants, and immigrants leaving at short notice) are not consulting pre-

travel preventive health services.50 Holidaymakers on a cheap package tour to 

West-Africa appear to be a new risk group.51 Further research on the social and 

cultural aspects of health seeking behaviour for, and/or compliance to malaria 

chemoprophylaxis is needed, enabling subsequent recommendations for targeted 

risk-group interventions. Also, the evidence for decreased malaria endemicity in 

some continents needs close monitoring. For some destinations, such as the 

Indian subcontinent, and Middle and South America, the force of infection is 
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declining so fast, that less strict guidelines on malaria prophylaxis in the near future 

may be plausible.52,53  

Lastly, a limitation of this study was the absence of clinical data in the national 

surveillance data base, which could contribute to a better understanding of the 

burden of disease in returning travellers with malaria, and e.g. the reasons for not 

taking malaria chemoprophylaxis. At the moment clinical data on imported malaria 

are collected separately by several medical centres. In order to improve the quality 

of future surveillance studies it is recommended to create a combined national 

database with epidemiological and clinical data. 

Chapter 6  Acute hepatitis B in travellers  

In 1996, the LCR developed a practice guideline for the prevention of acute 

hepatitis B (HBV) in travellers targeting a limited number of travellers with a clear 

increased risk while travelling for HBV vaccination.54 In order to evaluate these 

recommendations in the LCR-guideline (valid in 2008) all notified acute HBV cases 

in Amsterdam between 1992 and 2003 were analyzed.  

The findings show a much lower risk of infection than was expected from the 

estimated potential risk of infection from behavioural studies, and the increasing 

number of travellers in the past decades. In this twelve-year period 27 people (9% 

of all acute HBV patients in Amsterdam) of the estimated 600,000 residents from 

Amsterdam who visited a HBV-endemic country were likely to have acquired acute 

HBV while being abroad, making an overall incidence of 4.5/100,000 travellers. 

Only 10 out of the 27 patients would have been eligible for HBV vaccination 

according to the indications of the 2008 LCR-guideline, of whom only two sought 

pre-travel health advice, but were inadequately (partly) vaccinated) The majority of 

patients (18/27 or 67%) were immigrants from HBV-endemic countries returning to 

their country of origin to visit friends and relatives (VFR), Most (14/18) of this VFR 

group was not targeted by the 2008 guideline. The increased risk of infection is 

irrespective of the duration of travel, and in contrast to the infected Dutch short-

term travellers (3 in total), immigrants were not infected by sexual transmission 

alone, but also by horizontal transmission, and by receiving medical care in their 

home country.54 Based on these findings, the working group of the Dutch National 

Coordination Centre for Travellers Health (LCR) decided to change the guideline 

and recommended that all susceptible immigrants from HBV-endemic countries 

were eligible for HBV vaccination, irrespective of the duration of travel. Also, the 

risk of infection in Dutch short-term travellers is low, and probably similar to the low 
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risk of infection in Dutch-born persons in the Netherlands, it was decided not to 

target all travellers for hepatitis B vaccination.  

 

In contrast, immigrants from HBV-endemic also have an increased risk of infection 

irrespective of travel.55,56 Since 2003, all newborns with at least one parent from a 

HBV-endemic country are vaccinated, and in August 2011 a nationwide infant 

vaccination programme was initiated, yet no catch-up campaign for older children 

and adolescents nor adults will be implemented.57 As a consequence, first and 

second generation migrants continue to be a risk group for acquiring HBV for at 

least another 20-30 years (and probably longer, as the number of new immigrants 

will continue to rise over the next decades). At the moment this knowledge has 

resulted in an undesirable sprawl of local screening and vaccination practices 

among diverse ethnic groups in the Netherlands. The introduction of a nationwide 

and uniform screening and vaccination programme for all (new) immigrants born 

prior 2003 in the Netherlands should therefore urgently be considered.  

Sexually transmitted diseases in men having sex with men 

Chapter 7 Trends in hepatitis A, B, and shigellosis compared with 

gonorrhoea and syphilis in men who have sex with men in Amsterdam, 1992-

2006 

In this chapter, data of all Amsterdam notifications of hepatitis A (HAV, acute 

hepatitis B (HBV), and shigellosis from 1992, to 2007, are compared with data from 

all patients newly diagnosed with gonorrhoea and infectious syphilis at the STI 

outpatient department of the PHS in Amsterdam  

The findings in this study confirm the rising incidence of gonorrhoea and infectious 

syphilis infections in Amsterdam MSM since the late 1990s.58 Syphilis mainly 

increased in older MSM (35 years and older). A similar trend was seen for 

gonorrhoea in all age groups. Both infections are regarded as re-emerging 

epidemics among MSM. These trends are not followed by STI in the heterosexual 

population, nor by less conventional STI caused by the HAV and HBV or shigella in 

the MSM population. Whereas the rising trends in gonorrhoea and infectious 

syphilis are easily explained by the increased high-risk sexual behaviour, the 

trends in HAV, and probably in shigellosis too, seem not to be effected by this.  
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HAV infection among Amsterdam MSM occurs in year-round micro-epidemics 

following occasional introduction of HAV strains form homosexual communities 

outside the Netherlands.59,60 Molecular epidemiological studies have shown that 

HAV is endemic among MSM all over Europe.61-63 The homosexual communities 

within the individual countries are probably too small to maintain HAV in their 

population over time, whereas the combined homosexual communities across 

Europe are sufficiently large, to sustain continued circulation of homologous HAV 

strains for years. This may explain the frequent reports of outbreaks on the 

continent, as well as the trend observed in this study.63-65 The appearance of small 

epidemics every three years in MSM in Amsterdam is not easily understood. The 

proportion of immune MSM following an outbreak may decrease over time, and 

only when enough non- immune MSM have entered the homosexual community 

can a new outbreak occur.61,63 Although MSM are identified as a risk group for HAV 

infection, no national efforts have been made to vaccinate all MSM against HAV. In 

Amsterdam, combined hepatitis B/ hepatitis A vaccination is offered to MSM since 

the start of the targeted HBV vaccination campaign in 1998.  

 

The incidence rates of shigellosis in MSM show large fluctuations, with two distinct 

peaks in 1995 and in 2001 and the number of patients varying from 0 to 25 per 

year. On average, the incidence in MSM is 5 times higher than the incidence in 

non-MSM. The peaky pattern of shigellosis in MSM indicate clustered outbreaks, 

probably in specific social groups, Other factors, such as a co-infection with HIV 

seem to play a more important role.66,67 Outbreaks of shigellosis usually occur after 

the introduction of a shigella species by a traveller returning from an endemic 

country. It could also be possible that some shigella species circulate among 

homosexual transmission networks in Western Europe. Various recent reported 

outbreaks of shigellosis among MSM in major cities in Europe, and also in the 

United States and Australia, were caused by either Shigella flexneri or Shigella 

sonnei species.68-70 At the moment molecular cluster analysis on all shigella 

infections in Amsterdam is attempted, to gain insight into these possible 

transmission networks.  

 

Until 2006, the incidence of HBV among MSM appears to be unaffected by the 

increased high-risk sexual behaviour. Yet in the past the association between 

sexual risk behaviour and HBV incidence is clearly evident. Although before 1985 

information on the source or mode of transmission are lacking, the course of the 

HBV epidemic among MSM probable mirrors the epidemic curve of acute HBV in 
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male residents in the Netherlands. Since 1970 the number of acute HBV in men 

rapidly increased from <100 to a peak of almost 600 cases per year in 1981.71 

From 1981 onwards the number of male cases dropped rapidly. In 1984-1987 

incidence in Amsterdam male residents decreased from 23 to 8 per 100,000 men.72 

Contact tracing showed that in many of these cases the HBV infections were 

acquired homosexually. This decrease was largely explained by the decreased 

high-risk sexual behaviour in the MSM population, due to the fear for HIV/AIDS, 

and as a consequence the incidence of HIV infection in Amsterdam MSM 

decreased as well at that time.72 Since the introduction of combination antiretroviral 

therapy (cART) for HIV infected patients in the mid-1990s, high-risk sexual 

behaviour among MSM increased again.73,74 It is plausible that the negative effects 

of this increased risky sexual behaviour among MSM counterbalanced the positive 

effects of the targeted vaccination campaign launched in 1998.75 The apparently 

absent effect of the increase of high-risk sexual behaviour on the incidence of HBV 

needs a more profound evaluation to understand the positive, negative, and 

counterbalancing effects of this intervention programme. 

Chapter 8 Evaluation of the Amsterdam HBV vaccination programme 

targeting MSM 

The HBV epidemic in MSM in Amsterdam is decreasing. From 2004 to 2012, the 

incidence rate of infection in MSM decreased by 78% (from 75 to 17/100,000), 

indicating that transmission among MSM has decreased. Our findings show that, 

despite ongoing high-risk sexual behaviour, and a vaccination coverage below 

40%, the targeted Amsterdam HBV vaccination programme has been successful in 

diminishing HBV transmission among Amsterdam MSM. This is a remarkable 

finding, as it is this is the first time that a targeted HBV vaccination programme has 

been proven to be effective.76 Comprehensive analysis of the Amsterdam 

participants of the HBV vaccination programme showed that over two-third of the 

participants were MSM who engage most in high-risk sex. These were MSM 

recruited at STI-OPD (51%), and outreach locations such as saunas and gay bars 

(16%). These participants were significantly more often immune by infection (anti-

HBc+: 19-21%), and 78% of all HBsAg seropositive (infectious) MSM were 

recruited at these locations. The mathematical model in our study demonstrates 

that the current decline in incidence is best explained by the scenario in which 

high-risk MSM (about 20% of the MSM population) are vaccinated. In 2008, a 

mathematical model by Xiridou et al. predicted already a greater benefit if MSM 

engaging most in high-risk sex could be reached.77 
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Analysis of acute HBV infection in MSM showed that those born between 1960 and 

1970 have been at highest risk for the disease in the past 20 years. The 

vaccination programme included almost 4000 MSM born between 1960 and 1970, 

and the estimated programme coverage was highest (62%) within this group. This 

aging cohort has contributed heavily to transmission of HBV in the last two 

decades and therefore can be considered a high-risk core group. If we assume that 

this core group has become immune either by infection or vaccination, we have a 

potential explanation for the declining HBV incidence, despite ongoing sexual high-

risk sexual behaviour. Whether this is because this cohort really has more high-risk 

sexual than others is unknown, but it may well be that in their social network, more 

and acute/chronic HBV, thus more infectious partners were present. This finding is 

not easily understood, and needs further exploration. 

Our results are in line with the results from several molecular epidemiological 

studies on HBV genotypes that circulate in Dutch MSM. For the past two decades, 

an identical HBV genotype A strain has been circulating among Amsterdam 

MSM.75,78 In 2009, the analysis of molecular DNA sequences revealed a significant 

decrease in genetic diversity of the HBV genotype A viral sequences collected from 

the Amsterdam MSM population (1992-2006), indicating a lower transmission rate 

of the virus.79  

 

Our findings have important implications for programme policy decisions.  

In the past HBV vaccination programme focused to include as many MSM as 

possible. Yet this study shows that full coverage is not required, as long as those 

MSM who engage most in high-risk sex (MSM attending STI-OPD or outreach 

locations such as saunas and sex clubs) are reached. Since 2005, as the average 

age of recruitment was 39 years and similar to the average age of infection, the 

Dutch Expert Group on Prevention of Hepatitis B recommended, to increase the 

impact of the programme, to target young MSM.80 Since then much effort was been 

made to reach this group. However, our findings indicate that the epidemic is 

mostly driven by an aging cohort. At the moment, young (non-immune) MSM have 

no particular increased risk of infection. 

In august 2011, a nationwide infant HBV vaccination programme was initiated. As 

no catch-up campaign will be implemented, the ‘high-risk group’ policy must be 

continued for at least another 20-30 years. Since the programme seems to be 

effective in Amsterdam, (and in the rest of the Netherlands) with the current 

coverage in high-risk MSM, policy makers should evaluate how much more effort 

and resources are needed to vaccinate the large group of ‘low-risk’ MSM.76 The 
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findings of our study imply, that as long as MSM (networks) in which the virus 

circulates, are identified and reached, the programme will be effective. 

Conclusion 

The research in this thesis relates to a variety of national practice guidelines used 

in the Netherlands for the control and prevention of infectious diseases. Most of the 

research used routinely collected and/or locally acquired data, yet the evidence 

acquired from these studies has proven to be more then ‘local’ evidence alone, and 

has induced several direct ‘actions’, such as the amendment in the national LCI- 

guidelines on HBV vaccination for travellers (chapter 6). Other findings may have 

raised the discussion to do so. In chapter 4, improvements of current NVAB 

recommendations for child day care workers are proposed, but more important: it 

revealed that the current practice guideline is not put into practice, which needs 

further investigation. Other outcome has generated new specific research 

questions, or led to new research (i.e. shigellosis in chapter 7). The VZV 

seroprevalence study revealed that risk groups for VZV seronegativity are present, 

a finding not previously described in the Netherlands (chapter 2). In addition the 

parvovirus B19 seroprevalence study is the first study testing parvovirus B19 in a 

random sample of the Dutch adult population (chapter 3). Local serosurveillance 

studies that contain large groups of immigrants provide additional evidence to 

national serosurveillance studies in which immigrant groups are under-represented. 

Both studies emphasise the need for improved disease surveillance, and up-to-

date national seroprevalence studies with more prominence on immigrant 

populations.  

 

Lastly, the evaluation of the Amsterdam HBV vaccination programme targeting 

MSM (chapter 8) proves the additional value of local evaluation of national 

prevention programmes. As the estimated proportion of the targeted population is 

more accurate and higher than the rest of the Netherlands, and additional data on 

sexual risk behaviour was available, the effectiveness of this risk group vaccination 

programme could be studied in detail. The findings of this study are likely to shape 

future national (and international) policy developments. 
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Summary 

The research in this thesis relates to a variety of practice guidelines used in the 

Netherlands for the control and prevention of infectious diseases. The studies 

presented in this thesis were intended to answer specific research questions 

generated from the actual day-to-day practice of infectious disease control by 

public health service (PHS) of Amsterdam. The outcomes were intended to serve 

as evidence for the national practice guidelines on the control of infectious 

diseases, and to support the implementation of its recommendations. 

This thesis is about gathering evidence for action, and starts with an introductory 

chapter (chapter 1) explaining how the synthesis between research and 

recommendations in current public health practice takes place. Today’s medical 

practice, including public health, is largely dominated by practice guidelines. 

Practice guidelines may increase the quality of health care by improving 

consistency in practice and providing guidance to therapeutic, preventive, 

diagnostic and organisational processes. Whereas in the past practice guidelines 

were mainly based on tradition and reflected expert-opinion, modern guidelines aim 

to become more evidence-based. The premise is that the greater the strength of 

the evidence used, the higher the quality of the guidelines. In the Netherlands, 

many practice guidelines for the control of infectious diseases are still expert 

opinions based on practice- or knowledge, and not yet equally supported by 

evidence. 

 

The first part of this thesis (chapter 2, 3 and 4) relates to the practice guidelines of  

the National Coordination Communicable Diseases Control (LCI) on three viral skin 

rash infections common in children: varicella-zoster virus; parvovirus B19; and 

cytomegalovirus. In addition, chapter 4 relates to the practice guideline of the 

Netherlands Society of Occupational Medicine (NVAB) ‘Pregnancy, Postpartum 

Period and Work’, in which recommendations on pregnancy and the occupational 

risk of infection in day care centres are made (2007). In the first part data from a 

cross-sectional health survey of the general Amsterdam population (the 

Amsterdam Health Monitor (AHM) 2004) are used. Besides the survey 

questionnaire, blood samples were collected from the same individuals, from which 

a serum repository was established. In chapter 4, only the AHM data of women of 

childbearing age (16 to 44 years) were used. In addition, data on child day care 

personnel were analysed, obtained through a cross-sectional survey among female 

employees of Amsterdam day care centres (2007).  



Summary 

160   

In chapter 2 the seroprevalence of IgG antibodies against varicella-zoster virus 

(VZV) in the Amsterdam adult population was estimated. In addition, factors 

associated with a seronegative VZV status were identified. A total of 1341 serum 

samples obtained from the Amsterdam serum repository were tested for antibodies 

to VZV. Our findings show a rather low overall seroprevalence in the adult 

population of Amsterdam (94%; 95%CI 92-96%), compared to the near-total VZV 

seropositivity (97-100%) in the national general population. Seroprevalence among 

first-generation immigrants (Moroccan immigrants 90%, Surinamese or Antillean 

immigrants 91%, and Turkish 92%) was significantly lower than among those born 

in the Netherlands. In terms of health policies and the cost-effectiveness of the 

introduction of a universal VZV vaccination programme, the prevalence of specific 

risk groups for VZV seronegativity among adults, like first-generation immigrants 

should be taken into account. Besides improved surveillance on VZV complications 

in children and adults, more comprehensive research on VZV seronegativity in the 

general population, including the immigrant populations, is recommended. 

 

Chapter 3 describes the seroprevalence of IgG antibodies against parvovirus B19 

among various ethnic groups in the Amsterdam adult population. Serum samples 

obtained from 1323 participants of the AHM were tested for antibodies to 

parvovirus B19. The outcomes show an overall seroprevalence of 61%, which is 

comparable to the estimates found in neighbouring countries. No specific 

predictors or risk groups for seropositivity were identified. The epidemiological 

evidence of parvovirus B19 in the Netherlands is scarce. Also, representative data 

of its seroprevalence in the general Dutch population are lacking, and existing 

estimates are based on samples of convenience. This is the first study testing 

parvovirus B19 in a random sample of the Dutch adult population. Accurate 

estimates on the age specific risks of infection, the force of infection, and the 

incidence during epidemic and during non-epidemic years in the Netherlands is 

needed. Therefore national population-based research on parvovirus B19 

seroprevalence with more emphasis on children is recommended with equal 

emphasis on immigrant populations. As infection with parvovirus B19 may go 

unnoticed, high risk groups for exposure need to be identified, especially those in 

occupational settings. 

 

In Chapter 4 the association between occupation and infection in women working 

in child day care was assessed, by comparing the seroprevalence of IgG-class 

antibodies against cytomegalovirus (CMV), varicella-zoster virus (VZV) and 
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parvovirus B19 in female day care workers with women not working in day care. 

Twenty-seven percent of the day care workers were still susceptible to parvovirus 

B19 or CMV. Working in day care was independently associated with parvovirus 

B19 infection in all day care workers (prevalence ratio [PR] 1.2; 95%CI 1.1–1.3), 

and with CMV infection in day care workers of European origin only (PR 1.7; 

95%CI 1.3–2.3). Almost all women born outside Europe tested seropositive for 

CMV (96%). All day care workers tested seropositive for VZV, compared to only 

94% of the women not working in day care. This study confirms the clear 

association between employment in child day care centres and infection with CMV 

and parvovirus B19. Intervention policies could be improved, like screening of new 

employees and awareness campaigns emphasizing hygienic measures among day 

care workers, and reasons for not implementing current recommendations need to 

be explored. 

 

Chapter 5 describes the epidemiology and trends of all imported malaria in the 

Netherlands from 2000 to 2008. Using national surveillance data on all reported 

infections of imported malaria, the annual incidence of Plasmodium falciparum 

infections was estimated with the annual number of travellers to malaria-endemic 

regions as denominator. In addition, data from Dutch pharmacies regarding annual 

prescriptions for malaria chemoprophylaxis were used to describe the trend in use, 

as well as to estimate the number of travellers visiting malaria-endemic regions 

without prophylaxis. Despite increasing travel to malaria-endemic countries, the 

estimated incidence of imported P. falciparum infections per 10,000 travellers 

declined from 10.0 in 2000 to 3.4 in 2007. The causes for this decrease are likely 

multi-factorial, and not readily explained by more (or better use) of malaria 

chemoprophylaxis alone, but may reflect a reduced risk of infection due to 

decreasing local malaria transmission in some malaria endemic areas. 

Nevertheless, the increasing number of unprotected travellers remains worrisome. 

The percentage of unprotected travellers rose from 47% to 52% of all travellers. 

The drop in incidence of imported P. falciparum infections is greatest in travellers 

returning from Middle and West Africa. The import of malaria from this region by 

immigrants visiting friends and relatives (VFR) decreased from 138 infections in 

2000, to 69 infections in 2007. VFR from West-Africa remain the highest risk group 

for acquiring import malaria as many West Africans  are not consulting pre-travel 

preventive health services. Further research on the social and cultural aspects of 

health seeking behaviour for, and/or compliance to malaria chemoprophylaxis is 
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needed, enabling subsequent recommendations for targeted risk-group 

interventions. 

 

Chapter 6 studied the incidence and risk factors for acute hepatitis B (HBV) 

infection in returning travellers. All reported acute HBV patients in Amsterdam, the 

Netherlands, from 1992 till 2003, were analysed. The estimated incidence in 

travellers from Amsterdam to HBV-endemic countries is 4.5/100,000 travellers, and 

was much lower than was expected from the estimated potential risk of infection 

from behavioural studies, and the increasing number of travellers in the past 

decades. Two thirds of these patients were immigrants who lived in Amsterdam 

and who had visited their friends and relatives in their country of origin. In 12 years, 

only three Dutch short-term tourists contracted HBV while travelling, all by 

heterosexual contacts. Based on these findings, the working group of the Dutch 

National Coordination Centre for Travellers Health (LCR) decided to change the 

guideline in 2009 and recommended that all immigrants from HBV-endemic 

countries were eligible for HBV vaccination, irrespective of the duration of travel. 

Also, as the risk of infection in Dutch short-term travellers is low, and probably 

similar to the low risk of infection in Dutch-born persons in the Netherlands, it was 

decided not to target all travellers for hepatitis B vaccination.  

 

In chapter 7 trends in hepatitis A (HAV) acute hepatitis B (HBV) and shigellosis are 

compared with the trends of gonorrhea and infectious syphilis in Amsterdam men 

who have sex with men (MSM) over a period of 15 years (1992-2006). Since the 

mid-1990s, sexually transmitted infections (STI) among MSM have increased and 

appear to be related to more risky sexual behaviour. Data of all reported HAV, 

acute HBV, and shigellosis, and from all patients newly diagnosed with gonorrhea 

and infectious syphilis who visited the PHS STI outpatient department in 

Amsterdam were used. Both gonorrhea and infectious syphilis in MSM show a 

steep increase, mainly after 1998, yet the incidence of HAV (0.97/1000 MSM) and 

acute HBV (0.47/1000 MSM) remained unchanged. The incidence of shigellosis 

(0.41/1000 MSM) also remained stable, but showed large fluctuations, with two 

distinct peaks in 1995 and in 2001, and patients varying from 0 to 25 per year. Our 

results show that HAV, acute HBV, and shigellosis do not follow the rising trends of 

conventional STI in MSM, which are believed to result from increased risky sexual 

behaviour. This disparity in trends implies differences in transmission dynamics. 

Recent molecular epidemiological studies suggest that clustered transmission in 

social MSM networks plays a major role. The trend of acute HBV needs more 
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careful exploration as the negative effects of increased risky sexual behaviour 

among MSM have been counterbalanced by the positive effects of the targeted 

vaccination campaign for this group that started in 1998. 

 

Chapter 8 describes incidence trends of all reported acute hepatitis B (HBV) in the 

Amsterdam MSM population from 1992 to 2012, and the impact of the targeted 

HBV vaccination campaign that began in 1998. A mathematical model, using the 

Amsterdam data from the national database of the vaccination programme for high 

risk groups, population data from the Research and Statistics department of 

Amsterdam, and estimates of changes in sexual risk behaviour from the 

Amsterdam Cohort Studies, explores potential explanations for trends described. 

Our findings show a strongly declining incidence of acute HBV from 2005 onwards. 

At the end of 2011, the vaccination coverage was estimated to be 30-38%. Most 

participants (67%) were high-risk MSM recruited at the outpatient department for 

sexually transmitted infections (STI), and outreach locations such as saunas and 

gay bars. The scenario of the mathematical model in which MSM who engage most 

in high-risk sex are vaccinated, best explained the decline in incidence. This is the 

first time that a targeted HBV vaccination programme has proven to be effective. 

HBV transmission among Amsterdam MSM, despite ongoing sexual risk behaviour, 

has decreased. Vaccination programmes targeting MSM do not require full 

coverage, but are effective when MSM who engage most in high-risk sex (i.e. 

clients of STI-clinics) are reached. 

 

Chapter 9 describes the major findings of the studies presented in this thesis, and 

consequently discusses the ‘evidence for action’. The evidence generated from 

these studies proves to be more than ‘local’ evidence alone, but has led to 

amendments in national practice guidelines, or may have raised the discussion to 

do so. In addition, some outcomes have generated specific new research 

questions, as evidence supporting some recommendations appears to be lacking, 

which need urgent investigation. This thesis emphasises the potentials and 

advantages of local research, as evidence acquired from local research has proven 

additional value, and can improve and shape future practice guidelines and health 

policy programmes. Evidence-based practice guidelines bridge the gaps between 

research, health policy and practice, and health policies have more impact when 

implemented in practice guidelines. Practice guidelines based on the best available 

evidence may transform practice-based health care into evidence-based health 

care and consequently improve the quality of its outcome. 
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Samenvatting 

De onderzoeken in dit proefschrift hebben betrekking op diverse richtlijnen en 

protocollen die gebruikt worden in de Nederlandse infectieziektebestrijding. De 

meeste onderzoeksvragen in de beschreven studies komen voort uit de dagelijkse 

praktijkvoering van de afdeling infectieziektebestrijding van de Geneeskundige 

Gezondheidsdienst (GGD) van Amsterdam. De uitkomsten zijn bedoeld als 

aanvullend wetenschappelijk bewijs ter onderbouwing en verbetering van de 

aanbevelingen in de nationale richtlijnen voor infectieziektebestrijding, of ter 

ondersteuning van de uitvoering daarvan. Tegenwoordig wordt het professioneel 

medisch handelen, ook binnen de publieke gezondheidszorg, sterk beïnvloed door 

richtlijnen en protocollen. Richtlijnen kunnen leiden tot een betere kwaliteit van 

zorg, door het bevorderen van de consistentie en uniformiteit van de 

praktijkvoering, en door als leidraad te fungeren voor therapeutische, preventieve, 

diagnostische en organisatorische processen in de gezondheidszorg.  

Dit proefschrift beschrijft hoe vragen uit de praktijk kunnen leiden tot het verkrijgen 

van wetenschappelijk bewijs: ‘bewijs voor actie’, en begint met een inleiding 

(hoofdstuk 1) waarin wordt uitgelegd hoe de synthese tussen wetenschappelijk 

onderzoek en aanbevelingen in de richtlijnen voor de publieke gezondheidszorg 

tegenwoordig plaatsvindt. In het verleden zijn vele richtlijnen tot stand gekomen uit 

een combinatie van ervaring en expertise van professionals. Tegenwoordig streeft 

men ernaar de richtlijnen te onderbouwen met wetenschappelijk bewijs. De 

gedachte is dat hoe sterker het wetenschappelijk bewijs is, hoe hoger de kwaliteit 

van de richtlijnen zal zijn. In Nederland zijn veel aanbevelingen in de medische 

richtlijnen op dit moment nog gebaseerd op de mening van professionals, en mist 

een wetenschappelijke basis, of het bewijs hiervoor.  

 

Het eerste deel van dit proefschrift (hoofdstuk 2, 3 en 4) heeft betrekking op de 

richtlijnen van de Landelijke Coördinatie Infectieziekten (LCI) voor drie virale 

vlekjesziekten die veel voorkomen bij jonge kinderen, namelijk: waterpokken 

(varicella-zoster virus); vijfde ziekte (parvovirus B19); en cytomegalievirusinfectie. 

Hoofdstuk 4 heeft tevens betrekking op de richtlijn ‘Zwangerschap, 

postpartumperiode en werk’ van de Nederlandse Vereniging voor Arbeids- en 

Bedrijfsgeneeskunde (NVAB), waarin aanbevelingen over deze vlekjesziekten voor 

zwangere leidsters die werkzaam zijn in de kinderopvang zijn opgenomen (2007). 

Voor de studies in dit eerste deel zijn onderzoeksgegevens afkomstig van de 
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Amsterdamse Gezondheidsmonitor (AGM) gebruikt. De AGM is een 

dwarsdoorsnede-onderzoek van de Amsterdamse volwassen bevolking uitgevoerd 

door de GGD Amsterdam in 2004, waarbij een gezondheidsinterview en 

bloedmonsters zijn afgenomen. Voor de studie in hoofdstuk 4 is tevens gebruik 

gemaakt van gegevens en bloedmonsters van een dwarsdoorsnede-onderzoek 

onder vrouwen werkzaam in Amsterdamse kinderdagverblijven (2007). 

 

Hoofdstuk 2 beschrijft het voorkomen van antistoffen tegen waterpokken 

(varicella-zoster virus; VZV) in de volwassen Amsterdamse bevolking. Tevens zijn 

factoren die samenhangen met het ontbreken van deze antistoffen (omdat iemand 

de ziekte niet heeft doorgemaakt) onderzocht. In totaal zijn 1341 bloedmonsters 

van de AGM getest op antistoffen tegen VZV. Onze uitkomsten laten een relatief 

lage VZV seroprevalentie in de algemene Amsterdamse bevolking zien (94%; 

95%CI 92-96%), vergeleken met de uitkomsten van een nationaal seroprevalentie 

onderzoek van VZV in de algemene bevolking, waarbij bijna alle volwassenen (97-

100%) VZV seropositief waren. De lagere VZV seroprevalentie in onze studie kan 

verklaard worden door de aanwezigheid van meer eerste generatie immigranten in 

Amsterdam. Deze bleken een significant lagere VZV seroprevalentie te hebben 

(Marokkanen 90%, Surinamers of Antillianen 91%, en Turken 92%) in vergelijking 

met personen die in Nederland geboren zijn. Deze bevindingen zijn van belang 

voor de besluitvorming over een toekomstig vaccinatiebeleid en de 

kosteneffectiviteit daarvan. Bij de overwegingen voor een universeel 

vaccinatieprogramma tegen VZV bij kinderen, moet rekening worden gehouden 

met het voorkomen van VZV seronegatieve risicogroepen in de volwassen 

bevolking, zoals eerste generatie immigranten Over de incidentie van complicaties 

van VZV infectie bij volwassenen is weinig bekend. Meer uitgebreid 

bevolkingsonderzoek naar het voorkomen van VZV seronegatieve risicogroepen in 

de Nederlandse populatie, inclusief de migrantengroepen is daarom aanbevolen, 

als ook surveillance van complicaties van VZV infectie bij kinderen en 

volwassenen.  

 

In hoofdstuk 3 wordt de seroprevalentie van antistoffen tegen parvovirus B19 (de 

verwekker van vijfde ziekte) bij diverse bevolkingsgroepen met een verschillende 

etnische achtergrond in de Amsterdamse bevolking beschreven. In Nederland is de 

seroprevalentie van parvovirus B19 in de algemene bevolking onbekend en 

bestaande schattingen zijn gebaseerd op kleine niet-representatieve studies. Dit is 

de eerste studie die de seroprevalentie van parvovirus B19 in een representatieve 



Samenvatting 

168   

steekproef onderzocht heeft. De gevonden seroprevalentie bij 1323 deelnemers 

van de AGM was 61%; 95%CI 57-64%), en is vergelijkbaar met schattingen in 

naburige Europese landen. Er werden geen voorspellers voor seropositiviteit 

gevonden. Om een beter beeld van de epidemiologie van parvovirus B19 in 

Nederland te verkrijgen is meer uitgebreid onderzoek naar de leeftijdspecifieke 

infectie risico’s, de infectiedruk en incidentie tijdens epidemische en niet-

epidemische jaren noodzakelijk. Een uitgebreid bevolkingsonderzoek naar de 

seroprevalentie van parvovirus B19 in de Nederlandse populatie, inclusief kinderen 

en de migrantengroepen is daarom aanbevolen. Omdat 40% van de volwassen 

bevolking nog ontvankelijk is, en primaire infectie ongemerkt kan verlopen, is het 

noodzakelijk om risicogroepen voor infectie, bijvoorbeeld vanwege een 

beroepsgebonden risico, te identificeren.  

 

In hoofdstuk 4 is het verband tussen werken in een kinderdagverblijf en infectie 

met cytomegalievirus (CMV), parvovirus B19 en varicella-zoster virus (VZV) 

onderzocht. Hiertoe is de seroprevalentie van antistoffen tegen deze virussen bij 

leidsters van kinderdagverblijven vergeleken met de seroprevalentie bij vrouwen 

die niet in de kinderopvang werken. Onze uitkomsten laten zien dat 27% van de 

leidsters nog ontvankelijk voor infectie met CMV en parvovirus B19 waren. Voor 

alle leidsters gold dat werken in een kinderdagverblijf onafhankelijk geassocieerd 

was met een doorgemaakte parvovirus B19 infectie, (prevalentie ratio; PR 1,2; 

95%CI 1,1-1,3). Ook het doormaken van een CMV infectie bleek geassocieerd te 

zijn met werken in een kinderdagverblijf, maar dit was alleen aantoonbaar voor 

leidsters van Europese herkomst (PR 1,7; 95%CI 1,3-2,3). In de deze studie 

bleken bijna alle vrouwen (96%) die buiten Europa geboren zijn antistoffen tegen 

CMV te hebben. Voor VZV was deze associatie niet aantoonbaar, omdat een 

multivariabele analyse niet uitgevoerd kon worden, aangezien alle leidsters (100%) 

VZV seropositief waren. Deze seroprevalentie verschilde wel met de vrouwen die 

niet in kinderdagverblijven werkzaam waren (94%). Onze resultaten bevestigen het 

verband tussen werken met kinderen en het doormaken van een infectie met CMV 

en parvovirus B19. Een beter interventiebeleid, zoals het screenen van nieuwe 

werknemers en het aanbieden van voorlichting over (preventie van) deze ziekten 

bij deze beroepsgroep is aanbevolen. Ook moet geëvalueerd worden waarom de 

huidige aanbevelingen in de NVAB richtlijn niet of nauwelijks worden 

geïmplementeerd.  
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Malaria behoort tot de meest voorkomende importziekten in Nederland. Hoofdstuk 

5 beschrijft de epidemiologie en trends van import malaria in Nederland over de 

periode 2000 tot 2008. Hiervoor zijn de nationale aangiftecijfers van alle 

laboratorium bevestigde malaria infecties van 2000 t/m 2007 geanalyseerd. De 

incidentie van infecties met Plasmodium falciparum is berekend door het jaarlijks 

aantal gerapporteerde infecties te delen door het geschatte aantal reizigers dat in 

een jaar een malariagebied bezocht. Om het aantal reizigers dat geen malaria 

chemoprofylaxe gebruikt te kunnen schatten, zijn data over de jaarlijkse aantallen 

opgehaalde malaria recepten bij Nederlandse apotheken gebruikt. Hiermee 

konden ook trends in gebruik van malaria chemoprofylaxe bekeken worden. Onze 

resultaten lieten, ondanks een toename van het aantal reizigers naar 

malariagebieden in de afgelopen jaren, een dalende incidentie van geïmporteerde 

P. falciparum infecties zien van 10,0 per 10.000 reizigers (2000) naar 3,4 per 

10.000 reizigers (2007). Deze daling is niet eenduidig verklaard door de 

waargenomen stijging in het gebruik van malariaprofylaxe, maar is mogelijk ook 

een gevolg van een verminderd risico op infectie in sommige malariagebieden. 

Desondanks is de toename van het aantal reizigers dat zonder malariaprofylaxe 

een malariagebied bezoekt, van 47% to 52%, zorgwekkend. De dalende incidentie 

van import P. falciparum infecties was het grootst onder reizigers naar Centraal en 

West Afrika. Het aantal infecties bij migranten uit deze regio daalde van 138 in 

2000 naar 69 in 2007. Migranten afkomstig uit West Afrika blijven wel de hoogste 

risicogroep voor import malaria, waarschijnlijk omdat velen geen reizigeradvies 

over malaria chemoprofylaxe inwinnen. Meer onderzoek naar de sociale en 

culturele aspecten hiervan, maar ook naar het gebruik van chemoprofylaxe onder 

reizigers is nodig om doelgerichte interventies voor risicogroepen te kunnen 

ontwikkelen. 

 

Hoofdstuk 6 onderzoekt de incidentie en risicofactoren voor acute hepatitis B 

(HBV) in teruggekeerde reizigers. Hiertoe werden alle van 1992 tot en met 2003 

gerapporteerde patiënten met acute HBV in Amsterdam geanalyseerd. In 

Nederland wordt vaccinatie tegen HBV niet standaard aan alle reizigers 

aangeboden, maar volgens vastgestelde indicaties. De geschatte incidentie onder 

reizigers uit Amsterdam naar HBV-endemische landen is 4,5/100.000 reizigers. Dit 

was veel lager dan verwacht werd, afgaande op het toenemende aantal reizigers in 

de afgelopen jaren, en het geschatte mogelijke risico op infectie als berekend in 

gedragsstudies. Tweederde van de patiënten waren in Amsterdam woonachtige 

immigranten die vrienden en familie in hun land van herkomst hadden bezocht. 
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Onder de gerapporteerde HBV patiënten gedurende de periode van 12 jaar, waren 

slechts 3 Nederlandse toeristen die korte tijd in hun vakantieland verbleven. Alle 

drie liepen de infectie op door heteroseksueel contact. Naar aanleiding van deze 

bevindingen besloot het Landelijk Coördinatiecentrum Reizigersadvisering (LCR) 

de aanbevelingen in haar richtlijn voor HBV vaccinatie voor reizigers aan te 

passen. Vanaf 2009 wordt aanbevolen alle immigranten uit HBV-endemische 

landen tegen HBV te vaccineren, ongeacht de duur van het verblijf. Omdat het 

risico op besmetting onder Nederlandse vakantiegangers laag is, en waarschijnlijk 

niet hoger dan dat op besmetting in Nederland, werd besloten de aanbevelingen in 

de richtlijnen op dit punt niet te wijzigen  

 

In hoofdstuk 7 worden over een periode van 15 jaar (1992-2006) de trends in 

hepatitis A (HAV), acute hepatitis B (HBV), en shigellose (bacillaire dysenterie) bij 

mannen die seks hebben met mannen (MSM) in de Amsterdamse populatie 

vergeleken met trends in gonorroe en besmettelijke syfilis. HAV, HBV en shigellose 

worden bij MSM ook als SOA beschouwd. Het is bekend dat sinds halverwege de 

jaren negentig, waarschijnlijk ten gevolge van een toename van seksueel 

risicogedrag onder MSM, het aantal seksueel overdraagbare aandoeningen (SOA) 

bij MSM is toegenomen. Voor deze studie zijn de gegevens van alle 

gerapporteerde patiënten met HAV, acute HBV, en shigellose gebruikt, en 

vergeleken met het aantal MSM dat met gonorroe of besmettelijke syfilis 

gediagnosticeerd werd in diezelfde periode bij de SOA polikliniek van de GGD 

Amsterdam. Onze resultaten laten een sterk stijgende trend zien van zowel 

gonorroe als besmettelijke syfilis bij MSM sinds 1998. De incidentie van HAV 

(0,97/1000 MSM) en acute HBV (0,47/1000) bleef echter over de jaren stabiel. De 

incidentie van shigellose (0,41/1000) bleef ook stabiel, maar vertoonde grote 

schommelingen (van nul tot 25 gevallen per jaar), met twee duidelijke pieken in 

1995 en 2001. Klaarblijkelijk volgen de trends in HAV, acute HBV, en shigellose bij 

MSM de stijgende trend van de meer conventionele SOA (t.g.v. toegenomen 

seksueel risicogedrag) niet. De uiteenlopende trends impliceren dat de 

transmissie-dynamiek van de diverse SOA bij MSM zeer verschillend is. Recent 

moleculair epidemiologisch onderzoek laat zien dat sociale netwerken van MSM 

een belangrijke rol spelen bij de transmissie van de verschillende SOA bij MSM. 

De interpretatie van de stabiele trend in acute HBV bij MSM vraagt om meer 

genuanceerde analyse, omdat in 1998 een vaccinatieprogramma tegen HBV bij 

MSM is geïntroduceerd. De positieve effecten van dit programma hebben mogelijk 
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de negatieve gevolgen van het toegenomen seksueel risicogedrag onder MSM 

geneutraliseerd. 

 

Hoofdstuk 8 beschrijft de trends in alle gerapporteerde acute hepatitis B (HBV) bij 

Amsterdamse mannen die seks hebben met mannen (MSM) van 1992 tot 2012, en 

analyseert de invloed van het vaccinatieprogramma tegen HBV bij MSM sinds 

1998. Een wiskundig model onderzoekt mogelijke verklaringen voor de beschreven 

trends. Hierbij werd gebruik gemaakte van de Amsterdamse gegevens uit de 

nationale database van het HBV vaccinatieprogramma, populatiegegevens van de 

Amsterdamse bevolking, en data over veranderingen in seksueel risicogedrag bij 

MSM zoals geschat is in de Amsterdamse Cohort Studies. Onze resultaten laten 

een duidelijke dalende incidentie van acute HBV zien vanaf 2005. De 

vaccinatiegraad tegen HBV bij MSM in Amsterdam werd eind 2011 geschat op 30-

38%. De meeste deelnemers (67%) aan het programma werden geïncludeerd op 

de SOA polikliniek van de GGD Amsterdam en tijdens outreach campagnes in 

sauna’s en homobars. Zij worden beschouwd als MSM met het hoogste seksueel 

risicogedrag, de zgn. hoog-risico MSM. Het scenario in het wiskundig model, 

waarin vooral deze hoog-risico MSM gevaccineerd werden, gaf de beste verklaring 

voor de waargenomen dalende incidentie van acute HBV.  

Het is voor het eerst dat de effectiviteit van een vaccinatieprogramma tegen HBV 

voor MSM aangetoond kon worden, en dit ondanks toegenomen seksueel 

risicogedrag in deze doelgroep. Ook blijkt uit deze studie dat de coverage van het 

programma niet volledig hoeft te zijn, mits de MSM met het hoogste seksueel 

risicogedrag (bijvoorbeeld bezoekers van een SOA polikliniek) bereikt worden.  

 

Hoofdstuk 9 beschrijft de belangrijkste bevindingen uit de studies die in deze 

thesis worden gepresenteerd, en bespreekt vervolgens het ‘bewijs voor actie’. Het 

wetenschappelijk bewijs uit deze studies gebaseerd op lokale gegevens heeft 

geleid tot het aanpassen in landelijke richtlijnen, of hebben een discussie geopend 

om dit te overwegen. Daarnaast hebben een aantal resultaten nieuwe 

onderzoeksvragen opgeworpen, omdat het wetenschappelijk bewijs voor sommige 

aanbevelingen lijkt te ontbreken, en nader onderzoek gewenst is. Dit proefschrift 

benadrukt de mogelijkheden en voordelen van lokaal uitgevoerd onderzoek. De 

data verkregen op lokaal niveau hebben een toegevoegde waarde voor nationale 

richtlijnen, en kunnen daardoor toekomstige richtlijnen en gezondheids-

programma’s ondersteunen en verbeteren. Wetenschappelijk onderbouwde 

richtlijnen kunnen de kloof tussen onderzoek, beleid en uitvoering overbruggen, en 
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de impact van gezondheidsprogramma’s verbeteren. Richtlijnen die gebaseerd zijn 

op het beste beschikbare bewijs zullen leiden tot verdere professionalisering tot 

van het medisch handelen, en daardoor de kwaliteit verhogen.  
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Tot slot wil ik graag een woord van dank richten aan iedereen die, op welke manier 

dan ook, een bijdrage heeft geleverd om dit proefschrift tot een goed einde te 

brengen. 

 

Allereerst mijn dank aan mijn twee co-promotoren, zonder wiens steun ik deze 

‘proeve’ nooit had kunnen beginnen, doorstaan of afmaken.  

Beste Anneke, vanaf het begin heb je mij gelegenheid, vrijheid en ruimte gegeven 
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De meeste studies in dit proefschrift komen voort uit onderzoeksinitiatieven van de 

afdeling infectieziekten van de GGD Amsterdam. Dat is niet vanzelfsprekend, maar 

een gevolg van de visie en onderzoeksbereidheid van de leiding (nogmaals dank 

daarvoor Anneke en Gerard), en niet in de laatste plaats, dankzij de medewerking 
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De lijst van medewerkers is lang, en sommigen werken elders of zijn met pensioen, 

maar zonder uitzondering wil ik alle dokters(-assistenten) en verpleegkundigen 

bedanken voor de prettige samenwerking en vrolijkheid die het werken op onze 

afdeling voor mij zo bijzonder en plezierig maken! Speciale dank voor het begrip en 

de steun, die ik vooral in het afgelopen jaar, van jullie heb mogen ontvangen. 
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delen van een paar vierkante meters en alles wat dat heeft voortgebracht (inclusief 
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Lian, voor jullie hulp op alle fronten en jullie vertrouwen; aan Joan en Liesbeth voor 

jullie adviezen ‘what to watch’; aan Jane voor je ‘robuuste’ expertise en de melting 

tuna-sandwich lunches samen; en aan Sanne voor alle gezellige kletspraatjes. 

Beide heel veel succes gewenst dit jaar met jullie proefschrift, en… ‘het komt 

goed!’  

 

Ook op andere afdelingen en buiten de GGD zijn een paar mensen die ik graag in 

het bijzonder wil bedanken: Maarten en Mirjam voor het meedenken en doen; 

Ronald idem, en voor de facts & figures; de medewerkers van het 

Streeklaboratorium en Marjolein (voor het testen, het over-testen, en het opnieuw 

over-testen); en aan Will, Freke en Anouk voor de support in de lange eindsprint. 

Tevens wil ik het Research & Development fonds van de GGD Amsterdam 

bedanken voor de ondersteuning die de uitvoering van de onderzoeken mogelijk 
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Als laatste,  

mijn lieve familie en vrienden…, bedankt voor jullie liefde, inspiratie, vertrouwen, 
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de basis.  

 

Lieve Melle, zikomo kwambiri! 

 

Lieve Midas, mama is nu eindelijk klaar met typen…,feest! 
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