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HIV worldwide
AIDS is caused by the human immunodeficiency virus (HIV) and was diagnosed for the first 
time in 1981.1 Since then, more than an estimated 25 million people have died from the 
disease. In 2012, an estimated 35 million people were living with HIV/AIDS worldwide, with 
2.3 million new infections occurring in that year.2,3 Sub-Saharan Africa is hardest hit, and 
is still the area where most infections occur. As more than 1% of the general population is 
affected, the Sub-Saharan African situation is considered a generalised epidemic.  However, 
though on another scale, the HIV epidemic is also growing rapidly in Eastern Europe and 
Central Asia. In Europe, the epidemic is a concentrated epidemic as the HIV prevalence is 
<1% among the general population, but >5% in at least one high-risk subpopulation.4 The 
predominant mode of HIV transmission in Western Europe is sex between men, while in 
Eastern Europe injecting drug use is the predominant mode. Modes of transmission have 
changed over time, for example, most haemophiliac patients in high-income countries 
acquired HIV at the beginning of the HIV epidemic as screening of donated blood was not 
introduced until 1985. Over time, the proportion of HIV-positive men and women infected 
through heterosexual contact has increased. The introduction and widespread use of 
combined antiretroviral treatment (cART) in high-income countries in the mid-1990s has 
led to a strong decline in the overall mortality and morbidity among HIV-infected persons.5 
In the Netherlands, it was estimated that between 20.000 and 34.000 individuals were 
living with HIV in 20126 of whom 27% were likely to be unaware of their infection.7 The HIV 
epidemic in the Netherlands, which was concentrated among injecting drug users (IDU) and 
men having sex with men (MSM) in the 1980s, remains concentrated among MSM, but is 
also observed heterosexuals originating from HIV-endemic countries. 

Natural history of HIV infection
HIV impairs the function of the immune system by targeting CD4 cells which are a crucial 
element of the immune system.8 A typical pattern of HIV infection is characterised by three 
phases: the acute or primary infection, the asymptomatic, and the symptomatic phase or 
development of AIDS (Figure 1). Acute infection is characterised by a dramatic decrease in the 
number of CD4 cells, followed by a return to a near normal level within 3 to 4 months.9 During 
the asymptomatic phase a gradual decline in the number of CD4 cells occurs over time.9 The 
plasma viral load is very high during the primary phase and therefore HIV is transmitted more 
easily during this phase.10 Without therapy, the median time to development of AIDS is 10 
years, but depending on age can vary between 5 and 11 years after HIV-1 acquisition.11,12 
However, some individuals progress to AIDS within 2 to 5 years after seroconversion, the 
so-called rapid progressors, while others remain clinically and immunologically stable for 
more than 10 years after seroconversion, the so-called long-term non-progressors.9 Another 
special group are those who are able to naturally suppress the virus (HIV or elite controllers) 
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for an extended period. 
Studies among these 
specific groups of patients 
may yield important 
information on the 
correlates of control of 
infection, which might 
be beneficial for the 
development of effective 
vaccines [Chapter 2.1]. 

Hepatitis C worldwide
Hepatitis C virus (HCV) 
was identified in 198913 
and an estimated 130-170 

million people are chronically infected with the hepatitis C virus. HCV is the leading cause 
of chronic liver disease.14 It is estimated that 3-4 million new HCV infections occur every 
year and more than 350.000 people die from HCV-related liver disease.15 Prevalence of 
HCV is highest in Egypt (15-20%) because of a mass parenteral treatment campaign against 
schistosomiasis that took place from 1920 to 1980 in which the injection materials were not 
sufficiently sterilised before re-use.16 After HCV screening of donor blood was introduced 
in high-income countries, IDU became the main risk group acquiring new HCV infections.17 
As with HIV, haemophiliac patients and other recipients of blood products were among 
the main HCV risk groups prior to donor blood screening in 1991.18 HIV is considered a 
bloodborne and sexually transmitted infection. However, sexual transmission of HCV is 
considered inefficient based on studies among discordant heterosexual couples. Acute HCV 
infections among HIV-positive men who have sex with men (MSM) have been identified in 
the Netherlands and across the Western world since 2000. As most of the men with acute 
HCV denied injecting drug use, this reopened the discussion on the importance of sexual 
transmission.19 Interestingly, a phylogenetic study indicated that the spread started before 
2000.20 To reveal more about the onset of the HCV epidemic, we estimated the incidence of 
HCV among HIV-positive MSM, mainly from Western Europe, from 1990-2007 [Chapter 3.1]. 
 In recent years several studies have been conducted in the Netherlands to gain 
insight into HCV seroprevalence among the general population21 and in subpopulations 
at increased risk.22-24 The estimated national seroprevalence was 0.22% (95% confidence 
interval, 0.07-0.37%), corresponding to 28.100 HCV-infected individuals. First-generation 
migrants from HCV-endemic countries accounted for the largest group, followed by IDU and 
HIV-positive MSM.21 
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Figure 1. Course of HIV-1 disease progression among individuals not using anti-
retroviral therapy.⁸
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Natural history of HCV infection
HCV is mainly an asymptomatic disease, and in its acute phase around 30% of cases 
experience aspecific flulike symptoms.25,26 Natural clearance of HCV occurs in about 25%-
30% of the patients, usually within 6 months following acute infection.27,28 After 20-30 years 
of chronic HCV infection without treatment, serious complications such as liver cirrhosis 
occur in 2-30% of the patients, of whom 1-4% develop hepatocellular carcinoma.25 Standard 
treatment of HCV with peg-interferon and ribavirin became available in 1998 and successful 
treatment outcome varied between 50% and 80% depending on HCV genotype and the 
severity of HCV-associated disease.29,30 Since 2011 two new treatment options became 
available and currently major improvements have been made in the development of more 
effective and tolerable HCV therapy, and combination direct-acting antivirals (DAA) therapy 
will be generally available in the near future.31

HIV and HCV co-infection
Due to shared routes of transmission, co-infection with both HIV and HCV occurs relatively 
frequently. It is estimated that 20-30% of HIV-infected persons are co-infected with HCV.27 

The effect of HIV on HCV progression is well known and is associated with lower rates of 
spontaneous HCV clearance (<10%), accelerated progression of liver disease, increased risk 
of cirrhosis and hepatocellular carcinoma, and a less favourable HCV treatment outcome.27,32

Because HIV-infected persons live longer in the cART era, they are increasingly more likely to 
die from non-HIV-related causes33, including the sequels of hepatitis infections.34 However, 
controversy remained as to whether HCV co-infection affected HIV disease progression.35-37 
Therefore, in Chapter 3.2, we studied the impact of HCV co-infection on cause-specific 
mortality, including HIV and/or AIDS and hepatitis or liver-related mortality, and evaluated 
whether the introduction of cART had any effect.  

Sexually transmitted infections worldwide
In total, it is estimated that 500 million new infections of curable STI such as syphilis, 
gonorrhoea, chlamydia, and trichomoniasis occur globally every year.38 In Europe, chlamydia 
(caused by the bacteria Chlamydia trachomatis) is the most prevalent STI, mainly affecting 
young heterosexual persons below 24 years of age.39,40 The chlamydia prevalence in low 
and middle-income countries has been studied to a much lesser extent, but is considered 
even higher in comparison with high-income countries.41 Gonorrhoea (caused by the 
bacteria Neisseria gonorrhoeae) is most frequently reported among MSM, especially HIV-
positive MSM, compared with heterosexual adults in the Netherlands.42,43 Both chlamydia 
and gonorrhoea are important causes of infertility among men and women. Moreover, 
they can cause debilitating gynaecological conditions like pelvic inflammatory disease and 
ectopic pregnancy.44 Syphilis is an infection caused by the spirochete Treponema pallidum, 
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subsp. pallidum, characterised by three stages and can result in serious sequellae when 
left untreated, such as cardiovascular syphilis and neurosyphilis. In high-income countries, 
it is mainly observed among MSM, especially ≥35 years of age. In Sub-Saharan Africa, 
congenital syphilis (transmitted from mother to child during pregnancy) is a major cause 
of peri- and ante-natal mortality and morbidity.45 Chlamydia, gonorrhoea, and syphilis can 
all be treated well with antibiotics. However, emerging antimicrobial resistance against the 
last empirically proven effective drug for gonorrhoea makes this STI a future health problem 
with possibly significant implications.38,46 In the Netherlands, STI are concentrated in high-
risk groups such as specific migrant populations, young adults, and MSM. At the STI clinics 
in the Netherlands in 2012, chlamydia was the most frequently diagnosed condition (12% in 
the total population), with a positivity rate of 19% among heterosexual men and women of 
15-19 years. Overall the positivity rate of gonorrhoea was 3.6%, but 9.3% among MSM. The 
positivity rate of syphilis was 2.1% among MSM.43

HIV and STIs
STI co-infections are common in HIV-infected individuals and in the last decade the 
incidence and prevalence of HCV has increased among HIV-positive MSM.19 STIs increase 
the risk of HIV transmission by increasing both the infectiousness of, and the susceptibility 
for HIV infection.10,45 HIV infectiousness is enhanced by a higher concentration of HIV in 
genital secretions among STI co-infected individuals. Furthermore, the replication of HIV is 
increased in the presence of STI such as chlamydia.10 STI enhance HIV susceptibility by leading 
immune cells (which are the potential target cells for HIV infection) to the site of infection. 
Moreover, ulcerative STI like syphilis and genital herpes break down the protective mucosal 
barrier facilitating the transmission of HIV. Some STIs, like genital herpes, can increase the 
risk of HIV acquisition among HIV-negative individuals three-fold or more.10,38,47 Although 
it has been suggested that STI co-infections might influence HIV disease progression45, firm 
evidence is lacking and an effect is not likely.48

Preventive measures for HIV, HCV, and STI
Prevention methods can be classified into primary, secondary, and tertiary methods, 
depending on the stage in the natural history of a disease at which they are implemented.49 

Primary prevention is focused on avoidance of infection, such as interventions that lead to 
reduced risk behaviour and vaccination. For example, the widespread coverage of harm 
reduction programmes, including needle exchange and opiate substitution therapy, have 
contributed to the decline in HIV and HCV transmission among IDU in Amsterdam.50,51 

Reduction of the number of partners, consistent condom use, and regular checks for STI are 
important HIV transmission preventive strategies.52 Vaccination is one of the most powerful 
primary preventive measures in public health and has had a major impact on the spread of, 
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for example, hepatitis B.53 Unfortunately, no effective vaccinations are currently available 
to prevent HIV and HCV infection. Likewise, vaccination against bacterial STIs (gonorrhoea, 
syphilis and chlamydia) is not foreseeable in the near future.54 Secondary prevention is 
aimed at detection of infection at the earliest possible stage, before the occurrence of 
clinical symptoms, and to intervene in ways that prevent or reduce the risk further spread 
of infection among the population. An example is screening to detect a disease such as 
chlamydia among individuals without symptoms.55 Detection of disease will be discussed in 
more detail below. Tertiary prevention is aimed at the reduction of disease progression and 
maximising quality of life. For example, treatment of HIV has significantly reduced morbidity 
and mortality among HIV-positive individuals.5 For preventive measures to be effective and 
measurable one needs to know the factors that drive the epidemic, such as transmission 
routes, risk behaviour, risk populations, and characteristics of the infectious agent [Chapter 
4]. Also, for a high uptake it is essential to know how to reach and motivate target populations 
to undergo the intervention. Moreover, economic and political factors play a major role, as, 
for example, lack of resources hamper implementation of interventions. In addition, certain 
countries criminalise MSM or IDU, and as such harm-reduction interventions may not be 
implemented. 

Detection of disease
Timely HIV testing and counselling have always been critical but became especially important 
when cART became available in the mid-1990s. Knowledge of HIV status and timely start of 
treatment greatly improves the patient’s prognosis and cART use reduces transmission to 
partners. Currently, HIV testing is offered as a standard part of an STI check-up at STI clinics 
in the Netherlands and many other countries, in accordance with the opt-out strategy, 
which has greatly increased the number of tested individuals.56 A wide spectrum of HIV test 
options is available such as lab-based blood tests with very short window periods to detect 
early infection, rapid (point-of-care) tests, and also HIV self tests using oral mucosal swabs.  
 Standard HCV testing in high-income countries includes screening for HCV antibodies. 
If positive an HCV RNA test will be performed to establish the presence of replicative HCV 
infection. In response to the high HCV prevalence found among HIV-infected MSM,57 HCV 
antibody screening has been offered to all HIV-positive MSM and MSM who opt out of HIV 
testing visiting the Amsterdam STI outpatient clinic since November 2007. In addition, a 
rise in alanine aminotransferase (ALT) is considered a reason to test for acute HCV in HIV-
infected MSM in HIV treatment centres.58

 Studies have shown that acute HIV infections substantially contribute to further 
spread.59 For HCV the contribution of acute infections to further spread is less clear.60 To 
detect HIV or HCV at a very early stage (resp. 1 week and 1-3 weeks after infection), an RNA 
test is necessary as an antibody response will appear up to 3 months for HIV infection and 
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20-150 days for HCV mono-infection.25,59 
 For the detection of chlamydia and gonorrhoea in high-income countries, Nucleic Acid 
Amplification Tests (NAAT) have become the standard diagnostic method. NAAT tests are far 
more sensitive and specific than cultivation and other now obsolete diagnostic methods. 
We have evaluated a NAAT test for primary syphilis in a clinical setting [Chapter 5.3]. Apart 
from provider-collected samples, NAAT can also be performed on self-collected samples 
by the patient [Chapter 5.2]. However, NAAT are expensive and require sophisticated 
laboratory conditions and are therefore not available in most low-resource settings.38,61 

In settings were resources to test for STI are completely lacking, syndromic algorithms 
based on the symptomatology can be used to guide treatment. However, as most STI occur 
without symptoms, this approach lacks sensitivity.38,62 The World Health Organization 
(WHO) has launched a priority programme that is designated to develop affordable and 
reliable point-of-care (POC) tests for STIs that are predominant in low-resource countries. 
In this programme, WHO has formulated the ASSURED acronym built on the criteria that 
POC tests have to meet: Affordable, Sensitive, Specific, User-friendly, Robust and rapid, 
Equipment-free, and Deliverable to those who need them.63 The POC test result should be 
readily available while the patient waits to ensure prompt treatment. POC tests available 
for systemic infections like HIV and syphilis are highly sensitive since they are based on 
the detection of serum antibodies.64 However, as development of antibodies for HIV can 
take up to 12 weeks after infection, antibody-based tests will not detect acute infections. 
Infections such as chlamydia and gonorrhoea are caused by organisms that, in most cases, 
remain confined to mucosal tissue and normally invoke little to no production of antibodies. 
Therefore, the development of POC tests to diagnose mucosal chlamydia infections based 
on the detection of serum antibodies is, at least for the present, not an option. One POC test 
for urogenital chlamydia (Diagnostics of the Real World, Cambridge, UK) has been developed 
based on detecting chlamydial antigen (LPS) and the manufacturer asserted a sensitivity of 
over 80%. We evaluated the performance of this promising POC test in Suriname, with the 
objective of using this test as a diagnostic tool to halt the chlamydia epidemic [Chapter 5.1].

Data used in this thesis
The two main data sources for this thesis were the CASCADE Collaboration in EuroCoord and 
CUSTEPA study (Table 1). In addition, data collected at the Amsterdam and South Limburg 
STI clinics was used. 

CASCADE: Concerted Action on SeroConversion to AIDS and Death in Europe
CASCADE collaboration was first established in 1997, is currently part of EuroCoord (www.
EuroCoord.net), and is a collaboration between the investigators of 28 cohorts following 
persons with well-estimated dates of HIV seroconversion (seroconverters). Twenty-one of 
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Data source
CASCADE 
Collaboration in 
EuroCoord

HIV-positive 
MSM, 
heterosexual men 
and women, 
those with 
haemophilia, 
and IDU

Australia, Austria, 
Canada, France, 
Germany, 
Greece, Italy, 
the Netherlands, 
Norway, Spain, 
Switzerland, 
United Kingdom, 
Uganda and 
Zimbabwe 

4979 1979-2011 2.1

CASCADE 
Collaboration in 
EuroCoord

HIV-positive MSM France, 
Germany, Italy, 
the Netherlands, 
Norway, Spain, 
Switzerland, 
United Kingdom

3014 1990-2007 3.1

CASCADE 
Collaboration in 
EuroCoord

HIV-positive MSM, 
heterosexual men 
and women, 
those with 
haemophilia, 
and IDU

Canada, France, 
Greece, 
the Netherlands, 
Norway, Spain, 
Switzerland, 
United Kingdom

9164 1979-2007 3.2

CUSTEPA study Heterosexual men 
and women, and 
a few MSM 
included at an STI 
clinic and a family 
planning clinic

Suriname 1508 2008-2010 4.1

CUSTEPA study Chlamydia positive 
heterosexual men 
and women 
included at two 
STI clinics and a 
family planning 
clinic 

Suriname, 
The Netherlands

420 2008-2010 4.2

CUSTEPA study
and MSM 
network study 

Chlamydia positive 
heterosexual men 
and women, 
and MSM

The Netherlands 526 2008-2010 4.3

CUSTEPA study Heterosexual 
women

Suriname 912 2009-2010 5.1

STI clinics in 
Amsterdam and 
South Limburg

MSM and 
heterosexual 
women

The Netherlands 2394 2006-2007 5.2

STI clinic in 
Amsterdam

MSM and 
heterosexual men
and women

The Netherlands 849 2006-2008 5.3

Study population Countries N Study period Chapter
Table 1. Overview of data sources and study populations used in this thesis.
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these cohorts are European, including the Amsterdam Cohort Studies among drug users 
and homosexual men. It is currently a network of epidemiologists, statisticians, virologists, 
and clinicians from lead HIV institutions in Europe, Australia, Canada, and Sub-Saharan 
Africa. Seroconverters are enrolled into the individual cohorts locally and nationally and are 
typically followed up life-long. CASCADE’s main aim is to monitor newly infected individuals 
and those already enrolled in studies, covering the entire duration of HIV infection. The 
main premise is that through pooling data, this collaborative study is able to address 
issues, which cannot be reliably addressed from single studies alone. The current dataset 
(pooled in September 2013) includes data on 30.006 individuals with a documented HIV 
seroconversion date. 

CUSTEPA: Chlamydia Urogenitalis Snelle Test Evaluatie in Paramaribo en Amsterdam
[Urogenital Chlamydia Rapid Test Evaluation in Paramaribo and Amsterdam]
The CUSTEPA study was initiated to evaluate a Point-of-Care (POC) rapid test for the 
detection of urogenital chlamydia infections in STI high-risk populations in Paramaribo, 
Suriname, and Amsterdam, the Netherlands. Sub goals were to estimate the prevalence of 
urogenital chlamydia in STI high-risk and low-risk populations in Suriname, to investigate 
the effect of travelling between Suriname and the Netherlands on the transmission of 
urogenital chlamydia between the 2 countries, and establishing chlamydia NAAT diagnostics 
in Suriname. Between 2008 and 2010 participants were recruited at the STI clinic of the 
Dermatological Service and at Stichting Lobi (a family planning clinic) both located in 
Paramaribo, Suriname, and at the outpatient STI clinic of the Public Health Service of 
Amsterdam, the Netherlands. All participants filled out a questionnaire about demographic 
characteristics and sexual behaviour, men provided a urine sample, and nurses collected 
vaginal swabs from women. 

MSM network study
The MSM network study was initiated to identify high-risk transmission networks and 
bridges between subpopulations of MSM, as epidemiological data suggest that not all 
MSM are at increased risk for STIs. Recruitment of MSM aged ≥18 years took place at the 
outpatient STI clinic of the Public Health Service of Amsterdam from July 2008 to August 
2009. Standard STI testing was performed including chlamydia, gonorrhoea, and syphilis, 
plus HIV using an opt-out strategy. Moreover, hepatitis B serology was done unless a client 
was known to have a (past) hepatitis B infection. HIV-infected MSM and those who opted 
out for HIV testing were tested for hepatitis C antibodies. In this study epidemiological and 
behavioural data, including characteristics of up to four partners, from a computer-assisted 
self-interview (CASI) or a paper version of CASI was combined with molecular typing of 
Chlamydia trachomatis and Neisseria gonorrhoeae.
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Epidemiology
Epidemiology as a research discipline plays an important role in the control of infectious 
diseases through, for example, identifying new and ongoing infections, identifying risk 
groups, describing transmission networks, characterising risk factors, estimating predictors 
of disease progression, and evaluating prevention strategies. Certainly, epidemiology 
is most powerful when it is combined with other data sources coming from adjacent 
fields like clinical data, immunology, virology, genetics, and psychosocial sciences. Such a 
multidisciplinary approach can enrich the analysis, conclusions and recommendations.65 

Most studies in this thesis had a multidisciplinary approach. Furthermore, different study 
designs have been used depending on the research question. The cohort studies within 
the CASCADE collaboration collect longitudinal data from the same individuals over time, 
providing incidence estimates and information about the natural history. Furthermore, 
risks of various end points like, risk of acquisition, AIDS, or death can be determined. The 
CUSTEPA study has a cross-sectional design. Since data were collected at one moment in 
time, prevalence could be estimated and associations between determinants and presence 
of a disease could be described. Cross-sectional studies are relatively quick and easy 
but cannot distinguish between cause and effect. As cohort studies measure events in 
chronological order they can be used to distinguish between cause and effect, but a problem 
can be residual confounding. For example, when individuals do not randomly receive an 
intervention, variables that cause one group to receive more interventions compared with 
the other group might remain unmeasured. Also, loss to follow-up of some individuals might 
be a problem.66 A randomised controlled trial would be the best study design to determine 
causal relations of the effect of interventions, however, several practical issues make these 
trials difficult to accomplish, including high costs, participant noncompliance with the 
treatment regimen, and the need to maintain high follow-up rates over extended periods 
of time.49 Also ethical concerns about the use of placebo controls need to be addressed.49 

Apart from selecting the appropriate study design, it is important to minimise bias and 
apply the appropriate analysis techniques. For example, in this thesis (Chapter 3.2) we 
used competing risks analyses. This is important within a cohort setting when the event of 
interest (e.g., liver-related deaths), might be preceded by another event (e.g., non-natural 
death) which prevents us from observing the event of interest.67 Also, when data collection 
was incomplete, we used multiple imputation techniques to deal with missing data (Chapter 
2 and 3), as missing data can cause serious bias.68 However, imputation techniques also 
need to be applied carefully. When missing data is not at random, multiple imputation may 
provide misleading results. 
 Furthermore, molecular epidemiology was applied. With this approach the 
detection and characterisation of the genetic variability of a microorganism is combined 
with demographic and behavioural characteristics of its host.69 For example, Chlamydia 
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trachomatis-positive samples collected in CUSTEPA study were genotyped using a distinctive 
new typing method, multi-locus sequence typing (MLST), unveiling additional information 
on transmission networks.70 

Outline of this thesis
This thesis is divided into four parts. The first and second part describes several aspects of 
the epidemiology of HIV and HCV; the third part describes the epidemiology of Chlamydia 
trachomatis, and the fourth part various diagnostic strategies for STIs. All but one study 
were conducted in collaboration with institutes other than the Public Health Service of 
Amsterdam (GGD Amsterdam), often combining data from several countries (Table 1). 
 The studies in Chapter 2 and 3 were conducted in Europe and Canada among HIV-
seroconverters, of whom a substantial proportion is co-infected with HCV. The study in 
Chapter 2 describes individuals with immunological and clinical control of HIV-1 infection 
in the first 10 years following seroconversion and factors that were associated with loss of 
this control. The first study in Chapter 3 estimated the incidence of HCV among HIV-positive 
MSM, in order to gain insight into the emerging HCV epidemic in this group. The second 
study reports the effect of HCV co-infection on cause-specific mortality, including mortality 
from HIV/AIDS- and hepatitis/liver-related causes of deaths. 
 Chapter 4 includes three studies on the epidemiology of urogenital chlamydia. The 
first study describes the epidemiology of chlamydia in Suriname, mainly focused on ethnic 
sexual mixing patterns. In the second study molecular techniques are used to understand 
chlamydia transmission networks between Suriname and the Netherlands. The third study 
describes transmission networks of Chlamydia trachomatis among MSM and heterosexual 
adults in the Netherlands. 
 Chapter 5 includes three studies evaluating STI diagnostic procedures. The first 
study evaluated a POC test to detect urogenital chlamydia in women. The second study 
evaluated the performance and acceptability of self-collected rectal swabs for the diagnosis 
of chlamydia and gonorrhoea among MSM and women. In the third study the clinical value 
of a Treponema pallidum real-time PCR for the diagnosis of syphilis was assessed. 
 Chapter 6 concludes with a general discussion in which main findings of the work 
described in this thesis are discussed and related to recent literature. Recommendations for 
prevention and suggestions for future research are presented. 
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