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“Know your epidemic, know your response” is a saying often used in the fight against 
HIV.1 To know an epidemic is a main principle of infectious diseases control; not to 

just generate knowledge, but to make subsequent steps to control and ultimately eradicate 
the infection or disease. All studies described in this thesis have contributed to a better 
understanding of the epidemiology and detection of the infections studied, and report on 
HIV (non-)progression and the impact of HCV co-infection, the HCV epidemic among HIV-
positive MSM, urogenital chlamydia infections in Suriname and the Netherlands, and the 
evaluation of STI diagnostic procedures for urogenital chlamydia, gonorrhoea, and syphilis. 
This Chapter summarises the main findings and describes future opportunities to reduce 
spread and disease burden. 

Chapter 2: HIV disease progression 
What this Chapter adds
Most studies have estimated the prevalence of (long-term) non-progression (LTNP).2-4 Our study 
is the first study with a longitudinal approach to report on the median time to progression: 
2.07 years (95%CI, 1.96-2.17) after HIV seroconversion. Only two smaller studies have 
reported on the loss of LTNP status among HIV seroconverters and their estimate only 
differed slightly from our estimate of 12.5 years (95%CI, 12.1-12.9).5,6 Those identified 
with LTNP at 10 years were heterogeneous regarding their demographic characteristics 
and viral load, as were those who remained free of progression for ≥20 years. Our data 
support previous suggestions that individuals with LTNP are more likely at the tail end 
of a distribution than a distinct subpopulation. However, we cannot exclude that some 
individuals will never experience disease progression. 

Prevention and future research 
Identifying the few unique individuals with durable immunological and clinical control 
may yield important information on the correlates of control of infection and might help 
in the development of prophylactic and therapeutic vaccines.7 However, identifying people 
with LTNP may become challenging in the future if the trend towards earlier initiation of 
combination ART continues. Moreover, to identify underlying mechanisms of LTNP, stringent 
and uniform definition criteria, derived from epidemiological studies are important, as 
a small change in definition might have a major impact on the apparent outcome.3,8 In 
addition to other prevention efforts, a vaccine might be required to end the global HIV 
epidemic,9 but major challenges in vaccine development remain such as the genetic 
diversity of HIV, the rapid integration of HIV into the host genome, and the establishment 
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of latent reservoirs.10 Since the discovery of HIV, only four HIV vaccine concepts have been 
evaluated in clinical trials, but none have proved effective.10 Novel HIV vaccine candidates 
are needed in the near future. Also, although cART changed HIV from an imminent deadly 
disease into a chronic disease, a cure for HIV infection is not yet feasible. Of the millions 
of persons infected, to date only one adult is alive and free of the virus following a bone 
marrow transplantation with CCR5Δ32 variant CD4 cells.11 Furthermore, cART cessation did 
not lead to rebound viremia in a child who received cART very early after birth.12 Long-term 
follow-up is required, to gain certainty as to whether the child has really been cured. To be 
relevant for society at large an HIV cure needs to be simple and inexpensive.

Other interventions to reduce new infections and to curb the HIV epidemic 
When broadly implemented, HIV screening of donated blood, cART use among HIV-infected 
pregnant and breastfeeding women, and comprehensive harm-reduction strategies 
including opiate substitution and needle exchange programmes for injecting drug users 
have been successful interventions. Furthermore, male circumcision is an important 
one-time intervention that reduce the risk of a man acquiring HIV during heterosexual 
intercourse by 50%-60%.13 Still, challenges remain such as limited access to services, stigma, 
discrimination, and the definition of drug dependence as a law enforcement rather than 
public health issue.14 Currently, biomedical interventions to prevent HIV transmission are 
emerging and might be an effective addition to the present behavioural interventions. The 
biomedical interventions include post-exposure profylaxis (PEP), treatment as prevention 
(TasP), and pre-exposure profylaxis (PrEP). PEP reduces the likelihood of HIV infection 
by use of short-term ART very soon after potential exposure.15 It has been available for 
individuals who were occupationally exposed to HIV since the introduction of ART.16 Since 
the late 1990s, PEP became available for individuals with any type of exposure.17 TasP 
was shown to be an effective intervention in the HPTN 052 study where early ART (at CD4 
cell counts 350-550 cells/mm³) reduces the sexual transmission of HIV in serodiscordant 
couples by 96% compared with delayed ART (at CD4 cell counts ≤250 cells/mm³).18 Several 
treatment guidelines now recognise the public health benefits and have adopted TasP as a 
prevention strategy. Nonetheless, the individual benefits of earlier start with cART remain 
an issue of debate. PrEP is an intervention method in which HIV-negative individuals 
use oral or topical ART daily to protect against HIV aquisition.19,20 When adherent to the 
intervention, up to a 92% reduction in the risk of HIV acquisition has been reported.19 Many 
questions remain to be elucidated in the coming years regarding the impact, cost-benefit 
ratio, access, adherence, and acceptability of each intervention alone or in combination. 
Therefore, observational studies, clinical trials, and modelling studies will be required. At 
the same time, individual interventions will be improved to increase their effect and should 
be evaluated. For example, PrEP with daily regimens requires adherence to be effective. 
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New technologies such as a single injection with a long-acting ART might protect against HIV 
for up to three months,21 and antiretroviral drug-infused vaginal rings designed for monthly 
use are under development.22 
 Furthermore, timely identification of HIV-infected individuals remains important. In 
the Netherlands it is estimated that 27% of individuals with HIV do not know their status 
and 43% are diagnosed late in their infection.23 These individuals form an ongoing infective 
reservoir propagating the epidemic, as it is estimated that 90% of new HIV transmissions 
among MSM take place before diagnosis of the index case.24 Novel strategies improving 
timely testing need to be developed and evaluated.25 

Chapter 3: HIV disease progression
and HCV coinfection

What this Chapter adds
The Hepatitis C epidemic among MSM: incidence estimates from 1990-2007 (Chapter 3.1)
Outbreaks of acute hepatitis C virus (HCV) infection among HIV-infected men having sex with 
men (MSM) were described since 2000.26 Phylogenetic analysis suggested that the spread 
of HCV started earlier, around 1996.27 We estimated HCV incidence among HIV-positive 
MSM using three methods to capture the data structure of HCV infection, as individuals 
in our study population were not all routinely and frequently screened. Our study showed 
that, regardless of the estimation method applied, HCV incidence had already increased 
among HIV-infected MSM in the period before 2000 (from 0.9 to 2.2/1000 person-years (PY) 
in 1990 to 5.5 and 8.1/1000 PY in 1995). The increase was substantial from 2002 onwards to 
values between 16.8 and 30.0/1000 PY in 2005 and between 23.4 and 51.1/1000 PY in 2007. 

Effect of Hepatitis C co-infection on cause-specific mortality following HIV seroconversion 
(Chapter 3.2)
Conflicting evidence existed as to whether HCV co-infection affected HIV disease progression. 
In contrast to most studies, in our large study all individuals had a known date of HIV 
seroconversion. Our study clearly showed that in the cART era, HCV co-infection increased 
the risk of HIV- and/or AIDS-related mortality among all risk groups, compared with HIV 
mono-infected individuals from the same risk group. Other clinically-relevant findings 
from our study were that, all-cause mortality became significantly higher for co-infected 
individuals compared with mono-infected individuals in the cART era. Moreover, among co-
infected individuals, we found that their risk of hepatitis or liver-related mortality decreased 
in the cART era compared with the pre-cART era. In addition, despite the reduction in 
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hepatitis or liver-related mortality in the cART era, co-infected individuals still experienced a 
higher rate of death from these causes compared with mono-infected individuals.

Prevention and future research
Recent reports from the US, Japan, and Switzerland studying HCV incidence among HIV-
positive MSM showed an ongoing increase in new HCV infections from 2008-2011, with 
incidence estimates between 2.57 and 40.9 per 1000 person-years (PY).28-30 In contrast, a 
study from Amsterdam estimating HCV incidence until 2011 reported stabilisation around 
12/1000 PY after 2005 among HIV-infected MSM from the Amsterdam cohort.31 The 
authors suggested that the levelling off might be explained by an increase in HCV testing 
and treatment uptake, risk reduction, and a saturation-effect among MSM at highest risk 
for HCV infection.31 HCV incidence among HIV-negative MSM remains low.32 However, a 
high incidence of reinfection has been observed among MSM successfully treated for HCV 
with possible consequences such as the development of resistant strains and treatment 
costs.33,34 HCV infection in MSM is associated with non-injecting recreational drug use and 
high-risk sexual behaviour that might result in mucosal trauma such as fisting, use of sex toys 
and group sex. Furthermore, biological factors related to HIV infection and ulcerative STI 
play a role as well. For example, HIV/HCV co-infected individuals are more likely to shed HCV 
RNA in semen and have higher HCV RNA serum levels compared with HCV mono-infected 
individuals. However, the role of host immunity remains to be elucidated.28 Phylogenetic 
HIV analysis found clustering of HCV cases on the HIV phylogeny and showed that the 
location of an HIV-positive individual on the HIV phylogeny can serve as an indicator for the 
risk of HCV co-infection.35 The generalisability of these findings should be validated by other 
studies and it might be of interest to determine the HCV sequences. However, this principle 
might have the potential to offer targeted HCV testing to HIV-positive men whose HIV strain 
coincides with HCV co-infected individuals. 
 Our findings in Chapter 3.2 support the current recommendation to begin ART early 
in the course of HIV infection in order to limit progression of liver disease in co-infected 
patients.36 As HCV treatment of co-infected individuals is changing rapidly, future studies 
describing the role of HCV therapy on HIV disease progression are needed. Furthermore, the 
effect of the moment of HCV infection relative to HIV infection on HIV disease progression 
is unknown. Also, the new and more effective HCV treatment combinations might limit the 
HCV epidemic among MSM in high-income countries. As observed with the introduction of 
cART for HIV37, risk behaviour might increase and should be monitored. 
 To achieve successful HCV prevention among HIV co-infected individuals, multiple 
approaches for different risk groups will be necessary. Raising awareness, routine testing 
of risk groups, and high uptake of effective HCV treatment are needed to minimise 
further spread of HCV, particularly among HIV-infected MSM when considering high-



193

income countries. For IDU, harm reduction programmes have the potential to decrease 
both incidence and prevalence of HCV but these interventions are not, or incompletely, 
implemented in many countries.38-40 Moreover, an HCV vaccine will be beneficial for all risk 
groups, and prospects for a HCV vaccine have improved greatly in the last decade.41,42 The 
promising results of treatment-as-prevention studies for HIV may drive interest in pursuing 
this strategy with DAAs to combat HCV transmission in the future.32,43 However, as HCV 
treatment is still costly, preventing initial exposure to HCV remains a high priority. Continued 
follow-up and incidence estimates obtained from cohort studies are required to observe the 
development of the HCV epidemic and disease burden.

 

Chapter 4: Chlamydia infections in Suriname 
and the Netherlands

What this Chapter adds
Chlamydia infections among ethnic groups in Paramaribo, Suriname (Chapter 4.1)
We estimated determinants for chlamydia, including the role of ethnicity, and identified 
transmission patterns and ethnic sexual networks among clients of two clinics in Paramaribo, 
Suriname. The overall chlamydia prevalence was 15%. Younger participants and participants 
of Creole and Javanese ethnicity were more frequently infected with urogenital chlamydia. 
Although sexual mixing with other ethnic groups did differ significantly per ethnicity, 
this mixing was not independently significantly associated with chlamydia. We typed C. 
trachomatis-positive samples using multi-locus sequence typing (MLST) and identified three 
large C. trachomatis clusters. Although the proportion from various ethnic groups differed 
significantly between the clusters, all five major ethnic groups were represented in all three 
clusters. 

The role of Surinamese migrants in the transmission of Chlamydia trachomatis between 
Suriname and the Netherlands (Chapter 4.2) 
Surinamese migrants travel extensively between the Netherlands and Suriname. Therefore, 
we assessed whether the Surinamese migrants in the Netherlands form a bridge population 
facilitating transmission of C. trachomatis between Suriname and the Netherlands. The 
MLST strain distribution of Surinamese migrants differed significantly from both the native 
Surinamese and Dutch populations, but was not an intermediate state between these two 
populations. Based on data from the questionnaires, sexual mixing occurred frequently 
between Surinamese migrants in Amsterdam and the native populations of Suriname and 
the Netherlands. Yet, the MLST cluster distribution did not differ significantly between 
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participants who mixed and those who did not. We concluded that migrants did not seem 
to form an effective bridge population for C. trachomatis transmission between the native 
populations.

Distinct transmission networks of Chlamydia trachomatis among MSM and heterosexual 
adults (Chapter 4.3) 
Genovar distributions of Chlamydia trachomatis based on ompA typing differ between MSM 
and heterosexuals. We investigated clonal relationships using MLST, a high resolution typing 
method. When MLST was applied, differences in C. trachomatis strain distribution proved 
to be much more apparent compared with ompA genovar typing. We identified 8 clusters of 
which 4 consisted of samples from MSM (90%–100%). The other 4 clusters consisted mainly 
of samples from heterosexuals (87%–100%). Genetic diversity was much lower in the MSM 
clusters than in heterosexual clusters. C. trachomatis transmission patterns among MSM 
and heterosexuals were largely distinct. 

Prevention and future research
To map the role of sexual mixing across ethnic subpopulations in relation to the spread of STI, 
using molecular epidemiology alone has its limitations. For example, the role of concurrency 
and partnership factors cannot be included sufficiently. Mathematical transmission models 
could be of added value to better identify sexual networks and elucidate why differences 
exist between ethnic groups as has been demonstrated for HIV.44 The study showed that if 
migrants had more partners, the HIV prevalence would increase in their own community, 
and that decreasing condom use or increasing frequency of sexual intercourse would 
not affect HIV prevalence. Also, studies have shown that sexual behaviour determinants 
do not solely account for ethnic disparities in STI rates at the population level, but that 
social determinants such as poverty contribute as well.45,46 Therefore, to eliminate ethnic 
disparities in the prevalence and incidence of STI, focus on social determinants should not 
be neglected.
 For Suriname, we recommend targeting prevention activities at the community at 
risk, with a focus on the younger age groups. Furthermore, adequate testing facilities and 
subsequent treatment are needed to reduce the disease burden of chlamydia in Suriname. 
Our data do not seem to justify the need for joint-preventive campaigns between Suriname 
and the Netherlands, as Surinamese migrants did not seem to form an effective bridge 
population for C. trachomatis transmission. However, in the Netherlands, chlamydia 
prevalence is high among specific ethnic groups and therefore attention to these groups is 
warranted.47

 We found almost completely distinct C. trachomatis strains between MSM and 
heterosexuals. This might be explained by the absence of sexual mixing between the groups. 
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On the other hand, tissue tropism might play a role. As the pathogens reside in different 
niches within the human body (male urethral, cervical, and rectal tissue) and make use of 
different transmission routes, specialisation towards these niches or transmission routes 
may have occurred. Although a recent study among MSM and women with anorectal C. 
trachomatis did not support an indication for tissue tropism.48 Also, MSM-associated strains 
appear to be much more clonal and homogeneously clustered, while the heterosexual-
associated strains are numerous and heterogeneous. The latter indicates a slowly evolving 
endemic disease that has diversified over time by stochastic effects. The MSM-associated 
strains may have arisen from more recent clonal outbreaks similar to the LGV outbreak. The 
typical MSM- and heterosexual-associated C. trachomatis clusters may also originate from 
network-associated factors. Compared with heterosexuals, MSM in general report higher 
numbers of partners. In addition, MSM mix more often with partners that differ in age, 
ethnicity, nationality, and lifestyle.49 Therefore the sexual network structure of MSM is much 
more interconnected, giving rise to a large international transmission network, also seen for 
HCV.27 In contrast, less interconnected networks typically found among heterosexuals may 
lead to a more heterogeneous C. trachomatis strain distribution and a more local spread.50 

Mapping of networks is important to identify determinants that could potentially lower the 
prevalence of C. trachomatis in specific groups. Mathematical modelling can be of additional 
value to assess the impact that targeted interventions might have on the prevalence and 
incidence within a population. 

Chapter 5: STI diagnostic test 
evaluations

What this Chapter adds
Point-of-care test for detection urogenital chlamydia shows low sensitivity (Chapter 5.1)
In general, POC tests for Chlamydia trachomatis (Ct) show disappointing test performance. 
However, one study sponsored by the manufacturer (Diagnostics for the Real World) 
reported over 80% sensitivity with their Chlamydia Rapid Test (CRT). We evaluated the CRT 
in a real-life clinical setting and found a disappointingly low sensitivity of 41.2%. Especially 
samples with a low Ct load were not detected by the CRT. We concluded that the sensitivity 
of CRT for detecting urogenital Ct in this non–manufacturer-sponsored study did not meet 
the expectations as described previously. Improved POC are needed as a meaningful 
diagnostic to reduce the disease burden of chlamydia.
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High performance and acceptability of self-collected rectal swabs for diagnosis of Chlamydia 
trachomatis and Neisseria gonorrhoea (Chapter 5.2)
Identification of STI can be hampered by the infrequent assessment of the ano-rectal site. 
Self-collected rectal swabs (SRS) may overcome barriers for rectal testing, as this procedure 
is less invasive and easy to implement in both clinical and non-clinical settings. At the 
Amsterdam outpatient STI clinic, we evaluated the validity, feasibility, and acceptability of 
SRS compared with health care provider-collected rectal swabs (PRS) for the diagnosis of anal 
CT and NG in both MSM and women who report receptive anal intercourse. We concluded 
that SRS is a feasible, valid, and acceptable alternative for MSM and women attending STI 
clinics. Subsequently, SRS has been implemented as a standard of care among women 
reporting anal sex at the Amsterdam outpatient STI clinic and among MSM included in the 
Amsterdam Cohort Studies. However, self-sampling cannot always replace clinic inspection 
and anoscopic examination. Especially in high-risk groups and in the case of complaints it 
is important to inspect the anal mucosa for anal warts, ulceration, tumour, discharge, or 
abscesses.

Clinical value of Treponema pallidum real-time PCR for diagnosis of syphilis (Chapter 5.3)
The diagnosis of syphilis can be complicated as it is based on diverse pathogen and host-
related parameters, like clinical manifestations, dark-field microscopy, and serology. A 
new method to identify syphilis is Nucleic Acid Amplification Tests (NAAT ). Therefore, we 
assessed the clinical value of a Treponema pallidum real-time PCR (a DNA based NAAT) for 
the diagnosis of syphilis. Good agreement was found between the T. pallidum real-time PCR 
to diagnose primary stage syphilis based on an ulcer swab, and 2 diagnostic algorithms; an 
STI setting (with dark field microscopy) and a simulated general practitioner setting (in the 
absence of dark field microscopy). In contrast, the T. Pallidum real-time PCR performed on 
scarified suspected skin lesions for the detection of secondary syphilis had a disappointingly 
low sensitivity. We concluded that the T. pallidum real-time PCR is a fast, efficient, and reliable 
test for the diagnosis of primary syphilis in an STI outpatient clinic and a general practitioner 
setting, but it has no added diagnostic value for the diagnosis of secondary syphilis. The 
T. pallidum real-time PCR is currently used to diagnose primary syphilis infections at the 
Amsterdam STI outpatient clinic and available via the Public Health Laboratory for general 
practitioners and health care specialists. 

Prevention and future research
To date, NAAT performed in laboratories are the standard diagnostics to detect STI in high-
income countries, but the landscape of diagnostic testing for STI will change in the near 
future. The development and use of point-of-care (POC) diagnostics will increase, with the 
advantage that results will be readily available enabling prompt treatment. Furthermore, 
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POC tests have the potential to offer STI testing and treatment in non-clinical venues in the 
community, such as churches, beauty salons, saunas, and cafés. In contrast to HIV, HCV, and 
syphilis, no reliable antibody-based POC tests are available for chlamydia or gonorrhoea as 
these infections are confined to mucosal tissue and normally invoke little to no production 
of antibodies.51 Most POC tests for detection of chlamydia currently described are based 
on immunoassays that detect antigen or lipopolysaccharide specific to C. trachomatis and 
showed very low sensitivities.52,53 NAAT based POC tests for the detection C. trachomatis 
and N. gonorrhoea are in development. Recently, a study reported on a chlamydia rapid 
test based on recombinase polymerase amplification, which might have potential to be 
applicable in POC settings as chlamydia could be detected within 20 minutes directly from 
urine samples.54 
 Studies in this thesis were all clinic-based, but currently home-collection kits are 
increasingly available where the individual collects specimen at home and sends it to a 
laboratory for analysis. In addition, self-testing, where the test is completely performed and 
the result interpreted by laypersons, will increase. However, concerns are being raised about 
the quality of the available tests and whether non-medical trained individuals will be able 
to correctly interpret the test results. Nonetheless, this latter discussion is not new; more 
than a century ago the interpretation of a thermometer to determine fever was restricted 
to doctors, whereas nowadays most households have one for medically unsupervised use. 
Modern technologies, for example a video clip on the internet, can instruct individuals how 
to perform a self-test. Other challenges lie in the appropriate linkage to care for individuals 
tested positive with a self-test, partner notification, and surveillance. Independent test 
evaluations are needed to reveal the performance of new tests and advice to customers is 
necessary to guide them trough the offers made online. Epidemiological studies are needed 
to assess the impact of the developments in home-collection testing and self-testing and to 
guide policy making.

Concluding remarks 

The last few decades much progress has been made in the detection, treatment, and 
prevention of HIV, HCV, and STI. To continue the battle against these infections, the extent 
to which the aforementioned interventions can be brought to scale will determine their 
population-level impact. Therefore, resources, scale-up of testing, availability of therapy, 
appropriate (biomedical) interventions, and the infrastructure to provide implementation 
are needed for success. As transmission is ongoing in specific subgroups, new interventions 
are still needed and research on their effect in the real world remains very important. Cross 
border collaborations are necessary to gain insight into international transmission networks 
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and to jointly make subsequent steps to control the infection. Large collaborations are 
needed to study outcomes that individual studies are not able to address. The development 
of advanced statistical methods might be beneficial to solve complex research questions 
and better describe epidemics. Epidemiology will remain important to monitor changing 
epidemics over time, evaluate interventions and clinical outcomes, and to guide public 
health strategies to minimise further disease burden. To enrich the analysis, conclusions 
and recommendations a multidisciplinary approach with data sources from adjacent fields 
like clinical data, immunology, virology, genetics, and psychosocial sciences is required. 
Moreover, vigilance and surveillance is warranted to identify new and re-emerging infections.
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