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Throughout history, infectious diseases have been a major threat for humans. Millions of
people suffered from and died of diseases such as smallpox, leprosy, measles, dysentery,
and diphtheria. In industrialised countries in the 20th century, the mortality rates of
many of these diseases dropped due to preventive and hygiene measures, the discovery of
penicillin and other antimicrobials, and vaccination.1, 2 The prevalence of most of these
diseases became very low and smallpox was even eradicated worldwide.3 Due to these
achievements, the focus of public health policy makers in affluent countries shifted and
infectious diseases were relegated to the background.1 In developing countries, infectious
diseases remained a very important cause of death.4

Blood-borne and sexually transmitted infections
HIV
In the early 1980s, young and healthy men became immunocompromised and died of
Pneumocystis pneumonia and Kaposi’s sarcoma. It was hypothesised that the disease
was caused by a sexually transmitted pathogen, as the patients were all homosexual
men.5, 6 The field of infectious diseases regained attention worldwide. The new pathogen,
human immunodeficiency virus (HIV), was discovered in 1983 as the causative agent of
acquired immunodeficiency syndrome (AIDS).5–7 By 1990, HIV had spread throughout
the world, causing a large pandemic.8 Three decades later, there is still ongoing spread of
HIV. Almost 78 million individuals have been infected with HIV and more than 39 million
individuals lost their lives.9 The spread of HIV shows that infectious diseases are still a
major health concern.
Currently, there are approximately 35.0 million individuals living with HIV.9, 10 Fortunately,
the annual number of new infections and deaths are declining, due to improved access
to antiretroviral therapy (cART). In the late 1990s, there were 3.5 million new infections
annually, which dropped to 2.1 million in 2013.9, 10 Annual mortality dropped from 2.3
million in 2005 to 1.5 million in 2013.9, 10 In Africa, HIV infects the general population,8
even reaching a prevalence of more than 20% in some countries.11 The per act transmission probability during heterosexual contact is 8 (95% CI 6-11) per 10,000 exposures
from male to female, and lower, i.e. 4 (95% CI 1-14) per 10,000 exposures from female
to male.12 The transmission probability is higher during the acute phase of infection than
during the chronic phase. There are two types of HIV, known as HIV-1 and HIV-2. Most
infections worldwide are caused by HIV-1, while HIV-2 is almost exclusively found in West
Africa. HIV-1 and HIV-2 share the same transmission routes, but HIV-2 is less transmissible,13–15 and in the absence of treatment, it has a longer median time from infection to
AIDS16 and death.17
HIV and hepatitis C virus among people who inject drugs
In most affluent countries, HIV mainly infected high-risk populations, such as blood transfusion recipients, people who inject drugs (PWID), and men who have sex with men
10
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(MSM). The risk of HIV acquisition during a needle sharing event is 63 (95% CI 41-92)
per 10,000 exposures.18 The risk to acquire HIV during blood transfusion has dropped to
almost zero, due to introduction of blood product screening. In Amsterdam, the incidence
of HIV among PWID and MSM has also declined since the 1980s.19, 20 It continued to
decline among PWID.21 There are various explanations for the observed changes among
PWID. The epidemic of injecting drug use started in the early 1970s with the introduction of heroin. In the early 1980s, when HIV was discovered, harm reduction programs
including needle exchange programs were intensified. By 1990, approximately 30% of the
PWID were infected with HIV, after which the prevalence started to decrease.22 Whether
and to what extent harm reduction has contributed to the decline in HIV incidence is
difficult to prove23 and remains an ongoing debate. A recent modelling study showed
that demographic changes in the population already explain a large part of the observed
patterns,22 but also a reduction in injecting behaviour might have contributed to the
decline. Mortality among PWID with the highest risk behaviour, who are most likely
to be HIV-infected, might also have caused a decrease in the average risk behaviour of
the population of drug users.22 Currently, starting injecting drug use has become rare
and there are few injectors left in Amsterdam. The population of ever-injectors becomes
smaller, due to the reduction of the injecting incidence and the increase in mortality.

In 1989, hepatitis C virus (HCV) was discovered as the causative agent of non-A nonB hepatitis infection.24 Once infected, individuals enter the acute phase of infection,
which is usually asymptomatic. Spontaneous clearance of the virus occurs in 20% to 40%
of the infections, usually within 6 months.25, 26 Persistent chronic infections may lead
to liver fibrosis and cirrhosis and eventually to decompensated cirrhosis, hepatocellular
carcinoma, and death, decades after infection.27 The virus is mainly transmitted through
blood-blood contact.25, 28 There are 6 major genotypes and more than 80 subtypes.29, 30
Most infections in Europe are caused by genotypes 1, 2 and 3.31–33 Types 1b, 2a, and 2b
were mainly transmitted among blood transfusion patients through contaminated blood
products and types 1a and 3a are mainly transmitted by PWID. Infections with genotype
4 are increasingly seen among PWID in Europe.34–37 The prevalence of HCV in the overall
Dutch population is estimated at 0.22% (min-max range 0.07-0.37).38 Most infections are
found among first generation migrants from HCV endemic countries, but due to its mode
of transmission, the highest prevalence is found among PWID.38, 39 The probability to
acquire HCV from infected injecting equipment is approximately 0.01 per sharing event,40
much higher than for HIV. In Amsterdam, almost 80% of the PWID became HCV antibody
positive in the 1980s. Although the prevalence is slowly decreasing over time, it is still over
75%.22 PWID infected with HCV probably acquired the infection early in their injecting
careers, in the 1970s and 1980s, and thus, they have likely been infected for decades. In
Amsterdam, the injecting and HCV epidemic are part of history, but currently we face a
rise in the number of ever-injectors who develop liver disease related to HCV infection.
11
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HIV and hepatitis C virus among MSM
Among MSM, transmission of HIV is ongoing. The per sexual contact transmission
probabilities of HIV range from 11 (95% CI 4-28) per 10,000 exposures during insertive
unprotected anal intercourse (UAI) to 138 (95% CI 102-186) per 10,000 exposures during
receptive UAI.41 The use of cART reduces the transmission probabilities. The discovery
of HIV and its transmission through sexual intercourse led to the initiation of prevention
programs and also to changes in risk perception due to fear of the virus. These changes
might have contributed to the major reduction of sexual risk behaviour and decline in
HIV incidence in the mid-1980s.19 The spread of other sexually transmitted infections
(STIs), like Chlamydia trachomatis and Neisseria gonorrhoeae also declined. In 1996,
cART was generally introduced, which had a major impact on quality of life and survival
after HIV infection42–45 and reduced the risk of transmission.46 However, studies showed
that risk perception changed due to cART.47–49 Sexual risk behaviour and the incidence
of C. trachomatis and N. gonorrhoeae increased since then.50–57 Population dynamics
further changed when MSM developed HIV risk-reducing strategies to have unprotected
sex. These strategies include serosorting (i.e. UAI with MSM who are believed or declare
to be seroconcordant),58 seropositioning (i.e. UAI between HIV serodiscordant MSM in
which the negative partner has the insertive role),59 and viral sorting (i.e. having UAI
with HIV-infected MSM with undetectable viral load).60–62 Assortative mixing due to HIV
serosorting, which means that MSM are more likely to choose partners with the same HIV
status, the use of other HIV risk-reducing strategies, and a further increase in sexual risk
behaviour (e.g. UAI and fisting) among HIV-infected MSM might have contributed to the
outbreak of C. trachomatis L2 (the causative agent of Lymphogranuloma venereum)63
and HCV.64–71 Although sexual transmission of HCV was considered inefficient based on
studies performed in seroconcordant heterosexual couples,72 it has been confirmed as
the transmission route among HIV-infected MSM.73 Currently, in the Netherlands most
acute infections are diagnosed among MSM.74 The transmission probability during sexual
contact is unknown and it is not clear yet whether HCV is sexually transmitted or whether it
is transmitted through blood-blood contact during sex. The approaching era of interferonfree directly acting antiviral (DAA) therapy for HCV infection with success rates of over
90% has the potential to greatly reduce HCV-related morbidity and mortality,75 which is
relevant for both PWID and MSM, and it might also reduce transmission in these groups.
Dynamics of Chlamydia trachomatis spread
The dynamics of STI spread involve a human host population and a pathogen which
are both important. Every pathogen and also every host population has their own specific characteristics and the combination of host and pathogen determines whether the
pathogen is able to spread in the host population. Changes in either pathogen or population dynamics will have an effect on pathogen spread. As described above, behavioural
changes of the host population can alter the spread of STIs. This is also true for changes
in the pathogen. When mutations in the coding region of the genome of a pathogen
cause a change in fitness (i.e. the probability to survive and reproduce), this will affect
12
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the prevalence and incidence of the disease in the human population. For example, when
the average duration of infectiousness increases, the average time in which an infected
individual can transmit the infection increases; the result is an increasing prevalence and
incidence.
The prevalence of STIs differs between subpopulations (e.g. by geographical area, ethnic
background, and socioeconomic status). C. trachomatis is the most common bacterial
STI in affluent countries.76, 77 In the Dutch general population, the overall prevalence of
C. trachomatis is approximately 2%, but is as high as 3.2% in highly urbanised areas and
as low as 0.6% in rural areas.78 The highest prevalence is found among individuals of
Surinamese and Antillean background.74, 79–81 Among Turkish and Moroccan individuals
the prevalence is lower than in the Dutch population.81 The differences in prevalence
between subpopulations of different ethnic background might be caused by prevalence
differences between the countries of origin, differences in susceptibility due to biological
or genetic factors of humans, differences in sexual risk behaviour between populations, or
other population characteristics such as sexual mixing. On average, sexual risk behaviour
among heterosexuals is lower than among MSM. Heterosexuals report fewer partners and
have fewer concurrent partnerships, which means that they are less likely to have multiple
sexual partnerships at the same time.82, 83 The prevalence of HIV and most STIs, for
example N. gonorrhoeae, is lower among heterosexuals than among MSM, but the C.
trachomatis prevalence is comparable.
The transmission probability of C. trachomatis is estimated at approximately 0.1 per
sex act during heterosexual contact84–86 and is assumed to be as efficient from men
to women as from women to men.87 The transmission probability per anal sex act is
assumed to range between 0.1 and 0.24.84, 85, 88–90 Once infected, symptoms occur 11 to
20 days after infection, but most individuals do not develop symptoms.91, 92 Approximately
10% of the urogenital infections in men are symptomatic,91 causing penile discharge
and painful urination.93 Urogenital infections in women, anal infections, and pharyngeal
infections are even less often symptomatic.91, 94 Without treatment, most C. trachomatis
infections resolve spontaneously.93 On average, the duration of infection is approximately
one year.95–97 Approximately 10% of the infections in women do not resolve spontaneously
and lead to pelvic inflammatory disease (PID). PID increases the risk of chronic pelvic pain,
ectopic pregnancy, and infertility. Persistent infections in men may cause epididymitis, but
are less common.93
Dynamics of N. gonorrhoeae spread
Compared to C. trachomatis, the transmissibility of N. gonorrhoeae is much higher, but
the duration of infection is much shorter. After a short incubation period of 2 to 14 days,
approximately 90% of the male urogenital infections become symptomatic,93, 98 causing
purulent penile discharge and dysuria.99 Rectal infections are usually asymptomatic, but
may cause rectal pain, tenesmus, bleeding, anal pruritus and mucopurulent discharge in
approximately 15% of the cases.93, 99, 100 N. gonorrhoeae also infects the pharynx, which
13
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is usually an asymptomatic infection. When symptoms occur (e.g. a sore throat), they are
often not recognised as symptoms of N. gonorrhoeae infection, due to their nonspecific
nature.99, 101, 102 When left untreated, most infections clear naturally within 6 months.93
The clearance rate of pharyngeal infections is unknown, but it is thought to be higher
than the rate of anal and urogenital clearance.101, 103 A small proportion of persistent N.
gonorrhoeae infections disseminates to other organs and causes serious health problems
such as epididymitis in men and PID in women.93, 99
N. gonorrhoeae has a strong capacity to become resistant to antimicrobial agents;104
by the end of the 1970s, N. gonorrhoeae was resistant to penicillin, in the 1980s it acquired resistance against tetracyclines and in the 1990s it acquired resistance against
fluoroquinolones.105 Reduced susceptibility to the last mono-therapeutic treatment option, extended spectrum cephalosporins, has been described.106, 107
The pharynx might be an important anatomical location for gonococcal recombination and
for the development of antimicrobial resistance.108 Antimicrobial agents are less effective
against pharyngeal N. gonorrhoeae infections than against urethral or rectal infections.
The antimicrobial pressure and the presence of many commensal Neisseria strains in the
pharynx might facilitate resistance.109–111 Until the development of new antimicrobial
agents it is important to closely monitor the resistance patterns, develop new treatment
strategies with combinations of available antimicrobials, and prevent the spread of (untreatable) N. gonorrhoeae.
Based on mathematical modelling studies, the assumed per sexual contact transmission
probabilities are 0.23 from female-to-male, 0.46 from male-to-female, and 0.5-0.6 from
male-to-male.93, 112–115 Epidemiological data have never been used to estimate these
probabilities. The estimates result from simplified models that do not account for the
fact that N. gonorrhoeae can infect multiple anatomical locations, without causing a
systemic infection. The transmission probabilities differ between anatomical locations
and depend on the direction of transmission. Transmission from urethra to rectum is
most efficient (0.839), followed by transmission from urethra to pharynx (0.624), while
transmission from rectum to urethra (0.022), from pharynx to urethra (0.082), and from
pharynx to rectum (0.078) are less efficient.116 The bacterial loads in the rectum are
nine fold higher than the loads in the pharynx.117 However, it is unknown how bacterial
load at an anatomical location is related to the transmission potential. Among MSM,
pharyngeal N. gonorrhoeae is as prevalent as rectal N. gonorrhoeae, and oro-penile contact
is practised more often than anal intercourse,102 which suggests that a substantial part
of the urethral infections might be caused by pharyngeal infections. This is in line with
an epidemiological study among MSM in which it was found that 26% of the urethral
infections were indeed caused by pharyngeal infections.118 Furthermore, the differences in
duration of infection and the probabilities of developing a symptomatic infection will also
affect the transmission potential of N. gonorrhoeae infected anatomical locations.
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Epidemiology of infectious diseases
In the preceding sections, multiple high-risk populations and multiple pathogens were described; HIV in PWID, MSM, and heterosexuals, HCV in PWID and MSM, C. trachomatis
in heterosexuals and MSM, and N. gonorrhoeae in MSM. Due to the differences between
populations and pathogens, specific and targeted interventions are needed that are adapted
to the situation at hand. This is also true for epidemiological research; the knowledge gaps
and issues to deal with differ and demand their own specific methodology. In the studies
included in this thesis, epidemiological and statistical methods, mathematical modelling,
and molecular epidemiology were used to explore the dynamics of various STIs.
Molecular epidemiology
The field of infectious disease epidemiology is changing quickly, due to technological improvements that facilitate the handling of large datasets and the performance of complicated analyses. The technical improvements in the field of molecular epidemiology made
it possible to study the genomic structure of pathogens. During replication of the genetic
material of a virus or bacterium, mistakes are made. Mutations alter the pathogen and
might cause the emergence of new strains. The genetic composition of a pathogen can
reveal its origin and provides information about its spread in the population. In molecular
epidemiology, the link between molecular information of pathogens and epidemiological
data is assessed. It provides insight into transmission patterns and is therefore useful to
monitor control and spread of infectious diseases.
In this thesis, a fragment-based typing method was used for N. gonorrhoeae. This technique is based on the variable number of tandem repeats (VNTR) regions, which are
non-coding regions. For multiple locus VNTR analysis (MLVA), 4 to 15 VNTR regions
are selected and sequenced. The size or the number of tandem repeats of the different regions is determined, resulting in a specific strain code, which is used for cluster analysis.120
In recent years, sequence-based typing techniques have become more popular, because
they are usually more reproducible than fragment-based techniques. HCV was typed by
a single-locus sequence typing (SLST) technique, in which one part of the genome is sequenced, the NS5B region.121 For C. trachomatis typing, multiple locus sequence typing
(MLST) was used. The genes used for this technique are essential or coding genes and
therefore, they change slowly over time.122 Every identified strain has its own sequence
type that is used for cluster analysis. MLST is a highly discriminatory typing technique
that can be used for typing of many bacteria, including C. trachomatis.121
The strain codes resulting from MLVA and MLST are used in cluster analysis to construct
a minimum spanning-tree. An algorithm is used to construct this undirected graph, which
represents the most efficient or shortest ’route’ through all identified codes. When two
isolates are clustered together in a tree, it means that the genetic information of the
two isolates is identical, and it is likely that the two individuals from whom the isolates
were obtained are closely connected. Although less likely, there is a possibility that they
16

CHAPTER 1

1
might have transmitted the pathogen to each other. The direction of evolution cannot
be revealed with this technique. Phylogenetic trees, as constructed for HCV, are directed
and provide information on the evolution of the pathogen.
In this thesis, we combined molecular and epidemiological data: the constructed trees of
N. gonorrhoeae, C. trachomatis, and HCV were used to examine whether these pathogens
were found in certain subpopulations with common characteristics (e.g. the same ethnic
background). For public health purposes, this insight might provide a better understanding
of pathogen spread and is important to examine the effect of interventions.
Composition of the network
To understand the spread of STIs and blood-borne infections, it is also important to understand the composition of the population in which the pathogen spreads. The structure
of the underlying contact network influences the speed of the epidemic in its initial phase,
and consequently, it also affects the number of infected individuals later on.123 Generally,
when a sexual network is considered in mathematical models, the population is divided in
a core and non-core group. The core group is characterized by extensive risk behaviour
and multiple partnerships, while the non-core group is engaged in less risky behaviour.
Usually, most contacts are with members of the same group, defined as assortative mixing, but the two groups interact to a certain degree. The amount of interaction, or
sexual mixing, has been the subject of many models.124 Yorke et al. introduced the idea
of non-random mixing between the core and non-core group.125 There is no consistent
definition of the term core group, but it is clear that assortative mixing, disassortative
mixing (i.e. mixing between different subpopulations), and risk heterogeneity structure
the sexual network.126, 127 Mathematical models provide insight into the effects of mixing,
but epidemiological and statistical methods are needed to identify factors that determine
mixing.
Assortative mixing patterns are known for demographic characteristics. Most partnerships
are between individuals of approximately the same age, and also partnerships between individuals of the same ethnic background are more common than among individuals of
different backgrounds.128, 129 Also lifestyle characteristics might influence the shape of
sexual networks and the occurrence of subpopulations. In the MSM population, there
are subpopulations based on lifestyle or subculture, for example the leather subculture,
who can be recognised by their leather clothes.130 It seems plausible that there are assortative mixing patterns within the subpopulations, and that the resulting structure also
influences the spread of STIs. Related to lifestyle, meeting locations (e.g. bars and clubs)
also determine the network, as these are the physical locations where sexual partners can
be met.131 Some bars, clubs, and parties are targeted to MSM of specific subcultures.
For example, there are parties with leather dress code. Meeting locations can be used for
targeted health campaigns and outreach programs, that aim to trace infected individuals,
and thus, it is important to gain insight into the prevalence of infection at meeting locations and the connections between locations.
17
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While lifestyle and meeting locations are important for the network structure of both heterosexuals and MSM, HIV is an additional important factor for the network structure of
the MSM population. MSM tend to cluster based on HIV status; they seek concordant
partners.132 As HIV determines partner selection and also affects sexual risk behaviour, it
has a large impact on the structure of the sexual network. In general, sexual risk behaviour
of HIV-infected MSM is higher than of HIV-negative MSM in terms of number of sexual
partners, concurrency and unprotected sexual contact. Concurrency does not necessarily
enhance pathogen spread.133, 134 Pathogen spread in a population in which individuals
have multiple partners at the same time, but only with partners who are monogamous,
is comparable with pathogen spread in a network of monogamous partnerships.134 Concurrency among MSM, which is often reported,135 is likely to enhance pathogen spread.136
Furthermore, sexual risk behaviour within partnerships will influence STI spread. For most
STIs, sexual contact with a condom is considered ’safe’, and thus, when condoms are used,
the probability of transmitting STIs is negligible. Whether condoms are used or not might
be determined by characteristics of the partnership members. For example, similarities in
age or ethnicity might result in higher sexual risk behaviour. Simplified mixing patterns,
which ignore behaviour in partnerships might overestimate the amount of bridging and
the amount of STI spread between subpopulations.

Outline of this thesis
Objectives
The objective of this thesis was to better understand the factors driving the current spread
of STIs in high-risk populations (i.e. C. trachomatis in heterosexuals, C. trachomatis, N.
gonorrhoeae, HCV, and HIV in MSM, and HIV and HCV in PWID). Various statistical
methods were used to examine mixing. Pathogen spread, and the existence of subpopulations were studied using molecular epidemiology, and mathematical and statistical
modelling. Disease progression and outcome and the interaction between pathogens were
studied by mathematical modelling and by performing a systematic review and metaanalysis.
The specific research questions were:
• What factors drive the spread of STIs in high-risk populations?
• What are the factors that define mixing patterns in high-risk populations?
• Is pathogen spread influenced by the observed mixing patterns?
• What is the effect of prevention measures and treatment on infectious disease spread
and disease burden?
• What is the effect of co-infections on disease progression?

18
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Datasets used in this thesis
The study populations described in this thesis were often recruited at the STI outpatient
clinic of the Public Health Service of Amsterdam (GGD Amsterdam), the Netherlands
(Table 2). This STI clinic offers anonymous and free-of-charge testing and treatment in
more than 40,000 clinic visits annually. Twenty-five percent of the consultations are from
MSM, 28% from heterosexual men, and 47% from women. In 2013, 10.5% of women,
11.3% of heterosexual men, and 10.3% of MSM were diagnosed with C. trachomatis. The
positivity rate of N. gonorrhoeae was 1.3% among heterosexuals and 9.5% among MSM.
The prevalence of HIV among MSM at the clinic was 26.5%, and 1.5% of the MSM who
were tested for HIV were found positive.
From August 2008 to July 2009, 2492 MSM during 3050 visits were recruited at the
STI outpatient clinic of the Public Health Service of Amsterdam and the HIV treatment
center of the Academic Medical Center of Amsterdam, the Netherlands, to participate in
the cross-sectional MSM Network Study. The aim of the study was to identify factors
that determine the spread of STIs among MSM. Inclusion criteria were being at least
18 years old and understanding of written Dutch or English. Participants were tested
according to the STI clinic protocol; they were tested for urethral, rectal, and pharyngeal
N. gonorrhoeae and C. trachomatis, hepatitis B and C virus, and HIV, when appropriate.
This means that known HIV-positive MSM and MSM who opted-out were not tested for
HIV and were tested for HCV antibodies. MSM also completed a detailed online questionnaire that addressed demographics of the participants, overall sexual risk behaviour,
and demographics of the steady partner and up to three most recent other partners in the
preceding 6 months, and detailed sexual risk behaviour with these partners.
In 2010, a similar study among heterosexuals was performed. Between May and August
2010, 1000 men and 1000 women were recruited to participate in the cross-sectional
Network Study among Heterosexuals at the STI clinic of the Public Health Service of
Amsterdam. Inclusion criteria were being at least 16 years old and understanding of
written Dutch or English. Participants were tested for STIs according to the STI clinic
protocol; they were tested for vaginal/urethral N. gonorrhoeae and C. trachomatis, and
HIV using an opt-out strategy. Depending on sexual risk behaviour, they were also tested
for rectal and pharyngeal N. gonorrhoeae and C. trachomatis. Participants completed a
questionnaire about themselves, and about the four most recent sexual partners in the
preceding one-year period.
Data from the Amsterdam Cohort Studies (ACS) on HIV/AIDS among MSM and PWID
were also used.137, 138 The ACS is an ongoing prospective cohort study initiated in 1984
to study the prevalence, incidence, and risk factors of HIV, and later on extended to study
other blood-borne infections and STIs. By the end of 2014, 2650 MSM and 1661 drug
users had been enrolled. Two hundred forty five MSM and 99 drug users seroconverted
for HIV during follow-up. In 2014, there were 738 MSM and 218 drug users in active
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follow-up.139 Table 2 lists the datasets and methods used in this thesis.
Outline of this thesis
In chapter 2, characteristics are identified that determine partner selection and sexual
behaviour with partners, and are important mixing factors among heterosexual STI clinic
visitors. Chapter 2.1 describes partnership factors associated with absent or inconsistent
condom use. In chapter 2.2, reasons for differences in C. trachomatis prevalence between
ethnic groups are explored.
In chapter 3, determinants of unsafe sexual contact and the spread of N. gonorrhoeae
among MSM are examined. In chapter 3.1, the determinants of unprotected anal intercourse among HIV-negative and HIV-infected MSM are examined. In chapter 3.2, a
new statistical method is described by which it can be estimated from whom an infection
was acquired. The method was applied to N. gonorrhoeae infection. The distribution of
infections across meeting locations and the probability of infection per meeting location
were estimated. In chapter 3.3, the contributions of rectal, urethral, and pharyngeal N.
gonorrhoeae infections to spread and the impact of screening and treatment were estimated.
In chapter 4, molecular epidemiology was used to unravel transmission networks and identify subpopulations among MSM. The studies in this chapter aimed to link data resulting
from molecular typing to epidemiological data. The link between N. gonorrhoeae clusters identified by MLVA typing and epidemiological characteristics of MSM is described
in chapter 4.1. Chapter 4.2 describes the link between C. trachomatis transmission
networks and epidemiological data. In this study, C. trachomatis samples were typed by
MLST. Chapter 4.3 describes subcultures in the population in which the seroprevalence
of HCV is high and links phylogenetic data to epidemiological data.
In chapter 5, disease progression and outcome and pathogen interaction were studied.
In chapter 5.1 the current and future disease burden of HCV among PWID is estimated.
The impact of treatment and HIV coinfections on the disease burden are explored. Chapter 5.2 is a systematic review and meta-analysis of HIV mortality. This study examines
the interaction of HIV-1 and HIV-2 infection. It compares mortality rates of HIV-1 and
HIV-2 dually infected individuals with HIV-1 and HIV-2 mono-infected individuals.
In chapter 6, the general discussion, the main findings of the presented studies are
discussed and related to recent literature. Furthermore, the public health implications
and future research directions are discussed.
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Background Decisions to use condoms are made within partnerships. We examined
the associations between inconsistent or no condom use and individual and partnership
characteristics. We also examined the relative importance of individual versus partnership
factors.
Methods Cross-sectional study of heterosexual individuals enrolled from the sexually
transmitted infections (STI) outpatient clinic in Amsterdam, the Netherlands, from May
to August 2010. Participants completed a questionnaire about sexual behaviour with the
last four partners in the preceding year. Participant and partnership factors associated
with inconsistent or no condom use in steady and casual partnerships were identified.
Results 2144 individuals were included, reporting 6401 partnerships; 54.7% were female, the median age was 25 (IQR 22-30) years and 79.9% were Dutch. Inconsistent
or no condom use occurred in 86.1% of 2387 steady partnerships and in 66.5% of 4014
casual partnerships. There was statistical evidence of associations between inconsistent
condom use in steady partnerships and ethnic concordance, longer duration, higher number of sex acts, practising anal sex, and sex-related drug use. In casual partnerships,
associations were found with having an older partner, ethnic concordance, longer duration, higher number of sex acts, anal sex, sex-related drug use, ongoing partnerships, and
concurrency. In multivariable models, partnership factors explained 50.9% of the variance
in steady partnerships and 70.1% in casual partnerships compared with 10.5% and 15.4%
respectively for individual factors.
Conclusion Among heterosexual STI clinic attendees in Amsterdam, partnership factors
are more important factors related with inconsistent condom use than characteristics of
the individual.

Amy Matser, Marlies Heiligenberg, Ronald Geskus, Titia Heijman, Nicola Low,
Mirjam Kretzschmar, Maarten Schim van der Loeff.

Sex Transm Infect. 2014; 90(4):325-331.
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Introduction
Inconsistent condom use is common among heterosexuals1–3 and increases the risk of
sexually transmitted infections (STI).4 The decision to use condoms is based on perceived
risk and beliefs5, 6 and also perceived willingness of the partner.1 Individuals who use
condoms inconsistently have been reported to be of older age, non-white ethnicity and
lower educational level, and to report an increased number of lifetime partners, younger
age at first sex, more frequent sexual contact, and drug use.1, 7, 8 In recent years, the
importance of partnership characteristics have become increasingly recognised. For example, inconsistent condom use is associated with longer partnership duration3 and with
partnerships in which women are older.9
Previous studies have tended to focus on either individual or partnership factors associated
with condom use or its absence, but their relative importance is not known. In addition,
whilst it is wellestablished that condoms are more often used in new or casual than
in longstanding partnerships, it is not known whether different factors are associated
with condom use in steady partnerships and casual partnerships.3, 10 The objectives of
this study were to examine associations between inconsistent condom use in steady and
casual heterosexual partnerships, and to examine the relative importance of individual
versus partnership factors in both steady and casual partnerships.

Materials and Methods
Study population and setting The study population was recruited from the STI clinic
in Amsterdam, the Netherlands, where clients are tested and treated according to the clinic
protocol.8, 11 Between May and August 2010, heterosexuals were invited to participate in
a cross-sectional study until approximately 1000 men and 1000 women were included if
they visited the clinic for a new consultation, were at least 16 years old, could understand
written Dutch or English and gave written informed consent. Men who had sex with men
were excluded. The study was approved by the medical ethics committee of the Academic
Medical Center.
Questionnaire Participants completed an online questionnaire at the clinic, asking
about their sociodemographics and sexual behaviour. The questionnaire also included
questions about sexual behaviour in self-defined steady or casual partnerships with up to
four partners in the year preceding study participation and questions about partners demographics. No a priori definition of partnership status (i.e. steady or casual) was provided
to allow participants to subjectively determine partnership status.
Statistical analysis The analyses were done at the partnership level: participants were
represented with up to 4 partnerships. The outcome measure was inconsistent condom
use within a partnership, defined as vaginal or anal sex during which condoms were not
always or never used. The analysis was stratified by self-defined partner type (i.e. steady
or casual). Possible associated factors were selected a priori based on prior knowledge and
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examined in univariable and multivariable analysis; no further selection methods, such as
backward or forward selections, were used. The selected participant factors were gender,
age, ethnicity, education, and number of partners in the preceding year. Education was
categorised into lower (i.e. similar to elementary school, high school, or vocational training) and higher education (i.e. similar to college or university). Ethnicity was based on
country of birth and country of birth of the parents; if at least one parent was born in a
country other than the Netherlands the participant was regarded as belonging to a nonDutch ethnic group. Ethnicity was then categorised into Dutch, Surinamese/Antillean, or
Other.
Eight partnership factors were selected (i.e. age difference, ethnic mixing, duration, number of sex acts, anal sex, drug use, whether the partnership was ongoing, and concurrency).
Age difference in years was calculated by subtracting partners age from the participants
age. Drug use was defined as recreational use of XTC (3,4-methyleendioxymethamfetamine), GHB (γ-hydroxybutyric acid), (meth)-amphetamines, cocaine, poppers (amyl nitrate) or sildefanil shortly before or during sex. The questionnaire enquired about the
month and year of first and last sex; it did not ask for the exact dates, as it seemed
unlikely participants would remember those accurately. Also, participants were allowed to
skip these questions, so as to avoid pure guessing. To calculate partnership duration we
assumed that partnerships started and ended on the 15th day of the month and subtracted
the first date of sex from the last date. Partnerships were chronologically ordered by date
of first sex to determine whether a previous partnership was ongoing at the time the current partnership was initiated. The data available allowed concurrency to be categorised
as follows: 1) definitely concurrent, when the date of first sex within a partnership was
more than a month before the end of the last sex date of the previous partnership, 2)
unknown, when the date of first sex and the date of last sex of the previous partnership
were in the same month, 3) and definitely non-concurrent, when the date of first sex was
more than a month after the end of the last sex date of the previous partnership. We
assumed that behaviour within a partnership is only determined by events or partnerships
in the past or present, not by future partnerships. Because only information on a maximum of four partnerships was available, concurrency was missing for most first described
partnerships (n=2071), except when it was the first lifetime partnership of a participant
(n=73); in the latter case the partnership was definitely non-concurrent. From 2045 nonfirst partnerships the value of concurrency could not be estimated; this occurred if either
the date of last sex of the previous partnership was missing or if the chronological order
of all partnerships of a participant could not be determined.
Missing data for concurrency, drug use (n=7; 0.11%), anal sex (n=5; 0.08%), number
of sex acts (n=3; 0.05%), ongoing partnership (n=2; 0.03%), and duration (n=1539;
24%) were imputed using multivariate imputation (MI) by chained equations.12 The
MI prediction model included all variables that were selected for the main analysis and
the variables ’cohabiting’, and ’number of lifetime partners’. Twenty imputed data sets
were created. For every data set, a logistic regression model was fitted using generalised
36

CHAPTER 2

estimating equations, to account for correlated outcomes within participants. Results
from the twenty fits were pooled. Interactions between gender and other covariates were
checked. Interaction terms were added if there was statistical evidence of interaction.
Effects of continuous variables age, number of partners, age difference, and partnership
duration were modelled via restricted cubic splines13 with knots on the 2.5th , 25th , 50th ,
75th , and 97.5th percentiles. Results were compared with results from complete case analysis (Supplement 2.1.1). Diagnostic tests and sensitivity analysis were done to check the
plausibility and robustness of the imputations (Supplement 2.1.1).
To estimate the relative importance of participant factors and partnership factors, we used
the scaled Brier score, a measure of explained variance (i.e. between 0 and 100%).14, 15
The Brier score is the squared difference between the predicted probability of the outcome
and the observed outcome, averaged over the individuals. In the scaled Brier score, this
number is scaled by its score under a noninformative model, i.e. a model that includes
an intercept but no predictors. We fitted the models for steady and casual partnerships
separately for individual and partnership factors. Because the scaled Brier score does not
account for clustering, we randomly selected one partnership per participant and estimated the score on a dataset with one observation per participant.
Analysis was done using R 2.14.1,16 using the packages mice,12 mitools,17 geepack,18, 19
Epi,20 and aod.21

Results
During the study period, 5120 eligible clinic visitors were invited to participate, of whom
2200 (43.0%) gave informed consent. Compared to eligible but non-participating individuals, participants were more often of Dutch nationality (91.6% vs. 82.9%) and more likely
to have symptoms (34.8% vs. 28.9%). Age, the number of partners in the previous six
months, and STI prevalences were comparable between participants and non-participants.
Participants were excluded from further analysis if neither vaginal nor anal sex occurred
with any of the partners. Specific partnerships were excluded if neither vaginal nor anal sex
was reported. In total, 2144 individuals reporting 6401 partnerships were included. They
reported a median of 4 (IQR 2-6) partners in the preceding year; the median number of
steady partners was 1 (IQR 1-2) and of casual partners 2 (IQR 1-5). Women represented
54.7% of the study population. They were younger than men (p < 0.001), had more
often received higher education (p < 0.001), and reported fewer partners (p < 0.001).
Distributions according to ethnicity, condom use during vaginal sex and or STI diagnoses
were comparable.
Participants described 2387 steady and 4014 casual partnerships. On average, casual
partnership duration was shorter than steady partnership duration, and the number of sex
acts was higher in steady partnerships (Table 1). Inconsistent condom use was reported
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Inconsistent
condom use
n=2056

Consistent
condom use
n=331
Total
n=4014

Casual partnerships
Inconsistent
condom use
n=2671

Consistent
condom use
n=1343

Participant characteristics
Female gender
1293 (54.2%)
1114 (54.2%)
179 (54.1%)
2016 (50.2%)
1380 (51.7%)
636 (47.4%)
Ethnicity
Dutch
1875 (78.6%)
1618 (78.7%)
257 (77.6%)
3297 (82.1%)
2224 (83.3%)
1073 (79.9%)
Surinamese/Antillean
241 (10.1%)
211 (10.3%)
30 (9.1%)
296 (7.4%)
181 (6.8%)
115 (8.6%)
Other
271 (11.4%)
227 (11.0%)
44 (13.3%)
420 (10.5%)
265 (9.9%)
155 (11.5%)
Median age in years (IQR)
25 (22-30)
25 (22-30)
25 (23-30)
25 (22-29)
25 (22-29)
25 (23-31)
Low educational level
796 (33.3%)
712 (34.6%)
84 (25.4%)
1221 (30.4%)
826 (30.9%)
395 (29.4%)
Median no. of partners in the
preceding year (IQR)
4 (2-6)
4 (2-6)
4 (3-7)
5 (4-8)
5 (4-8) 5 (4-8)
Characteristics of the partnership
a
Median age difference in years (IQR)
0 (-3 to 3)
0 (-3 to 3)
0 (-2 to 3)
0 (-2 to 3)
0 (-2 to 3)
0 (-3 to 4)
Discordant ethnic mixing
788 (33.0%)
655 (31.9%)
133 (40.2%)
1478 (36.8%)
890 (33.3%)
588 (43.8%)
Median duration of a partnership
b
in days (IQR)
182 (60-660)
207 (62-712)
72 (31-197)
1 (1-92)
23 (1-121)
1 (1-60)
Number of sex acts within a
b
partnership in the preceding year
1-4
364 (15.3%)
280 (13.6%)
84 (25.4%)
2953 (73.6%)
1824 (68.3%)
1129 (84.1%)
5 - 19
671 (28.1%)
543 (26.4%)
128 (38.7%)
790 (19.7%)
620 (23.2%)
170 (12.7%)
20 - 39
475 (19.9%)
409 (19.9%)
66 (19.9%)
166 (4.1%)
137 (5.1%)
29 (2.2%)
≥40
876 (36.7%)
823 (40.1%)
53 (16.0%)
103 (2.6%)
88 (3.3%)
15 (1.1%)
Anal sexb
455 (19.1%)
425 (20.7%)
30 (9.1%)
249 (6.2%)
204 (7.7%)
45 (3.4%)
Sex-related drug useb,c
1463 (61.4%)
1299 (63.3%)
164 (49.6%)
2490 (62.1%)
1760 (66.0%)
730 (54.4%)
Partnership ongoing at the time of
b
inclusion
1184 (49.6%)
1035 (50.4%)
149 (45.0%)
523 (13.0%)
403 (15.1%)
120 (8.9%)
Concurrency of partnershipd
Definitely non-concurrent
804 (33.7%)
663 (32.2%)
141 (42.6%)
1326 (33.0%)
905 (33.9%)
421 (31.3%)
Unknown
198 (8,3%)
174 (8.5%)
24 (7.3%)
602 (15.0%)
383 (14.3%)
219 (16.3%)
Definitely concurrent
1385 (58.0%)
1219 (59.3%)
166 (50.2%)
2086 (52.0%)
1383 (51.8%)
703 (52.3%)
IQR = interquartile range. a Age of the partner subtracted from age of the participant; b The number of missings per variable were 1539 for duration, 3 for number of sex acts, 5 for
anal sex, 7 for recreational drug use, 2 for ongoing partnership ; c Recreational use of XTC, GHB, amphetamines, cocaine, poppers, or sildefanil prior to or during sex; d For people
reporting >4 eligible partners, concurrency could not be established for the first of four reported partners; for these, concurrency data was estimated after multiple imputation. For
details, see appendix.

Total
n=2387

Steady partnerships

Table 1. Characteristics of 4727 partnerships in which inconsistent condom use was practised and 1674 partnerships in which consistent condom use was practised, by partnership
type, reported by 2144 heterosexual individuals who visited the sexually transmitted infections outpatient clinic in Amsterdam in 2010
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in 2056 (86.1%) steady partnerships; in 962 (46.8%) of these partnerships condoms were
never used. Inconsistent condom use was reported in 2671 (66.5%) casual partnerships;
in 1354 (50.7%) of these partnerships condoms were never used. In univariable analysis,
the odds ratio (OR) for inconsistent condom use within steady partnerships compared to
casual partnerships was 3.12 (95% CI 2.73-3.57).
Steady partnerships In univariable analysis, low educational level was the only participant factor associated with inconsistent condom use (Table 2). All partnership factors,
except whether the partnership was ongoing, were associated with inconsistent condom
use (Table 2). In multivariable analysis, we found statistical evidence of an interaction
between gender and ethnicity of the participant (p = 0.012). Dutch women were more
likely to report inconsistent condom use than Dutch men. Men of non-Dutch origin were
most likely to report inconsistent condom use, but the opposite effect was found in women.
At the partnership level, most associations with inconsistent condom use remained in multivariable analysis. The associations with anal sex and number of sex acts were attenuated.
There was no longer statistical evidence of an association for those in definite concurrent
partnerships or age difference (Table 2). The scaled Brier score of individual factors was
10.5%, and the explained variance of a model with only participant characteristics was
50.9%.
Casual partnerships Of the individual participant characteristics, age was the only
variable for which there was strong statistical evidence of an association with inconsistent
condom use in univariable analysis. There was strong statistical evidence of associations
between all partnership factors, except concurrency, and inconsistent condom use (Table
3). In multivariable analysis, the association with age of the individual was attenuated
(p = 0.097), but the trend was the same, with an increase in the adjusted OR (aOR) for
inconsistent condom use for those aged 16 to 22. Low education increased the risk of
inconsistent condom use (aOR 1.33; 95% CI 1.09-1.62). The likelihood of inconsistent
condom use decreased when the number of partners of the individual participant increased
from one to five, while from five partners onwards the aOR remained constant (overall
effect p = 0.020). All associations between partnership characteristics and inconsistent
condom use remained. The strength of association with age difference was attenuated but
inconsistent condom use was still less likely when the partner was much older (p = 0.022)
(Table 3).
Within a casual partnership, men were generally older than women; median age difference
reported by men was 2 (IQR 0 to 5) years, while the age difference reported by women was
-1 (IQR -4 to 1) year (p < 0.001), but the effect of age difference on inconsistent condom
use did not differ significantly for men and women. Concordant ethnicity was associated
with inconsistent condom use (aOR 1.33; 95% CI 1.14-1.56). Inconsistent condom use
was also more common in longer partnerships (p = 0.003). A higher number of sex acts
in the preceding year, anal sex, and sex-related drug use were associated with inconsistent
condom use (p < 0.001) (Table 3). Inconsistent condom use was more often practised
in casual partnerships that were still ongoing at the time of inclusion (aOR 1.42; 95%
CI 1.10-1.82), while consistent condom use was more often practised in partnerships that
started as concurrent partnerships (aOR 0.87; 95% CI 0.75-1.02). Individual level factors
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Table 2. Factors associated with inconsistent condom use in 2387 steady partnerships, among 1705 heterosexuals
attending the sexually transmitted infections outpatient clinic, Amsterdam, 2010
OR (95% CI)
Individual participant characteristics
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Interaction between ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Age in yearsa
20
25
30
35
40
Education
High
Low
No. of partners in the year preceding
study participationa
1
2
4
8
Characteristics of the partnership
Age difference in yearsa,b
-10
-5
0
5
10
Ethnic mixing
Discordant
Concordant
Duration of a partnership in daysa,c
1
[1,30]
[1,60]
[210,270]
Number of sex acts within a partnershipd
1-4
5-19
20-39
≥40
Anal sex
Sex-related drug usee
Partnership is ongoing at the time of inclusion
Concurrency of partnershipf
Definitely non-concurrent
Unknown
Definitely concurrent

2

p-value

aOR (95% CI)

p-value

0.940
1
1.01 (0.78-1.31)
0.290
1
1.14 (0.72-1.81)
0.76 (0.51-1.12)
0.012

*a
1.30
1.17
1
0.93
0.94

0.530
(0.91-1.84)
(0.94-1.45)
(0.77-1.13)
(0.72-1.23)

1
2.27
2.19
1.35
1.15
0.72
*a
1.41
1.14
1
0.95
1.01

(1.07-4.82)
(1.12-4.29)
(0.94-1.94)
(0.56-2.36)
(0.40-1.29)
0.370
(0.94-2.12)
(0.90-1.44)
(0.77-1.19)
(0.75-1.37)

0.002
1
1.57 (1.17-2.09)

<0.001
1
1.96 (1.38-2.78)

*a
1
0.95 (0.56-1.60)
0.79 (0.48-1.31)
0.72 (0.43-1.20)

0.540

*a
1
1.28 (0.73-2.25)
1.01 (0.58-1.76)
0.95 (0.53-1.68)

0.640

*a
1.47
1.01
1
1.00
0.80

0.007

*a
1.47
0.99
1
1.15
0.96

0.061

(0.89-4.45)
(0.70-1.46)
(0.72-1.38)
(0.54-1.19)

(0.84-2.57)
(0.68-1.45)
(0.79-1.69)
(0.60-1.54)

0.005
1
1.45
*a
1
1.94
2.36
4.20

(1.12-1.89)
<0.001
(1.30-2.92)
(1.60-3.46)
(2.79-6.30)

0.012
1
1.46
*a
1
2.20
2.35
3.20

(1.09-1.95)
<0.001
(1.45-3.36)
(1.56-3.53)
(2.04-5.02)

<0.001
1
1.31
1.93
4.88
2.57
1.83
1.21

(0.95-1.80)
(1.35-2.77)
(3.36-7.09)
(1.70-3.90)
(1.42-2.35)
(0.94-1.56)

1
1.73 (0.98-3.07)
1.43 (1.10-1.85)

<0.001
<0.001
0.140
0.015

<0.001
1
1.02
1.37
2.70
1.67
1.71
1.04

(0.72-1.44)
(0.93-2.01)
(1.76-4.15)
(1.09-2.57)
(1.30-2.26)
(0.79-1.37)

0.019
<0.001
0.800
0.550

1
1.30 (0.81-2.08)
1.03 (0.75-1.40)

OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio. NOTE. Missing data in duration, number of
sex acts, anal sex, drug use, ongoing partnership, and concurrency were imputed. a Continuous variables age, number
of partners, age difference, and duration are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th ,
75th , and 97.5th percentiles, example odds ratios are given; b Age of the partner subtracted from age of the participant;
c
Only the month and year of first and last sexual contact were known, causing uncertainty in partnership duration; d
In the preceding year; e Use of XTC, GHB, amphetamines, cocaine, poppers, or sildefanil prior to or during sex; f Only
the month and year of first and last sexual contact of partnerships were known. Concurrency could not be determined
accurately in every partnership.
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explained 15.4% of the variance and partnership factors explained 70.1%.
Sensitivity analysis In sensitivity analysis, aORs and confidence intervals compared to
those obtained after MI hardly changed. In complete case analysis, 710 steady partnerships and 1607 casual partnerships were included; inconsistent condom use was reported
in 83.0% and 67.1% respectively. Overall, confidence intervals became wider, but the
direction of the effects and the effect sizes did not change much from those based on MI
data sets. The results of complete case and sensitivity analysis are shown in Supplement
2.1.1.

Discussion
Among heterosexual STI clinic attendees in Amsterdam, we found that partnership factors were more important factors of inconsistent condom use than individual factors. The
strongest factors associated with inconsistent condom use in steady and casual partnerships were longer partnership duration, an increased number of sex acts with a partner
and practising anal sex. Inconsistent condom use was also more often reported in partnerships with concordant ethnicity and less often in casual partnerships in which the reported
partner was older.
The strengths of this study, conducted at the largest STI clinic in the Netherlands, are
the large number of partnerships described by participants and detailed information that
was collected. Information was available for up to four partners per participant and included many characteristics, enabling us to study partnership characteristics and mixing
by age and ethnicity. We regard the study population as a good reflection of the total
eligible clinic visitor population, as there were no age differences or differences in sexual
risk behavior and STI prevalence between participants and non-participants. Participants
were more often Dutch than non-participants, which was probably due to the fact that the
questionnaire was only available in Dutch and English. STI clinic visitors are, however, a
high-risk population so extrapolation of the results to the general heterosexual population
might not be possible.
We used a self-defined partnership definition (i.e. steady or casual) to allow participants
to subjectively determine partnership status. The advantage of using this subjective definition is that it is in accordance with the perception of the participants when deciding
to use condoms or not. On the other hand, not everyone uses the same definition, which
might introduce bias. For example, it is not inconceivable that women consider partnerships more often steady than men.
The most important study weakness was missing data, especially in variables measuring
duration and timing of partnerships. Missing data arose because questions about first and
last sex dates with each partner were not obligatory. To prevent introduction of bias we
used MI.22 Based on the results of diagnostic tests and sensitivity analyses, we are confi-
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Table 3. Factors associated with inconsistent condom use in 4014 casual partnerships, among 1707 heterosexuals
attending the sexually transmitted infections outpatient clinic, Amsterdam, 2010
OR (95% CI)
Individual participant characteristics
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in yearsa
20
25
30
35
40
Education
High
Low
No. of partners in the year preceding
study participationa
1
2
4
8
Characteristics of the partnership
Age difference in yearsa,b
-10
-5
0
5
10
Ethnic mixing
Discordant
Concordant
Duration of a partnership in daysa,c
1
[1,30]
[1,60]
[210,270]
Number of sex acts within a partnershipd
1-4
5-19
20-39
≥40
Anal sex
Sex-related drug usee
Partnership is ongoing at the time
of inclusion
Concurrency of partnershipf
Definitely non-concurrent
Unknown
Definitely concurrent

2

p-value

aOR (95% CI)

0.061
1
1.17 (0.99-1.37)

0.140
1
1.15 (0.95-1.39)

0.098
1
0.77
0.83
*a
1.08
1.08
1
0.90
0.79

p-value

(0.58-1.03)
(0.64-1.07)
0.003
(0.87-1.35)
(0.92-1.26)
(0.81-1.03)
(0.67-0.94)

0.320
1
0.79
1.02
*a
1.17
1.10
1
0.93
0.85

(0.58-1.08)
(0.78-1.34)
0.097
(0.92-1.48)
(0.94-1.28)
(0.81-1.07)
(0.69-1.04)

0260
1
1.11 (0.93-1.32)

0.005
1
1.33 (1.09-1.62)

*a
1
0.70 (0.45-1.09)
0.52 (0.27-1.03)
0.53 (0.29-0.98)

0.160

*a
1
0.77 (0.59-0.99)
0.65 (0.49-0.85)
0.66 (0.48-0.89)

0.020

*a
0.80
0.80
1
0.94
0.77

<0.001

*a
0.72
0.75
1
1.00
0.89

0.18

(0.64-1.01)
(0.66-0.96)
(0.79-1.13)
(0.61-0.97)

(0.57-0.91)
(0.62-0.91)
(0.81-1.24)
(0.68-1.18)

<0.001
1
1.40 (1.21-1.61)
*a
1
1.67 (1.40-2.00)
1.70 (1.46-1.98)
1.76 (1.48-2.09)
<0.001
1
2.14 (1.78-2.57)
3.19 (2.18-4.66)
3.95 (2.25-6.95)
2.53 (1.79-3.58)
1.60 (1.40-1.86)
1.99 (1.59-2.49)
1
0.81 (0.67-0.98)
0.89 (0.78-1.02)

<0.001

<0.001
<0.001
<0.001
0.069

<0.001
1
1.33 (1.14-1.56)
*a
1
0.90 (0.50-1.61)
1.06 (0.69-1.61)
1.38 (1.10-1.72)
<0.001
1
1.78 (1.46-2.17)
2.65 (1.78-3.95)
2.78 (1.55-4.99)
2.12 (1.48-3.05)
1.56 (1.33-1.81)
1.42 (1.10-1.82)

0.040

<0.001
<0.001
0.007
0.027

1
0.77 (0.64-0.94)
0.87 (0.75-1.02)

OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio. NOTE. Missing data in duration, number of
sex acts, anal sex, drug use, ongoing partnership, and concurrency were imputed. a Continuous variables age, number
of partners, age difference, and duration are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th ,
75th , and 97.5th percentiles, example odds ratios are given; b Age of the partner subtracted from age of the participant;
c
Only the month and year of first and last sexual contact were known, causing uncertainty in partnership duration; d
In the preceding year; e Use of XTC, GHB, amphetamines, cocaine, poppers, or sildefanil prior to or during sex; f Only
the month and year of first and last sexual contact of partnerships were known. Concurrency could not be determined
accurately in every partnership.
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dent that MI did not introduce bias. The definition of the primary outcome, inconsistent
condom use, might be considered a limitation. In approximately 50% of the partnerships
with inconsistent condom use condoms were never used during sexual contact, while the
remaining 50% had not always used condoms. We used this definition because one unprotected sex act can be enough to transmit an STI. This definition has been used in
other studies23, 24 and provides insight into risk behaviour during the course of the partnership. Other studies examined condom use at first and/or last sex,3, 7, 25 which reduces
errors resulting from recall bias. Recall bias might have affected our analysis, because
questions were asked about self-reported behaviour in the year preceding participation
and about partners’ details which might have been forgotten. It is unknown to what
extent participants reported their partners’ characteristics accurately, especially in very
short partnerships.
We included the four most recent partnerships in the preceding year, while 46.5% of the
participants had more partners in the period than they described in detail, of whom 81.1%
had just one extra partner. This sampling strategy might cause bias, because information
of the other partnerships is missing and longer partnerships are more likely to be included
than shorter partnerships.7
To estimate the contribution of individual and partnership factors, we calculated scaled
Brier scores using the same data set that was used in model construction. This may lead
to overoptimism in model performance. However, the difference in explained variance
between individual level factors and partnership factors was very large and conclusions
will not be affected.
This study shows that stratification by partner type (i.e., steady or casual) was justified in
views of the strong associations with patterns of condom use, partnership duration, and
the number of sex acts. We found that within casual partnerships men were generally
older than women and that condom use in partnerships in which the partner was older was
less often inconsistent. This association was only found in casual partnerships and not
in steady partnership, suggesting that differences become less important when familiarity
between partners increases. This effect was already known for men9 and we found the
same effect for women.
Inconsistent condom use was more common in partnerships in which anal sex was practised. There might be various reasons for heterosexuals to have anal sex. It might be used
as strategy to preserve female virginity; it prevents unwanted pregnancy; and it might be
more adventurous and thus be a marker of risky behaviour. We also showed that in a
population that was predominantly Dutch, concordant ethnicity within a partnership was
associated with inconsistent condom use. This association has been shown for ethnic
minorities in Amsterdam, but not yet for Dutch individuals.23, 24 In the Netherlands, Surinamese and Antillean individuals have a higher chlamydia risk than Dutch individuals.12, 27
Ethnic mixing patterns might help to maintain differences in chlamydia prevalence, es43
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pecially because inconsistent condom use was more common in assortative partnerships.28

2

For future research, we suggest that ideally studies include both members of a partnership
to gain additional insights into social structures, e.g., mixing patterns by age and ethnic
group, which contribute to decision-making about condom use. Increased understanding
of individual and partnership factors associated with inconsistent condom use could contribute to more tailored and effective STI prevention campaigns to promote condom use.
In conclusion, we have shown that partnership factors, such as duration, the number of sex
acts, and mixing by age and ethnicity, are more important factors associated with inconsistent condom use than characteristics of the individual participants and are important
to consider when studying sexual risk behaviour in heterosexuals.
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Supplement 2.1.1. Partnership determinants of inconsistent condom
use among heterosexuals

2
Multiple imputations
Missing data for partnership duration (n=1539), concurrency (n=2071), drug use (n=7), anal sex
(n=5), number of sex acts (n=3), and ongoing partnership (n=2) were imputed using multivariable imputation by chained equations.1 The multivariable imputation prediction model included
all variables of the final model and variables cohabiting, and number of lifetime partners. Twenty
imputed data sets were created. To examine the plausibility of the imputed values, the observed
values were compared with the imputed values using several diagnostic tests. The final results
were compared with results from several scenario studies (sensitivity analysis) and with the results of complete case analysis. The results of the diagnostic tests, the scenario studies, and
the complete case analysis are shown in this supplement. A table is shown for every scenario.
Continuous variables (i.e., age, age difference, total number of partners in the preceding year,
and duration) are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th ,
and 97.5th percentiles. For these variables, only p-values are given. The effect of duration is also
shown graphically, because most missing values were observed within this variable. The definition
of the variables and the results of the final analysis are provided in the main document.

Comparison between observed and imputed values
In this section, we examine whether the imputed values for duration of the partnership are plausible by comparing the observed and the imputed values. There is a slight difference between the
observed and imputed partnership duration (Figure S.1); lower values of duration are more likely
to be imputed than higher values. A plausible explanation is that the probability that duration
is missing is larger for casual partnerships compared to steady partnerships; 1075 (69.9%) of the
1539 missing values were within casual partnerships. The distributions of observed and imputed
data conditional on the propensity score conform well (Figure S.2). We also show the distributions of the residuals in the observed and imputed data (Figure S.3); the amount of overlap
between the two distributions is large, suggesting that the spread of imputations is appropriate.
These plots provide evidence that imputations are valid.

1

Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med. 1989;8:551-61.
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Figure S.1. Observed and imputed values of partnership duration in days.

Figure S.2. The distributions of observed and
imputed data observed conditional on the propensity
score.
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Figure S.3. The distributions of the residuals
in the observed and imputed data.

CHAPTER 2

Scenario 1. Sensitivity analysis, missing duration of partnerships set to 1 day
Table S.1. Associations between inconsistent condom use and covariates in steady and casual partnerships resulting from multivariable sensitivity analysis in which all missing values in duration were set to 1 day, among 6401
partnerships reported by 2144 heterosexual STI clinic attendees, Amsterdam, the Netherlands, 2010
Steady partnerships
(n=2387)
aOR (95% CI)
Participant characteristics
Interaction ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in years
Education
High
Low
No. of partners in the year preceding
study participation
Characteristics of the partnership
Age difference in years
Ethnic mixing
Discordant
Concordant
Duration of a partnership in days
Number of sex acts within a partnership
in the preceding year
1-4
5-19
20-39
≥40
Anal sex
No
Yes
Sex-related drug use
No
Yes
Partnership ongoing at the time of inclusion
No
Yes
Concurreny of partnership
Definitely non-concurrent
Unknown
Definitely concurrent

p-value

Casual partnerships
(n=4014)
aOR (95% CI)

p-value

0.013
1
2.36
2.14
1.33
1.03
0.72

(1.08-5.17)
(1.10-4.17)
(0.92-1.92)
(0.52-2.04)
(0.40-1.30)
0.180
1
1.14 (0.94-1.38)
0.330
1.00
0.80 (0.58-1.10)
1.06 (0.80-1.39)

a

0.490
<0.001

1
1.96 (1.39-2.78)
a
a

0.680

a

0.017

0.059
0.005

a

0.024
<0.001

1
1.35 (1.16-1.58)
<0.001

a,c

<0.001
1
1.10 (0.77-1.56)
1.51 (1.02-2.23)
2.87 (1.86-4.42)

0.013
<0.001

1
1.81 (1.49-2.20)
2.72 (1.84-4.02)
2.96 (1.64-5.34)
0.018

1
1.68 (1.09-2.59)

<0.001
1
2.15 (1.50-3.08)

<0.001
1
1.63 (1.25-2.14)

<0.001
1
1.50 (1.29-1.75)

0.800
1
1.04 (0.79-1.36)

0.020
1
1.36 (1.05-1.77)

0.310
1
0.96 (0.64-1.43)
0.79 (0.59-1.07)

0.170
0.004

1
1.34 (1.10-1.64)

1
1.52 (1.14-2.04)
a,b

a

0.150
1
0.97 (0.81-1.16)
0.87 (0.75-1.00)

a

Continuous variables are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th , and 97.5th
percentiles; b The assocation between inconsistent condom use and duration in steady partnerships is shown in Figure
S.4; c The assocation between inconsistent condom use and duration in casual partnerships is shown in Figure S.5.
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Scenario 2. Sensitivity analysis, missing duration of partnerships set to 365 days
Table S.2. Associations between inconsistent condom use and covariates in steady and casual partnerships resulting
from multivariable sensitivity analysis in which all missing values in duration were set to 365 days, among 6401
partnerships reported by 2144 heterosexual STI clinic attendees, Amsterdam, the Netherlands, 2010
Steady partnerships
(n=2387)
aOR (95% CI)

2
Participant characteristics
Interaction ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in years
Education
High
Low
No. of partners in the year preceding
study participation
Characteristics of the partnership
Age difference in years
Ethnic mixing
Discordant
Concordant
Duration of a partnership in days
Number of sex acts within a partnership
in the preceding year
1-4
5-19
20-39
≥40
Anal sex
No
Yes
Sex-related drug use
No
Yes
Partnership ongoing at the time of inclusion
No
Yes
Concurreny of partnership
Definitely non-concurrent
Unknown
Definitely concurrent

p-value

Casual partnerships
(n=4014)
aOR (95% CI)

p-value

0.019
1
2.24
2.12
1.36
1.04
0.74

(1.02-4.94)
(1.08-4.14)
(0.95-1.95)
(0.53-2.05)
(0.41-1.35)
0.140
1
1.15 (0.95-1.39)
0.350
1.00
0.80 (0.58-1.10)
1.03 (0.78-1.35)

a

0.530
<0.001

1
1.88 (1.33-2.64)
a

a

0.750

a

0.015

0.048
0.007

a

0.028
<0.001

1
1.35 (1.16-1.58)
<0.001

a,c

<0.001
1
1.20 (0.84-1.70)
1.70 (1.16-2.49)
3.47 (2.28-5.29)

0.052
<0.001

1
1.85 (1.52-2.24)
2.83 (1.92-4.17)
3.09 (1.71-5.56)
0.013

1
1.74 (1.12-2.70)

<0.001
1
2.16 (1.51-3.10)

<0.001
1
1.65 (1.26-2.17)

<0.001
1
1.52 (1.31-1.78)

0.570
1
1.08 (0.83-1.40)

0.013
1
1.40 (1.07-1.82)

0.310
1
0.98 (0.59-1.61)
0.85 (0.62-1.16)

0.150
0.006

1
1.33 (1.09-1.62)

1
1.50 (1.11-2.01)
a,b

a

0.150
1
0.97 (0.77-1.22)
0.87 (0.74-1.04)

a
Continuous variables are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th , and 97.5th
percentiles; b The assocation between inconsistent condom use and duration in steady partnerships is shown in Figure
S.6; c The assocation between inconsistent condom use and duration in casual partnerships is shown in Figure S.7.
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Scenario 3. Sensitivity analysis, missing concurrency of partnership set to ’definitely not concurrent’
Table S.3. Associations between inconsistent condom use and covariates in steady and casual partnerships resulting
from multivariable sensitivity analysis in which all missing values in concurrency were set to ’definitely non-concurrent’,
among 6401 partnerships reported by 2144 heterosexual STI clinic attendees, Amsterdam, the Netherlands, 2010

2
Steady partnerships
(n=2387)
aOR (95% CI)
Participant characteristics
Interaction ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in years
Education
High
Low
No. of partners in the year preceding
study participation
Characteristics of the partnership
Age difference in years
Ethnic mixing
Discordant
Concordant
Duration of a partnership in days
Number of sex acts within a partnership
in the preceding year
1-4
5-19
20-39
≥40
Anal sex
No
Yes
Sex-related drug use
No
Yes
Partnership ongoing at the time of inclusion
No
Yes
Concurreny of partnership
Definitely non-concurrent
Unknown
Definitely concurrent

p-value

Casual partnerships
(n=4014)
aOR (95% CI)

p-value

0.010
1
2.40
2.20
1.35
1.04
0.71

(1.08-5.33)
(1.12-4.34)
(0.93-1.94)
(0.53-2.06)
(0.39-1.28)
0.150
1
1.15 (0.95-1.39)
0.340
1.00
0.80 (0.58-1.10)
1.04 (0.79-1.37)

a

0.490
<0.001

1
1.93 (1.37-2.72)

a

0.130
0.005

1
1.33 (1.09-1.63)

a

0.720

a

0.019

a

0.071
0.005

a

0.025
<0.001

1
1.53 (1.14-2.06)
a,b

1
1.35 (1.16-1.57)
<0.001

a,c

<0.001
1
1.12 (0.79-1.60)
1.49 (1.01-2.19)
2.85 (1.85-4.40)

<0.001
1
1.84 (1.52-2.24)
2.77 (1.87-4.09)
2.96 (1.64-5.34)

0.013
1
1.65 (1.85-4.40)

<0.001
1
2.13 (1.49-3.06)

<0.001
1
1.70 (1.29-2.23)

<0.001
1
1.52 (1.30-1.77)

0.570
1
1.04 (0.79-1.36)

0.013
1
1.48 (1.15-1.91)

0.310
1
0.93 (0.60-1.42)
0.76 (0.56-1.02)

0.076

0.150
1
0.98 (0.81-1.18)
0.91 (0.79-1.05)

a
Continuous variables are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th , and 97.5th
percentiles; b The assocation between inconsistent condom use and duration in steady partnerships is shown in Figure
S.8; c The assocation between inconsistent condom use and duration in casual partnerships is shown in Figure S.9.
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Scenario 4. Sensitivity analysis, missing concurrency of partnership set to ’definitely concurrent’
Table S.4. Associations between inconsistent condom use and covariates in steady and casual partnerships resulting
from multivariable sensitivity analysis in which all missing values in concurrency were set to ’definitely concurrent’,
among 6401 partnerships reported by 2144 heterosexual STI clinic attendees, Amsterdam, the Netherlands, 2010

2
Steady partnerships
(n=2387)
aOR (95% CI)
Participant characteristics
Interaction ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in years
Education
High
Low
No. of partners in the year preceding
study participation
Characteristics of the partnership
Age difference in years
Ethnic mixing
Discordant
Concordant
Duration of a partnership in days
Number of sex acts within a partnership
in the preceding year
1-4
5-19
20-39
≥40
Anal sex
No
Yes
Sex-related drug use
No
Yes
Partnership ongoing at the time of inclusion
No
Yes
Concurreny of partnership
Definitely non-concurrent
Unknown
Definitely concurrent

p-value

Casual partnerships
(n=4014)
aOR (95% CI)

p-value

0.015
1
2.41
2.13
1.32
1.03
0.73

(1.08-5.42)
(1.09-4.17)
(0.91-1.90)
(0.52-2.03)
(0.40-1.30)
0.160
1
1.15 (0.95-1.38)
0.340
1.00
0.80 (0.58-1.10)
1.04 (0.79-1.36)

a

0.530
<0.001

1
1.96 (1.39-2.75)

a

0.130
0.005

1
1.33 (1.09-1.63)

a

0.740

a

0.018

a

0.071
0.006

a

0.022
<0.001

1
1.51 (1.13-2.02)
a,b

1
1.35 (1.15-1.57)
<0.001

a,c

<0.001
1
1.08 (0.77-1.53)
1.46 (1.00-2.14)
2.94 (1.91-4.51)

<0.001
1
1.83 (1.51-2.23)
2.79 (1.89-4.11)
2.97 (1.65-5.35)

0.014
1
1.71 (1.11-2.64)

<0.001
1
2.12 (1.48-3.03)

<0.001
1
1.67 (1.28-2.19)

<0.001
1
1.53 (1.31-1.78)

0.970
1
1.00 (0.76-1.30)

0.007
1
1.41 (1.10-1.81)

0.130
1
0.69 (0.47-1.03)
0.80 (0.59-1.07)

0.015

0.130
1
0.91 (0.75-1.10)
0.86 (0.74-0.99)

a
Continuous variables are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th , and 97.5th
percentiles; b The assocation between inconsistent condom use and duration in steady partnerships is shown in Figure
S.10; c The assocation between inconsistent condom use and duration in casual partnerships is shown in Figure S.11.
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Figure S.4. Association between inconsistent condom use
and duration of the partnership in steady partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 1 in which all
missing values duration were set to 1 day.

Figure S.5. Association between inconsistent condom use and
duration of the partnership in casual partnerships modelled as
restricted cubic spline with knots on the 2.5th , 25th , 50th , 75th ,
and 97.5th percentiles resulting from multivariable sensitivity
analysis scenario 1 in which all missing values duration were
set to 1 day.

Figure S.6. Association between inconsistent condom use
and duration of the partnership in steady partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 2 in which all
missing values duration were set to 365 days.

Figure S.7. Association between inconsistent condom use and
duration of the partnership in casual partnerships modelled as
restricted cubic spline with knots on the 2.5th , 25th , 50th , 75th ,
and 97.5th percentiles resulting from multivariable sensitivity
analysis scenario 2 in which all missing values duration were
set to 365 days.
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Figure S.8. Association between inconsistent condom use
and duration of the partnership in steady partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 3 in which all
missing values in concurrency were set to ’definitely not
concurrent’.

Figure S.9. Association between inconsistent condom use
and duration of the partnership in casual partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 3 in which all
missing values in concurrency were set to ’definitely not
concurrent’.

Figure S.10. Association between inconsistent condom use
and duration of the partnership in steady partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 4 in which all
missing values in concurrency were set to ’definitely
concurrent’.

Figure S.11. Association between inconsistent condom use
and duration of the partnership in casual partnerships
modelled as restricted cubic spline with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles resulting from
multivariable sensitivity analysis scenario 4 in which all
missing values in concurrency were set to ’definitely
concurrent’.
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Complete case analysis
Table S.5. Associations between inconsistent condom use and covariates in steady and casual partnerships resulting from multivariable complete case analysis among 2317 partnerships reported by 1077 heterosexual STI clinic
attendees, Amsterdam, the Netherlands, 2010
Steady partnerships
(n=710)
aOR (95% CI)
Participant characteristics
Interaction ethnicity and gender
Dutch males
Surinamese/Antillean males
Other males
Dutch females
Surinamese/Antillean females
Other females
Gender
Male
Female
Ethnicity
Dutch
Surinamese/Antillean
Other
Age in years
Education
High
Low
No. of partners in the year preceding
study participation
Characteristics of the partnership
Age difference in years
Ethnic mixing
Discordant
Concordant
Duration of a partnership in days
Number of sex acts within a partnership
in the preceding year
1-4
5-19
20-39
≥40
Anal sex
No
Yes
Sex-related drug use
No
Yes
Partnership ongoing at the time of inclusion
No
Yes
Concurreny of partnership
Definitely non-concurrent
Unknown
Definitely concurrent

p-value

Casual partnerships
(n=1607)
aOR (95% CI)

2
p-value

0.088
1
9.91
4.12
1.87
1.25
2.07

(0.97-123.14)
(0.97-17.46)
(1.07-3.27)
(0.37-4.18)
(0.66-6.52)
0.110
1
1.25 (0.95-1.66)
0.110
1.00
0.65 (0.37-1.14)
1.37 (0.85-2.21)

a

0.700
0.029

1
2.09 (1.08-4.05)
a

a

0.540

a

0.051

0.310
0.085

a

0.860
0.021

1
1.32 (1.04-1.67)
0.120

a,c

0.017
1
1.48 (0.79-2.77)
2.86 (1.32-6.23)
3.15 (1.37-7.23)

0.460
<0.001

1
1.67 (1.22-2.29)
3.05 (1.48-6.30)
7.49 (1.39-40.26)
<0.001

1
4.37 (1.76-10.84)

0.010
1
2.26 (1.22-4.19)

0.240
1
1.32 (0.83-2.10)

0.003
1
1.48 (1.14-1.91)

0.100
1
0.68 (0.43-1.08)

0.270
1
1.27 (0.83-1.95)

0.220
1
1.13 (0.55-2.96)
0.63 (0.35-1.12)

0.54
0.084

1
1.33 (0.96-1.83)

1
1.53 (0.94-2.48)
a,b

a

0.590
1
1.02 (0.76-1.36)
0.90 (0.70-1.14)

a
Continuous variables are modelled as restricted cubic splines with nodes on the 2.5th , 25th , 50th , 75th , and 97.5th
percentiles; b The assocation between inconsistent condom use and duration in steady partnerships is shown in Figure
S.12; c The assocation between inconsistent condom use and duration in casual partnerships is shown in Figure S.13.
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Figure S.12. Association between inconsistent condom
use and duration of the partnership in steady partnerships
modelled as restricted cubic spline with knots on the
2.5th , 25th , 50th , 75th , and 97.5th percentiles resulting
from multivariable complete case analysis.
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Figure S.13. Association between inconsistent condom
use and duration of the partnership in casual partnerships
modelled as restricted cubic spline with knots on the
2.5th , 25th , 50th , 75th , and 97.5th percentiles resulting
from multivariable complete case analysis.
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Higher Chlamydia trachomatis prevalence in ethnic
minorities does not always reflect higher sexual risk
behaviour
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Abstract

2

Background In affluent countries, the prevalence of Chlamydia trachomatis is often
higher in certain ethnic minorities than in the majority population. In the Netherlands, we
examined why C. trachomatis prevalence is higher in Surinamese/Antilleans, the largest
minority in the country.
Methods Heterosexuals were recruited for a cross-sectional survey from May through
August 2010 at the sexually transmitted infections (STI) clinic in Amsterdam. Participants completed a questionnaire and were tested for STI. A causal directed acyclic graph
was assumed to investigate whether the association between ethnicity and CT could be
explained by differences in sexual risk behaviour and socio-economic status.
Results Subjects included 1044 with Dutch background and 335 with Surinamese/Antillean background. Median age for the combined population was 25 (IQR 22-30) years,
and 55.4% was female. Sexual risk behaviour did not differ significantly between the two
groups. C. trachomatis was diagnosed in 17.9% of Surinamese/Antilleans and in 11.4% of
Dutch. Surinamese/Antilleans were significantly more likely to have C. trachomatis (OR
1.70; 95% CI 1.21-2.38). The association between ethnicity and C. trachomatis infection
remained statistically significant after adjusting for sexual risk behaviour, age, sex, and
ethnic mixing (aOR 1.48; 95% CI 1.00-2.18), but not after adjusting for education and
neighbourhood, markers of socioeconomic status (aOR 1.08; 95% CI 0.71-1.64).
Conclusion The difference in C. trachomatis prevalence between the minority and majority groups was not explained by differences in sexual risk behaviour. The higher C. trachomatis prevalence found among Surinamese/Antilleans appeared to reflect their lower
educational level and neighbourhood, two markers of lower socio-economic status. We
hypothesise that the effect results from lower health-seeking behaviour.

Amy Matser, Nancy Luu, Ronald Geskus, Titia Heijman, Marlies Heiligenberg, Maaike van Veen,
Maarten Schim van der Loeff

Plos One. 2013; 8(6):e67287.
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Introduction
In affluent countries, sexually transmitted infections (STIs) are usually more prevalent
in certain ethnic minorities than in majority populations.17 In the United Kingdom, the
highest prevalence is seen among black Caribbean and African minorities;2, 3 in the United
States, it is found in the African-American population.4, 5 In the Netherlands, the largest
ethnic minorities are from Suriname or the former Dutch Antilles, Turkey, and Morocco.
Among heterosexuals in the Netherlands, the most common STI is Chlamydia trachomatis,
which is most prevalent in the Surinamese/Antillean population. Their high C. trachomatis prevalence has been found in several population-based studies and in data from STI
clinics.6–8 Whereas prevalence is around 11% in clinic attendees of Dutch background,
it is close to 18% in those of Surinamese and Antillean background.9 The challenge for
policy makers and health care workers is to reach this high-risk population and reduce C.
trachomatis prevalence in the total population.6, 10
Typically, C. trachomatis infection is primarily associated with sexual risk behaviours:
unprotected sexual contact, multiple sex partners, young age, and young age at first intercourse.11 Thus C. trachomatis prevalence may differ among ethnic groups because of
differences in sexual risk behaviour.3, 12 In some ethnic minorities, concurrent partnerships
and inconsistent condom use are common13–15 and might facilitate C. trachomatis spread.
Ethnic mixing patterns might be important as well. Most sexual partnerships are between
individuals with the same ethnic background,14 and these assortatively mixed partnerships
can assist STI spread within their subpopulation.4, 16 At the same time, disassortative or
between-population mixing is common, and such partnerships might form a bridge for STI
spread between populations.14, 15
The associations between C. trachomatis and sexual risk behaviours are usually present in
ethnic minorities but also in the majority population.17 It is therefore unknown whether
these determinants can actually explain a prevalence difference. In this study we try to
explain why C. trachomatis is more common among Surinamese/Antillean heterosexuals,
compared to Dutch heterosexuals, by quantifying effects on the basis of a causal directed
acyclic graph (DAG). As suggested by Fenton et al., different ethnic populations might
need different prevention interventions that are targeted and culturally competent.3 Unravelling the mechanisms that lead to differences in C. trachomatis prevalence among
ethnic populations might enable us to develop targeted intervention strategies adapted to
the needs of diverse groups.

Methods
Ethics statement Written informed consent was obtained from all participants. The
study was approved by the medical ethics committee of the Academic Medical Center in
Amsterdam.
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Study population and setting The study population was recruited from the STI outpatient clinic of the Public Health Service of Amsterdam, the Netherlands. This clinic
is the only STI outpatient clinic in the city and offers free and anonymous testing. Between May and August 2010, heterosexual clinic attendees were invited to participate in a
cross-sectional survey until approximately 1000 men and 1000 women were included. To
be eligible, they had to be at least 16 years old, visiting the clinic for a new consultation,
and able to understand written Dutch or English. Men who had had sex with men in the
preceding six months were excluded.
STI clinic procedures All attendees are routinely tested for urethral or vaginal C. trachomatis and Neisseria gonorrhoeae infections, using NAAT (Aptima Combo, Gen-Probe,
San Diego, CA USA). Depending on their sexual risk behaviour in the preceding 6 months,
attendees are further tested for the presence of anal C. trachomatis and N. gonorrhoeae
infections and pharyngeal N. gonorrhoeae infections. HIV testing is performed unless an
individual opts out,18 using a rapid immunoassay (Abbott Determine HIV 1/2; Abbott
Diagnostic Division, Hoofddorp, The Netherlands), an HIV Ag/Ab Combo confirmation
test (Axsym; Abbott Laboratories, Abbott Determine HIV 1/2; Abbott Diagnostics) and
line-immunoassay (Inno-Lia HIV I/II Score; Innogenetics, Ghent, Belgium).
Covariates Participants completed an online questionnaire. In general, each question
had to be answered before moving on to the next. However, questions could be skipped
in a few cases where we judged that pressing for detail could cause confusion or resistance. The questionnaire addressed sociodemographic characteristics, sexual behaviour
in general (e.g., number of sex partners in lifetime and in the preceding year), specific
sexual behaviour in self-defined steady or casual partnerships with up to four partners in
the preceding year, and partners’ demographics. Demographic and clinical information on
participants was also obtained from electronic patient records.
For this analysis, ethnicity was categorised as ’Dutch’ if the participant and both parents
were born in the Netherlands and as ’Surinamese/Antillean’ if the participant or one of
the parents was born in Suriname or the former Dutch Antilles. Education was categorised as lower (equivalent to elementary school, high school, or vocational training) and
higher (equivalent to college or university). Information derived from the 4 digits of the
Amsterdam postal code was used to determine the neighbourhood where the participant
lived. The questionnaire contained multiple questions about sexual contact within up
to 4 partnerships. Questions were asked per partnership. We asked whether the index
had vaginal sex within the partnership in the preceding year. If yes, we asked how often
they used condoms (options: never, seldom, sometimes, most of the times, or always).
The same questions were asked for anal sex. We summarised the information of the 4
partnerships and categorised sexual contact as follows: (1) neither vaginal nor anal sex
in the preceding year, (2) consistent condom use during vaginal and anal sex, (with all
partners) and (3) inconsistent or absent condom use during vaginal or anal sex (with at
least one partner).
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Regarding each reported sexual partner, the questionnaire asked the month and year of
first and last sexual contact. It did not ask for the exact day, as it seemed unlikely to
be remembered accurately. To calculate partnership duration, we posited that partnerships started and ended on the 15th day of the month, then subtracted the first date
of sexual contact from the last date. The average duration of the reported partnerships per individual was calculated by summing the duration of all partnerships he/she
reported and dividing the sum by the number of partnerships. Concurrency was categorised as (1) definitely non-concurrent, when there was at least one month between the
described partnerships, (2) unknown, when the month of first sex contact in one partnership was the same as the month of last sex contact in another partnership, (3) and
definitely concurrent, when at least one partnership overlapped more than one month
with another partnership. Sex-related drug use was defined as recreational use of cocaine,
3,4-methylendioxymethamfetamine (XTC), γ-hydroxybutyric acid (GHB), amphetamines,
sildefanil or other drugs shortly before or during sex with at least one partner in the
preceding year.
Multiple imputations Before information per participant was summarised, missing values were imputed per partnership. Missing data as to partnership duration (n = 927),
ethnicity of the partner (n = 8), condom use (n = 25), and drug use (n = 29) were
imputed using multivariable imputation by chained equations.19 The multivariable imputation prediction model included all variables of the final model plus the following:
cohabitation, number of sex acts in the preceding year, number of lifetime partners, STI
of the partner, and whether the partnership was ongoing. Twenty imputed data sets were
created. Multiple imputations were done using the MICE package of R.19, 20
Statistical analysis The main association studied was the association between ethnicity
and C. trachomatis diagnosis. We constructed a causal DAG in which to map the assumed pathways between ethnicity and C. trachomatis diagnosis (Figure 1). We assumed
three possible main routes, two direct and one indirect (i.e., through other variables). The
direct pathways are biological (i.e., susceptibility) and sexual risk behaviour (e.g., unprotected sex); the indirect pathway is mediated by socio-economic status. Age and gender
were assumed to be possible confounders of the association between sexual risk behaviour
and C. trachomatis infection, between socio-economic status and C. trachomatis, and
between ethnicity and C. trachomatis.
To capture sexual risk behaviour, we included the following covariates in multivariable
analysis: condom use, number of partners in the preceding year, average duration of
partnerships, and concurrency. Ethnic mixing was considered a possible confounder of
the association between sexual risk behaviour and C. trachomatis infection. We therefore
distinguished participants with only assortatively mixed partnerships from those with only
disassortatively mixed partnerships and those with both types.
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Figure 1. Causal directed acyclic graph. The direct and indirect pathways between ethnicity and chlamydia diagnosis
are shown. Three main routes were identified through which ethnicity could be associated with chlamydia: (1) a direct
biological route, (2) a direct route through sexual risk behaviour, and (3) an indirect route through socio-economic status.
Age and gender were identified as possible confounders of the association between ethnicity and chlamydia, sexual risk
behaviour and chlamydia, and socio-economic status and chlamydia. Ethnic mixing was assumed as a possible confounder
of the association between sexual risk behaviour and chlamydia.

Educational level and neighbourhood were also taken into account, because these two
covariates are markers of socio-economic status.21, 22 We performed univariable and multivariable logistic regression analysis for every imputed dataset and pooled the results.
Continuous variables (i.e., age, number of partners in the preceding year, and average
partnership duration) were modelled via restricted cubic splines with knots on the 2.5th ,
25th , 50th , 75th , and 97.5th percentiles. Data management was done using STATA Intercooled 11.2 (College Station, Texas, USA), and analysis was done using R.20

Results
During the study period, 5504 eligible individuals visited the STI clinic, of whom 2200
(40.0%) gave informed consent. No significant differences were found between the 2200
and the remainder in terms of gender, age, and number of sex partners in the preceding six months. To compare Dutch and Surinamese/Antillean individuals as to rate of
participation (i.e., giving consent), we used information about nationality (available on
clinic records), as ethnicity was unknown for persons not responding to our questionnaire. There were 4528 individuals with a Dutch nationality and 77 individuals with a
Surinamese/Antillean nationality. The percentages of individuals with a Surinamese/Antillean nationality did not differ significantly between those consenting (1.3%) and those
not consenting (2.0%).
Based on responses to the questionnaire, individuals of other than Dutch or Surinamese/Antillean ethnic background were excluded from the current analysis (n = 812);
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among these were 18 individuals with Moroccan ethnicity, 11 with Turkish ethnicity, and
29 of African ethnicity (these groups were too small for analysis). We also excluded individuals who did not report any partner or partnership characteristics (n = 13). In total,
1375 individuals were included in the analysis: 1040 individuals had a Dutch ethnicity and
335 individuals had a Surinamese/Antillean ethnicity.

2
The median age of the 1375 individuals was 25 (IQR 22-30) years, and 55.4% of the
participants was female (Table 1). A lower educational level was more common among
Surinamese/Antilleans than among Dutch (63.6% vs. 23.5%; (p < 0.001). Mixing by
ethnic background was common in both groups, with 51.8% of the combined population
reporting at least one disassortative partnership. Concurrent partnerships were common
in both groups. Dutch participants were more likely than Surinamese/Antilleans to have
used drugs prior to or during sexual contact (18.2% vs. 6.6%; p < 0.001). There were
no significant differences regarding number of partners or consistent condom use. Over
all, 11% were notified by a partner for a possible infection. For Surinamese/Antillean
individuals, symptoms were more often the reason to visit the STI clinic: 42.7% versus
31.7% of the Dutch (p < 0.001). C. trachomatis was diagnosed in 17.9% of the Surinamese/Antilleans and in 11.4% of the Dutch (p = 0.002) (Table 1).
In univariable analysis, the odds ratio (OR) for C. trachomatis diagnosis was 1.70 (95%
CI 1.21-2.39) for Surinamese/Antilleans compared to Dutch participants (Table 2). In
multivariable analysis, we adjusted the association between ethnicity and C. trachomatis
for the covariates assumed in the DAG (Figure 1). The association remained statistically
significant after adjusting for the possible confounding effects of age and gender. Sexual
risk behaviour could not fully explain the association between ethnicity and C. trachomatis,
as the adjusted OR of Surinamese/Antillean ethnicity remained significantly increased
after adjusting for number and duration of partnerships, consistent condom use during
sexual contact in the preceding year, concurrency, and ethnic mixing (OR 1.48; 95% CI
1.00-2.18). The increased OR was best explained by low education and neighbourhood,
which are markers of socio-economic status. After adjusting for these two markers and
the possible confounders, the OR for Surinamese/Antilleans decreased to 1.08 (95% CI
0.71-1.64) and was no longer statistically significant.

Discussion
Among visitors of the STI outpatient clinic in Amsterdam, the Netherlands, C. trachomatis
was more often diagnosed in those with Surinamese/Antillean background than those with
Dutch background. Differences in age, gender and sexual behaviour between the ethnic
groups could not explain the higher prevalence among Surinamese/Antilleans; however,
it appeared to be explained by differences in education and neighbourhood, both markers
for socio-economic status.
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Table 1. Characteristics, by ethnic background, of heterosexual individuals attending the sexually transmitted infections outpatient clinic, Amsterdam, the Netherlands, in 2010

Demographics
Female gender
Median age in years (IQR)
Socio-economic status
Education
Higher
Lower
Neighbourhood
A (Centrum)
B (Zuidoost)
C (Oost-Watergraafsmeer)
D (Oud-Zuid)
Other in Amsterdam
Outside Amsterdam
Lifetime sexual behaviour
Median number of lifetime partners (IQR)
Sexual behaviour in the preceding year
Median number of partners (IQR)
Consistent condom use
Sex-related drug use with at least 1 partnera
Average partnership duration in days (IQR)
Concurrent partnerships
No
Unknownb
Yes
Ethnic mixing
Assortative only
Assortative & disassortative
Disassortative only
Sexually transmitted infection
Notified by partner as reason to visit the STI clinic
Symptoms as reasons to visit the STI clinic
Chlamydia diagnosis
Gonorrhoea diagnosis
HIV-infected

2

Total
population

Dutch
participants

Surinamese/
Antillean
participants

p-value

761 (55.4%)
25 (22-30)

593 (57.0%)
25 (22-30)

168 (50.2%)
25 (22-31)

0.033
0.643

918 (66.8%)
457 (33.2%)

796 (76.5%)
244 (23.5%)

122 (36.4%)
213 (63.6%)

158
124
107
136
540
309

144 (13.9%)
21 (2.0%)
85 (8.2%)
130 (12.5%)
412 (39.7%)
247 (23.8%)

14 (4.2%)
103 (30.8%)
22 (6.6%)
6 (1.8%)
128 (38.2%)
62 (18.5%)

13 (6-21)

13 (7-21)

12 (5-25)

0.618

4 (2-6)
80 (5.8%)
211 (15.4%)
94 (19-307)

4 (2-6)
56 (5.4%)
189 (18.2%)
95 (24-297)

4 (2-6)
24 (7.3%)
22 (6.6%)
89 (1-379)

0.096
0.305
<0.001
0.247
0.815

414 (30.1%)
117 (8.5%)
844 (61.4%)

311 (29.9%)
91 (8.8%)
638 (61.4%)

103 (30.8%)
26 (7.8%)
206 (61.5%)

663 (48.2%)
451 (32.8%)
261 (19.0%)

559 (53.8%)
360 (34.6%)
121 (11.6%)

104 (31.0%)
91 (27.2%)
140 (41.8%)

151 (11.0%)
473 (34.4%)
178 (13.0%)
32 (2.3%)
1

110 (10.6%)
330 (31.7%)
118 (11.4%)
8 (0.8%)
0

41 (12.2%)
143 (42.7%)
60 (17.9%)
24 (7.2%)
1

<0.001

<0.001
(11.5%)
(9.0%)
(7.8%)
(9.9%)
(39.3%)
(22.5%)

<0.001

0.456
<0.001
0.002
<0.001
*

IQR = interquartile range; STI = sexually transmitted infection; HIV = human immunodeficiency virus. a Recreational
use of XTC, GHB, speed, cocaine, poppers, or sildefanil prior to or during sex; b Concurrency could not be established
when partnerships started in the same month as in which previous partnership ended.

One of the strengths of this study, conducted at the largest STI clinic in the Netherlands,
is the large number of participants who provided detailed information about their risk
behaviour in the preceding year. This enabled us to correct for the most important covariates that might affect the association between C. trachomatis infection and ethnicity,
by adjusting for the covariates themselves, or by adjusting for proxies of the identified
factors. We regard the study population as a good reflection of the clinic visitor population, as neither demographics nor STI prevalence differed between study participants
and non-participants. A study weakness was that recall bias might have affected our
analysis, because questions were asked about behaviour in the year preceding participation and about details of partners and partnerships, that might have been forgotten. It
is unknown how accurately participants reported their partners’ characteristics. Another
study weakness was the amount of missing data, especially in variables measuring dura64
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tion and timing of partnerships. The questionnaire was structured to avoid pressure that
might tax the memory or the patience of respondees, evoking wild guesses or facetious
answers. Regarding the first and last sex date with each reported partner, we asked only
year and month, but not the day. Furthermore, questions on first and last date could be
skipped, whereas all other questions had to be answered before moving on to the next.
To minimize introduction of bias we used multiple imputation.
Extrapolation of our results to the general sexually active population must be performed
with caution, because participants were recruited at an STI outpatient clinic, and their
sexual risk behaviour might differ from the behaviour of the general population. The
study captured 0.8% of the Dutch and 1.1% of the Surinamese/Antillean population in
Amsterdam in the age-group 25-35 years.
In the DAG, we assumed three possible factors that could lead to a higher prevalence
of C. trachomatis in the Surinamese/Antillean population: higher sexual risk behaviour,
a conducive biological mechanism, and lower socio-economic status. Differences in sexual risk behaviour could not fully explain the higher prevalence of C. trachomatis among
Surinamese/Antilleans, as ethnicity was still significantly associated with C. trachomatis
infection after adjusting for a range of relevant sexual risk behaviour variables. Because
the association between C. trachomatis infection and ethnicity became very weak in multivariable analysis, there is little evidence for a biological link between C. trachomatis
infection and ethnicity. Differences in education and neighbourhood could better explain
the difference in C. trachomatis prevalence. There was no longer statistical evidence of an
association between ethnicity and C. trachomatis infection after adjusting for educational
level and neighbourhood.
This study suggests that the higher C. trachomatis prevalence found among Surinamese/Antillean individuals in STI clinic-based studies is not caused only by higher sexual
risk behaviour, but that it is mainly explained by low education and living in certain
neighbourhoods, two markers of socio-economic status. Because health care insurance is
obligatory for every Dutch resident and general practitioners are situated in every neighbourhood, health care access is comparable for all individuals and cannot explain why
individuals of certain ethnic minority populations or in certain neighbourhoods are more
often diagnosed with C. trachomatis. We hypothesize that lower socio-economic status
leads to an increased C. trachomatis prevalence through lower health-seeking behaviour.
In general, lower socio-economic status or low education can act as barriers to seeking
medical help.23–25 In some ethnic minorities, health-seeking behaviour might be further
reduced by confidentiality issues and stigma.25–27 The intertwined relationship between
ethnicity and socioeconomic status regarding C. trachomatis infection has been described
before, but the final conclusion about the importance of both covariates differed among
the studies reviewed.11 In a population-based C. trachomatis screening project in the
Netherlands, it was found that C. trachomatis infection was associated with non-Dutch
ethnicity and low socio-economic status.28 It was also found that the screening rate was
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Table 2. The association between chlamydia diagnosis and ethnicity estimated by logistic regression analysis among
heterosexual participants attending the sexually transmitted infections outpatient clinic, Amsterdam, the Netherlands, in 2010

Univariate
Adjusted for age and gendera
Adjusted for age, gender and sexual risk behavioura,b,c
Adjusted for age, gender, education and neighbourhooda,d
Adjusted for age, gender, sexual risk behaviour,
ethnic mixing, education and neighbourhood a,b,c,d

2

OR (95% CI)
1.70 (1.21-2.39)
1.64 (1.16-2.31)
1.48 (1.00-2.18)
1.08 (0.71-1.64)

P-value
0.002
0.005
0.050
0.730

0.97 (0.61-1.54)

0.910

a

OR = odds ratio; CI = confidence interval.
Continuous variables like age, number of partners in the preceding year,
and average partnership duration were modelled as a restricted cubic spline with knots on the 2.5th , 25th , 50th , 75th ,
th
b
and 97.5 percentiles; Sexual risk behaviour included the following covariates: number of partners in the preceding
year, average partnership duration, concurrency, inconsistent or absent condom use with a steady partner, inconsistent
or absent condom use with a casual partner, and ethnic mixing; c Log transformations were used to model the number
of partners in the preceding year and the average partnership duration; d Education and neighbourhood were used as
markers of socioeconomic status.

lower in subpopulations with higher C. trachomatis prevalence.6
Low health-seeking behaviour lowers the probability that a C. trachomatis infection is
detected and treated, thus leading to increased C. trachomatis prevalence in the Surinamese/Antillean population. On average, Surinamese/Antilleans are infectious for a
longer period of time than persons in the majority population. Individuals can therefore
infect more susceptibles, not because they have more partners but because they have more
time to do so. The prolonged infectious period in combination with assortative mixing
(reported by more than 50% of the Surinamese/Antilleans) supports the already higher
C. trachomatis prevalence in this population. Since the two study populations were alike
in number of partners per person, but the minority population is much smaller, its sexual
network must be more closely connected.
Because recruitment occurred at a health facility, we could not adjust for health-seeking
behaviour. We hypothesize that when health-seeking behaviour of a sub-population is
low, its percentage of symptomatic clinic visitors will be high, as individuals are less likely
to visit the clinic for routine screening. This is actually what we observed: 31.7% of Dutch
and 42.7% of Surinamese/Antilleans visited the clinic because they had STI-related symptoms, suggesting that the Dutch population was more likely to visit the clinic for routine
screening.
Mathematical models including ethnicity and population size of ethnic groups can provide
further insight into the mechanism by which ethnicity is associated with C. trachomatis
infection. To date, several models have been developed to assess the impact of populationbased C. trachomatis screening.29, 30 Unfortunately, they did not account for differences
in participation rates between majority and minority groups, even though they are known
to be lower in sub-populations with high C. trachomatis prevalence.6, 24, 28
A second issue to examine is travel behaviour of migrants, especially on trips to their
country of origin. Little is known about the prevalence of C. trachomatis in Suriname or
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the former Dutch Antilles. In a study of women in Suriname, the C. trachomatis prevalence ranged between 21% in an STI clinic and 9% in a more general medical setting.31
This suggests that C. trachomatis prevalence in the general population of Suriname exceeds prevalence in the majority population of the Netherlands. Approximately 60% of
the Surinamese/Antilleans living in the Netherlands travel periodically to the country of
origin, and 18.4% have a moderate or high risk to become infected abroad.32 This influx
of new infections combined with assortative mixing might contribute to an increased C.
trachomatis prevalence.
Further research in this and other ethnic groups is necessary, as mechanisms may differ
among various groups. This hypothesis is supported by findings in the United Kingdom.
The prevalence of risky sexual behaviour among black and white ethnic groups in the
UK was explained by age, sex, and marital status. There were no differences in risky
sexual behaviour between black and white ethnic groups after accounting for the explanatory variables. Among Indians and Pakistani, the prevalence of risky behaviour was lower
than what could have been expected based on age, sex, and marital status.33 In the
Netherlands, for example, the C. trachomatis prevalence in Turkish/Moroccan migrants
is lower than that of the majority population, but their socio-economic status is no higher
than that of the Surinamese/Antilleans. Among Turkish/Moroccans, lower sexual risk
behaviour or different mixing patterns, instead of socio-economic status, might explain
the difference in C. trachomatis prevalence. For the development of effective prevention
strategies, it is important to consider the mechanisms that explain C. trachomatis prevalence in different ethnic groups, because different mechanisms need different strategies.
More research is needed to increase our understanding of the mechanisms other than just
sexual risk behaviour that lead to increased STI prevalence in certain ethnic minorities.
Mixing patterns in and between neighbourhoods might be important, as is ethnic mixing,
and also the distance to clinics might play a role. Along with the existing strategies, it
might be effective to develop strategies on neighbourhood level and to conduct opportunistic screening through local general practitioners in certain neighbourhoods.
To conclude, we found that the prevalence among Surinamese/Antilleans is best explained
by education and neighbourhood, two markers of socio-economic status, and might be due
to lower health-seeking behaviour. We found no evidence for an independent association
between ethnicity and C. trachomatis diagnosis and no differences in sexual risk behaviour
between Dutch and Surinamese/Antillean individuals that can explain the difference in C.
trachomatis prevalence.
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who have sex with men in Amsterdam
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Abstract
Background The practice of unprotected anal intercourse (UAI) involves at least two
partners. We examined the associations between insertive or receptive UAI and perceived HIV seroconcordance and partnership type in self-perceived HIV-negative and selfperceived HIV-positive men who have sex with men (MSM).

3

Methods MSM (age ≥ 18 years) were recruited for a cross-sectional survey at the
sexually transmitted infections (STI) clinic in Amsterdam, the Netherlands, in 2008-2009.
Participants completed a questionnaire concerning partnerships in the preceding 6 months.
Associations were quantified via multinomial logistic regression models using generalized
estimating equations. The outcomes were no, or safe anal intercourse, insertive UAI, and
receptive UAI.
Results We included 6544 partnerships from 1916 self-perceived HIV-negative men and
1941 partnerships from 561 self-perceived HIV-positive men. Within the partnerships,
perceived HIV status of the partner was an important determinant of UAI (p<0.001).
Among HIV-negative men, perceived HIV discordance was negatively associated with
receptive UAI compared with no or safe UAI (OR 0.57; 95% CI 0.36-0.92); when the
partners were more familiar with each other, the risk of receptive UAI was increased relative
to no or safe anal intercourse. Among HIV-positive men, perceived HIV discordance was
negatively associated with insertive UAI (OR 0.05; 95% CI 0.03-0.08).
Conclusion Within partnerships, perceived HIV status of the partner was one of the
strongest determinants of UAI among self-perceived HIV-negative and HIV-positive MSM,
and discordant serostatus was negatively associated with UAI. The findings suggest that
serosorting is one of the main strategies when engaging in UAI.
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Introduction
Risk perception associated with sexual contact depends largely on the perceived HIV status of oneself and ones partner. Several studies have shown that men who have sex with
men (MSM) engage in seroadaptive behaviors to reduce the risk of acquiring or transmitting HIV during sexual contact.1 One of the main strategies is serosorting, which is
an approach that uses HIV status to choose sexual partners and sexual behaviour. This
involves partner selection and condom use based on HIV status, decision-making regarding
condom use, and risk reduction by having only either active or passive anal intercourse,
depending on HIV status in discordant couples (seropositioning). HIV-negative men are
generally thought to want to prevent acquisition of HIV, and therefore, they may perceive
receptive unprotected anal intercourse (RUAI) more risky than insertive unprotected anal
intercourse (IUAI).2, 3 In contrast, HIV-infected men might want to prevent onward transmission and, therefore, may perceive IUAI more risky than RUAI.
The success of strategies like serosorting in reducing HIV transmission depends on the
accuracy of a mans knowledge about his own and his sexual partners HIV status. It has
been shown that unprotected anal intercourse (UAI) is practiced more often in steady
partnerships than in casual known or anonymous ones;4, 5 intimacy in partnerships also
influences the decision to practice UAI.6, 7 When serosorting is practiced by MSM who
regularly get tested for HIV and who are able to communicate with their partner(s) about
HIV status, serosorting lowers their risk of acquiring HIV.8 However, even testing intervals
of 6 or 12 months mean that men may seroconvert in-between HIV tests and be HIVinfected for considerable time without being aware of it: also, the consecutive disclosure
of HIV positive status may be complex.9 This poses risks, especially for HIV-negative
MSM who decide to practice UAI based on presumed HIV concordance and not on explicit disclosure, which is known as seroguessing.10 Thus, several studies question the
effectiveness of serosorting in preventing HIV transmission.11, 12
The decision to practice UAI is made within a partnership and is not solely an individual
decision; it is based on the type of partnership and their mutual perception of risk. The
objective of this study was to examine the associations between partnership characteristics
(notably, perceived HIV seroconcordance and partnership type) and practicing UAI. We
examined whether a man’s own perceived HIV status and the perceived status of his
partner influenced risk reduction approaches in the context of UAI. In this research we
studied transmission related behaviors within partnerships of MSM.

Methods
Setting and participants The population for this cross-sectional study was recruited
from the (STI) outpatient clinic of the Amsterdam Public Health Service, the Netherlands. We recruited MSM, defined as men who reported sexual contact (not necessarily
anal intercourse) with men in the 6 months preceding the visit, between July 2, 2008,
and August 26, 2009. Recruitment was interrupted from October 24 to December 12,
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2008, and from May 8 to June 6, 2009, because of a biannual survey among STI clinic
visitors. MSM were eligible to participate if they were at least 18 years old and could
understand written Dutch or English. Written informed consent was obtained. The study
was approved by the medical ethics committee of the Academic Medical Center (AMC).

3

Procedures Participants underwent standard STI screening according to the clinic protocol, including testing for infection with chlamydia, gonorrhea, syphilis, HIV, hepatitis
B, and hepatitis C.13–16 Demographic characteristics were noted, and a detailed medical and sexual history, with questions about behavior and previous STI diagnoses, was
taken. Participants were asked to complete a questionnaire for the study, either computerassisted or on paper, while they were waiting for the preliminary test results, which were
available within 45 minutes. On the basis of the preliminary results of direct microscopy,
patients then received immediate treatment. Clients were allowed to participate in the
study more than once if they attended the clinic again for a new consultation. During the
first 2 months of the study period, questionnaires were available only in Dutch, restricting
the inclusion to Dutch speakers; from September 2008 onwards, English versions were
available.
Questionnaire The questionnaire included demographics and detailed questions about
sexual behavior in partnerships with a self-defined steady partner and the last three other
partners, either self-defined steady, known (i.e. other traceable partners), or anonymous
(i.e. non-traceable partners), in the 6 months preceding the clinic visit.14 We inquired
about the self-perceived HIV status of the index patient by asking ’Do you know whether
you are HIV-infected?’ Possible answers were: ’I am certain I am not HIV-infected’,
’I think that I am not HIV-infected’, ’I do not know’, ’I think I may be HIV-infected’,
or ’I know for sure that I am HIV-infected’. Special attention was given to partner
characteristics (e.g. number of partners, demographics, and partners’ STIs) and those
of the partnership (e.g. frequency of sexual contact, substance use before/during sexual
contact, sexual techniques, and the location where sexual contact occurred). We inquired
about the perceived HIV status of the sexual partner with five possible answers: ’I am sure
that he is not HIV-infected’, ’I think that he is not HIV-infected’, ’I do not know’, ’I think
he may be HIV-infected’, and ’I know that he is HIV-infected’. We also asked whether
the partner knew the HIV status of the index patient, with the answers ’No’, ’Possibly’, or
’Yes’. Partner and partnership characteristics were obtained from the index patients only;
we did not receive information from the partners themselves. Regarding partnerships,
we asked whether, within the preceding 6 months, the index patient had receptive anal
intercourse (AI) with a condom, insertive AI with a condom, RUAI, or IUAI. To determine
the subculture, we asked whether the participant characterized himself or his partners as
belonging to one or more of these subcultures/lifestyles: casual, formal, alternative, drag,
leather, military, sports, trendy, punk/skinhead, rubber/lycra, gothic, bear, jeans, skater,
or, if none of these characteristics applied, ’other’. No further explanation of these terms
was provided. This list was composed from information on the internet and the agendas
of bars, clubs, and parties. In the analysis, leather, rubber/lycra and jeans subcultures
76

CHAPTER 3

were categorized as ’high-risk’ and the other subcultures as ’low-risk’, because previous
analyses showed that sexual risk behavior was higher when MSM belonged to one of the
’high-risk’ subcultures.15
Statistical analysis To examine determinants of UAI, we performed two separate multinomial logistic regression analyses; one for self-perceived HIV-negative MSM and one for
self-perceived HIV-positive MSM. We assumed MSM who answered ’I am certainly HIVnegative’ or ’I think I am HIV-negative’ or MSM who were not aware of their status had
behaved in the preceding 6 months believing they were HIV-negative, whereas MSM who
answered ’I think I am HIV-infected’ or ’I am certain I am HIV-infected’ had behaved as if
they were HIV-infected. The categorical outcome variable had three levels: no UAI, (i.e.
no or safe anal intercourse), IUAI and RUAI. Multinomial logistic regression quantifies
effects as odds ratios (OR’s) relative to one of the outcome categories. If both OR’s for
a variable are in the same direction, say both are < 1, we know that the risk for the
respective categories is lower than for the reference category. However, if one OR is < 1
and the other is > 1, it may happen that the effect is mainly on the two non-reference
categories. Therefore, we show the effects for analyses with no UAI and IUAI as reference
outcomes for HIV-negative index cases and analyses with no UAI and RUAI as reference
outcomes for HIV-positive index cases. We used generalized estimating equations (GEE)
to account for clustering, i.e., multiple partnerships and multiple visits per participant. In
a sensitivity analysis, we examined whether the results remained the same when the group
who were not aware of their status were perceived as HIV-positive instead of HIV-negative.
In the analysis of self-perceived HIV-negative MSM, the outcome variable, AI, was categorized with respect to the risk of acquiring HIV from the partner in the following categories:
no UAI, IUAI, and RUAI. Partnerships were assigned to the second outcome category when
the highest reported risk behavior with respect to acquiring HIV was IUAI. Partnerships
were assigned to the third outcome category when the highest risk behavior was RUAI. In
partnerships with this outcome category, IUAI or safe AI might also have been practiced,
but this behavior was considered less risky for acquiring HIV.
The second analysis involved the partnerships of index patients who assumed they were
HIV-infected. In this analysis, the outcome variable was categorized differently, because
here we considered the risk of transmitting HIV from the index patient to his partner. AI
was categorized as no UAI, RUAI, or IUAI. Complete case analyses were performed, using
the R statistical program version 3.0.217 and the multgee package in R.18
Covariates Covariates were selected a priori. We selected age in years of the index patient and calculated age difference in years within a partnership. Ethnicity was categorized
as: concordant Dutch, when both members of a partnership were Dutch, concordant nonDutch, when both members had the same non-Dutch ethnic background, or discordant
when the ethnic background of both members differed. Subculture was categorized as:
having a high-risk lifestyle (i.e. leather, rubber/lycra or jeans) or not having a high-risk
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lifestyle.15 In the analyses, we combined the information of both members of a partnership that resulted in the following categories: neither of the members belonged to
a high-risk subculture, one of the two members belonged to a high-risk subculture, or
both members belonged to a high-risk subculture. We selected the variable ’number of
partners of the index patient in the preceding 6 months’ and whether the partner of the
index patient had other partners in the preceding 6 months (categorized as ’no’, ’yes’,
or ’possibly’). Furthermore, we selected HIV status of the partner as perceived by the
index patient (’positive’, ’negative’, ’unknown’), whether the partner was aware of the
HIV status of the index patient (’yes’, ’no’, ’unknown’), partnership type (’steady’, ’casual’, ’anonymous’), location of sexual contact, frequency of sexual contact, sex-related
drug use (i.e. use of cannabis, poppers, cocaine, XTC, GHB, ketamine, amphetamine,
methamphetamine or other drugs prior to or during sex), and whether the index patient
together with his partner had engaged in group sex. Effects of continuous variables were
modelled via restricted cubic splines19 with knots on the 2.5th , 25th , 50th , 75th and 97.5th
percentiles. Effects are shown for several well-chosen values of the continuous variables.

Results
Participants During the study period 6532 clinic visits were eligible for inclusion. During 3050 (46.7%) visits (for brevity, these will be referred to as ’participants’ from now
on), informed consent was obtained. Participants did not differ significantly from nonparticipants regarding age and type of sexual behavior, but they did differ regarding
nationality and reasons for the visit (Table 1).
Patient visits were excluded if the 6-month period covered by this questionnaire overlapped a previous questionnaire period (n = 274) or when individuals did not provide any
information about their sexual partners (n = 18). Partnerships were excluded if there
were missing values (n = 268). The study population consisted of 2441 MSM from 2713
visits. The median age during the clinic visits was 38 years (interquartile range [IQR],
30-45); 70.3% was of Dutch ethnicity; and the men reported a median of 7 partners (IQR
3-15) in the preceding 6 months. Gonorrhea was diagnosed at 304 (11.2%) clinic visits
and chlamydia at 337 (12.4%) clinic visits.

Partnerships of HIV-negative MSM The self-perceived HIV-negative population consisted of 1890 men during 2056 visits in which they provided information about 5456 partners. HIV testing showed that in 1919 (93.3%) visits MSM were HIV-negative, HIV was
newly diagnosed in 43 (2.1%) visits, and in 93 (4.5%) visits MSM opted-out for testing.
One man was already diagnosed with HIV at a previous visit and should have been aware
of his positive status. The HIV-negative group included 330 MSM who said they did not
know what their HIV status was; of those, 20 (6.1%) tested positive.

78

CHAPTER 3
Table 1. Comparison of demographic and sexual behavior factors and diagnoses of sexually transmitted infection
(STI) between participant and non-participant men who have sex with men (MSM) who visited the STI outpatient
clinic of the Public Health Service in Amsterdam, July 2008 - August 2009

Demographics
Median age in year (IQR)
Nationality
Dutch
Western, non-Dutch
Non-Western
Sexual history and risk behavior
Reason for visiting the clinic
Notified by a partner with confirmed STI
Symptoms of STI
Notified and symptoms
Other reason
Median number of sex partners in preceding 6 months
Sexual risk behavior in preceding 6 months
No/protected anal intercourse
Insertive UAI
Receptive UAI
Insertive & receptive UAI
STI diagnoses
History of STI in preceding 2 years
Chlamydia diagnosis at current visit
LGV diagnosis at current visit
Gonorrhea diagnosis at current visit
Syphilis diagnosis at current visit
HIV infection at current visit
Negative
Known positive
Newly positive at current visit
Not tested

Participantsa
(N=3050)

Non-participantsa
(N=3482)

38 (31-45)

38 (31-45)

2469 (81.0%)
309 (10.1 %)
272 (8.9 %)

2698 (79.3%)
318 (9.3%)
387 (11.4%)

360 (11.8%)
1135 (37.2%)
98 (3.2%)
1457 (47.8%)
5 (3-10)

345 (9.9%)
1043 (30.0%)
97 (2.8%)
1997 (57.4%)
5 (3-15)

1472 (48.4%)
326 (10.7%)
222 (7.3%)
1022 (33.6%)

1593 (47.2%)
405 (12.0%)
268 (7.9%)
1111 (32.9%)

918 (30.1%)
343 (11.4%)
40 (1.3%)
345 (11.3%)
43 (1.4%)

978 (28.7%)
397 (11.8%)
27 (0.8%)
360 (10.3%)
50 (1.5%)

2116 (69.4%)
780 (25.6%)
51 (1.7%)
103 (3.4%)

2258 (66.4%)
893 (26.2%)
70 (2.1%)
182 (5.4%)

p-valueb
0.123
0.004

<0.001

0.268
0.275

3

0.231
0.650
0.040
0.206
0.841
<0.001

IQR = interquartile range; UAI = unprotected anal intercourse; LGV = lymphogranuloma venereum; HIV = human
immunodeficiency virus. a Numbers refer to clinic visits, not unique individuals. Some individuals visited the clinic
multiple times during the study period. For participants it is known that 2492 unique individuals visited the clinic 3050
times. For non-participants this is unknown. b P-values of categorical variables are based on χ2 tests and p-values of
continuous variables are based on Kruskal-Wallis tests.

UAI in the preceding 6 months had not occurred in 4203 (77.0%) partnerships; in 451
(8.3%) partnerships the index patient had engaged in IUAI; and in 802 (14.7%) partnerships the index patient engaged in RUAI with or without IUAI (Table 2). The median
age difference in the partnerships was 6 years (IQR 3-12), and concordant ethnicity was
reported in 2710 (49.7%) partnerships.
The associations between UAI and partnership factors among self-perceived HIV-negative
MSM are shown in Table 3. The results of the analysis with reference outcome ’no UAI’
are described. In univariable analysis, all covariates were significantly associated with
UAI, except ethnicity. In multivariable analysis including all a priori selected covariates,
the risk of RUAI decreased with older age (aOR 0.70; 95% CI 0.54-0.90 for age 40 years
relative to age 30). RUAI was more likely to occur when ethnicity was discordant (aOR
1.25; 95% CI 1.03-1.52) or when ethnicity was concordant non-Dutch (aOR 1.63; 95% CI
1.17-2.29). Both RUAI and IUAI were less likely with a casual known partner (aOR 0.29;
95% CI 0.21-0.40) or anonymous partner (aOR 0.41; 95% CI 0.26-0.63); they were more
likely when the number of sex acts within the partnership in the preceding months was
79

80

Median age of the index patient in years (IQR)
Median age difference in years (IQR)
Ethnicity
Concordant Dutch
Concordant non-Dutch
Discordant
High-risk lifestylec
None
One of the two
Both
Perceptions about HIV status within a partnershipd,e
Perceived HIV-negative partner, partner perceives index as HIV-negative
Perceived HIV-negative partner, partner does not know serostatus of index
Partner with unknown serostatus, partner perceives index as HIV-negative
Partner with unknown serostatus, partner does not know serostatus of index
Perceived HIV-positive partner, partner perceives index as HIV-negative
Perceived HIV-positive partner, partner does not know serostatus of index
Partnership type
Steady, cohabiting
Steady, non-cohabiting
Known casual
Anonymous casual
Location of sexual contact
Home
Meeting place
Number of sex actsf
Once
2-10
>10
Median number of partners of the index in the preceding 6 months
Partner had other partners
No
Possibly
Yes
Sex-related drug use in partnershipg
Group sexh

Insertive AIa
(n=451; 8.3%)
38 (31-46)
8 (3-13)
173 (7.6%)
42 (9.4%)
236 (8.6%)
255 (8.6%)
85 (6.7%)
111 (9.0%)
83 (11.3%)
14 (9.8%)
130 (10.6%)
183 (5.9%)
33 (16.2%)
8 (17.8%)
75 (16.1%)
135 (10.9%)
163 (7.4%)
78 (5.1%)
379 (9.5%)
72 (5.0%)
116 (4.8%)
121 (7.7%)
214 (14.5%)
6 (4 to 15)
99 (6.1%)
106 (9.8%)
246 (9.0%)
214 (10.3%)
67 (8.5%)

No or safe AI
(n=4203; 77.0%)
38 (30-45)
6 (3-12)
1759 (77.7%)
320 (71.9%)
2124 (77.4%)
2275 (77.0%)
1020 (80.8%)
908 (73.2%)
432 (58.9%)
109 (76.2%)
809 (66.2%)
2694 (86.7%)
132 (64.7%)
27 (60.0%)
182 (39.0%)
788 (63.6%)
1862 (84.4%)
1371 (88.9%)
2904 (72.4%)
1299 (89.8%)
2150 (89.7%)
1308 (82.7%)
745 (50.4%)
8 (4 to 15)
1367 (84.2%)
814 (75.1%)
2022 (73.6%)
1427 (68.6%)
544 (68.7%)

157
164
481
439
181

(9.7%)
(15.1%)
(17.5%)
(21.1%)
(22.9%)

130 (5.4%)
153 (9.7%)
519 (35.1%)
6 (3 to 15)

727 (18.1%)
75 (5.2%)

210 (45.0%)
317 (25.6%)
181 (8.2%)
94 (6.1%)

218 (29.7%)
20 (14.0%)
283 (23.2%)
232 (7.5%)
39 (19.1%)
10 (22.2%)

424 (14.4%)
157 (12.4%)
221 (17.8%)

333 (14.7%)
83 (18.7%)
386 (14.1%)

Receptive AIb
(n=802; 14.7%)
35 (28-42)
6 (3-11)

Table 2. Characteristics of 5456 partnerships of self-perceived HIV-negative men according to reported sexual risk behavior within the partnerships
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3935 (77.5%)
55 (52.9%)
213 (78.3%)

423 (8.3%)
7 (6.7%)
21 (7.7%)

Insertive AIa
(n=451; 8.3%)
722 (14.2%)
42 (40.4%)
38 (14.0%)

Table 2 Continued
Receptive AIb
(n=802; 14.7%)

NOTE: Row percentages might not add up to 100% due to rounding.
HIV = human immunodeficiency virus; AI = anal intercourse; UAI = unprotected anal intercourse; IQR = interquartile range.
a
Within a partnership, insertive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently; b Within a partnership, receptive UAI was the highest
risk behavior that was reported, condoms might have been used inconsistently and insertive UAI might have occurred as well; c Leather, rubber/lycra, jeans type; d The perceived HIV
status of the partner was obtained by asking the index patient whether he knew the HIV status of his partner, with answer options: 1) I know he is HIV-negative, 2) I think he is
HIV-negative, 3) I do not know, 4) I think he is HIV-positive, 5) I know he is HIV-positive. For the analysis, categories 2 to 4 were combined into the category ’partner with unknown
serostatus’; e The HIV status of the index patient as perceived by the partner was asked as follows: ’Does your partner know your HIV status?’ Possible answers were: 1) Yes, 2) No, 3)
I do not know whether my partner knows my HIV status. We combined categories 2 and 3 into one category; f Number of sex acts within a partnership within the preceding 6 months;
g
Use of cannabis, poppers, cocaine, 3,4-methylenedioxy-N-methamphetamine (XTC), γ-hydroxybutyric acid (GHB), ketamine, amphetamine, methamphetamine or other drugs; h Group
sex occurred within the partnership, but not necessarily on the same occasion as the outcome event.

HIV diagnosis
HIV-negative
HIV-infected
Opted out of HIV testing

No or safe AI
(n=4203; 77.0%)
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Age in yearse
30
35
40
45
Age difference in yearse
0
5
10
Ethnicity
Concordant Dutch
Concordant non-Dutch
Discordant
High-risk lifestylef
None
One of the two
Both
Perceptions about HIV status
within a partnershipg,h
Perceived concordant HIVnegative
Partner with unknown
serostatus, partner perceives
index as HIV-negative
Partners do not know each
others HIV status
Perceived discordant
Partnership type
Steady, cohabiting
Steady, non-cohabiting
Known casual
Anonymous casual
1
0.87 (0.52-1.47)
0.71 (0.43-1.19)
1
1.09 (0.73-1.64)
0.89 (0.70-1.13)
1
1.10 (0.80-1.51)
1.19 (0.88-1.60)

1

1
1
1.21 (0.77-1.89) 1.05 (0.75-1.49)
1.23 (0.79-1.92) 0.88 (0.62-1.23)
1
1
1.22 (0.86-1.73) 1.33 (1.00-1.78)
1.06 (0.87-1.29) 0.94 (0.79-1.12)
1
1
0.75 (0.58-0.97) 0.82 (0.67-1.02)
1.10(0.86-1.42) 1.31 (1.08-1.60)

1

0.88 (0.64-1.20)
0.55 (0.40-0.75)
0.54 (0.31-0.93)
1
0.86 (0.62-1.19)
0.42 (0.29-0.59)
0.45 (0.30-0.67)

0.91 (0.68-1.21) 0.80 (0.64-0.99)
0.35 (0.26-0.46) 0.19 (0.15-0.24)
1.22 (0.78-1.93) 0.66 (0.43-1.00)
1
1
0.40 (0.29-0.55) 0.34 (0.27-0.44)
0.20 (0.14-0.27) 0.08 (0.06-0.11)
0.13 (0.09-0.19) 0.06 (0.04-0.08)

1

1
0.92 (0.75-1.14)
0.76 (0.55-1.06)
0.63 (0.45-0.88)

Reference
Insertive UAIb
RUAId
OR (95% CI)

1
1
1.05 (0.87-1.26) 0.97 (0.85-1.11)
1.04 (0.78-1.39) 0.80 (0.65-0.98)
1.08 (0.80-1.44) 0.68 (0.55-0.85)

Reference = No or safe AIa
IUAIc
RUAId
OR (95% CI)
OR (95% CI)

Univariate analysis

<0.001

<0.001

1
0.47 (0.33-0.65)
0.52 (0.35-0.76)
0.52 (0.31-0.86)

0.71 (0.52-0.99)
1.18 (0.72-1.93)

1.04 (0.76-1.41)

1

1

1
1.13 (0.81-1.56)
1.11 (0.81-1.52)

1
1.10 (0.72-1.70)
1.07 (0.82-1.39)

1
0.78 (0.49-1.24)
0.72 (0.45-1.14)

1
0.88 (0.71-1.10)
0.69 (0.49-0.97)
0.60 (0.42-0.85)

Reference
Insertive UAIb
RUAId
OR (95% CI)

1
1
0.41 (0.31-0.53) 0.87 (0.62-1.24)
0.29 (0.21-0.40) 0.56 (0.37-0.84)
0.41 (0.26-0.63) 0.79 (0.43-1.44)

0.58 (0.44-0.76) 0.81 (0.64-1.25)
0.57 (0.36-0.92) 0.49 (0.28-0.86)

0.93 (0.73-1.18) 0.90 (0.64-1.25)

1

Base reference = No or safe AIa
IUAIc
RUAId
p-value OR (95% CI)
OR (95% CI)
<0.001
1
1
1.03 (0.85-1.25) 0.91 (0.79-1.06)
1.01 (0.75-1.37) 0.70 (0.54-0.90)
1.10 (0.80-1.51) 0.66 (0.50-0.86)
0.004
1
1
1.29 (0.81-2.06) 1.20 (0.81-1.76)
1.40 (0.88-2.22) 1.15 (0.78-1.70)
0.160
1
1
1.48 (1.02-2.16) 1.63 (1.17-2.29)
1.17 ( 0.94-1.45) 1.25 (1.03-1.52)
<0.001
1
1
0.92 (0.70-1.20) 1.03 (0.81-1.32)
0.95 (0.73-1.26) 1.06 (0.84-1.34)

Multivariate analysis

<0.001

<0.001

0.930

0.018

0.008

p-value
0.016

Table 3. Associations between unprotected anal intercourse and partnership characteristics resulting from multinomial GEE among partnerships reported by self-perceived
HIV-negative index patients
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Table 3 Continued
Univariate analysis

Multivariate analysis

Reference = No or safe AIa
IUAIc
RUAId
OR (95% CI)
OR (95% CI)

Reference
Insertive UAIb
RUAId
OR (95% CI)

Base reference = No or safe AIa
IUAIc
RUAId
p-value OR (95% CI)
OR (95% CI)
<0.001
1
1
1
1
1
0.41 (0.31-0.55) 0.23 (0.17-0.30)
0.55 (0..37-0.81)
0.94 (0.65-1.37) 0.77 (0.53-1.13)
<0.001
1
1
1
1
1
1.71 (1.33-2.21) 1.94 (1.52-2.47)
1.13 ( 0.81-1.59)
1.45 (1.08-1.96) 1.42 (1.07-1.90)
5.41 (4.23-6.92) 11.65 (9.31-14.58) 2.15 (1.59-2.92)
3.66 (2.58-5.19) 4.78 (3.50-6.51)

Location of sexual contact
Home
Meeting place
Number of sexual contacti
Once
2-10
>10
Number of partners of the index in
the preceding 6 monthse
1
1
2
0.85
10
0.48
Partner had other partners
No
1
Yes
1.72
Possibly
1.76
Drug use in partnershipj
1.85
Group sexk
1.25

Reference
Insertive UAIb
RUAId
OR (95% CI)
1
0.82 (0.48-1.40)

<0.001
1
0.98 (0.65-1.47)
1.31 (0.84-2.02)

<0.001
1
(0.65-1.10) 0.59 (0.49-0.71)
(0.26-0.88) 0.20 (0.13-0.30)

1
0.70 (0.52-0.94)
0.41 (0.20-0.82)

0.003
1
1.07 (0.83-1.39)
0.92 (0.49-1.71)

1
1
0.86 (0.70-1.05) 0.80 (0.60-1.07)
0.49 (0.30-0.80) 0.54 (0.27-1.08)

<0.001
(1.36-2.17)
(1.34-2.30)
(1.50-2.28)
(0.94-1.68)

1
2.08
1.73
2.40
2.00

(1.72-2.52)
(1.39-2.17)
(2.03-2.84)
(1.64-2.45)

1
1.21
0.99
1.30
0.80

(0.90-1.62)
(0.71-1.38)
(1.01-1.68)
(0.60-1.07)

p-value
0.390

1
1.18
1.58
<0.001 1.50
<0.001 0.96

0.003
(0.91-1.53)
(1.18-2.12)
(1.18-1.90)
(0.69-1.34)

1
1.28
1.45
1.81
1.38

(1.02-1.61)
(1.13-1.87)
(1.49-2.20)
(1.06-1.79)

1
1.09
0.92
1.20
1.44

(0.79-1.51)
(0.64-1.31)
(0.92-1.58) <0.001
(1.00-2.07) 0.035

GEE = generalized estimating equations; HIV = human immunodeficiency virus; AI = anal intercourse; IUAI = insertive unprotected anal intercourse; RUAI = receptive unprotected
anal intercourse; OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio. a The outcome variable AI consists of 3 categories: no or safe AI, IUAI, and RUAI. Effects are
shown relative to the reference category no or safe AI; b The effect of RUAI is shown relative to the reference category IUAI. The effect of no or safe UAI relative to IUAI can be estimated
using 1 / OR(RUAI/safe); c Within a partnership, insertive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently; d Within a partnership,
receptive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently and insertive UAI might have occurred as well; e Continuous variables are
modelled as restricted cubic splines with knots with on the 2.5th , 25th , 50th , 75th and 97.5th percentiles. Effects are shown for several well-chosen values of the continuous variables;
f
Leather, rubber/lycra, jeans type; g The perceived HIV status of the partner was obtained by asking the index patient whether he knew the HIV status of his partner, with answer
options 1) I know he is HIV-negative, 2) I think he is HIV-negative, 3) I do not know, 4) I think he is HIV-positive, 5) I know he is HIV-positive. For the analysis, categories 2 to 4
were conbined into the category ’partner with unknown serostatus’; h The HIV status of the index as perceived by the partner was asked as follows: ’Does your partner knows your HIV
status?’ Possible answers were: 1) Yes, 2) No, 3) I do not know whether my partner knows my HIV status. We combined categories 2 and 3 into one ’unknown’ category; i Number of
sex acts within a partnership within the preceding 6 months; j Use of cannabis, poppers, cocaine, XTC, GHB, ketamine, amphetamine, methamphetamine or other drugs; k Group sex
occurred within the partnership, but not necessarily on the same occasion as the outcome event.
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higher (aOR 4.78; 95% CI 3.50-6.51 for >10 sex acts) or when drugs were used within
the partnership (aOR 1.81; 95% CI 1.49-2.20). RUAI was less likely to occur when the
number of partners of the index patient was higher (aOR 0.49; 95% CI 0.30-0.80 for 10
partners relative to 1 partner). RUAI was more likely when group sex was practiced with
the partner (aOR 1.38; 95% CI 1.06-1.79).

3

Perceived HIV status within the partnership was an important determinant of UAI (p <
0.001). Discordant or unknown HIV status decreased the risk of RUAI relative to no UAI.
The aOR for RUAI was 0.58 (95% CI 0.44-0.76) when both partners were unaware of
each other’s HIV status and 0.57 (95% CI 0.36-0.92) when the perceived HIV status of
the partner was positive. Also, discordant HIV status decreased the risk of RUAI relative
to having IUAI (aOR 0.49; 95% CI 0.28-0.86).
In the sensitivity analysis, in which the MSM with perceived unknown HIV status were
excluded, the associations of perceived HIV status became slightly stronger.
Partnerships of self-perceived HIV-positive MSM The self-perceived HIV-positive
population consisted of 558 men with 1861 partners during 657 visits. During 624 visits, MSM reported that they were aware of their HIV-positive status, and in 33 visits
MSM answered that they were probably HIV-infected. HIV tests showed that 26 of the
self-perceived HIV-positive MSM were actually HIV-negative, 5 were newly diagnosed;
presumably, these men thought that they were HIV-positive without being diagnosed, and
3 opted-out for HIV testing.
UAI in the preceding 6 months had not occurred in 987 (53.0%) partnerships, only RUAI
was reported in 288 (15.5%), and insertive UAI had also occurred in 586 (31.5%) (Table
4). The median age difference in the partnerships was 6 (IQR 3-11) years, and concordant
ethnicity was reported in 941 (50.6%) partnerships.
The associations between UAI and partnership factors among self-perceived HIV-positive
MSM are shown in Table 5. The results of the analysis with reference outcome ’no UAI’
are described. In univariable analysis, all covariates except age, age difference, and ethnicity were significantly associated with UAI. In multivariable analysis, a sex location other
than home decreased the risk of IUAI relative to no UAI (aOR 0.68; 95% CI 0.48-0.94).
Both RUAI and IUAI were more likely when the number of sex acts was higher (aOR
1.70; 95% CI 1.15-2.53 for >10 sex acts) and when drugs were used during sexual contact (aOR 1.52; 95% CI 1.10-2.10). IUAI was more likely when the index patient knew
that the partner had other partners (aOR 1.43; 95% CI 1.04-1.97) and when he and the
partner engaged in group sex (aOR 1.78; 95% CI 1.34-2.38).
Among HIV-positive MSM, perceived status of the partner was an important determinant
of UAI (p < 0.001). Discordant or unknown HIV status was associated with a lower
probability of RUAI and IUAI relative to no UAI and the risk of IUAI relative to RUAI
84
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(Table 5). The aOR for IUAI was 0.20 (95% CI 0.13-0.30) when the partners were not
aware of each other’s HIV status, and the aOR was 0.05 (95% CI 0.03-0.08) when the
index patient perceived the partner as HIV-negative. The sensitivity analysis, in which
the MSM with self-perceived unknown HIV status were assumed HIV-positive, showed
the same results.

Discussion
Within a partnership, the perceived HIV status of oneself and of one’s sexual partner was
one of the strongest determinants of UAI among both HIV-negative and HIV-positive
MSM who visited the STI clinic in Amsterdam, the Netherlands. Perceived discordant or
unknown HIV status of the partner was negatively associated with UAI, suggesting that
serosorting is one of the main decision-making strategies for engaging in UAI. However, in
approximately 10% of the partnerships of self-perceived HIV-negative MSM, RUAI with
a perceived HIV-positive partner or a partner with unknown serostatus occurred.
Our study further suggests that UAI in partnerships of self-perceived HIV-negative MSM is
more likely to occur when the partners are more familiar with each other; steady partners,
a high number of sex acts within the partnerships, and if the index patient knew that his
partner had had other partners increased the risk of RUAI. Furthermore, we found that
non-Dutch self-perceived HIV-negative MSM were more likely to engage in RUAI than
Dutch MSM, which is in accordance with findings that seroadaptive strategies are less
often used by MSM who belong to ethnic minority populations.20 This could be because
MSM belonging to ethnic minorities may not consider themselves part of the larger community of MSM, and, therefore, they might miss the prevention messages21 or perceive
their HIV risk as low. The stigma of HIV or other barriers might play a role as well;
moreover, non-Dutch MSM might be less confident or less able to negotiate positioning.
On the other hand, a systematic review of the literature showed that high rates of HIV
infection among Black MSM in the United States were not explained by higher rates of
sexual behavior,22 suggesting other mechanisms that cause the ongoing HIV spread in
ethnic minorities. Among self-perceived HIV-positive MSM, IUAI was less likely to occur at a meeting location than at home, suggesting that familiarity between partners is
important for practicing UAI. This was supported by our non-significant finding that the
risk of UAI was lower in casual and anonymous partnerships than in steady partnerships
and by previous studies that showed that HIV-positive MSM are more likely to engage in
UAI with steady than with casual partners.4, 5
The strengths of this study, conducted at the largest STI clinic of the Netherlands, are the
large number of participating MSM and detailed information about up to four partners
and partnerships. We knew how the index patients perceived their own and their partners
HIV status, as well as the partner’s perception of the HIV status of the index patient;
our data strongly suggests these perceptions were very important determinants of their
behavior.
85

3

86

Median age in years (IQR)
Median age difference in years (IQR)
Ethnicity
Concordant Dutch
Concordant non-Dutch
Discordant
High-risk lifestylec
None
One of the two
Both
Perception about HIV status within a partnershipd,e
Perceived HIV-positve partner, partner perceives index as HIV-positive
Perceived HIV-positive partner, partner does not know serostatus of index
Partner with unknown serostatus, partner perceives index as HIV-positive
Partner with unknown serostatus, partner does not know serostatus of index
Perceived HIV-negative partner, partner perceives index as HIV-positive
Perceived HIV-negative partner, partner does not know serostatus of index
Partnership type
Steady, cohabiting
Steady, non-cohabiting
Known casual
Anonymous casual
Location of sexual contact
Home
Meeting place
Number of sex actsf
Once
2-10
>10
Median number of partners of the index in the preceding 6 months
Partner had other partners
No
Possibly
Yes
Drug use in partnershipg
Group sexh
109 (14.0%)
23 (14.0%)
156 (17.0%)
96 (13.8%)
94 (20.0%)
98 (14.1%)
117 (19.1%)
1 (4.0%)
40 (23.1%)
105 (12.5%)
22 (12.7%)
3 (8.8%)
22 (11.5%)
63 (16.4%)
105 (15.6%)
98 (16.1%)
194 (14.9%)
94 (16.7%)
97 (12.7%)
104 (17.2%)
87 (17.6%)
15 (8-30)
62 (12.7%)
55 (16.9%)
171 (16.3%)
231 (17.7%)
82 (15.6%)

377 (48.5%)
99 (60.4%)
511 (55.5%)
402 (57.7%)
242 (51.6%)
343 (49.4%)
109 (17.8%)
13 (52.0%)
92 (53.2%)
610 (72.5%)
133 (76.9%)
30 (88.2%)
68 (35.4%)
172 (44.8%)
350 (51.9%)
397 (65.1%)
617 (47.5%)
370 (65.8%)
499 (65.5%)
305 (50.5%)
183 (37.0%)
10 (5-21)
339
200
448
583
195

(44.8%)
(37.1%)

(69.5%)
(61.5%)

Insertive AIa
(n=288; 15.5%)
41 (37-46)
6 (3-11.5)

No or safe AI
(n=987; 53.0%)
42 (37-48)
7 (3-12)

(53.1%)
(38.8%)
(32.6%)
(18.9%)

87 (17.8%)
70 (21.5%)
429 (40.9%)
488 (37.5%)
249 (47.3%)

166 (21.8%)
195 (32.3%)
225 (45.5%)
15 (7-30)

488 (37.6%)
98 (17.4%)

102
149
220
115

388 (63.2%)
11 (44.0%)
41 (23.7%)
127 (15.1%)
18 (10.4%)
1 (2.9%)

199 (28.6%)
133 (28.4%)
254 (36.6%)

291 (37.5%)
42 (25.6%)
253 (27.5%)

Receptive AIb
(n=586; 31.5%)
42 (37-46)
5 (3-10)

Table 4. Characteristics of 1861 partnerships of self-perceived HIV-positive MSM according to reported sexual risk behavior within the partnerships
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44 (65.7%)
935 (52.4%)
8 (88.9%)

4 (6.0%)
284 (15.9%)
0

Insertive AIa
(n=288; 15.5%)
19 (28.4%)
566 (31.7%)
1 (11.1%)

Table 4 Continued
Receptive AIb
(n=586; 31.5%)

NOTE: Column percentages might not add up to 100% due to rounding. HIV = human immunodeficiency virus; MSM = men who have sex with men; AI = anal intercourse; UAI
= unprotected anal intercourse; IQR = interquartile range. a Within a partnership, receptive UAI was the highest risk behavior that was reported, condoms might have been used
inconsistently; b Within a partnership, insertive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently and receptive UAI might have occurred
as well; c Leather, rubber/lycra, jeans type; d The perceived HIV status of the partner was obtained by asking the index patient whether he knew the HIV status of his partner, with
answer options: 1) I know he is HIV-negative, 2) I think he is HIV-negative, 3) I do not know, 4) I think he is HIV-positive, 5) I know he is HIV-positive. For the analysis, categories
2 to 4 were combined into the category ’partner with unknown serostatus’; e The HIV status of the index as perceived by the partner was asked as follows: ’Does your partner knows
your HIV status?’ Possible answers were: 1) Yes, 2) No, 3) I do not know whether my partner knows my HIV status. We combined categories 2 and 3 into one ’unknown’ category;
f
Number of sex acts within a partnership within the preceding 6 months; g Use of cannabis, poppers, cocaine, XTC, GHB, ketamine, amphetamine, methamphetamine or other drugs.
h
Group sex occurred within the partnership, but not necessarily on the same occasion as the outcome event.

HIV diagnosis
HIV-negative
HIV-infected
Refused HIV testing

No or safe AI
(n=987; 53.0%)
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Age in yearse
30
35
40
45
Age difference in yearse
0
5
10
Ethnicity
Concordant Dutch
Concordant non-Dutch
Discordant
High-risk lifestyle6
None
One of the two
Both
Perceptions about HIV status
within a partnershipg,h
Perceived concordant HIVpositive
Partner with unknown
serostatus,
partner perceives index as
HIV-positive
Partners do not know each
other HIV status
Perceived discordant
Partnership type
Steady, cohabiting
Steady, non-cohabiting
Known casual
Anonymous casual
1
1.03 (0.60-1.77)
1.01 (0.58-1.76)
1.03 (0.60-1.77)

Reference
Insertive UAIb
RUAId
OR (95% CI)

<0.001

1

1

1
1
1.11 (0.63-1.97) 0.56 (0.39-0.79)
0.88 (0.51-1.53) 0.39 (0.27-0.55)
0.78 (0.45-1.36) 0.20 (0.14-0.29)

1
0.50 (0.27-0.92)
0.44 (0.25-0.77)
0.26 (0.14-0.47)

1
1
1.11 (0.60-2.07) 0.69 (0.43-1.11)
1.28 (0.69-2.38) 0.72 (0.43-1.19)
2.01 (0.95-4.22) 0.90 (0.49-1.65)

1
0.62 (0.34-1.14)
0.56 (0.31-1.01)
0.45 (0.22-0.91)

0.48 (0.30-0.79) 0.20 (0.13-0.30) 0.41 (0.25-0.67)
0.21 (0.12-0.36) 0.05 (0.03-0.08) 0.24 (0.13-0.45)

1

0.53 (0.34-0.84) 0.17 (0.12-0.26) 0.33 (0.20-0.53)
0.21 (0.12-0.35) 0.05 (0.03-0.09) 0.26 (0.14-0.47)

1

1
0.70 (0.47-1.04)
0.12 (0.73-1.70)

1
0.80 (0.46-1.39)
0.79 (0.56-1.11)

1
0.94 (0.50-1.76)
0.89 (0.47-1.69)

1
1.13 (0.83-1.54)
1.05 (0.61-1.82)
0.98 (0.58-1.65)

Reference
Insertive UAIb
RUAId
OR (95% CI)

0.19 (0.12-0.29) 0.12 (0.08-0.17) 0.61 (0.39-0.96)

1

<0.001

Base reference = No or safe AIa
IUAIc
RUAId
p-value OR (95% CI)
OR (95% CI)
0.170
1
1
1.23 (0.93-1.63) 1.39 (1.06-1.84)
1.29 (0.76-2.21) 1.36 (0.81-2.27)
0.96 (0.57-1.61) 0.94 (0.57-1.55)
0.110
1
1
0.94 (0.52-1.71) 0.88 (0.54-1.43)
0.97 (0.52-1.80) 0.86 (0.54-1.40)
0.097
1
1
1.11 (0.62-1.97) 0.89 (0.55-1.42)
1.35 (0.98-1.86) 1.06 (0.80-1.41)
0.006
1
1
1.53 (1.05-2.23) 1.07 (0.77-1.47)
0.92 (0.62-1.37) 1.03 (0.74-1.45)

Multivariate analysis

0.20 (0.14-0.30) 0.08 (0.06-0.11) 0.38 (0.26-0.57)

1

1
1
1
1.52 (1.06-2.18) 1.02 (0.77-1.33) 0.67 (0.45-0.99)
1.14 (0.77-1.70) 1.41 (1.06-1.88) 1.23 (0.80-1.89)

1
1
1
0.97 (0.55-1.70) 0.74 (0.50-1.10) 1.03 (0.59-1.81)
1.16 (0.86-1.57) 0.75 (0.59-0.95) 0.86 (0.64-1.17)

1
1
1
0.80 (0.44-1.46) 0.82 (0.52-1.27) 1.01 (0.51-2.03)
0.78 (0.42-1.45) 0.72 (0.46-1.13) 0.92 (0.45-1.85)

1
1
1.23 (0.93-1.64) 1.36 (1.04-1.77)
1.38 (0.82-2.33) 1.40 (0.88-2.21)
1.13 (0.68-1.86) 1.16 (0.75-1.81)

Reference = No or safe AIa
IUAIc
RUAId
OR (95% CI)
OR (95% CI)

Univariate analysis

0.120

<0.001

0.046

0.420

0.970

p-value
0.140

Table 5. Associations between unprotected anal intercourse and partnership characteristics resulting from multinomial GEE with no or safe anal intercourse as base outcome
among partnerships reported by self-perceived HIV-positive MSM
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Table 5 Continued
Univariate analysis

Multivariate analysis

Reference = No or safe AIa
IUAIc
RUAId
OR (95% CI)
OR (95% CI)

Location of sexual contact
Home
Meeting place
Number of sexual contactsi
Once
2-10
>10
Number of partners of the index
in the preceding 6 monthse
1
2
10
Partner had other partners
No
Yes
Possibly
Drug use in partnershipj
Group sexk

Reference
Insertive UAIb
RUAId
OR (95% CI)

Base reference = No or safe AIa
IUAIc
RUAId
p-value OR (95% CI)
OR (95% CI)
<0.001
1
1
1
1
1
0.81 (0.59-1.11) 0.35 (0.27-0.45) 0.43 (0.29-0.62)
1.15 (0.74-1.80) 0.68 (0.48-0.94)
<0.001
1
1
1
1
1
1.64 (1.22-2.22) 1.77 (1.39-2.25) 1.07 (0.75-1.53)
1.57 (1.08-2.28) 1.08 (0.79-1.47)
2.27 (1.60-3.21) 3.34 (2.54-4.39) 1.47 (1.01-2.15)
2.30 (1.45-3.67) 1.70 (1.15-2.53)

Reference
Insertive UAIb
RUAId
OR (95% CI)
1
0.59 (0.36-0.95)

0.002
1
0.69 (0.45-1.04)
0.74 (0.45-1.22)

0.001
1
1
1
0.83 (0.51-1.36) 0.90 (0.61-1.32) 1.08 (0.61-1.89)
1.51 (0.43-5.27) 1.31 (0.51-3.35) 0.86 (0.21-3.57)

0.002
1
1
1
0.82 (0.49-1.38) 0.95 (0.59-1.52) 1.15 (0.65-2.04)
1.50 (0.40-5.60) 1.35 (0.41-4.49) 0.90 (0.21-3.91)

<0.001
1
1.88
1.43
2.57
1.41

(1.36-2.60)
(0.98-2.09)
(1.78-3.71)
(1.01-1.96)

1
3.16
1.27
3.01
2.37

(2.45-4.09)
(0.95-1.70)
(2.26-4.00)
(1.85-3.02)

1
1.68
0.89
1.17
1.68

p-value
0.030

1
(1.15-2.47)
1.29
(0.59-1.39)
1.62
(0.78-1.76) <0.001 1.89
(1.19-2.38) <0.001 1.25

0.064
(0.89-1.88)
(1.05-2.49)
(1.25-2.85)
(0.88-1.78)

1
1.43
1.24
1.52
1.78

(1.04-1.97)
(0.87-1.76)
(1.10-2.10)
(1.34-2.38)

1
1.11
0.77
0.80
1.43

(0.72-1.70)
(0.48-1.23)
(0.51-1.26) 0.002
(1.00-2.04) <0.001

GEE = generalized estimating equations; HIV = human immunodeficiency virus; AI = anal intercourse; RUAI = receptive unprotected anal intercourse; IUAI = insertive unprotected
anal intercourse; OR = odds ratio; CI = confidence interval; aOR = adjusted odds ratio. a The outcome variable AI consists of 3 categories: no or safe AI, RUAI, and IUAI. Effects are
shown relative to the reference category no or safe AI; b The effect of IUAI is shown relative to the reference category RUAI. The effect of no or safe UAI relative to RUAI can be estimated
using 1 / OR(IUAI/safe); c Within a partnership, insertive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently; d Within a partnership,
receptive UAI was the highest risk behavior that was reported, condoms might have been used inconsistently, and insertive UAI might have occurred as well; e Continuous variables are
modelled as restricted cubic splines with knots with on the 2.5th , 25th , 50th , 75th and 97.5th percentiles. Effects are shown for several well chosen values of the continuous variables;
f
Leather, rubber/lycra, jeans type; g The perceived HIV status of the partner was obtained by asking the index patient whether he knew the HIV status of his partner, with answer
options: 1) I know he is HIV-negative, 2) I think he is HIV-negative, 3) I do not know, 4) I think he is HIV-positive, 5) I know he is HIV-positive. For the analysis, categories 2 to 4
were combined into the category’partner with unknown serostatus’; h The HIV status of the index as perceived by the partner was asked as follows: ’Does your partner knows your HIV
status?’ Possible answers were: 1) Yes, 2) No, 3) I do not know whether my partner knows my HIV status. We combined categories 2 and 3 into one ’unknown’ category; i Number of
sex acts within a partnership within the preceding 6 months; j Use of cannabis, poppers, cocaine, XTC, GHB, ketamine, amphetamine, methamphetamine or other drugs; k Group sex
occurred within the partnership, but not necessarily on the same occasion as the outcome event.
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This study had several limitations. It was performed in a high-risk population recruited at
the STI clinic, and the results might not be extrapolated to the general MSM population.
Furthermore, we did not ask whether the perceived serostatus was obtained from explicit
disclosure or from seroguessing based on more subtle signs or information, and whether
serosorting was consciously practiced in order to have UAI. We did not have information
about cART use or viral load in the HIV-positive index patients and their partners. This
could be important because HIV-infected MSM might consider the risk of HIV transmission very low when they are on stable cART and when they have an undetectable
viral load.23–25 This strategy of having UAI because of a low viral load is known as viral
sorting and might be practiced among discordant couples.26–28 However, viral sorting
does not offer protection against STIs. Recent studies have shown that the viral load of
HIV increases in the presence of STIs, and this increases the risk of HIV transmission.29
Thus, it would have been interesting to know whether viral sorting was used strategically
and under what circumstances.
Our results suggest that both self-perceived HIV-negative and HIV-positive MSM use
serosorting to engage in UAI, in line with previous studies.30–33 Serosorting might be
practiced to maintain safety while not using condoms,34, 35 to escape stigma, or to experience ’natural’ sex.32 Previous studies also showed that HIV-positive MSM were more
likely to have UAI with HIV-concordant partners than with HIV-discordant partners or
those with unknown serostatus.36–38
It is moot to what extent the perceived HIV status of a partner matches his actual status,
because serostatus is not always based on explicit disclosure.10, 37, 39, 40 Serosorting based
on the assumption of HIV seroconcordance has been called seroguessing.10 Some studies
have shown that a man’s preference for receptive AI is enough for others to regard him
as HIV-positive. Furthermore, HIV-positive MSM tend to regard others as HIV-positive
when they visit gay venues and sex clubs frequently or when they have unhealthy lifestyles
or personalities others regard as unpleasant.24, 41 Men are seen as HIV-negative when they
are highly educated or when they are health professionals.41
This study suggests that many HIV-negative MSM are at risk of acquiring HIV, because
perceived serostatus within a partnership is one of the most important factors determining
whether UAI is practiced, while there might be a discrepancy between the perceived and
actual serostatus of individuals.
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Determining the most likely source of infection: an
application to Neisseria gonorrhoeae infection among
men who have sex with men
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Abstract
Introduction The source of infection is often unknown. To inform directed prevention
measures, it is useful to know the location and type of partner with the highest transmission risk. We developed a method to estimate infection risk of Neisseria gonorrhoeae
(NG) among men who have sex with men (MSM) per meeting location.

3

Methods In 2008-2009, we collected information from 2492 MSM attending the Sexually Transmitted Infections clinic of Amsterdam. For upto 4 partners per participant
(8028 in total), meeting location, partner, and partnership characteristics were asked. We
used logistic regression to relate these to the participant’s infection risk. In the likelihood,
we accounted for unobserved transmission information. Based on the estimates from this
model, we predicted the probability of a partner having NG. Based on the relative size of
the probabilities, partnerships were assumed to be the source. Each source was linked to
a meeting location. We used a Bayesian method.
Results Rectal NG was diagnosed in 157 MSM who reported data on 422 possible source
partners, urethral NG in 126 reporting 285 sources, and pharyngeal NG in 162 reporting
451 sources. We estimated that most infections were acquired from long-lasting steady
partners (21.5%; 95% 18.0-25.2). Partners met in a street in Amsterdam where gay
venues are located (4.2%; 95% CI 2.4-5.9) posed the highest transmission risk.
Conclusion The presented method estimates the source of infection when there are
multiple possible sources and enables the summation over various kinds of epidemiological
characteristics (here meeting locations) that are relevant for prevention.

Amy Matser, Maarten Schim van der Loeff, Ronald Geskus

Submitted.
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Introduction
The contact network mainly determines the spread of infectious diseases. Sexually transmitted infections (STIs) spread in sexual networks where transmission occurs during sexual
contact. Sexual networks are part of social networks in which contact is less strictly defined.1 Airborne infections are transmitted in social networks when individuals are in close
proximity to each other.3 Contact patterns are complex2 and it is often unknown from
whom and where someone acquired the infection.3 One might have acquired the infection
at home, in public transport, etcetera.
For public health purposes it is important to know from what type of partner and where
most infections are acquired. Case finding is more efficient when targeted at populations
and locations with the highest infection risk. For example, contact tracing is effective
when most infections are caused by traceable known individuals (e.g. household members
or known sexual partners), but is less effective when most infections are caused by anonymous contacts (e.g. individuals in public transport or anonymous sexual partners).
Men who have sex with men (MSM) often have multiple sexual partners and it is often not
clear from whom they acquired an STI. At the STI outpatient clinic of the Public Health
Service of Amsterdam, the Netherlands, more than 10% of MSM are diagnosed with
Neisseria gonorrhoeae (NG). NG is easily transmitted during unprotected anal intercourse
(UAI) between rectum and urethra, and during oro-penile contact. Approximately 10% of
the urethral infections, 85% of the rectal infections, and most pharyngeal infections are
asymptomatic,4–6 and many asymptomatic NG infections remain undiagnosed.
The increasing antibiotic resistance of NG creates an urgent need for effective prevention
strategies. In Amsterdam, there are many venues or locations (e.g. bars, saunas, and
cruising areas), but also dating websites, where MSM meet partners. To reduce transmission of NG efficiently, prevention can be targeted at specific venues where the risk of
meeting an infected partner is high. We describe a method to estimate the most likely
location where the source of infection was met for cases with multiple possible sources.
We applied this method to NG infections among MSM and performed a simulation study
to investigate the statistical properties of the method.

Methods
Data MSM were recruited at the STI clinic in Amsterdam between July 2008 and August 2009. Inclusion criteria were being at least 18 years old and understanding of written
Dutch or English. Written informed consent was obtained. MSM were tested for NG
infection, other STIs, and HIV according to the STI clinic protocol. They completed a
detailed questionnaire about themselves and about characteristics of their steady partner
and the three most recent other partners in the preceding six months. The study design
has been described previously.7 The study was approved by the Medical Ethics Committee
of the Academic Medical Center of Amsterdam.
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We considered three anatomical locations where NG infection can be present: the rectum, urethra, and pharynx. We assumed that all reported partners were possible sources
of asymptomatic infections, as the duration of asymptomatic infections is six months. For
symptomatic rectal and urogenital infections, we assumed that the source was a partner
with whom sex had occurred in the two weeks prior to symptom onset. Molecular typing
data were available for rectal and urethral infections, but not for pharyngeal infections.8
When MSM had a double infection of the rectum and urethra of the same genetic type,
and at least one of the two infections was symptomatic, we assumed that the partners
who could not have been the source of the symptomatic infection (based on date of last
sexual contact) were also not the source of the other infection.

3
The meeting locations where participants had met partners were categorised into 16
categories, based on geographical location, type of venue, and frequency of reporting.
There were six meeting locations in Amsterdam; two streets with several gay bars and clubs
(A and B), gay saunas (C), outside cruising areas (D), sex parties (E), and other locations
(F ). We also considered online websites as meeting locations. The four most often
reported websites were considered separately (G-J) and there was a category for other
websites (K). Meeting locations outside Amsterdam were categorised as the Netherlands
(L) or abroad (M ). If the partner was first met more than six months before the inclusion
of the participant into the study, we assumed that the particular meeting location was
no longer relevant for NG transmission. They were not excluded, but, based on the
partnership type, categorised as long-lasting steady partner (N ) or long-lasting casual
partner (O). Meeting locations that did not fit into one of the categories were joined into
one ’other’ category (P ).

Model The observed data per participant i consisted of NG infection status per anatomical location (Dia , a ∈ Anal, Urethral, Pharyngeal), the meeting location of the partner
(1)
(Lij , j ∈ {1, . . . , M }, with M ≤ 4), covariables Zij of participant i and partner j that
(2)

may affect the value of Dia , and covariables Zij that may affect the value of Lij . We
assumed that infection of the participant was acquired from at least one of the reported
partners.
Suppose a participant reported two different partners. His contribution to the likelihood
is
(1)

(2)

(1)

(2)

Prob{Dia , Li1 , Li2 , Zi1 , Zi1 , Zi2 , Zi2 } =
(1)

(2)

(1)

(2)

(1)

(2)

(1)

(2)

Prob{Dia , Li1 , Li2 |Zi1 , Zi1 , Zi2 , Zi2 } × Prob{Zi1 , Zi1 , Zi2 , Zi2 }
Since we are not interested in the distribution of the covariables, we only consider the
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first term. This is rewritten as
(1)

(2)

(1)

(2)

Prob{Dia , Li1 , Li2 |Zi1 , Zi1 , Zi2 , Zi2 } =
(1)

(1)

(2)

(2)

Prob{Dia |Li1 , Li2 , Zi1 , Zi2 } × Prob{Li1 , Li2 |Zi1 , Zi2 }.
We are not interested in the second term. Assuming that both terms have no parameters
in common, we concentrate on
(1)

(1)

Prob{Dia |Li1 , Li2 , Zi1 , Zi2 }.

(3.1)

In the sequel, we leave out the superscript (1). Let Nparti be the number of partners on
which information was reported by the index. An individual without infection contributes
to the likelihood with the term
Nparti

`N
i =

Y

a
(1 − πij
),

(3.2)

j=1
a
where πij
is the probability that the contact leads to infection at anatomical location a.
An infected index contributes to the likelihood with the term
Nparti

`Ii = 1 −

Y

a
(1 − πij
).

(3.3)

j=1

Per anatomical location, the relation between the probabilities that generate the likelihood
and the covariables is modelled via a logistic regression model. Let β > = (β1 , β2 , . . . , βK ).
We assume


πij
log
= αl × {Lij = l} + β > Zij .
(3.4)
1 − πij
For partner and partnership characteristics, Zij may differ over j, whereas for the characteristics of the participant, Zij has the same value over all partners j.
We used the estimates from this model to predict the probability of each possible source
partner to be the source of infection. We assumed that this probability was proportional
to the predicted risk of infection. For example, suppose an infected participant had three
partners and their estimated probabilities of transmitting the infection were 0.2, 0.04,
and 0.01, then the partners were the source with probability 0.2/0.25, 0.04/0.25, and
0.01/0.25.
Finally, partners were linked to the meeting locations. Infections of the partners causing
rectal, urethral, and pharyngeal infections of the index were summed per meeting location.
The distribution of infections across meeting locations was estimated by dividing the
number of partners causing infection per meeting location by the total number of partners
causing infection. The probability to acquire an infection at a meeting location was
estimated by dividing the number of partners causing infection per meeting location by
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the number of partners who were met at that meeting location.
Including molecular typing data The model was extended to include molecular typing
data for rectal and urethral infections.8 We considered four rectal NG clusters of size
≥10, an aggregated group of clusters of size <10, three urethral clusters of size ≥10,
and an aggregated group. We formulate the likelihood by an example. Suppose that
there are two circulating NG strains. Because typing of dual infections was not possible,8
individuals could acquire either an infection of type I or type II. Let T ∈ {N, I, II}
denote type, with N denoting no infection. The contribution of an individual with one
partner to the likelihood is

I
II
`i = 1 − (πi1
+ πi1
)

3

T =N

 I
× πi1

T =I

 II
× πi1

T =II

.

We assume that the probability that a participant becomes infected with the same type
from different sources is negligible. With two partners the terms in the likelihood become
T =N :
T =I:
T = II :


I
II
I
II
`N
i = 1 − (πi1 + πi1 + πi2 + πi2 )

(3.5)

I
I
`Ii = πi1
+ πi2
II
II
`II
i = πi1 + πi2 .

(3.6)
(3.7)

t
For the general description, assume that there are K types. Once the likelihood L(πij
)
is defined, it is related to the covariables via a multinomial logistic regression as


log

1−

t
πij
PM

t
t=1 πij



= αlt × {Lij = l} + (β t )> Zij .

(3.8)

Analyses Parameters were estimated via a Bayesian approach. We used Markov Chain
Monte Carlo (MCMC) techniques to describe the posterior distribution.
We included three types of covariables that may affect infection risk: 1) age, ethnicity,
and HIV status of the participant and partner that may affect susceptibility/infectiousness and relate to prevalence in the partners, 2) leather, military, rubber, sports, and jeans
subculture of the partner that relate to prevalence, and 3) partnership covariables that
relate to risk behaviour. Selected subcultures were known to be associated with STIs and
high sexual risk behaviour in this study population.9 Partnership covariables differed by
anatomical location. For rectal NG we included receptive UAI, for urethral NG insertive
UAI and passive oro-penile contact, and for pharyngeal NG active oro-penile contact,
because these sexual techniques can lead to transmission to the particular anatomical
location.
We fitted four different models. In the first model, molecular typing data and covariables
were not included. In the second model, we included covariables. In the third model, we
included molecular typing data, but not covariables, and in the fourth model, we included
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both. For comparison, we also estimated the distribution of infections across meeting
locations and the probability of infection per meeting location by equally allocating the
infection of a participant over the possible source partners; e.g., if an infected index
reported two partners, 50% of the infection was allocated to partner 1 and 50% to partner
2. We performed a complete case analysis, excluding records with missing values. The
analysis was done in R and JAGS, performing 10,000 iterations, running three chains.10, 11
The JAGS code is provided in Supplement 3.2.1.
Simulation study We performed three simulation studies, each on 1000 datasets. Datasets contained 3000 MSM who had 1 to 4 partners with probabilities 0.2, 0.2, 0.4, and
0.2. Based on this distribution, on average there were 7800 partners. Partners were met
at three possible meeting locations with equal probabilities. For the first and second simulation, data were generated such that the probability of infection depended on covariables.
Covariable (X1 ) differed per meeting location (L), such that P (X1 = 1|L = 1) = 0.1,
P (X1 = 1|L = 2) = 0.2, and P (X1 = 1|L = 3) = 0.3. Covariable X2 depended on X1 ,
such that P (X2 = 0|X1 = 1) = 0.1 and P (X2 = 1|X1 = 1) = 0.7. The NG infection
probability of the partner was
−1

P (D = 1) = {1 + exp(3.75 + 0.5 × L1 − 0.1 × L2 + 2.5 × L3 − 1.5 × X1 − 1.5 × X2 )}

On these 1000 datasets, we ran a model without covariables (simulation 1) and a model
with covariables (simulation 2).
In the third simulation study, we allowed for two circulating NG strains. The probability
that NG type I was acquired from a partner was generated by
−1

P (T = I) = {1 + exp(6.0 + 0 × L1 − 1.5 × L2 + −2.5 × L3 − 1.0 × X1 − 1.0 × X2 )}
and for NG type II we used

−1

P (T = II) = {1 + exp(6.5 − 2.5 × L1 − 1.5 × L2 + 0 × L3 + 1.5 × X1 + 1.5 × X2 )}

.

To mimic the analysis of NG, we excluded index cases who became infected with both
strains. Model estimates were compared with the theoretical values; we estimated the
amount of bias and the coverage (i.e., the percentage of model runs in which the confidence interval captures the theoretical value). Due to the exclusion of some cases in the
third simulation, these theoretical values were empirically determined.

Results
Informed consent was obtained from 2492 MSM with 8381 partners during 3050 clinic
visits. We excluded 18 visits because partners were not reported, 269 partners because
last sexual contact occurred more than 6 months ago, and 84 partners because of missing
data. The study population consisted of 2438 MSM who reported 8028 partners during
101

3

3

102

Table 1. Characteristics of 2983 MSM recruited at the STI clinic of the Public Health Service of Amsterdam, 2008-2009

Median age in years (IQR)
Ethnicity (%)
Dutch
Western, non-Dutch
Non-Western
HIV status (%)
Negative
Known-positive
Newly-positive
Unknown
Number of partners in the preceding 6 months (IQR)
Number of partners reported in detail (%)
1
2
3
4
Rectal NG infection (%)
Asymptomatic
Symptomatic
Urethral NG infection (%)
Asymptomatic
Symptomatic
Pharyngeal NG infection (%)

MSM without
NG
N=2639
39 (31-46)

MSM with
NG
N=344
36.5 (29-42)

MSM with
rectal NG
N=157
35 (29-42)

MSM with
urethral NG
N=126
38 (30-43)

MSM with
pharyngeal NG
N=162
35 (28-41)

1882 (71.3)
310 (11.8)
447 (16.9)

249 (72.4)
39 (11.3)
56 (16.3)

118 (75.2)
14 (8.9)
25 (15.9)

90 (71.4)
12 (9.5)
24 (19.1)

110 (67.9)
25 (15.4)
27 (16.7)

1875 (71.1)
637 (24.1)
36 (1.4)
91 (3.5)
7 (3-15)

192 (55.8)
129 (37.5)
13 (3.8)
10 (2.9)
10 (4-20)

74 (47.1)
71 (45.2)
9 (5.7)
3 (1.9)
10 (5-24)

60 (47.6)
56 (44.4)
3 (2.4)
7 (5.6)
8 (4-20)

116 (71.6)
40 (24.7)
4 (2.5)
2 (1.2)
9.5 (4-20)

447 (16.9)
568 (21.5)
1009 (38.2)
615 (23.3)

46 (13.4)
72 (20.9)
136 (39.5)
90 (26.2)

20
32
65
40

19
30
43
34

22
31
69
40

-

130 (37.8)
27 (7.9)

130 (82.8)
27 (17.2)

26 (20.6)
3 (2.4)

42 (25.9)
7 (4.3)

-

14 (4.1)
112 (32.6)
162 (47.1)

4 (2.6)
25 (15.9)
49 (31.2)

14 (11.1)
112 (88.9)
35 (27.8)

4 (2.5)
31 (19.1)
162 (100)

(12.7)
(20.4)
(41.4)
(25.5)

(15.1)
(23.8)
(34.1)
(27.0)

(13.6)
(19.1)
(42.6)
(24.7)

MSM = men who have sex with men; STI = sexually transmitted infection; NG = Neisseria gonorrhoeae; IQR = interquartile range
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2983 visits. We assumed independence between clinic visits of the same individual; from
this point onwards visits are referred to as MSM. NG was diagnosed in 344 (11.5%)
MSM. MSM with rectal NG (N=157) reported 439 partners of whom 422 were possible source partners. Based on molecular typing, 27 NG-positive MSM with 74 possible
source partners were in cluster I, 10 MSM with 25 partners in cluster II, 13 MSM with
43 partners in cluster III, 10 MSM with 24 partners in cluster IV, and 97 MSM with 273
partners in cluster V. MSM with urethral NG (N=126) reported 344 partners of whom
285 were possible sources. There were 4 urethral clusters: Cluster I with 27 MSM and
91 partners, cluster II with 11 MSM and 29 partners, cluster III with 10 MSM and 25
partners, and cluster IV with 78 MSM and 199 partners. Pharyngeal NG was diagnosed
in 162 MSM with 451 possible source partners. Index characteristics are shown in Table 1.

3
There were 905 possible source partners for the rectal, urethral, and pharyngeal infections
and 7123 partners who were not a possible source, because the index was NG-negative or
sexual contact had not occurred in the period in which transmission occurred. Meeting
locations of partners, and partner characteristics are shown in Table 2.
Most infections were acquired from the long-lasting steady partner, ’location’ N (20.61%;
95% 17.11%-24.34%) (Figure 1.A), but the highest infection risk was in a street in Amsterdam, location A (4.39%; 95% 2.63%-5.92%) (Figure 1.B). Differences between the
four models were small and model estimates differed slightly from estimates obtained by
equal allocation (Figure 1 & Supplement 3.2.2).

Simulation study In the first and second simulation, there were 326 (IQR 315-338)
infected cases and 931 (IQR 900-967) possible source partners. In the third simulation,
229 (IQR 219-239) cases were infected with strain I, 178 (IQR 168-186) with strain II, and
there were 1174 (IQR 949-1362) possible source partners. The estimated distributions
and probabilities of infection were much closer to the theoretical values than the estimates
obtained by equal allocation (Table 3 & 4). The model performed well in all simulations,
but a small bias seems to be present. Compared to simulation I, bias was slightly reduced
in simulation II, but the coverage became lower. This is due to the higher confidence of
the individual model runs in simulation III combined with a small bias.

Discussion
We have developed a method to estimate the source of infection in cases with multiple
possible sources. For NG-infected MSM, we estimated from which possible source partner
the infection was acquired. This was translated to the meeting location where this partner
was met. Most infections were acquired from long-lasting steady partners, but the highest
risk per encounter was observed in a street in Amsterdam where several gay venues are
located.
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Partner characteristics
Median age in years (IQR)
Ethnicity (%)
Dutch
Western, non-Dutch
Non-Western
HIV status (%)
HIV-negative
Probably HIV-negative
Unknown
Probably HIV-positive
HIV-positive
Leather subculture (%)
Military subculture (%)
Rubber subculture (%)
Sports subculture (%)
Jeans subculture (%)
Partnership characteristics
Number of sex acts in the preceding 6 months (%)
Once
2-5 times
5-10 times
10-25 times
25-50 times
>50 times
Receptive UAIb (%)
Insertive UAIb (%)
Passive fellatiob (%)
Active fellatiob (%)
Meeting location (%)
In Amsterdam
A (street)
B (street)
C (saunas)
D (cruising areas)
E (sex parties)
F (other)
510 (56.4)
178 (19.7)
217 (24.0)
121 (13.4)
259 (28.6)
320 (35.4)
49 (5.4)
156 (17.2)
73 (8.1)
29 (3.2)
21 (2.3)
171 (18.9)
142 (15.7)

381 (42.1)
279 (30.8)
84 (9.3)
77 (8.5)
51 (5.6)
33 (3.7)
258 (28.5)
249 (27.5)
687 (75.9)
683 (75.5)

35
46
51
17
12
30

3952 (55.5)
1341 (18.8)
1830 (25.7)
1015 (14.3)
2277 (32.0)
2738 (38.4)
211 (3.0)
882 (12.4)
593 (8.3)
223 (3.1)
171 (2.4)
1055 (14.8)
1223 (17.2)

3186 (44.7)
2086 (29.3)
650 (9.1)
550 (7.7)
379 (5.3)
272 (3.8)
1412 (19.8)
1427 (20.0)
5308 (74.5)
5259 (73.8)

117 (1.6)
498 (7,0)
359 (5.0)
194 (2.7)
98 (1.4)
349 (4.9)

(3.9)
(5.1)
(5.6)
(1.9)
(1.3)
(3.3)

34 (28-40)

Possible source
partners
N=905

35 (29-40)

Non-source
partnersa
N=7123

17 (4.0)
17 (4.0)
30 (7.1)
9 (2.1)
6 (1.4 )
14 (3.3)

184 (43.6)
124 (29.4)
41 (9.7)
38 (9.0)
23 (5.5)
12 (2.8)
153 (36.3)
112 (26.5)
316 (74.9)
331 (78.4)

49 (11.6)
118 (28.0)
144 (34.1)
23 (5.5)
88 (20.9)
40 (9.5)
16 (3.8)
14 (3.3)
88 (20.9)
55 (13.0)

261 (61.9)
83 (19.7)
78 (18.5)

35 (29-40)

Possible source
partners of rectal
NG N=422

8 (2.8)
16 (5.6)
14 (4.9)
6 (2.1)
6 (2.1)
7 (2.5)

133 (46.7)
78 (27.4)
29 (10.2)
19 (6.7)
16 (5.6)
10 (3.5)
67 (23.5)
93 (32.6)
202 (70.9)
179 (62.8)

35 (12.3)
65 (22.8)
98 (34.4)
24 (8.4)
63 (22.1)
32 (11.2)
9 (3.2)
6 (2.1)
69 (24.2)
63 (22.1)

140 (49.1)
65 (22.8)
80 (28.1)

34 (28-39)

Possible source
partners of urethral
NG N=285

22 (4.9)
19 (4.2)
20 (4.4)
7 (1.6)
4 (0.9)
17 (3.8)

175 (38.8)
142 (31.5)
43 (9.5)
41 (9.1)
31 (6.9)
19 (4.2)
101 (22.4)
106 (23.5)
356 (78.9)
361 (80.0)

83 (18.4)
146 (32.4)
156 (34.6)
16 (3.6)
50 (11.1)
26 (5.8)
11 (2.4)
7 (1.6)
68 (15.1)
62 (13.8)

247 (54.8)
90 (20.0)
114 (25.3)

32 (27-39)

Possible source
partners of pharyngeal
NG N=451

Table 2. Characteristics of 8028 partners and partnerships of 2983 MSM recruited at the STI clinic of the Public Health Service of Amsterdam, 2008-2009
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Online
G
H
I
J
K
Other
L (Netherlands)
M (abroad)
N (long-lasting steady)
O (long-lasting casual)
P (other)

Non-source
partnersa
N=7123

Possible source
partners
N=905

Possible source
partners of rectal
NG N=422

Possible source
partners of urethral
NG N=285

Table 2 Continued
Possible source
partners of pharyngeal
NG N=451

302 (4.2)
96 (1.4)
141 (2.0)
739 (10.4)
448 (6.3)

49 (5.4)
9 (1.0)
14 (1.6)
139 (15.4)
38 (4.2)

31 (7.4)
7 (1.7)
6 (1.4)
60 (14.2)
13 (3.1)

11 (3.9)
3 (1.1)
8 (2.8)
57 (20.0)
15 (5.3)

16 (3.6)
4 (0.9)
10 (2.2)
70 (15.5)
19 (4.2)

166 (2.3)
457 (6.4)
880 (12.4)
1555 (21.8)
724 (10.2)

17 (1.9)
50 (5.5)
92 (10.2)
189 (20.9)
117 (12.9)

14
22
42
84
50

7 (2.5)
19 (6.7)
28 (9.8)
54 (19.0)
26 (9.1)

7 (1.6)
21 (4.7)
47 (10.4)
94 (20.8)
74 (16.4)

(3.3)
(5.2)
(10.0)
(19.9)
(11.9)

MSM = men who have sex with men; STI = sexually transmitted infection; NG = Neisseria gonorrhoeae; IQR = interquartile range. a Either because the participant was not infected,
or because the partner could not have been the source of infection of the participant based on the date of last sexual contact. b From the perspective of the participant.
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Figure 1. The probability of NG infection through partners met at 16 different meeting locations for MSM in
Amsterdam, 2008-2009. Figure 1.A. represents the distribution of infections across meeting locations. Figure 1.B.
represents the probability to acquire NG from a partner met at a meeting location. The figures show the results of
model 1 (), model 2 (), model 3 (N), and model 4 (H). The results of equal allocation are shown as vertical line
segments. A and B are streets in Amsterdam, C is gay saunas, D is outside cruising areas , E is sex parties, F is other
locations in Amsterdam, G to J are the most often reported websites, K is remaining websites, L is the Netherlands,
but not Amsterdam, M is abroad, N is long-lasting steady partner, O is long-lasting casual partner, and P is other.
The corresponding estimates are shown in Table S.1 and S.2 in Supplement 3.3.2.
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Table 3. The distribution of infections across meeting locations, results of simulation studies

Sim Ic
Sim IId
Sim IIIe

Location
Location
Location
Location
Location
Location
Location
Location
Location

A
B
C
A
B
C
A
B
C

Theoretical
distribution (%)
27.25
64.44
8.31
27.25
64.44
8.31
27.39
27.36
45.25

Equal
allocationa (%)
31.0 (27.7-34.3)
45.1 (41.7-48.6)
23.8 (21.0-26.8)
31.0 (27.7-34.3)
45.1 (41.7-48.6)
23.8 (21.0-26.8)
31.2 (28.3-34.2)
31.2 (28.3-33.9)
37.7 (34.8-40.8)

Estimated
distribution
median (IQR)b
27.01 (24.48-29.77)
63.98 (61.39-66.69)
8.94 (8.77-9.12)
27.06 (24.98-29.14)
64.23 (61.80-66.17)
8.83 (7.25-10.33)
27.96 (26.22-28.83)
27.05 (25.23-28.97)
44.79 (42.80-46.90)

Bias
-0.179
-0.456
0.634
-0.147
-0.434
0.582
0.630
-0.202
-0.427

% Coverage
(95% CI)
84.2 (81.9-86.5)
84.5 (82.3-86.8)
90.3 (88.5-92.1)
78.6 (76.1-81.2)
77.7 (75.1-80.3)
84.1 (81.8-86.4)
75.7 (73.0-78.4)
80.1 (77.6-82.6)
72.7 (69.9-75.5)

IQR = interquartile range; CI = confidence interval. a The infection of the index was equally allocated to his partners;
P-values were <0.001, except for Sim I location A (p=0.153), Sim II location A (p=0.134), and Sim III location B
(p=0.023); c Generated datasets contained a binary outcome variable depending on covariables. Covariables were not
included in the analysis (univariable); d Generated datasets of simulation II were used. Covariables were included in
the analysis (multivariable); e Generated datasets contained a categorical outcome variable depending on covariables.
Covariables were included in the analysis (multivariable).

b

Data were used from MSM who visited the STI outpatient clinic in Amsterdam and participated in a large cross-sectional study. Differences between the models with and without
covariables were small, which reflects the absence of strong determinants of NG infection
among MSM.8 Simulation studies showed that the method produces much better estimates of infection risk than what is obtained by equally allocating risk over the partners;
bias was less than 1%.
Conclusions should be drawn with caution, because the method has several limitations and
simplifying assumptions were made. The study population was recruited at the STI clinic.
Reasons for visiting could be that MSM have symptoms or have been at risk recently. This
increases the infection risk per location and might also influence the relative infection risk.
Data were collected in 2008-2009. Since then, several meeting venues have been closed
and new venues have been opened, which may have changed actual infection risks. We did
not correct for repeated measurements of the same individual. It can be argued that this
may have caused bias, because it might be a reflection of the infection risk at particular
meeting locations. Furthermore, we assumed that the source of NG infection of the index
was one of the partners of whom detailed information was provided. Participants reported
a median number of 7 partners in the preceding 6 months, while detailed information was
only provided for the four most recent partners. There is a possibility that the actual
source of infection was one of the remaining partners of whom detailed information was
not reported. Due to missing data, we also excluded approximately 1% of the reported
partners who might have been the source of infection.
The presented method could be used for many types of infection, including STIs and
airborne infections, and may be particularly useful when the time until symptom onset is
relatively long or the infection is asymptomatic and the time between subsequent risky
contacts is relatively short. For example, in case of an influenza outbreak, one would like
to know whether most infections are acquired from household members, at school or work,
or in public transport. This information can be used for targeted prevention messages and
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Table 4. The probability of infection per meeting location, results of simulation studies

Sim Ic
Sim IId
Sim IIIe

Location
Location
Location
Location
Location
Location
Location
Location
Location

A
B
C
A
B
C
A
B
C

Theoretical
probability (%)
3.42
8.09
1.04
3.42
8.09
1.04
4.32
4.32
7.14

Equal
allocationa (%)
3.7 (3.2-4.3)
5.4 (4.8-6.1)
2.9 (2.4-3.3)
3.7 (3.2-4.3)
5.4 (4.8-6.1)
2.9 (2.4-3.3)
4.8 (4.1-5.4)
4.8 (4.1-5.4)
5.8 (5.1-6.5)

Estimated
probability
median (IQR)b
3.28 (2.93-3.60)
7.69 (7.30-8.14)
1.06 (0.84-1.29)
3.27 (2.99-3.53)
7.69 (7.34-8.08)
1.07 (0.87-1.25)
4.28 (3.98-4.58)
4.17 (3.85-4.48)
6.88 (6.50-7.27)

Bias
-0.158
-0.377
0.034
-0.154
-0.375
0.028
-0.024
-0.152
-0.265

% Coverage
(95% CI)
81.0 (78.6-83.4)
61.8 (58.8-64.8)
90.1 (88.3-92.0)
69.9 (67.1-72.8)
50.6 (47.5-53.7)
84.3 (82.0-86.6)
72.0 (69.2-74.8)
73.5 (70.8-76.2)
59.1 (56.1-62.2)

IQR = interquartile range; CI = confidence interval. a The infection of the index was equally allocated to his partners;
P-values were <0.001, except for Sim III location A (p=0.081); c Generated datasets contained a binary outcome
variable depending on covariables. Covariables were not included in the analysis (univariable); d Generated datasets of
simulation II were used. Covariables were included in the analysis (multivariable); e Generated datasets contained a
categorical outcome variable depending on covariables. Covariables were included in the analysis (multivariable).
b

3

measures. For highly infectious pathogens, such as NG, real-time monitoring and regular
updating of the infection risks might be needed when outcomes are used to target outreach programmes and other prevention measures. The method estimates the source of
infection when there are multiple possible sources. It is not restricted to meeting locations
as it predicts the probability of infection of the partner, enabling the allocation of source
partner according to all kinds of relevant epidemiological characteristics, which enables
more efficient targeting of prevention measures.
In conclusion, based on the infection status and information reported by an index case, we
estimated from which partner the infection was acquired, which is valuable information
for targeted prevention measures and outreach programmes.
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Supplement 3.2.1. Determining the most likely source of infection:
an application to Neisseria gonorrhoeae infection among men who
have sex with men

3

In this supplement, we describe the JAGS code of the model that was used to estimate the
distribution of infections across meeting locations and the probability of infection per meeting
location. In the first section, we describe the code for a binomial infection status. In the second
section, we describe the code for scenarios in which molecular typing data are available and
infection status is represented by a categorical variable.

JAGS code for binomial infection status

We first describe the data block, which defines
some data values that are not included in the dataset. Npers is the number of participants, Nobs
the number of partnerships, Nloc the number of meeting locations, and inf.index the observed
infection status of the participant, with values 0 for no infection and 1 for infection. The number
of rows of matrix loc.mat is equal to the total number of partnerships. For every row, loc.mat
is zero, except for the location at which the partner was met. C and the vector zeros are used
in the likelihood specification via the ’Poisson trick’, which is needed because the outcome does
not follow one of the standard distributions.
data {
for ( i in 1: Npers ){
zeros [ i ] <- 0
}
C <- 10
infTot <- sum ( inf.index [])
for ( i in 1: Nobs ){
for ( j in 1: Nloc ){
loc.mat [ i , j ] <}
}

equals ( loc [ i ], j )

}
We start with the specification of the likelihood L and the definition of the priors. cprob is
the probability of not having an infection. The partnerships are linked to the participants
by cumNpart; it identifies the first partnership of a participant in the vector of partnerships.
Npart[i] is the number of partners reported by participant i. The relation between the probabilities that generate the likelihood and the covariables is modelled via a logistic regression.
In the example code, we use the age of the participant (age.participant) and of the partner
(age.partner) as covariable that may affect the prevalence of infection per meeting location,
and a partnership covariable reflecting risk behaviour (risk.partnership). Priors are specified.
Vague priors were used for beta. For alpha we used more informative priors, in order to have a
distribution that is fairly uniform on the scale of the probability.

110

CHAPTER 3

model {
# Likelihood
for ( i in 1: Npers ){
L [ i ] <- log ( inf.index [ i ] + (1-2* inf.index [ i ]) *
prod ( cprob [ cumNpart [ i ]:( cumNpart [ i ] +
Npart [ i ] - 1)]))
psi [ i ] <- - L [ i ] + C
zeros [ i ] ∼ dpois ( psi [ i ])
}
#

Regression of the outcome on covariates
for ( i in 1: Nobs ){
cprob [ i ] <- 1 - prob [ i ]
logit ( prob [ i ]) <- inprod ( alpha [], loc.mat [ i ,]) +
beta [1]* age.participant1 [ i ] +
beta [2]* age.partner [ i ] +
beta [3]* risk.partnership2 [ i ]
}

# Priors
for ( j in 1: Nloc ){
alpha [ j ] ∼ dnorm (-3, 0 .5 )
}
# K is

number of covariables ( here , K =2)
for ( k in 1: K ){
beta [ k ] ∼ dnorm (0, 0 .001 )
}

Using the estimates of the logistic regression model, we estimate the probability that the partner
is infected (pred.prob). In every Markov Chain Monte Carlo (MCMC) iteration, the partnership
pred.part[i] that led to the infection is drawn according to the probabilities pred.prob. Next,
the partnership is linked to the location via pred.loc[i]. Finally, a matrix of infection locations
pred.loc.mat is created similar to loc.mat, but now with the number of rows equal to the
number of participants instead of the total number of partnerships. Per row, i.e., per participant,
it gives the estimated location of infection, which differs per MCMC iteration. If we sum this
matrix per column, we obtain the number of infections per location. Its uncertainty is quantified
via the variation in the sum over the MCMC iterations. The distribution of infections across
meeting locations is given by Distr.loc. The probability of infection per meeting location is
given by Prob.loc.
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#
#

3

Regression of probability that a partner is infected
covariates
for ( i in 1: Nobs ){
pred.prob [ i ] <- ilogit ( inprod ( alpha [],
loc.mat [ i ,]) +
beta [1]* age.participant [ i ] +
beta [2]* age.partner [ i ] +
beta [3]* risk.partnerships [ i ])
}

based on

# Generate the location of infection
# Note that pred.loc [ i ]=0 if the participant was not infected
for ( i in 1: Npers ){
pred.part [ i ] ∼ dcat ( pred.prob [ cumNpart [ i ]:(
cumNpart [ i ] + Npart [ i ]-1)])
pred.loc [ i ] <- inf.index [ i ] * loc [ cumNpart [ i ] +
pred.part [ i ] - 1]
for ( j in 1: Nloc ){
pred.loc.mat [ i , j ] <- equals (
pred.loc [ i ], j )
}
}
for ( j in 1: Nloc ){
Sum.inf [ j ] <- sum ( pred.loc.mat [, j ])
Distr.loc [ j ] <- Sum.inf [ j ]/ infTot
Prob.loc [ j ] <- Sum.inf [ j ]/ visitTot
}
}

JAGS code for categorical infection status In this section, we describe the model when
molecular typing data are available and infection status is included as a categorical variable. Apart
from a zero-one valued inf.index[] we now have a vector inf.type[] with values 1, 2, . . . , T
that represent the observed type of infection. Individuals without infection should be coded
as either 1, 2, . . . , T as well; the negative infection status of these individuals is indicated by
inf.index[i]=0. The first part of the code is the data block, which is the same as in the
previous model. tmp.type[i,k] represent the sum of the probabilities over the partners, that a
contact with partner j leads to infection of type k.
Again, we start with the likelihood specification and the definition of the priors, then, the infection status of the partner is estimated, and estimates are summed up by meeting location.
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model {
# Likelihood
for ( i in 1: Npers ){
for ( k in 1: T ){
tmp.type [ i , k ] <- sum ( prob [ cumNpart [ i ]:(
cumNpart [ i ]+ Npart [ i ]-1), k ])
}
L [ i ] <- log ( step (0 .5 - inf.index [ i ])* (1- sum (
tmp.type [ i ,])) + step ( inf.index [ i ]-0 .5 )*
tmp.type [ i , inf.type [ i ]])
psi [ i ] <- - L [ i ]+ C
zeros [ i ] ∼ dpois ( psi [ i ])
}
#

Regression of the outcome on covariates
for ( i in 1: Nobs ){
for ( k in 1: T ){
prob [ i , k ] <- phi [ i , k ] / (1+ sum ( phi [ i , ]))
log ( phi [ i , k ]) <- inprod ( alpha [, k ],
loc.mat [ i ,]) + beta [1, k ] *
age.participant1 [ i ] + beta [2, k ] *
age.partner1 [ i ] + beta [3, k ] *
risk.partnership [ i ]
}
}

# Priors
for ( j in 1: Nloc ){
for ( k in 1: T ){
alpha [ j , k ] ∼ dnorm (0, 0 .001 )
}
}
# K is

number of covariables
for ( j in 1: K ){
for ( k in 1: T ){
beta [ j , k ] ∼ dnorm (0, 0 .001 )
}
}

# Regression of probability that a partner is infected with type
# k based on covariates
for ( i in 1: Nobs ){
for ( k in 1: T ){
pred.phi [ i , k ] <- exp ( inprod ( alpha [, k ],
loc.mat [ i ,]) +
beta [1, k ]* age.participant1 [ i ] +
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beta [2, k ]* age.partner1 [ i ] +
beta [3, k ]* risk.partnership [ i ])
pred.prob [ i , k ] <- pred.phi [ i , k ] / (1 +
sum ( pred.phi [ i , ]))
}
}
#

3

}
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Generate the location of infection
for ( i in 1: Npers ){
pred.part [ i ] ∼ dcat ( pred.prob [ cumNpart [ i ]:(
cumNpart [ i ] + Npart [ i ] - 1),
inf.type [ i ]])
pred.loc [ i ] <- inf.index [ i ]* loc [ cumNpart [ i ]+
pred.part [ i ]-1]
for ( j in 1: Nloc ){
pred.loc.mat [ i , j ] <- equals (
pred.loc [ i ], j )
}
}
for ( j in 1: Nloc ){
Sum.inf [ j ] <- sum ( pred.loc.mat [, j ])
Distr.loc [ j ] <- Sum.inf [ j ] / infTot
Prob.loc [ j ] <- Sum.inf [ j ] / visitTot
}

4.39
2.85
5.92
2.19
1.32
2.63
4.83 (3.07-6.36)
1.32 (0.44-2.41)
3.07 (1.97-4.17)
17.33 (14.69-19.74)
3.51 (1.97-5.04)
2.85 (1.97-3.95)
3.73 (2.19-5.70)
20.61 (17.11-24.34)
9.65 (7.46-12.06)
13.38 (10.96-15.79)

3.79
3.83
5.41
1.96
1.32
3.68
4.58
1.34
2.49
15.37
4.03
2.71
4.39
20.98
10.67
13.44

(2.63-5.92)
(1.54-4.39)
(4.39-7.46)
(1.32-2.85)
(0.66-2.19)
(1.54-4.17)

Model 1
probability in %
(95% CI)c

Equal
allocation (%)b
(2.41-5.92)
(1.54-3.95)
(4.82-7.68)
(1.32-3.07)
(0.44-1.97)
(1.32-4.17)

2.63 (1.75-3.73)
3.95 (2.63-5.70)
21.71 (17.98-25.44)
10.09 (7.68-12.28)
12.94 (10.53-15.35)

4.83 (3.51-6.36)
1.32 (0.44-2.19)
3.07 (1.97-4.17)
16.67 (14.25-19.08)
3.29 (1.97-4.83)

4.17
2.63
6.14
2.19
1.10
2.63

Model 2
probability in %
(95% CI)d

2.19 (1.54-3.07)
3.51 (2.41-4.83)
23.47 (20.61-26.32)
10.09 (8.33-12.06)
12.94 (10.96-15.13)

(3.51-5.92)
(1.54-3.51)
(5.04-7.68)
(1.32-2.85)
(0.44-1.75)
(1.54-3.95)

2.63 (1.97-3.51)
3.29 (2.19-4.83)
22.37 (19.30-25.44)
9.65 (7.68-11.84)
14.04 (12.06-16.23)

4.83
2.41
6.36
2.19
1.10
2.63

4.61 (3.29-6.14)
1.54 (0.88-2.19)
2.85 (1.97-3.95)
16.23 (14.04-18.20)
2.63 (1.75-3.95)

(3.73-6.14)
(1.54-3.73)
(4.61-7.24)
(1.10-2.63)
(0.44-1.97)
(1.75-4.17)

Model 4
probability in %
(95% CI)f

4.39 (2.85-5.70)
1.54 (0.66-2.41)
3.07 (1.97-3.95)
16.45 (14.25-18.64)
2.85 (1.75-4.17)

5.04
2.63
5.92
1.75
1.10
2.85

Model 3
probability in %
(95% CI)e

CI = credibility interval; a The distribution of infections across meeting locations was estimated by dividing the number of partners causing infection per meeting location by the total
number of partners who were a source; b The infection of the participant was equally allocated to his partners, e.g., if an infected participant reported two partners, 50% of the infection
was allocated to partner 1 and 50% to partner 2; c Logistic regression without covariates; d Logistic regression with covariates; e Multinomial logistic regression including N. gonorrhoeae
type without covariates; f Multinomial logistic regression including N. gonorrhoeae type with covariates.

Meeting
location
In Amsterdam
A (street)
B (street)
C (saunas)
D (cruising area)
E (sex parties)
F (other)
Online
G
H
I
J
K
Other
L (Netherlands)
M (abroad)
N (long-lasting steady)
O (long-lasting casual)
P (other)

Table S.1. Distribution of Neisseria gonorrhoeae infections across meeting locations of men who have sex with men recruited at the STI clinic of the Public Health Service of
Amsterdam, the Netherlands, 2008-2009a

Supplement 3.2.2. Tables belonging to Figure 1
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Table S.2. Probability of Neisseria gonorrhoeae infection per meeting location among men who have sex with men recruited at the STI clinic of the Public Health Service of
Amsterdam, the Netherlands, 2008-2009a

Meeting
location
In Amsterdam
A (street)
B (street)
C (saunas)
D (cruising area)
E (sex parties)
F (other)
Online
G
H
I
J
K
Other
L (Netherlands)
M (abroad)
N (long-lasting steady)
O (long-lasting casual)
P (other)

Equal
allocation (%)b

Model 1
probability in %
(95% CI)c

Model 2
probability in %
(95% CI)d

Model 3
probability in %
(95% CI)e

Model 4
probability in %
(95% CI)f

3.67
1.04
1.94
1.37
1.77
1.43

4.39
0.80
2.20
1.58
1.82
1.06

(2.63-5.92)
(0.43-1.23)
(1.63-2.76)
(0.95-2.05)
(0.91-3.03)
(0.62-1.67)

4.17
0.74
2.36
1.58
1.52
1.06

(2.41-5.92)
(0.43-1.10)
(1.87-2.93)
(1.11-2.21)
(0.61-2.42)
(0.53-1.67)

5.04
0.74
2.20
1.26
1.52
1.14

(3.73-6.14)
(0.43-1.04)
(1.71-2.68)
(0.79-1.90)
(0.61-2.73)
(0.70-1.67)

4.82
0.67
2.36
1.58
1.52
1.06

(3.51-5.92)
(0.43-0.98)
(1.87-2.85)
(0.95-2.05)
(0.61-2.42)
(0.62-1.58)

1.92
1.88
2.37
2.58
1.22

2.09
1.90
3.01
3.00
1.10

(1.33-2.75)
(0.63-3.49)
(1.94-4.09)
(2.54-3.42)
(0.62-1.58)

2.18
1.90
3.01
2.89
1.03

(1.52-2.85)
(0.63-3.17)
(1.94-4.09)
(2.47-3.26)
(0.62-1.51)

1.90
2.22
3.01
2.85
0.89

(1.23-2.47)
(0.95-3.49)
(1.94-3.87)
(2.47-3.23)
(0.55-1.30)

1.99
2.22
2.80
2.81
0.82

(1.42-2.66)
(1.27-3.17)
(1.94-3.87)
(2.43-3.15)
(0.55-1.23)

2.19
1.28
1.62
1.77
2.32

2.37
1.12
1.51
1.80
2.42

(1.64-3.28)
(0.66-1.71)
(1.17-1.89)
(1.49-2.12)
(1.98-2.85)

2.19
1.25
1.51
1.87
2.34

(1.46-2.91)
(0.79-1.78)
(1.20-1.89)
(1.57-2.20)
(1.94-2.77)

2.19
0.99
1.51
1.95
2.54

(1.64-2.91)
(0.66-1.45)
(1.20-1.85)
(1.68-2.22)
(2.18-2.93)

1.82
1.05
1.58
2.05
2.34

(1.28-2.55)
(0.72-1.45)
(1.30-1.89)
(1.80-2.29)
(1.98-2.73)

CI = credibility interval; a The distribution of infections over meeting locations was estimated by dividing the number of partners causing infection per meeting location by the total
number of partners who were a source; b The infection of the participant was equally allocated to his partners, e.g., if an infected participant reported two partners, 50% of the infection
was allocated to partner 1 and 50% to partner 2; c Logistic regression without covariates; d Logistic regression with covariates; e Multinomial logistic regression including N. gonorrhoeae
type without covariates; f Multinomial logistic regression including N. gonorrhoeae type with covariates.
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The contribution of rectal, urethral, and pharyngeal
Neisseria gonorrhoeae infections to spread among men
who have sex with men
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Abstract
Background Pharyngeal Neisseria gonorrhoeae (NG) infections might be maintaining
the circulation of NG among men who have sex with men (MSM), because many infections
are asymptomatic and remain undiagnosed. We estimated the basic reproduction number
(R0 ) of NG and the contributions of rectal, urethral, and pharyngeal infections to R0 .

3

Methods We developed a mathematical model and next-generation matrix for NG
spread between three anatomical locations. We estimated R0 and the contributions of
the location to R0 . Scenario studies were performed to assess the impact of screening.
We used data from the Amsterdam Cohort Studies on HIV/AIDS, a cross-sectional study
among MSM who visited the STI clinic in Amsterdam, the Netherlands, and literature.
Findings Among MSM, the estimated median NG prevalence was 5.7% (95% range 1.47.9), and the median value of R0 was 1.7 (95% range 1.1-3.7). The median contribution
to R0 was 11.3% (95% range 4.6-19.4) for rectal infections, 43.4% (95% range 37.247.7) for urethral infections, and 37.0% (95% range 29.8-43.7) for pharyngeal infections.
Screening was unlikely to stop NG spread; median R0 < 1 was reached when 90% of all
MSM were screened at all three anatomical locations every 3 months.
Interpretation Among MSM, the pharynx is a reservoir for NG. Pharyngeal and urethral
infections are more important for spread than rectal infections, even though the prevalence
of the latter is higher. Population-wide screening is unlikely to stop NG transmission,
unless upscaled to unrealistically high frequency and coverage.

Amy Matser, Maarten Schim van der Loeff, Henry de Vries, Mirjam Kretzschmar

Submitted.
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Introduction
Neisseria gonorrhoeae (NG) is a sexually transmitted bacterium, which can infect several
anatomical locations. Urethral, rectal, and pharyngeal NG infections are common among
men who have sex with men (MSM). The endemic prevalence of NG among MSM in affluent countries is less than 8%.1–6 Approximately 90% of the urethral infections and 15%
of the rectal infections are symptomatic.7, 8 The prevalence of symptomatic infections
among individuals with pharyngeal NG is approximately 5%, but due to the nonspecific
nature (e.g. sore throat) these symptoms are not always recognised, and they are equally
reported by individuals without pharyngeal NG infection.6 Asymptomatic infections might
act as reservoir and contribute significantly to the spread of NG.3, 4, 9–12
The pharynx is an important location for gonococcal recombination and might contribute
significantly to introduction and spread of recombined strains, due to the presence of
commensal Neisseria strains at this anatomical location.13 Furthermore, antibiotics are
less effective against pharyngeal NG than against urethral and rectal NG.9 Antibiotic
pressure and the presence of commensal strains might facilitate development of antibiotic
resistance.5, 14 In recent years, NG strains with reduced susceptibility and resistance for
extended spectrum cephalosporins have been reported, which is currently the primary and
last mono-therapeutic treatment option. It is likely that these strains have emerged by
recombination with commensal Neisseria species in the pharynx.14
There is an ongoing debate regarding the importance of pharyngeal NG for spread and
for the emergence of resistant strains.13 There are large differences in bacterial loads of
infections between anatomical locations, suggesting differences in transmission potential
and relative importance of the locations for transmission.15 The contributions of urethral,
rectal, and pharyngeal infections to spread are unknown. The basic reproduction number (R0 ), which represents the number of secondary infections caused by one infectious
individuals in a fully susceptible population, can be used to gain insight into transmission dynamics. We investigated the infection dynamics among MSM between the three
anatomical locations by estimating R0 and the contribution of each anatomical location
to R0 . We also assessed the impact on R0 of different screening and treatment strategies.

Methods
Transition model We developed a deterministic mathematical model for the transmission of NG among MSM. The population was closed, ignoring births and deaths,
and divided in a low- and high-risk group. Partner selection was based on proportionate
mixing between the two risk groups. Infections occurred at the rectum, urethra, and pharynx. MSM could acquire a mono-infection at one anatomical location or double or triple
infections at multiple anatomical locations. For model simplicity, we assumed that superinfections did not occur: when someone acquired an infection at one or two anatomical
locations, the remaining anatomical locations without infection were no longer susceptible,
until the individual cleared all existing infections. Rectal and urethral infections were either
119
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Figure 1. Schematic overview of the model. The SI-model contained the susceptible states S l for low-risk MSM and
g
S h for high-risk. There were 16 infection states for low-risk MSM and 16 for high-risk. These were: I100
for MSM
g
with an asymptomatic rectal infection, where g=l for low-risk and g=h for high-risk; I200
for MSM with a symptomatic
g
g
rectal infection; I010 for MSM with an asymptomatic urethral infection; I020 for MSM with a symptomatic urethral
g
g
infection; I001
for MSM with a pharyngeal infection; I110
for MSM with an asymptomatic rectal and urethral infection;
g
g
I220
for MSM with a rectal and urethral infection, where at least one of the two was symptomatic; I101
for MSM
g
with an asymptomatic rectal, and a pharyngeal infection; l201
for MSM with a symptomatic rectal, and a pharyngeal
g
g
for MSM with a symptomatic
for MSM with an asymptomatic urethral, and a pharyngeal infection; I021
infection; l011
g
urethral, and a pharyngeal infection; I111
for MSM with an asymptomatic rectal, urethral, and pharyngeal infection;
g
for MSM with a rectal and urethral infection, where at least one of the two was symptomatic, and a pharyngeal
I221
g
g
for MSM with
infection; I10
for MSM with an asymptomatic rectal infection and a cleared pharyngeal infection; I01
g
an asymptomatic urethral infection and a cleared pharyngeal infection; I11
for MSM with an asymptomatic rectal and
urethral infection and a cleared pharyngeal infection. Transitions from susceptible to infected were determined by the
contact rate cg , the probability of using a sexual technique π g , the transmission probability β, and the probabilities to
acquire a symptomatic rectal (σr ) or urethral (σu ) infection. The clearance rate is , with subscript a for asymptomatic
rectal and urethral infections, s for symptomatic rectal and urethral infections, p for pharyngeal infections, and ap for
the remaining asymptomatic rectal and urethral infections after clearing the pharynx. Rectal infections were caused
by urethral or pharyngeal infections, urethral infections by rectal or pharyngeal infections, and pharyngeal infections by
rectal or urethral infections. The differential equations are provided in Supplement 3.3.1.

asymptomatic or symptomatic and pharyngeal infections were always asymptomatic.
In the model, susceptible MSM were denoted by S g , where g is the risk group. For infected
g
MSM we used the notation Irup
, where r denotes the infection status of the rectum, u
of the urethra, and p of the pharynx (i.e. 0=no infection, 1=asymptomatic infection,
2=symptomatic). MSM with a dual infection of the rectum and urethra were assumed
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symptomatic when at least one of the two infections was symptomatic. MSM with a
symptomatic infection received treatment, which simultaneously cleared infections at all
anatomical locations, after which the individual returned to the S g state. Asymptomatic
infections cleared spontaneously. The natural clearance rates of rectal and urethral infections were assumed equal, and the natural clearance rate of pharyngeal infections was
higher than the rate of rectal and urethral infections. This means that in MSM with a
dual or triple infection, the asymptomatic rectum or urethra remained infectious for a
remaining period after clearance at the pharynx. For these cases, we used the notation
g
Iru
, where the subscript p representing the pharyngeal infection status is removed. A
schematic overview of the model is given in Figure 1. The set of differential equations
describing the transitions is provided in Supplement 3.3.1, and the parameters are shown
in Table 1.
Reproduction number, sensitivity, and elasticity The infected subsystem consisted
of 16 states per risk-group, and thus, there were 32 states. To model transmission between
these states, we constructed a 32 × 32 next-generation matrix (K). The elements kij of
matrix K represent the number of infections of type i caused by one infected individual
of type j. For example, element k1,2 represents the number of low-risk MSM with an
l
asymptomatic rectal infection (I100
) caused by a low-risk MSM with an asymptomatic
l
urethral infection (I010 ) [Supplement 3.3.1].
R0 is given by the dominant eigenvalue of matrix K.16 The sensitivity sij of a matrix
element kij , which is the change in R0 resulting from a change in matrix element kij , is
given by
sij =

∂R0
∂kij

Elasticity analysis was performed to estimate the contribution of the matrix elements to
R0 . The elasticity eij of each element is given by

eij =

kij ∂R0
R0 ∂kij

The element elasticities sum to 1, and therefore, they can be interpreted as relative contributions to R0 .17–19 Element elasticities were summed by transmission route to obtain
the relative contributions of rectal, urethral, and pharyngeal infections to R0 [Supplement
3.3.1].
Population parameters We assumed that approximately 10% of the MSM belonged
to the high-risk population.20 Population parameters were derived from data of the Amsterdam Cohort Study (ACS) on HIV among MSM, which is an ongoing open prospective
cohort study that started in 1984.21 We selected data from the first visit of participants
in 2013. In that year, there were 639 active participants with data who reported in total
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Table 1. Initial parameter ranges used in Latin Hypercube Sampling, and selected parameters based on NG prevalence
range 1%-8% used to estimate R0

3

Population size (N )
Proportion of high-risk MSM
Daily number of sexual contacts
By low-risk MSM (cl )
By high-risk MSM (ch )
For low-risk MSM, the probability of practicing
IUAI (plru )
RUAI (plur )
Active oro-penile sex (plup )
Passive oro-penile sex (plpu )
Active oro-anal sex (plrp )
Passive oro-anal sex (plpr )
For high-risk MSM, the probability of practicing
IUAI (ph
ru )
RUAI (ph
ur )
Active oro-penile sex (ph
up )
Passive oro-penile sex (ph
pu )
Active oro-anal sex (ph
rp )
Passive oro-anal sex (ph
pr )
Probability of symptomatic infection given infection
Rectum (σr )
Urethral (σu )
Duration of infection (in days)
Symptomatic rectal and urethral infections (da )
Asymptomatic rectal and urethral infections (de )
Pharyngeal infections (dp )
Asymptomatic rectal and urethral infections after
clearing the pharynx
Transmission probability per sexual contacta
From rectum to urethra (βur )
From urethra to rectum (βru )
From urethra to pharynx (βpu )
From pharynx to urethra (βup )
From rectum to pharynx (βrp )
From pharynx to rectum (βpr )

Initial
range
30000
0.076-0.12

Reference
Assumption
ACS & MSM NS

0.01-0.17
0.25-0.81

Selected median
(95% range)
0.094 (0.077-0.119)
0.069 (0.013-0.159)
0.542 (0.279-0.795)

MSM NS
0.28-0.43
0.28-0.44
0.79-0.84
0.79-0.83
0.46-0.53
0.40-0.46

0.353
0.360
0.815
0.810
0.495
0.430

(0.283-0.426)
(0.284-0.436)
(0.791-0.839)
(0.791-0.829)
(0.462-0.528)
(0.402-0.458)

0.250
0.265
0.760
0.805
0.338
0.439

(0.212-0.288)
(0.223-0.308)
(0.741-0.779)
(0.800-0.810)
(0.198-0.471)
(0.421-0.459)

MSM NS
0.21-0.29
0.22-0.31
0.74-0.78
0.80-0.81
0.19-0.48
0.42-0.46
8

0.1-0.2
0.85-0.95
1-7
105-182
7-120
de − dp

0.151 (0.103-0.197)
0.902 (0.852-0.947)
MSM NS
8, 23
24

4 (1-7)
143 (107-180)
57 (12-114)

Assumption
23

0.019-0.024
0.755-0.923
0.562-0.687
0.073-0.090
0.070-0.086
0.001-βrp

Assumption

0.021
0.840
0.626
0.081
0.038
0.078

(0.019-0.024)
(0.760-0.919)
(0.565-0.683)
(0.074-0.090)
(0.003-0.077)
(0.070-0.086)

IUAI = insertive unprotected anal intercourse; RUAI = receptive unprotected anal intercourse; ACS = Amsterdam Cohort
Studies on HIV/AIDS; MSM NS = MSM Network Study, 2008-2009. a Assuming 10% range around βur = 0.0243,
βru = 0.8402, βpu = 0.6288, βup = 0.0865, βrp = 0.0780.

7227 partners in the preceding 6 months, which corresponded to a median of 5 (IQR 2-13)
partners per individual. Low- and high-risk MSM reported a median of 1 (IQR 0-2) steady
partner in the preceding 6 months. Low-risk MSM reported 0 (IQR 0-2) casual partners
(i.e. known traceable partners) and 2 (IQR 0-6) anonymous partners (i.e. untraceable
one-night-stands). High-risk MSM reported 9.5 (IQR 3-15) casual partners and 30 (IQR
23-30) anonymous partners.
The number of sexual contacts within partnerships was derived from the MSM Network
Study among MSM, a cross-sectional study among MSM recruited at the STI outpatient
clinic of the Public Health Service of Amsterdam, the Netherlands, in 2008-2009.22 The
study included 2983 MSM who reported detailed information about 8028 partners. Information on the number of sexual contacts per partnership was obtained using a categorised
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question asking for the number of sexual contacts per partnership within the preceding
6 months. The answer categories were ’once’, ’2-5 times’, ’5-10 times’, ’10-25 times’,
’25-50 times’, and ’>50 times’. There was no significant difference between the number
of sexual contacts by partnership type reported by low- and high-risk MSM. We used
midpoints for estimating the number of sexual contacts per day. MSM reported a median
number of 17.5 (IQR 3.5-37.5) sexual contacts with a steady partner in 6 months, 3.5
(IQR 1-3.5) with a casual partner, and 1 with an anonymous partner. Accounting for the
number of partners per partnertype in the preceding 6 months reported in the ACS, we
derived that the daily number of sexual contacts in low-risk MSM ranged from 0.01 to
0.17 and in high-risk MSM from 0.25 to 0.81. Initial parameter values are shown in Table
1.
The probabilities of using sexual techniques were also derived from the MSM Network
Study. For low-risk MSM, the probability of having insertive unprotected anal intercourse
(UAI) was 0.35 (95% CI 0.33-0.37) with a steady partner, 0.14 (95% CI 0.13-0.16) with a
casual partner, and 0.10 (95% CI 0.09-0.12) with an anonymous partner. Accounting for
the number of sexual contacts per partnertype, it was derived that the overall probability
g
for low-risk MSM to have insertive UAI during sexual contact (πru
) ranged between 0.28
and 0.43. The same method was used to derive the probabilities for the other sexual
techniques for low- and high-risk MSM (Table 1).
Infection parameters Approximately 90% of the urethral infections and 15% of the
rectal infections are symptomatic.7, 8 To account for uncertainty, we used a range of 0.85
to 0.95 for the probability of symptomatic urethral infection (σu ) and 0.10 to 0.20 for the
probability of symptomatic rectal infection (σr ). Among 136 participants of the MSM
Network Study with a symptomatic NG infection, 84.6% were treated within 1 week and
another 12.5% between 1 and 2 weeks. Based on this, we assumed that the duration of a
symptomatic infection (ds ) ranged between 1 and 10 days. Urethral and rectal infections
clear naturally in approximately 6 months;8 we assumed da to range between 120 and
200 days. The duration of a pharyngeal NG infection is thought to be shorter. In a
study among 11 individuals with a pharyngeal infection, 3 of the participants cleared the
infection spontaneously before starting treatment in a median of 11 days (interquartile
range [IQR] 4-31).24 Based on this, we assumed dp to range between 7 and 120 days. In
case of asymptomatic dual or triple infections with pharyngeal NG, we assumed that the
pharyngeal infection cleared first and that the remaining duration of the rectal or urethral
infection was da − dp . Per sex act transmission probabilities of NG were derived from Hui
et al. (2015).23 We assumed that transmission from rectum to pharynx (βpr ) was less
efficient than from pharynx to rectum (βrp ). Initial parameter values are shown in Table
1.
Uncertainty and model calibration To account for uncertainty in parameter estimates,
we used uniform distributions for every parameter and used Latin Hypercube Sampling to
randomly select 2500 values from the ranges (Table 1).25 We ran the SI model on the 2500
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Table 2. Prevalence of NG per anatomical location
Infection
Overall
Rectal mono-infection
Urethral mono-infection
Pharyngeal mono-infection
Rectal pharyngeal dual infection
Mulitple infections including urethraa

Prevalence
in % (95% range)
5.68 (1.40-7.90)
2.58 (0.75-4.40)
0.43 (0.11-0.70)
1.97 (0.36-3.81)
0.37 (0.06-0.74)
0.01 (0.00-0.02)

a
Includes dual infection of rectum and urethra, of urethra and pharynx, and triple infection of the rectum, urethra, and
pharynx.

3

parameter sets and selected runs that resulted in an endemic prevalence of 1%-8% (Table
1), corresponding to the prevalence in affluent countries.1–6 Analyses were performed in
R.26, 27
Scenario studies Scenario studies were performed to assess the impact of populationwide rectal, urethral, and pharyngeal NG screening among MSM, by estimating the change
in R0 . In the model, MSM were screened with probability α and rate v. The population
was screened every 6 months (v = 1/182), every 3 months (v = 1/91), and every 1
month (v = 1/30.5). The proportion of the screened population (α) was varied between
0 and 1. We examined the following screening strategies: 1) No screening, 2) Screening
the total population at all anatomical locations; 3) Screening the high-risk population at
all anatomical locations; 4) Screening the total population at the rectum and urethra; 5)
Screening the total population at the rectum; 6) Screening the total population at the
urethra; and 7) Screening the total population at the pharynx.

RESULTS
Of the 2500 generated parameter sets, 1276 yielded an endemic prevalence of NG between 1% and 8%, and these sets were selected. Initial parameter ranges and ranges after
selection are shown in Table 1.
The median NG prevalence was 5.68% (95% range 1.40%-7.90%), and 1.90% (95% range
0.57%-3.75%) of the infected MSM became symptomatic. The median prevalence was
0.70% (95% range 0.16%-2.21%) among low-risk MSM and 50.56% (95% range 11.49%78.60%) among high-risk. The prevalence of rectal mono-infections was 2.58% (95%
range 0.75%-4.40%), 0.43% (95% range 0.11%-0.70%) had a urethral mono-infection,
and 1.97% (95% range 0.36%-3.81%) a pharyngeal mono-infection. The prevalence of
dual and triple infections was 0.38% (95% range 0.07%-0.76%) (Table 2). The distributions of infections over anatomical locations were comparable between the low- and
high-risk group. The median R0 was 1.7 (95% range 1.1-3.7). The distribution of R0
in the model runs is provided in Supplement 3.3.2. Asymptomatic infections contributed
for 91.0% (95% range 81.3%-97.3%) to R0 and infected high-risk MSM for 85.7% (95%
range 40.0%-99.4%).
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Figure 2. Ternary plot showing the relative contribution of rectal, urethral, and pharyngeal infections to R0 . Green
dots indicate low R0 values and red dots indicate high R0 values.

The contribution to R0 was 11.3% (95% range 4.6%-19.4%) for rectal infections, 43.4%
(95% range 37.2%-47.7%) for urethral infections, and 37.0% (95% range 29.8%-43.7%)
for pharyngeal infections. The remaining 8.4% (95% range 2.3%-16.2%) were contributed
by dual and triple infections for which we could not establish the exact transmitting
anatomical location (e.g. in case of rectal infections caused by a dual infection of the
urethra and pharynx it is unclear whether the infection is acquired from the urethra or
pharynx). When the contribution of the pharynx increased, R0 had the potential to increase too (Figure 2).

Scenario studies Screening the population every 6 months, even reaching 100% coverage was not sufficient to stop NG spread, as median R0 > 1 (Figure 3 & 4). When
screening was upscaled to every 3 months, the median R0 became less than 1 when 90%
of the total MSM population was screened at all three anatomical locations, which means
that NG spread was halted in 50% of the model runs (Figure 3). When the screening rate
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Figure 3. The impact of different NG screening and treatment scenarios on R0 . The impact of 1) screening the
high-risk MSM population at all anatomical locations, 2) screening all MSM at all anatomical locations, and 3) screening
the rectum and urethra of all MSM were assessed in scenarios in which the screening rate was 6 months, 3 months, and
1 month. The percentage of the population that was covered by the screening program varied between 0 and 100%.
The median R0 (solid line) and the 95% range (dotted line) are shown. The horizontal gray line indicates the threshold
R0 = 1.

was increased to every month, median R0 < 1 was reached when screening the rectum
and urethra, but not the pharynx, of 80% of the total population, 75% of the high-risk
MSM at all locations, or 60% of all MSM at all locations. R0 < 1, was not reached when
screening was restricted to the individual anatomical locations (Figure 4).

DISCUSSION
The pharynx is almost as important for NG spread among MSM as the urethra, and R0
increases when the contribution of pharyngeal infections increases. Although the preva126
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Figure 4. The impact of different NG screening and treatment scenarios on R0 . The impact of 1) screening the
rectum only, 2) screening the urethra only, and 3) screening the pharynx only were assessed in scenarios in which the
screening rate was 6 months, 3 months, and 1 month. The percentage of the population that was covered by the
screening program varied between 0 and 100%. The median R0 (solid line) and the 95% range (dotted line) are shown.
The horizontal gray line indicates the threshold R0 = 1.

lence of NG is highest in the rectum, the contribution of this anatomical location to R0 is
relatively minor, compared with the pharynx and urethra. Implementation of populationwide NG screening has a modest impact on R0 and is unlikely to halt NG transmission.
Only in unrealistic scenarios where over 90% of the MSM are screened every 3 months or
the population is screened every month, R0 may become smaller than 1 and NG spread
could be halted.
To examine key features of NG infection dynamics, we used a deterministic mathematical
model. Most models describing the infection dynamics of NG do not account for different
transmission routes and anatomical locations where infections can be present.28, 29 To
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our knowledge, there is only one study that describes a mathematical model including
anatomical locations.23 We performed elasticity analysis, which is an established method
in biology and ecology, but is relatively novel in infectious disease epidemiology.17–19 Elasticity analysis provides information about the contribution of transmission routes to the
initial growth of an epidemic and results are relatively easy to interpret.

3

We had the opportunity to parameterise the model with behavioural data from the longstanding Amsterdam Cohort Study on HIV among MSM in Amsterdam, the Netherlands,
which includes detailed sexual risk behaviour data. We also used data from a large detailed
cross-sectional study performed at the STI outpatient clinic of the Public Health Service
of Amsterdam. These data allowed us to calculate population parameters, including the
sexual contact rate, probabilities of using sexual techniques, and the time between the
onset of symptoms and treatment. Most infection parameters are uncertain and based
on assumptions made in the literature. One of these assumptions is that the duration of
rectal and urethral NG infection is approximately 6 months.7, 8 The duration of pharyngeal NG infection is thought to be shorter, but there is limited evidence.24 Uncertainty in
parameter estimates was accounted for by Latin Hypercube Sampling, which is an efficient
sampling strategy to select parameters.
We made several simplifying assumptions. We assumed that partnerships were instantaneous contacts and ignored heterogeneity in partnership duration and also re-infections
within partnerships, which might have led to an underestimation of R0 .30 We ignored
secondary or superinfections at other anatomical locations once a man acquired an infection, while in reality MSM infected at a certain anatomical location can acquire a second
or third infection at another location during subsequent sexual contacts. Due to this assumption, the numbers and contributions of MSM with dual and triple infection might be
underestimated. It is unlikely that accounting for superinfections would have had a large
impact on the estimated contributions of rectal, urethral, and pharyngeal infections to R0 ,
because the assumption affected the number of infections at all anatomical locations and
the contribution of these infections was relatively minor. We also assumed that treatment
is always successful and clears infections at all anatomical locations, which might have led
to a small underestimation of the number of pharyngeal infections and the contribution
to R0 of this anatomical location, as it is known that antibiotics are less effective against
pharyngeal infections.9
Results regarding the importance of the pharynx and the NG prevalence at anatomical
locations are in line with the findings of a previous study.23 Although we found, like Hui
et al., that the highest NG prevalence was found at the rectum, we also showed that this
anatomical location is of limited importance for R0 . The rectal infections were caused
by urethral and pharyngeal infections, and due to the low transmission probability from
the rectum to the urethra or pharynx, the potential to further spread a rectal infection
was modest. Furthermore, Hui et al. showed that increasing condom use during anal
intercourse will reduce the prevalence, but is unlikely to stop transmission. Increasing
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condom use during oro-penile contact will have a larger impact. In addition, we found
that implementation of NG screening will not stop transmission either, unless upscaled to
an unrealistically high rate and coverage. Implementation of screening reduces R0 and
will likewise reduce the NG prevalence, but there is no one to one relationship between
reductions in R0 and endemic prevalence.
In conclusion, we have shown that the pharynx is a very important anatomical location for
NG spread. Due to the asymptomatic nature of infections at the pharynx, this location
acts as a reservoir. Resistant strains against the last mono-therapeutic treatment option
are circulating and might spread further.14 There is a need for new treatment strategies
and antibiotics, because prevention measures, such as condom use during anal intercourse
and implementation of population-wide screening, seem to be inadequate in halting NG
transmission.
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Supplement 3.3.1. The set of differential equations and the nextgeneration matrix for the spread of Neisseria gonorrhoeae between
the rectum, urethra, and pharynx in a population of men who have
sex with men
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Differential equations A schematic overview of the model is provided in the main docug
ment (Figure 1). The infection states are represented by Irup
, where r is the infection status of
the rectum (with values 0 = no infection, 1 = asymptomatic infection, and 2 = symptomatic
infection), u of the urethra (also with values 0, 1, and 2), and p of the pharynx (with values 0
= no infection and 1 = infection). The risk group is represented by g, with g = l for low-risk
and g = h for high-risk, σ is the probability of symptomatic infection, c the contact rate, π the
probability of using a sexual technique, and β the transmission probability. The clearance rate is
, with subscript a for asymptomatic rectal and urethral infections, s for symptomatic rectal and
urethral infections, p for pharyngeal infections, and ap for the remaining asymptomatic rectal
and urethral infections after clearing the pharynx. The population sizes of low- and high-risk
men who have sex with men (MSM) are given by N l and N h . There are 32 infection states,
16 for low-risk MSM and 16 for high-risk MSM. The differential equations of the deterministic
SI-model, describing Neisseria gonorrhoeae spread among MSM are as follows:
g

dI100
dt
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)· cl ·Ncl +c
h ·N h )−s ·I201
g

l
dI011
g
g
l
l
l
g
g
·S l
= (1−σu )·cg ·(πur
·βur ·πpr
·βpr ·(I100
+I200
+I10
)· cl ·Ncl +c
h ·N h +πur ·βur ·πpr ·βpr ·
dt
h
h
h
h
h
g
g
g
g
l
·S
(I100
+I200
+I10
)· cl ·Ncl +c
h ·N h +πur ·βur ·(1−(1−πpr ·βpr )·(1−πpu ·βpu ))·(1−πru ·βru )·(I110 +
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l

l

l
l
g
g
g
g
h
h
h
·S
I220
+I11
)· cl ·Ncl +c
h ·N h +πur ·βur ·(1−(1−πpr ·βpr )·(1−πpu ·βpu ))·(1−πru ·βru )·(I110 +I220 +I11 )·
h

h

l
g
g
g
g
l
l
c ·S
·S l
+πpr
·βpr ·(1−(1−πur
·βur )·(1−πup
·βup ))·(1−πrp
·βrp )·(I101
+I201
)· cl ·Ncl +c
h ·N h +
cl ·N l +ch ·N h
g
g
g
g
h
h
g
g
ch ·S h
πpr ·βpr ·(1−(1−πur ·βur )·(1−πup ·βup ))·(1−πrp ·βrp )·(I101 +I201 )· cl ·N l +ch ·N h +πpu ·βpu ·πup
·
l

l

g
g
g
g
g
l
l
·S
βup ·(1−πru
·βru )·(1−πrp
·βrp )·(I011
+I021
)· cl ·Ncl +c
h ·N h +πpu ·βpu ·πup ·βup ·(1−πru ·βru )·(1−
h

h

g
g
g
g
g
h
h
·S
πrp
·βrp )·(I011
+I021
)· cl ·Ncl +c
h ·N h +(1−(1−πur ·βur )·(1−πup ·βup ))·(1−(1−πpr ·βpr )·(1−πpu ·
l

l

g
g
l
l
g
g
·S
βpu ))·(1−πru
·βru )·(1−πrp
·βrp )·(I111
+I221
)· cl ·Ncl +c
h ·N h +(1−(1−πur ·βur )·(1−πup ·βup ))·
h

h

g
g
g
g
g
h
h
·S
(1−(1−πpr
·βpr )·(1−πpu
·βpu ))·(1−πru
·βru )·(1−πrp
·βrp )·(I111
+I221
)· cl ·Ncl +c
h ·N h )−p ·I011
g

l
dI021
g
g
l
l
l
g
g
h
·S l
= σu ·cg ·(πur
·βur ·πpr
·βpr ·(I100
+I200
+I10
)· cl ·Ncl +c
h ·N h +πur ·βur ·πpr ·βpr ·(I100 +
dt
h
g
g
g
g
l
l
h
h
·S h
I200
+I10
)· cl ·Ncl +c
h ·N h +πur ·βur ·(1−(1−πpr ·βpr )·(1−πpu ·βpu ))·(1−πru ·βru )·(I110 +I220 +
l

l

l
g
g
g
g
h
h
h
·S
I11
)· cl ·Ncl +c
h ·N h +πur ·βur ·(1−(1−πpr ·βpr )·(1−πpu ·βpu ))·(1−πru ·βru )·(I110 +I220 +I11 )·
l
g
g
g
g
l
l
·S l
ch ·S h
+πpr
·βpr ·(1−(1−πur
·βur )·(1−πup
·βup ))·(1−πrp
·βrp )·(I101
+I201
)· cl ·Ncl +c
h ·N h +
cl ·N l +ch ·N h
h
g
g
g
g
h
h
g
g
·S h
πpr
·βpr ·(1−(1−πur
·βur )·(1−πup
·βup ))·(1−πrp
·βrp )·(I101
+I201
)· cl ·Ncl +c
+π
·β
pu pu ·πup ·
h ·N h
l

l

g
g
l
l
g
g
g
·S
βup ·(1−πru
·βru )·(1−πrp
·βrp )·(I011
+I021
)· cl ·Ncl +c
h ·N h +πpu ·βpu ·πup ·βup ·(1−πru ·βru )·(1−
h

h

g
h
h
g
g
g
g
·S
πrp
·βrp )·(I011
+I021
)· cl ·Ncl +c
h ·N h +(1−(1−πur ·βur )·(1−πup ·βup ))·(1−(1−πpr ·βpr )·(1−πpu ·
l

l

g
g
g
g
l
l
·S
βpu ))·(1−πru
·βru )·(1−πrp
·βrp )·(I111
+I221
)· cl ·Ncl +c
h ·N h +(1−(1−πur ·βur )·(1−πup ·βup ))·
h

h

g
g
g
g
g
h
h
·S
(1−(1−πpr
·βpr )·(1−πpu
·βpu ))·(1−πru
·βru )·(1−πrp
·βrp )·(I111
+I221
)· cl ·Ncl +c
h ·N h )−s ·I021
g

dI111
dt

g
g
g
g
= (1 − σr ) · (1 − σu ) · cg · (πur
· βur · πru
· βru · (1 − (1 − πpr
· βpr ) · (1 − πpu
· βpu )) ·

g
g
g
g
cl ·S l
+ πur
· βur · πru
· βru · (1 − (1 − πpr
· βpr ) · (1 − πpu
· βpu )) ·
cl ·N l +ch ·N h
h
h
h
g
g
g
g
ch ·S h
(I110 + I220 + I11 ) · cl ·N l +ch ·N h + πpr · βpr · πrp · βrp · (1 − (1 − πur · βur ) · (1 − πup · βup )) ·
l
l
l
g
g
g
g
h
·S l
(I101
+ I201
) · cl ·Ncl +c
h ·N h + πpr · βpr · πrp · βrp · (1 − (1 − πur · βur ) · (1 − πup · βup )) · (I101 +
h
h
g
g
g
g
l
l
h
·S
I201
) · cl ·Ncl +c
h ·N h + πpu · βpu · πup · βup · (1 − (1 − πru · βru ) · (1 − πrp · βrp )) · (I011 + I021 ) ·
l
l
h
h
g
g
g
g
h
h
c ·S
·S
+πpu
·βpu ·πup
·βup ·(1−(1−πru
·βru )·(1−πrp
·βrp ))·(I011
+I021
)· cl ·Ncl +c
h ·N h +
cl ·N l +ch ·N h
g
g
g
g
g
(1 − (1 − πru
· βru ) · (1 − πrp
· βrp )) · (1 − (1 − πur
· βur ) · (1 − πup
· βup )) · (1 − (1 − πpr
· βpr ) ·
g
g
g
l
l
cl ·S l
(1 − πpu · βpu )) · (I111 + I221 ) · cl ·N l +ch ·N h + (1 − (1 − πru · βru ) · (1 − πrp · βrp )) · (1 − (1 −
h
g
g
g
g
g
h
h
·S h
πur
·βur )·(1−πup
·βup ))·(1−(1−πpr
·βpr )·(1−πpu
·βpu ))·(I111
+I221
)· cl ·Ncl +c
h ·N h )−p ·I111
l
l
l
(I110
+ I220
+ I11
)·

g

dI221
dt

g
g
g
g
= (1 − (1 − σr ) · (1 − σu )) · cg · (πur
· βur · πru
· βru · (1 − (1 − πpr
· βpr ) · (1 − πpu
·

g
g
g
g
cl ·S l
+ πur
· βur · πru
· βru · (1 − (1 − πpr
· βpr ) · (1 − πpu
·
cl ·N l +ch ·N h
h
h
h
h
h
g
g
g
g
·S
βpu )) · (I110
+ I220
+ I11
) · cl ·Ncl +c
+
π
·
β
·
π
·
β
·
(1
−
(1
−
π
·
β
)
·
(1
−
π
·
β
))
pr
rp
ur
up ·
pr
rp
ur
up
h ·N h
l
l
g
g
g
g
h
cl ·S l
(I101 + I201 ) · cl ·N l +ch ·N h + πpr · βpr · πrp · βrp · (1 − (1 − πur · βur ) · (1 − πup · βup )) · (I101 +
l
l
l
βpu )) · (I110
+ I220
+ I11
)·

g
g
g
g
l
l
ch ·S h
+ πpu
· βpu · πup
· βup · (1 − (1 − πru
· βru ) · (1 − πrp
· βrp )) · (I011
+ I021
)·
cl ·N l +ch ·N h
l
l
h
h
g
g
g
g
h
h
c ·S
c ·S
+πpu ·βpu ·πup ·βup ·(1−(1−πru ·βru )·(1−πrp ·βrp ))·(I011 +I021 )· cl ·N l +ch ·N h +
cl ·N l +ch ·N h
g
g
g
g
g
(1 − (1 − πru
· βru ) · (1 − πrp
· βrp )) · (1 − (1 − πur
· βur ) · (1 − πup
· βup )) · (1 − (1 − πpr
· βpr ) ·
g
l
l
g
g
cl ·S l
(1 − πpu · βpu )) · (I111 + I221 ) · cl ·N l +ch ·N h + (1 − (1 − πru · βru ) · (1 − πrp · βrp )) · (1 − (1 −
h
g
g
g
g
g
h
h
·S h
πur
·βur )·(1−πup
·βup ))·(1−(1−πpr
·βpr )·(1−πpu
·βpu ))·(I111
+I221
)· cl ·Ncl +c
h ·N h )−s ·I221

h
I201
)·

g

dI10
dt

g
g
= p · I101
− ap · I10
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g

dI01
dt
g

dI11
dt

g
g
= p · I011
− ap · I01
g
g
= p · I111
− ap · I11

Next-generation matrix

The next-generation matrix (K) is a 32 × 32 matrix with elements
kij describing the number of infections of type i produced by an infectious individual of type j.
The row and column numbers in the matrix correspond to the infection types as follows:

R:
U:
P:
RU:
RP:
UP:
RUP:

3

1
2
3
4
5
6
7

Type
Il100
Il010
Il001
Il110
Il101
Il011
Il111

8
9

Type
Il200
Il020

10
11
12
13

Il220
Il201
Il021
Il221

14
15

Type
Il10
Il01

Il11

16

Type
Ih100
Ih010
Ih001
Ih110
Ih101
Ih011
Ih111

17
18
19
20
21
22
23

24
25

Type
Ih200
Ih020

30
31

Type
Ih10
Ih01

26
27
28
29

Ih220
Ih201
Ih021
Ih221

32

Ih11

R = rectal mono-infection; U = urethral mono-infection; P = pharyngeal mono-infection; RU = rectal urethral dualinfection; RP = rectal pharyngeal dual-infection; UP = urethral pharyngeal dual-infection; RUP = rectal urethral
pharyngeal triple-infection; 0 = no infection; 1 = asymptomatic infection; 2 = symptomatic infection; l = low-risk; h =
high-risk.

For simplicity, we show a 16 × 16 matrix, which only describes the transmission between low-risk
MSM.

k1,2
k1,3
 0


k
0
k2,3
 2,1



 k3,1
k
0
3,2



 0
0
k

4,3



k5,2
0
 0



k
0
0
 6,1


 0
0
0




 0
k8,2
k8,3

K = 

k
0
k9,3
 9,1



k10,2 k10,3
 0



 0
k11,2
0



k
0
0
 12,1




0
0
 0



0
0
 0



0
0
 0


0
0
0
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k1,4

k1,5

k1,6

k1,7

0

k1,9

k1,10

k1,11

k1,12

k1,13

k2,4

k2,5

k2,6

k2,7

k3,4

k3,5

k3,6

k3,7

k2,8

0

k2,10

k2,11

k2,12

k2,13

k3,8

k3,9

k3,10

k3,11

k3,12

k4,4

k4,5

k4,6

k4,7

k3,13

0

0

k4,10

k4,11

k4,12

k4,13

k5,4

k5,5

k5,6

k6,4

k6,5

k6,6

k5,7

0

k5,9

k5,10

k5,11

k5,12

k5,13

k6,7

k6,8

0

k6,10

k6,11

k6,12

k7,4

k7,5

k6,13

k7,6

k7,7

0

0

k7,10

k7,11

k7,12

k8,4

k7,13

k8,5

k8,6

k8,7

0

k8,9

k8,10

k8,11

k8,12

k8,13

k9,4

k9,5

k9,6

k9,7

k9,10

k9,11

k9,12

k9,13

k9,8

0

k10,4 k10,5 k10,6 k10,7

0

0

k11,4 k11,5 k11,6 k11,7

0

k10,10 k10,11 k10,12 k10,13

k11,9 k11,10 k11,11 k11,12 k11,13

k12,4 k12,5 k12,6 k12,7 k12,8

0

k12,10 k12,11 k12,12 k12,13

k13,4 k13,5 k13,6 k13,7

0

0

k13,10 k13,11 k13,12 k13,13

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0


k1,16 


k2,14
0
k2,16 




k3,14
k3,15
k3,16 



0
0
k4,16 




0
k5,15
k5,16 



k6,14
0
k6,16 



0
0
k7,16 




0
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k8,16 



k9,14
0
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0
0
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0
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k12,14
0
k12,16 





0
0
k13,16 



0
0
0




0
0
0



0
0
0
0
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Some matrix elements represent impossible transmission routes and have value 0, for example
l
l
k1,1 , which are low-risk MSM with a rectal infection (I100
) caused by I100
. The equations of the
matrix elements can be deduced from the differential equations of the SI-model. For example,
the number of low-risk MSM with an asymptomatic rectal mono-infection caused by a low-risk
MSM with an asymptomatic urethral mono-infection is
k1,2 = (1 − σr ) · cl ·

l
l
πru
· βru · (1 − πpu
· βpu )
cl · N l
· l
,
a
c · N l + ch · N h

and thus, in the 32 × 32 matrix, the number of low-risk MSM with an asymptomatic rectal
mono-infection caused by a high-risk MSM with an asymptomatic urethral mono-infection is

k1,18 = (1 − σr ) · cl ·

l
l
πru
· βru · (1 − πpu
· βpu )
ch · N h
· l
,
a
c · N l + ch · N h

3

the number of high-risk MSM with an asymptomatic rectal mono-infection caused by a low-risk
MSM with an asymptomatic urethral mono-infection is

k17,2 = (1 − σr ) · ch ·

h
h
πru
· βru · (1 − πpu
· βpu )
cl · N l
· l
,
a
c · N l + ch · N h

and the number of high-risk MSM with an asymptomatic rectal mono-infection caused by a
high-risk MSM with an asymptomatic urethral mono-infection is

k17,18 = (1 − σr ) · ch ·

h
h
πru
· βru · (1 − πpu
· βpu )
ch · N h
· l
.
a
c · N l + ch · N h

The elasticity matrix (E) is also a 32 × 32 matrix. Again, a 16 × 16 matrix for the low-risk MSM
is shown. The element elasticities sum to 1, and therefore, they can be interpreted as relative
contributions to R0 .1,2,3 Element elasticities were summed to obtain the relative contributions
of rectal, urethral, and pharyngeal infections to R0 . The contribution of the rectum was the
sum of the element elasticities shown in red, the urethral contribution is shown in green, and the
pharyngeal contribution in blue. The white non-zero elements are the contributions of multiple
anatomical locations, in case multiple anatomical locations were needed to cause the infection
of type i or when we were not certain from which anatomical location the infection of type i was
acquired.
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Supplement 3.3.2. Results

Parameters Latin hypercube sampling was used to draw parameter sets from initial parameter
ranges. Parameter sets were selected if they resulted in a NG prevalence of 1%-8%. These sets
were used to estimate R0 . The correlation between parameters and between parameters and
R0 was assessed by Pearson’s correlation coefficients. In Figure S.2.1, the correlation between
parameters and R0 are shown for correlations > 200 or < −200.

Figure S.1. Correlation between R0 and the duration of pharyngeal infection dp (0.421), the proportion of the high-risk
population (-0.238), the contact rate for low-risk MSM (cl ) (-0.426), and high-risk MSM (ch ) (0.493).
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3

Figure S.2. The distribution of R0 in the 1276 selected sets.
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Abstract
Background Molecular typing was used to elucidate Neisseria gonorrhoeae transmission
networks among men who have sex with men (MSM) in Amsterdam, the Netherlands. We
determined whether clusters of patients infected with specific N. gonorrhoeae genotypes
were related to various epidemiological characteristics.
Method MSM (age ≥18 years) visiting the sexually transmitted infections (STI) clinic
between July 2008 and August 2009 were eligible. After STI screening, participants
completed a behavioral questionnaire concerning the previous 6 months. N. gonorrhoeae
cultures were genotyped using multiple-locus variable-number tandem repeat analysis typing.

4

Results We obtained 278 N. gonorrhoeae-positive isolates from 240 MSM. Five large
clusters (≥10 isolates), a unique sixth cluster (n = 9), and 8 smaller clusters (5-9 isolates)
were identified. Prevalence of human immunodeficiency virus differed between clusters I
and VI (p = 0.003), ranging from 27.8% to 100%. Receptive unprotected anal intercourse
was frequently reported by MSM (51.8%), but did not differ significantly among clusters. Significant differences were identified concerning the participants’ history of syphilis
(p = 0.030), having met partners at a popular sex venue in Amsterdam (p = 0.048), and
meeting partners outside Amsterdam (p = 0.036).
Discussion Distinct N. gonorrhoeae transmission networks were present in a mixed highrisk MSM population; concordance between clusters and epidemiological characteristics
was present but not marked.
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Introduction
The incidence of Neisseria gonorrhoeae infection among men who have sex with men
(MSM) has increased substantially in many industrialized countries since the mid 1990s,
posing a serious public health problem.1, 2 The increase is often attributed to lower risk
perception and increasing risk behavior due to the introduction of combination antiretroviral therapy for HIV and the change of HIV infection from a terminal illness to a chronic
manageable disease.3, 4 In addition, risk-reducing strategies other than condom use, such
as serosorting, that is, having unprotected anal intercourse with only HIV seroconcordant partners, are considered important risk factors for the spread of sexually transmitted
infections (STIs) such as gonorrhea.5 Additional risk factors for anogenital gonococcal
infection include oral-anogenital sexual contacts.6 Pharyngeal gonorrhea has been associated with oral-anal sex, suggesting that the pharynx might act as reservoir for N.
gonorrhoeae.7–10
The structure of sexual networks is important for STI transmission, but elucidating these
transmission networks is challenging. Cross-sectional surveys do not provide actual partner
links, and respondent-driven sampling can be hampered by persons unwilling or unable
to reveal their sexual partners. Incomplete partner data might obscure partner links,
leading to an underestimation of the network size.11, 12 Molecular typing combined with
epidemiological data can provide better insight into N. gonorrhoeae transmission patterns, which can help to improve intervention strategies. To our knowledge, there have
been only a few molecular epidemiological studies in which N. gonorrhoeae transmission
networks within well-defined MSM populations were examined.11, 13–16 In this study, a
validated molecular typing method, multiple-locus variable-number tandem repeat analysis for N. gonorrhoeae (NG-MLVA), was used to elucidate these networks within the
MSM population in Amsterdam, the Netherlands.17 To elucidate the temporary nature of
N. gonorrhoeae outbreaks, we determined whether clusters could be related to calendar
time, whereby some strains might persist as endemic strains while others disappear shortly
after introduction. In addition, we examined the association of N. gonorrhoeae clusters
with coinfection by other STIs, human immunodeficiency virus (HIV) status, and other
demographic, epidemiological, and behavioral characteristics of MSM.

Material and Methods
Study design The study population was recruited from the STI outpatient clinic of
the Public Health Service of Amsterdam, the Netherlands. It is the only STI clinic in
Amsterdam with a low threshold character: it offers anonymous and free-of-charge testing
and treatment to nearly 28000 clients a year, regardless of having a residence permit,
health insurance, or a letter of referral. Approximately 22% are MSM, defined as men
reporting sexual contact with men in the preceding 6 months. MSM were eligible for
participation if they were at least 18 years old, could understand written Dutch or English,
and gave written informed consent. Individuals could participate more than once if they
visited the clinic for a new consultation. Recruitment, which ran from July 2008 to
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August 2009, was twice interrupted by a biannual survey among clinic visitors. The
study was approved by the Medical Ethics Committee of the Academic Medical Centre of
Amsterdam, the Netherlands.

4

STI clinic procedures According to the STI clinic protocol, all participants were screened
for urogenital Chlamydia trachomatis, pharyngeal and anogenital N. gonorrhoeae, syphilis,
and hepatitis B (except when vaccination or natural immunity had been documented previously). HIV testing was offered to all participants on an opt-out basis18 and was performed by rapid immunoassay (Abbott Determine HIV 1/2; Abbott Diagnostic Division,
Hoofddorp, the Netherlands). Reactive samples were confirmed by HIV Ag/Ab Combo
test (Axsym, Abbott Laboratories; Abbott Determine HIV 1/2, Abbott Diagnostics) and
line immunoassay (Inno-Lia HIV I/II Score; Innogenetics, Ghent, Belgium). Hepatitis C
serologic testing was offered to all HIV-positive MSM. If passive anal intercourse in the previous 6 months was reported, anogenital C. trachomatis was screened for; if anogenital C.
trachomatis was detected, lymphogranuloma venereum was excluded by genovar-specific
nucleic acid amplification testing. Chlamydia testing was performed with the APTIMA
platform (APTIMA Combo 2 assay for C. trachomatis and N. gonorrhoeae; Gen-Probe,
San Diego, CA, USA). Urogenital and anogenital gonorrhea testing was performed by
culture, and pharyngeal gonorrhea was determined by the APTIMA platform. All samples
included in this study were derived from pure N. gonorrhoeae cultures. From all participants with macroscopic signs of urethritis and/or proctitis, Gram-stained smears were
prepared for microscopic examination. If >10 polymorphic nucleic leucocytes per highpower field were seen, a presumptuous diagnosis of urethritis and/or proctitis was made. If
intracellular gramnegative diplococci were seen, a presumptuous diagnosis of gonococcal
urethritis and/or proctitis was made. For all presumptuous diagnoses, standard antibiotic
treatment was commenced immediately.
Bacterial cultivation and lysate preparation For cultivation of N. gonorrhoeae, urethral and rectal swab specimens were directly inoculated onto GC-Lect agar plates (Becton
Dickinson, Franklin Lakes, NJ, USA) and incubated in an aerobic, carbon dioxide-enriched
environment at 37◦ C for 40-48 hours. N. gonorrhoeae colonies were identified by Gram
staining and oxidase-, sugar utilization-, and aminopeptidase reactions. Positive colonies
were confirmed by nucleic acid amplification testing (AccuProbe; Gen-Probe) and stored in
20% glycerine at -80◦ C. Culture plates were prepared from the stored glycerine-frozen cultures. For all isolates, antimicrobial susceptibility was evaluated by Etest (AB bioMrieux,
Askim, Sweden). Subsequently, colonies were suspended in sterile saline (0.5 McFarland),
lysed at 95◦ C for 10 minutes, and stored at -80◦ C prior to nucleic acid amplification.
Molecular typing of N. gonorrhoeae Amplification of the variable number of tandem
repeat (VNTR) sequences was performed on a BioRad C1000 PCR system (BioRad, Hercules, CA, USA). Five VNTR loci (VNTR04-03, VNTR04-10, VNTR07-02, VNTR15-02,
and VNTR16-01) were amplified in 2 multiplex polymerase chain reactions (PCRs), as
described previously.17 The amplified samples were diluted 1:20 in water, and 2 µL of each
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diluted sample was mixed with 18 µL of a 1:450 in-water diluted GeneScan LIZ 500 size
standard (Applied Biosystems, Carlsbad, CA, USA). After heat denaturation for 5 minutes at 95◦ C, fragments were separated with an ABI 3130 automated sequencer (Applied
Biosystems) using the fragment analysis module. Sizing and calculation of the number of
repeats of each VNTR were performed with GeneMarker software, version 1.80 (SoftGenetics, State College, PA, USA). A hierarchical cluster analysis of the NG-MLVA typing
data was performed to compensate for the highly polymorphic nature of VNTR04-03,
VNTR04-10, and VNTR07-02. This was done by assigning double weight to VNTR15-02
and VNTR-1601 because these VNTR loci were considered more stable (Bionumerics software, version 6.0; Applied Maths, Sint-Martens-Latern, Belgium). Single-locus variants
(SLV) were considered to belong to the same N. gonorrhoeae strain. This genotyping
method has been described previously.17
Questionnaire Participants completed a computer-assisted self-interview (CASI) about
demographics and characteristics regarding themselves and their partners. This was done
after the consultation or while waiting for preliminary results of the C. trachomatis, N.
gonorrhoeae, and HIV tests, which are typically available within 45 minutes. During the
first 2 months of the study, a paper version of the English CASI was used; it was later
replaced by a CASI version. Later, in case of technical problems, an English and Dutch
paper version of the CASI were available.
The questionnaire reflected the 6 months preceding the clinic visit and inquired as to
partnership with a self-defined steady partner, if any, and the 3 most recent other partnerships: a steady partner, a traceable casual partner, or an anonymous casual partner,
see Supplement 4.1.1. No a priori definition of partnership status was provided to allow
participants to subjectively determine their partners’ status. It was assumed that the
perceived status would be an important determinant of behavior without necessarily being mediated by external criteria such as a minimum partnership duration. To determine
whether a partnership was 1 of the 3 most recent partnerships, the date of last sexual
contact was used, irrespective of the partnership start date.
Determinants Age was divided into 3 categories based on the interquartile range (IQR).
Self-defined ethnicity was categorized as Dutch, Western non-Dutch, and non-Western. In
the questionnaire, lifestyle was determined by asking whether the participant characterized
himself by code of dressing or as belonging to a certain social stream within the gay
community, for example, a casual, leather, rubber, or military type. The number of
partners in the previous 6 months was categorized using IQRs. We distinguished between
the number of self-defined steady partners, traceable casual partners, and untraceable
anonymous casual partners. Sexual risk behavior and substance use during last sexual
contact in the previous 6 months were assessed per partnership. We made a distinction
between insertive and receptive anal intercourse and fisting (i.e., brachioproctic insertion).
Unprotected anal intercourse was defined as never using or inconsistent use of condoms
during anal intercourse. With respect to use of sex-related substance, we made a distinc147
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Table 1. Number of isolates, client visits, and MSM in NG-MLVA clusters I-VI, in a small-cluster group and notclustered group, included in the study among clients of the sexually transmitted infection clinic in Amsterdam,
2008-2009

I
II
III
IV
V
VI
In a small cluster
Not in a cluster

Total no. of isolates
Identified (n=278)
37
19
28
10
22
9
50
103

No. of isolates
Included (n=259)
34
18
25
10
20
9
49
94

No. of client visits
(n=253)b
34
18
25
10
20
9
49
91

No. of MSM
(n=240)c
34
18
25
10
20
8d
49
90d

NOTE. The numbers in the last 2 columns do not add up to the column totals because some men contributed more
than 1 isolate per clinic visit (or contributed more than 1 visit), which were not always in the same cluster. MSM = men
who have sex with men; NG-MLVA = multiple-locus variable-number tandem repeat analysis for Neisseria gonorrhoeae.
a
Over the study period, 278 N. gonorrhoeae isolates were obtained; 19 samples were excluded from MSM who had 2
positive isolates at 1 clinic visit with the same NG-MLVA type. b Over 6 clinic visits, individuals had multiple isolates
with divergent NG-MLVA types because, over 3 visits, samples were ’not in a cluster’, 94 isolates are listed in that group
for 91 visits. c Of the MSM, 240 visited the STI clinic; 228 contributed 1 N. gonorrhoeae-positive visit, 11 contributed
2 visits, and 1 contributed 3 visits. d The isolates of 2 men at 2 separate clinic visits were classified to the same group
at both visits (cluster VI and ’not in a cluster’).
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tion between amyl nitrate (poppers) and other substances, that is, noninjecting use
of cocaine, ketamine, 3,4-methylenedioxy-methamphetamine (XTC), γ-hydroxybutyrate
(GHB), amphetamine, or methyl-amphetamine. The specific meeting location where the
participant met his sexual partner (e.g., the name of the website or the type of location,
such as a club or gay sauna) was also assessed for each partnership. Due to recruitment
interruptions during the study period, calendar time was divided into 3 parts: period 1,
July 2008 through October 2008; period 2, December 2008 through May 2009; and period
3, June 2009 through August 2009.
Statistical analysis To examine whether epidemiological characteristics differed according to being in a larger cluster or not, we performed 2 tests for independence and MannWhitney U tests for continuous variables. Then, we examined the associations between
clusters and calendar time and epidemiological factors (i.e., demographic characteristics,
risk behavior, and meeting location), performing χ2 tests for independence and KruskalWallis tests for continuous variables. Fisher exact tests were performed when the expected
value was less than 1. Analysis was done using Stata 11.1 (StataCorp., College Station,
TX).

Results
Identification of distinct NG-MLVA clusters During the study period, 4513 MSM
visited the STI clinic in 6532 visits, of whom 2492 MSM in 3050 visits participated in the
study. MSM who tested negative for urethral and rectal N. gonorrhoeae were excluded,
resulting in a study population of 240 MSM with 253 clinic visits. We identified 283 N.
gonorrhoeae-positive isolates; 278 isolates were successfully genotyped, revealing 5 larger
clusters of 10 or more isolates and 9 smaller clusters of 5 to 9 isolates (Table 1 & Figure 1).
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Figure 1. Minimum spanning tree of 259 isolates. Each circle represents 1 multiple-locus variable-number tandem
repeat analysis (MLVA) type. The size of the circle is proportional to the number of isolates with that identical MLVA
type. Bold lines connect types that differ in a single variable number of tandem repeat (VNTR) locus; dotted lines
connect types that differ in 2 loci (double locus variants); colored halos indicate distinct clusters, defined by chains of
MLVA types that did not differ by more than 1 VNTR locus. Roman numerals I-V represent 5 larger clusters (≥10
isolates), and VI represents 1 smaller cluster (9 isolates). Red indicates human immunodeficiency virus (HIV)-positive
status; white indicates HIV-negative status.

In 25 individuals, infections at 2 anatomical locations (both urethral and rectal) were
diagnosed at a single visit. Nineteen of the 25 MSM (76.0%) had isolates with identical
NG-MLVA types at both locations. We excluded their 19 rectal isolates from further
analysis. For the remaining 6 MSM who had isolates with divergent NG-MLVA types
(multilocus variants), both samples were included.
Five couples were identified (i.e., MSM who each reported being the others sexual partner). In 4 of the 5 couples (80%), the partners had isolates containing NG-MLVA types
that were considered identical (i.e., identical NG-MLVA types or with SLVs). The fifth
couple was discordant, having rectal infections with identical NG-MLVA types but urethral
isolates that differed.
One MSM visited the clinic 3 times and was diagnosed with N. gonorrhoeae at 2 anatomical locations at the first visit. Eleven MSM were diagnosed with N. gonorrhoeae at 2
separate visits (1 to 10 months apart). One of them had identical NG-MLVA types at the
first and second visit (separated by 3 weeks), suggesting reinfection with the same strain
or possible treatment failure. In 9 others, 9 isolates obtained at the second visit belonged
to different NG-MLVA clusters than the isolates from the first visit. The strains from 1
recidivist were different from each other and not classified to a cluster on either of his
visits.
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Table 2. Epidemiological characteristics recorded at 253 visits of MSM diagnosed with rectal or urethral gonorrhea
at the sexually transmitted infection clinic in Amsterdam, 2008-2009

Epidemiological characteristics
Demographic characteristics
Median age, in years (IQR)
Ethnicity
Dutch
Western, non-Dutch
Non-Western
Partner types in the previous 6 months
At least 1 steady partner
At least 1 traceable casual partner
At least 1 anonymous partner
Median no. of partners of the index patient in the previous 6 months (IQR)
Total no. of partners
No. of steady partners (IQR)
No. of traceable casual partners (IQR)
No. of anonymous partners (IQR)
Coinfections and substance use
Chlamydia trachomatis coinfection
HIV status
Negative
Known positive
Newly tested positive
Not tested
Sex-related drug use with at least 1 partner in the previous 6 monthsb
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Client visits
(n=253)a
37 (30-42)
177 (70.2%)
24 (9.5%)
51 (20.2%)
154 (60.9%)
160 (63.2%)
119 (47.0%)
10 (4-20)
1 (0-1)
3 (1-5)
4 (0-13)
70 (27.7%)
123 (48.8%)
110 (43.7%)
10 (4.0%)
9 (3.6%)
104 (41.1%)

NOTE. The numbers in the last 2 columns do not add up to the column totals because some men contributed more than
1 isolate per clinic visit (or contributed more than 1 visit), which were not always in the same cluster. Abbreviations:
MSM, men who have sex with men; NG-MLVA, multiple-locus variable-number tandem repeat analysis for Neisseria
gonorrhoeae. a Over the study period, 278 N. gonorrhoeae isolates were obtained; 19 samples were excluded from MSM
who had 2 positive isolates at 1 clinic visit with the same NG-MLVA type. b Over 6 clinic visits, individuals had multiple
isolates with divergent NG-MLVA types because, over 3 visits, samples were ’not in a cluster’, 94 isolates are listed in
that group for 91 visits. c Of the MSM, 240 visited the STI clinic; 228 contributed 1 N. gonorrhoeae-positive visit, 11
contributed 2 visits, and 1 contributed 3 visits. d The isolates of 2 men at 2 separate clinic visits were classified to the
same group at both visits (cluster VI and ’not in a cluster’).

Epidemiological analysis of N. gonorrhoeae MLVA clusters The study population
was predominantly Dutch (70.2%), and the median age was 37 (IQR 30-42) years. A
median number of 10 (IQR 4-20) sexual partners in the previous 6 months was reported
(Table 2). In the first analysis we determined whether MSM in 1 of the larger clusters
(cluster I, II, III, IV, or V) differed from MSM who were not in a larger cluster (Table 3).
The HIV prevalence was higher among MSM who were not in a larger cluster (n=0.048),
but no other epidemiological, statistically significant differences were found.
The second analysis, in which we determined whether clusters differed according to epidemiological characteristics, was performed on larger clusters I-V. Because the isolates
(n=9) in smaller cluster VI contained identical NG-MLVA types that were very different
from all other types, a third analysis was performed on clusters I-VI. In both analyses,
demographic characteristics did not differ significantly among clusters, nor did belonging
to a specific MSM behavioral subculture (e.g., being a leather, military, or rubber type),
indicating that N. gonorrhoeae clusters were not occurring in distinct subgroups of the
MSM population.
Significant differences by cluster were found for the number of steady partners (p = 0.013
for clusters I-V; p = 0.011 for clusters I-VI), while the number of traceable casual and
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anonymous partners did not differ by cluster (Table 3).
Larger clusters I-V did not differ according to sexual risk behavior. When cluster VI
was included, borderline significant differences were found for insertive anal intercourse
(p = 0.072 for cluster I-V; p = 0.052 for I-VI). In this cluster 87.5% of the MSM reported
unprotected insertive anal intercourse. Overall, insertive and receptive unprotected anal
intercourse were common, as well as among HIV negative MSM of whom 45.3% reported
insertive unprotected anal intercourse and 38.5% reported receptive unprotected anal intercourse.
HIV prevalence ranged from 27.8% to 58.8% in clusters I-V and did not differ significantly
by cluster. Nevertheless, a significant difference among clusters was seen when cluster VI
was included in the analysis (p = 0.003). The HIV prevalence in this cluster was 100%.
Significant differences between clusters were also found with respect to serological evidence of past or present syphilis infection (p = 0.030 for clusters I-VI), which is a marker
of lifetime risk behavior. This serological evidence was found in only 15% of the MSM in
cluster V but in 52.0% of cluster III and 66.7% of cluster VI (Table 3).
Sex-related substance use occurred in all clusters. Amyl nitrate was used by 54.3% of the
population and sex-related noninjecting drug use was reported by 42.1%. In cluster VI,
88.9% of the MSM reported sex-related drug use; in the analyses including cluster VI,
significant cluster differences were found (p = 0.045; Table 3).
Overall, 40.8% of the MSM met at least 1 partner at a location in Amsterdam. Meeting
in a gay sauna in Amsterdam differed significantly by cluster (p = 0.049 for clusters I-V;
p = 0.048 for clusters I-VI); such meetings were more often reported by MSM in cluster
II. MSM in cluster III were more likely to have met a partner outside of Amsterdam;
50% of them were linked to the region of Rotterdam/The Hague (the p-values for cluster
differences were p = 0.026 for clusters I-V and p = 0.036 for cluster I-VI). The Internet
was used as a meeting location by 61.2% of the total population; cluster differences were
not significant. In cluster VI, 8 of the 9 MSM (88.9%) reported online partners; 6 of the
8 (75%) met partners at the same website (Table 3).
Next, we examined whether the occurrence of NG-MLVA clustered in time. The study
period was divided into 3 parts. During the first period, 39.7% of the total number of
gonorrhea cases was identified. The second period accounted for 42.6% of the cases, and
the last period for 17.7% of the cases. The presence of different N. gonorrhoeae strains
varied significantly among time periods (p = 0.001 for clusters I-V; p < 0.001 for clusters
I-VI). Strains belonging to clusters II, IV, and V were seen only in periods 1 and 2, and
the strain in cluster VI was seen only in period 2, whereas the strains of clusters I and III
were identified throughout the study period (Figure 2).
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Demographics
Median age in
years (IQR)
Ethnicity
Dutch
Western, non-Dutch
Non-Western
Leather lifestyle
Military lifestyle
Rubber/lycra lifestyle
Median no.
of partnersf
Total partners
Steady partners
Traceable casual
partners
Anonymous partners
Coinfections
Chlamydia trachomatis
HIVg
Serological evidence of
past/present syphilis
Sexual risk behavior
Insertive AI
None
Safe only
Unprotected with
≥1 partner
Receptive AI
None
Safe only
Unprotected with
≥1 partner
Insertive fisting
with ≥1 partner
34.5 (27-39)
15 (83.3%)
2 (11.1%)
1 (5.6%)
1 (5.6%)
2 (11.1%)
2 (11.1%)

7.5 (3-15)
1 (1-1)
3 (1-5)
2.5 (0-10)
6 (33.3%)
5 (27.8%)
5 (27.8%)

7 (38.9%)
3 (16.7%)
8 (44.4%)
4 (22.2%)
4 (22.2%)
10 (55.6%)
2 (11.1%)

25 (73.5%)
3 (8.8%)
6 (17.7%)
3 (9.4%)
1 (3.1%)
4 (12.5%)

10 (4-20)
1 (0-1)

2 (1-5)
5 (1-15.5)

10 (29.4%)
20 (58.8%)

9 (26.5%)

7 (21.9%)
6 (18.8%)

19 (59.4%)

6 (18.8%)
5 (15.6%)

21 (65.6%)

3 (8.8%)

Large
cluster II
(n=18)

37 (31-45)

Large
cluster I
(n=34)

5 (20.0%)

13 (56.5%)

3 (13.0%)
7 (30.4%)

17 (73.9%)

2 (8.7%)
4 (17.4%)

13 (52.0%)

7 (28.0%)
11 (44.0%)

4.5 (1.5-14)
7.5 (1-24.5)

24.5 (6-35)
1 (1-3)

19 (76.0%)
2 (8.0%)
4 (16.0%)
4 (16.7%)
2 (8.3%)
3 (12.5%)

38 (31-43)

Large
cluster III
(n=25)

(30.0%)
(20.0%)
(10.0%)
(20.0%)

(70.0%)

3 (30.0%)

8 (80.0%)

0
2 (20.0%)

6 (60.0%)

1 (10.0%)
3 (30.0%)

4 (40.0%)

0
3 (30.0%)

2.5 (0-7)
5 (1-9)

10 (4-20)
1 (0-2)

7
0
3
2
1
2

33 (31-42)

Large
cluster IV
(n=10)

0

6 (31.6%)

8 (42.1%)
5 (26.3%)

8 (42.1%)

2 (10.5%)
9 (47.4%)

3 (15.0%)

6 (30.0)
6 (31.6%)

3 (0-5)
4 (0-20)

7 (3-26)
1 (0-1)

12 (60.0%)
4 (20.0%)
4 (20.0%)
1 (5.3%)
0
0

37.5 (29-41)

Large
cluster V
(n=10)

0

7 (87.5%)

1 (12.5%)
0

7 (87.5%)

1 (12.5%)
0

6 (66.7%)

1 (11.1)
9 (100.0%)

4.5 (3-11.5)
14 (8-30)

22.5 (10-40)
0 (0-1)

8 (88.9%)
0
1 (11.1%)
0
1 (12.5%)
0

40 (31-42)

Large
cluster VI
(n=9)

17 (11.2%)

70 (48.3%)

34 (23.5%)
41 (28.3%)

71 (49.0%)

36 (24.8%)
38 (26.2%)

53 (35.1%)

43 (28.3%)
80 (55.9%)

3 (1-6)
4 (0-11)

10 (5-20)
1 (0-1)

105 (69.5%)
12 (8.6%)
33 (21.9%)
23 (15.9%)
12 (8.3%)
9 (6.2%)

36 (29-42)

Not in
Cluster
I-V
(n=152)a

e

0.728

0.768

Pc

0.715e

0.709

Pd

0.109

0.150

0.072

0.085

0.372
0.142

0.602
0.561

0.278
0.013

0.096

0.117

0.052

0.030

0.358
0.003

0.472
0.194

0.135
0.011

0.159

0.198

0.126

0.142

0.516
0.048

0.692
0.623

0.302
0.024

0.566 0.535 0.587
0.432e 0.422e 0.647e
0.496 0.472e 0.309e

0.605

0.704

Pb

Table 3. Epidemiological characteristics of MSM by NG-MLVA cluster, classified by NG-MLVA typing, Amsterdam, 2008-2009
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Table 3 Continued

Receptive fisting
with ≥1 partner
Poppers use
with ≥partnerh
Drug use
with ≥partnerhi
Meeting location
of ≥1 partner
Internet
Amsterdam
Gay sauna in
Amsterdam
In the Netherlands,
not in Amsterdam

Large
cluster I
(n=34)

Large
cluster II
(n=18)

Large
cluster III
(n=25)

Large
cluster IV
(n=10)

Large
cluster V
(n=10)

Large
cluster VI
(n=9)

Not in
Cluster
I-V
(n=152)a

2 (5.9%)

0

3 (12.0%)

2 (20.0%)

1 (5.0%)

0

15 (9.9%)

0.283

0.347

0.479

19 (59.4%)

10 (55.6%)

16 (69.6%)

8 (80.0%)

9 (47.4%)

6 (75.0%)

72 (49.7%)

0.411

0.462

0.237

17 (50.0%)

11 (61.1%)

9 (36.0%)

5 (50.0%)

6 (30.0%)

8 (88.9%)

61 (40.1%)

0.290

0.045

0.345

23 (67.7%)
11 (32.4%)

8 (44.4%)
8 (44.4%)

17 (68.0%)
10 (40.0%)

6 (60.0%)
7 (70.0%)

13 (65.0%)
9 (45.0%)

8 (88.9%)
3 (33.3%)

92 (60.5%)
60 (39.5%)

0.527e 0.318
0.322 0.421

0.643
0.428

1 (2.9%)

5 (27.8%)

1 (4.0%)

1 (10.0%)

2 (10.0%)

2 (22.2%)

18 (11.8%)

0.049e 0.048e 0.111

1 (2.9%)

1 (5.6%)

6 (24.0%)

1 (10.0%)

0

0

9 (5.9%)

0.026e 0.03e

Pb

Pc

Pd

0.035e

NOTE. The numbers in the last 2 columns do not add up to the column totals because some men contributed more than 1 isolate per clinic visit (or contributed more than 1 visit),
which were not always in the same cluster. Abbreviations: MSM = men who have sex with men; NG-MLVA = multiple-locus variable-number tandem repeat analysis for Neisseria
gonorrhoeae; IQR = interquartile range; no = number; HIV = human immunodeficiency virus; AI = anal intercourse. a Isolates of MSM who were in 1 of the smaller clusters or not in
a cluster at all. b p-value for χ2 tests and Kruskal-Wallis tests of cluster I-V. c p-value for χ2 tests and Kruskal-Wallis tests of cluster I-VI. d p-value for χ2 tests and Kruskal-Wallis tests
comparing ’being in a larger cluster’ with ’being not in a larger cluster’. e p-value for Fisher exact test. f Number of partners in the preceding 6 months g There were 10 newly diagnosed
HIV-positive MSM: 1 in clusters I, II, and V and 7 in the group ’not in a larger cluster’. There were 9 MSM who were not tested for HIV: 1 in cluster V and 8 in the group ’not in a
larger cluster’. h Sex-related substance use i Drug use is defined as not injecting use of cocaine, 3,4-methylenedioxymethamphetamine, γ-hydroxybutyrate, ketamines, amphetamines, or
methylamphetamines.
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Discussion
NG-MLVA was used to identify N. gonorrhoeae transmission networks among MSM in
Amsterdam, the Netherlands. Hierarchical cluster analysis of NG-MLVA profiles revealed
6 clusters (large clusters I-V and small cluster VI). These clusters differed to some degree in various epidemiological characteristics. The limited overall concordance between
N. gonorrhoeae clusters and epidemiological characteristics suggests that transmission of
distinct N. gonorrhoeae strains is not related to distinct subgroups of the high-risk MSM
population in Amsterdam.
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The HIV prevalence differed significantly among clusters I-VI. Interestingly, all members
in cluster VI were HIV-infected and were often active on a single large dating website,
which might facilitate HIV disclosure. They visited the STI clinic within a 2-month period.
Although we did not measure serosorting explicitly, these findings suggest that serosorting
was practiced. The fact that all 9 men in this cluster were HIV-positive was unusual and
suggests that they disclosed their HIV status prior to having unprotected sex or in order
to have unprotected sex. MSM in cluster VI more often than MSM in other clusters used
sex-related drugs, had anonymous partners, and had serological evidence of past or present
syphilis infection, indicating more risky sexual behavior. Those in other clusters were not
exclusively HIV-negative or exclusively HIV-positive. Given the high HIV prevalence, the
mix of HIV-negative and HIV-positive MSM, and high-risk behaviors in all clusters, it is
likely that many HIV-negative individuals within the networks were at risk of acquiring HIV.
The link between NG-MLVA clusters and some epidemiological determinants mentioned
earlier supports the presence of N. gonorrhoeae transmission networks. Yet no clusters
could be identified by epidemiological data alone. That is, identified molecular clusters
were not exclusively characterized by specific epidemiological determinants, as is reported
for heterosexual networks.11, 17, 19 Our findings, particularly the fact that 11 MSM were
diagnosed at one visit with different N. gonorrhoeae strains at two anatomical sites, suggests that N. gonorrhoeae transmission networks overlap, with many MSM active in more
than one network. Sensitivity analysis was performed to assess the impact of multiple
isolates per individual; omission of multiple isolates did not affect the results.
Clusters I and III probably represent ongoing transmission of endemic N. gonorrhoeae
strains in large MSM transmission networks because their strains were identified throughout the study period. The molecular epidemiology of cluster VI, on the other hand, was
markedly divergent from that of the other clusters, and the sudden emergence and relatively short circulation time of this MLVA type might represent a local outbreak. The
disappearance of clusters II, IV, V, and VI may indicate their replacement by other N.
gonorrhoeae strains or by successful STI prevention and intervention strategies.
In accordance with previous findings,17 the validity of cluster classification was substantiated by the relatedness between isolates of patients diagnosed at a single visit with
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Figure 2. Identified Neisseria gonorrhoeae clusters among 278 isolates from 240 men who have sex with men with
N. gonorrhoeae infection who visited the sexually transmitted infection clinic in Amsterdam, by time since start of
study. Six clusters (I-VI), identified by multiple-locus variable number tandem repeat analysis for N. gonorrhoeae, are
shown according to the day of diagnosis since the start of the study. Individuals were recruited from July 2008 through
August 2009. Recruitment was halted twice (gray areas) because of a biannual survey among clinic visitors, dividing
the study into 3 parts: period 1, July 2008 through October 2008; period 2, December 2008 through May 2009; and
period 3, June through August 2009. The number of isolates per time period, shown in the supporting table, differed
significantly (p=0.001 for clusters I-V;p<0.001 for clusters I-VI).

infections at two sites (76%) and between isolates shared by members of couples (80%).
In addition, previous studies have shown that the NG-MLVA performs well and that acceptable concordance was found between the results of NG-MLVA and two frequently used
N. gonorrhoeae genotyping techniques (i.e. NG-MAST and porB sequencing).17, 20
Our results should be interpreted with caution, because the study population included only
STI clinic visitors and is therefore not a random sample of the general MSM population.
In addition, pharyngeal samples were not evaluated in this study, because NG-MLVA, as
it currently performs, requires cultured samples prior to amplification and fragment analysis. Our pharyngeal samples were not cultured (unlike urethral and rectal samples), but
were amplified directly from sampled material. Because commensal Neisseria strains are
known to colonize the pharynx, these samples were considered unsuitable. Various reports described oro-penile and oro-anal male-to-male contact as risk factors for acquiring
pharyngeal gonorrhea.6, 9, 16 Because the pharynx may act as a reservoir for gonococcal
recombination, we may have missed an important group or at least anatomical locations
that significantly contribute to the introduction and spread of new or recombined N.
gonorrhoeae strains. The actual size of the transmission network might thus be underes155

timated due to these missing transmission links.11
An understanding of the transmission networks of N. gonorrhoeae and also the sexual
network structure can contribute to optimization of intervention strategies, for example,
by targeting high-risk populations or populations that contribute most to the spread of
the epidemic. Even though we did not sample the entire MSM population of Amsterdam and therefore not the entire transmission network, we believe that a representative
group was assessed to provide valid additional insight and understanding of the underlying N. gonorrhoeae transmission network structure. We have shown that due to mixing
of HIV-negative and HIV-infected MSM in nearly all clusters and the high frequency of
unprotected anal intercourse, many HIV-negative MSM are at risk of acquiring HIV infections. The concordance between identified clusters and epidemiological characteristics
was present, though limited. We therefore conclude that distinct N. gonorrhoeae transmission networks in Amsterdam exist, but the network structure does not reflect distinct
subgroups of the high-risk MSM population.
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Supplement 4.1.1. Questionnaire – MSM Network Study, 2008-2009

First we are going to ask you some general questions. These are followed by a number of questions about your steady
partner (if applicable). Then questions are asked about your three most recent other sex partners (if applicable) Some of
the questions below may have been asked already by the nurse during the consultation. It is important for the research
that you try and answer all questions. If you don’t know the answer precisely, you may guess or estimate.
1. With how many different mail partners did you have sex in the past six months? (sex includes: fucking, sucking,
fisting, rimming, fingering)
partners (please enter number)
2. How many of these partners were steady partners, how many (approximately) were other known partners (partners
that you could trace e.g. by name, mobile phone or email) and how many (approximately) unknown or anonymous
partners?
steady partners
other known partners (apart from steady partner(s))
unknown/anonymous partners
3. Did you have sex with women in the past 6 months? (sex includes fucking and oral sex [sucking, blow job, licking]
No
Yes, with
women.
How often did you use a condom?
Never
Rarely
Sometimes
Usually
Always
4. Which of the following characteristics describe you best? [you can tick several boxes]
Casual
Military
Gothic
Formal
Sport outfit
Bear
Alternative
Trendy
Jeans
Drag
Punk/skinhead
Skater
Leather
Rubber/lycra
Other, namely
5. To which ethnicity do you feel you belong?
Dutch
Other South-American
West- or Southern-European
North-American
Eastern-European
Turkish
Surinamese
Moroccan
Antillean
Other North-African

Other African
Asian
Australian/New-Zealander/Pacific
Other, namely
Unknown

6. Do you know whether you are HIV infected?
I am certainly not HIV infected
I think that I am not HIV infected
I don’t know whether I am HIV infected or not
I think I may be HIV infected
I know for sure that I am HIV infected
Steady partner
Now we are going to ask you some detailed questions about the male partners with whom you had sex in the past six
months. We start with the Steady Partner. The next set of questions are about the sex you had with your steady male
partner (also if that relationship is over now). If you did or do have several steady partners, please answer the questions
for your most recent steady partner.
7. Did you have a steady male partner in the past 6 months?
Yes [Continue with question 8]
No [Continue with question 25]
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8. Where did you meet this partner? This does not need to be the place where you had sex. Tick one option and
provide the name or details of the meeting place.
Work/study
Private circles/party/birthday party
Through the internet.
Name of the website?
Meeting place in Amsterdam
Bar or pub. Name of bar or pub
Club/disco/dance party (e.g. Exit, Rapido)
Name
Public sex party/sex club/sauna
(e.g. XXXLeather, Eagle, Thermos Day)
Name
Private sex party. Was this a bareback party?
Yes
No
Public cruising place (e.g. Vondelpark,
Nieuwe Meer/Oeverlanden). Name
Sports school/sports club.
Name
Meeting place elsewhere in the Netherlands.
Give name of place/occasion
Meeting place abroad.
Give name of country/town/occasion
Otherwise,
Namely

4

9. To which ethnicity does this partner feel he belongs? If you are not sure, tick the option that seems most likely.
Dutch
Other South-American
Other African
West- or Southern-European
North-American
Asian
Eastern-European
Turkish
Australian/New-Zealander/Pacific
Surinamese
Moroccan
Other, namely
Antillean
Other North-African
Unknown
10. What is the age of this steady partner (give an estimate if unknown)?

years

11.a. In which country does this steady partner live ?
11.b. In which town/place does this steady partner live?
12. Are you living together with this partner?
No
Yes
13. Which of the following characteristics do you think describe this partner best? [you can tick several boxes]
Casual
Military
Gothic
Formal
Sport outfit
Bear
Alternative
Trendy
Jeans
Drag
Punk/skinhead
Skater
Leather
Rubber/lycra
Other, namely
14. Month and year of first sexual contact with this steady partner (if you still know the day, please add as well) If you
dont remember the exact month or year,
you may give an estimate.
15. Month and year of last sexual contact with this steady partner (if you still know the day, please add as well) If you
dont remember the exact month or year,
you may give an estimate.
16. How often did you have sex with this partner in the past six months?
once
2-5 times
5-10 times
10-25 times
25-50 times
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17. Did you use the following sexual techniques with this steady partner? [you can tick several options] If yes, how often
in the past 6 months? (you may estimate)
Fucking your partner with condom
Getting fucked, with condom
Fucking your partner without a condom (or condom breakage)
Getting fucked, without a condom (or condom breakage)
Sucking your partner without a condom (or condom breakage)
Being sucked by your partner without condom (or condom breakage)
Dry-fucking your partner without condom (or condom breakage)
Getting dry-fucked without a condom (or condom breakage)
Rimming your partner
Getting rimmed by your partner
Fingering your partner
Getting fingered by your partner
Fisting your partner
Getting fisted by your partner
18. Did you use any of the following substances just before of during your last sexual contact with this steady partner?
[you may tick several options]
None
Cocaine
Amphetamine
Alcohol
XTC
Methylamphetamine
Hash/weed
GHB
Other, namely
Poppers
Ketamine (Special K)
19. Do you know whether this steady partner is HIV infected?
I am sure that he is not HIV infected
I think that he is not HIV infected
I don’t know whether he is HIV infected or not
I think he may be HIV infected
I know for sure that he is HIV infected
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20. Does this partner know your HIV status?
No
Possibly
Yes
21. Did this steady partner have sexually transmitted diseases (STDs) in the past 6 months?
No
Don’t know
Yes
21.A. If Yes, which STD? (You can tick several options)
Gonorrhoea (the clap)
Syphilis
Chlamydia
Herpes
LGV
Other, namely
Unknown
21.B. If Yes, how long ago was the last STD?
Less than 2 weeks ago
2-4 weeks ago
1-2 months ago
3-6 months ago
Unknown
21.C. If Yes, was your steady partner treated for this STD?
Yes
No
Unknown
21.D. If Yes, do you think he has infected you with this STD?
Yes
Possibly
No
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22. Did this steady partner have other sexual partners in the past 6 months?
No
Don’t know
Yes
Do you know with how many partners this partner had sex?
No
Yes, with
male partners in the Netherlands
Yes, with
male partners abroad
Yes, with
female partners
23. Did you have sex with this steady partner during group sex in the past 6 months?
No
Yes
24. Did you, apart from this steady partner, have sex with other male partners in the past 6 months?
Yes (Continue with question 25)
No (Thanks for your participation!)
Other partners
The next set of questions is about sex you had with other male partners in the past 6 months. These may be steady
partners, known partners or unknown/anonymous partners. We ’d like to ask you about your three most recent sex
partners, apart from the steady partner that you answered questions about above.
Partner 2
25. This partner is a
Steady sex partner
Other known partner (=partner that you could trace, e.g. by name, mobile or email)
Unknown/anonymous partner (=partner that you cannot trace)
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26. Where did you meet this partner? This does not need to be the place where you had sex. Tick one option and
provide the name or details of the meeting place.
Work/study
Private circles/party/birthday party
Through the internet.
Name of the website?
Meeting place in Amsterdam
Bar or pub. Name of bar or pub
Club/disco/dance party (e.g. Exit, Rapido)
Name
Public sex party/sex club/sauna
(e.g. XXXLeather, Eagle, Thermos Day)
Name
Private sex party. Was this a bareback party?
Yes
No
Public cruising place (e.g. Vondelpark,
Nieuwe Meer/Oeverlanden). Name
Sports school/sports club.
Name
Meeting place elsewhere in the Netherlands.
Give name of place/occasion
Meeting place abroad.
Give name of country/town/occasion
Otherwise,
Namely
27. On which day of the week did you meet this partner?
Monday - Thursday
Friday - Saturday - Sunday
28. To which ethnicity does this partner
Dutch
West- or Southern-European
Eastern-European
Surinamese
Antillean

Unknown

feel he belongs? If you are not sure, tick the option that seems most likely.
Other South-American
Other African
North-American
Asian
Turkish
Australian/New-Zealander/Pacific
Moroccan
Other, namely
Other North-African
Unknown

29. What is the age of this partner (give an estimate if unknown)?
30.a. In which country does this partner live ?
30.b. In which town/place does this partner live?
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31. Which of the following characteristics do you think describe this partner best? [you can tick several boxes]
Casual
Military
Gothic
Formal
Sport outfit
Bear
Alternative
Trendy
Jeans
Drag
Punk/skinhead
Skater
Leather
Rubber/lycra
Other, namely
32. Month and year of first sexual contact with this partner (if you still know the day, please add as well) If you dont
remember the exact month or year,
you may give an estimate.
33. How often did you have sex with this partner in the past six months?
once
2-5 times
5-10 times
10-25 times
25-50 times

> 50 times

34. Month and year of last sexual contact with this partner (if you still know the day, please add as well) If you dont
remember the exact month or year,
you may give an estimate.
35. Where did you have sex with this partner? (you may tick several options)
At the meeting place
At his place
At my place
Elsewhere, namely
36. Did you use the following sexual techniques with this partner? [you can tick several options]
Fucking your partner with condom
Getting fucked, with condom
Fucking your partner without a condom (or condom breakage)
Getting fucked, without a condom (or condom breakage)
Sucking your partner without a condom (or condom breakage)
Being sucked by your partner without condom (or condom breakage)
Dry-fucking your partner without condom (or condom breakage)
Getting dry-fucked without a condom (or condom breakage)
Rimming your partner
Getting rimmed by your partner
Fingering your partner
Getting fingered by your partner
Fisting your partner
Getting fisted by your partner
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37. Did you have sex with this partner during group sex at your last sexual contact with this partner?
No
Yes
38. Did you have paid sex with this partner during your last sexual contact?
No
Yes
39. Did you use any of the following substances just before of during your last sexual contact with this partner? [you
may tick several options]
None
Cocaine
Amphetamine
Alcohol
XTC
Methylamphetamine
Hash/weed
GHB
Other, namely
Poppers
Ketamine (Special K)
40. Do you know whether this partner is HIV infected?
I am sure that he is not HIV infected
I think that he is not HIV infected
I don’t know whether he is HIV infected or not
I think he may be HIV infected
I know for sure that he is HIV infected
41. Does this partner know your HIV status?
No
Possibly
Yes
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42. Did this partner have sexually transmitted diseases (STDs) in the past 6 months?
No
Don’t know
Yes
Which STD? (You can tick several options)
Gonorrhoea (the clap)
Syphilis
Chlamydia
Herpes
LGV
Other, namely
Unknown
How long ago was the last STD?
Less than 2 weeks ago
2-4 weeks ago
1-2 months ago
3-6 months ago
Unknown
Was your steady partner treated for this STD?
Yes
No
Unknown
Do you think he has infected you with this STD?
Yes
Possibly
No
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43. Did this partner have other sexual partners in the past 6 months?
No
Don’t know
Yes
Do you know with how many partners this partner had sex?
No
Yes, with
male partners in the Netherlands
Yes, with
male partners abroad
Yes, with
female partners
44. Did you, apart from this partner, have sex with other male partners in the past 6 months?
Yes (Continue with question 45)
No (Thanks for your participation!)

Questions 25 - 44 were repeated for partners 3 and 4.

164

CHAPTER 4

CHAPTER

4.2

Multilocus sequence typing of Chlamydia trachomatis
among men who have sex with men reveals
cocirculating strains not associated with specific
subpopulations
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Abstract
Background Previous studies identified specific Chlamydia trachomatis strains circulating among men who have sex with men (MSM). This study investigates whether distinct
C. trachomatis strains circulate among subpopulations within the MSM community.
Methods Participants were recruited at the sexually transmitted infection clinic of the
Public Health Service of Amsterdam from 2008 to 2009. C. trachomatis samples were
typed using multilocus sequence typing. Epidemiological and clinical data were derived
from questionnaires and patient records.

4

Results Typing of 277 samples from 260 MSM identified distinct C. trachomatis strains
circulating concurrently over time. Men with Lymphogranuloma venereum (LGV)-inducing
strains were more likely to be infected with human immunodeficiency virus, more often
had a history of STI, and had a higher frequency of risky sexual behavior. No such
associations were found for non-LGV-inducing strains. MSM infected with heterosexualassociated strains were often younger (p = 0.04) and more often reported sex with women
(p = 0.03), compared with men infected with MSM-associated strains.
Conclusions With the exception of LGV-inducing strains, no evidence was found that
different C. trachomatis strains circulated in distinct subpopulations of MSM. This indicates that no separate transmission networks for C. trachomatis among MSM existed. However, younger MSM and bisexuals were more often infected with heterosexualassociated C. trachomatis strains.

Reinier Bom, Amy Matser, Sylvia Bruisten, Martijn van Rooijen, Titia Heijman, Servaas Morré,
Henry de Vries, Maarten Schim van der Loeff

J Infect Dis. 2013; 208(6):969-977.
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Introduction

In affluent countries, the distribution of Chlamydia trachomatis types among men who
have sex with men (MSM) appears to be stable over both time and space. Studies using
ompA typing demonstrated that the majority of infections involved genovars D, G, and
J, while infections due to genovars E and F, the dominant types among heterosexuals,
were less common.1–5 Since 2003, a Lymphogranuloma venereum (LGV)-inducing strain
(genovar L2b) has been found among a subpopulation of human immunodeficiency virus
(HIV)-infected MSM who have many concurrent sexually transmitted infections (STIs)
and high lifetime numbers of sex partners and who engage in high-risk sexual behavior.6, 7
Studies linking non-LGV ompA types with behavioral data found no or minimal associations between these genovars and age, ethnicity, STI history, or sexual techniques.4, 8, 9
However, recent studies using full C. trachomatis genomes have revealed that ompA is
an unstable marker, as it is possible for the gene to be exchanged between different
strains.10, 11 Because this gene encodes the most prominent membrane protein, the major
outer membrane protein, these mutants may have an evolutionary advantage over the
original strains and therefore propagate within the population. This will lead to the loss
of epidemiological relationships in studies using ompA typing, as this technique is unable
to discern between the original and recombinant types.

Novel typing methods (i.e., multilocus sequence typing [MLST]) for C. trachomatis that
make use of multiple loci in the genome have improved the manner in which close relationships can be discerned in comparison with ompA typing.12, 13 These high-resolution
typing methods have revealed that the distribution of C. trachomatis genotypes is more
complex than previously thought. Strains with the same ompA type belong to different
clusters, and some clusters of C. trachomatis strains are composed of multiple distinct
ompA genovars.14 Two population studies using these typing methods demonstrated that
the transmission of C. trachomatis strains among MSM and heterosexuals was largely
distinct. Among the MSM in these studies, the majority of infections belonged to 2 large
homogeneous clusters that circulated exclusively among MSM; 1 comprised genovar D
samples, and the others comprised genovars G and J.14, 15 Among the heterosexuals, C.
trachomatis infections belonged to multiple heterogeneous clusters of various sizes. Interestingly, some MSM were infected with heterosexual-associated strains.14, 15 The studies
suggested that these heterosexual-associated strains might have been introduced into the
MSM population via a bridging population of bisexual men, but proper epidemiological
data to prove this has thus far been insufficient.

The objective of the current study was to assess whether circulating C. trachomatis strains
are linked to certain subpopulations of MSM, as characterized by demographic characteristics, risky sexual behavior, sex partnerships, and lifestyle.
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Material and Methods
Study Setting and Population The study was conducted among MSM who visited the
STI outpatient clinic of the Public Health Service of Amsterdam, the Netherlands. The
recruitment period was from July 2008 until August 2009, with 2 planned interruptions
due to a biannual survey. Participants included in the study had to meet the following
criteria: be of male sex, at least 18 years of age, understand written Dutch or English, and
have had sex with a man in the preceding 6 months. Participants could be enrolled into the
study more than once, if they visited the STI clinic with a new complaint within the study
period. All participants provided written informed consent. A detailed description of the
study population and methods is provided elsewhere.16 The study was approved by the
medical ethics committee of the Academic Medical Center of Amsterdam, the Netherlands
(MEC07/181). The molecular and clinical data collected have been described previously
by Bom et al.14
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Procedures MSM were routinely tested for STIs according to the standard procedures
of the clinic. Urine samples and swabs from the anal canal were obtained and tested for
the presence of C. trachomatis, using transcription-mediated amplification (TMA; Aptima
Combo 2, Hologic Gen-Probe, San Diego, CA). A computer-assisted self-administrated
questionnaire was used to obtain epidemiologic data on demographic characteristics and
information regarding the participants sexual behavior with 1 or more partners. The questionnaire reflected the partnership with a self-defined steady partner, if any, and the 3
most recent other partnerships, whether with a steady partner, a traceable casual partner,
or an anonymous casual partner. Couples were defined as men who each identified the
other as their sex partner and who were both included in the study. Self-defined ethnicity was categorized as Dutch, Western non-Dutch (i.e., western and southern European,
North American, or Australian), and non-Western (i.e., all other countries). Lifestyle
was determined by asking whether the participant characterized himself and his partners
through a particular dress code or as belonging to a certain social subgroup within the gay
community. We used subcultures that are typical subcultures in the MSM community and
to which specific meeting venues or parties were linked. With knowledge from the Internet
and the agendas of bars, clubs, and parties, the following lifestyle options were provided:
casual, formal, alternative, drag, leather, military, sports, trendy, punk/skinhead, rubber/
lycra, gothic, bear, jeans, skater, and other. No a priori definition of lifestyle was given,
to allow the participant to subjectively determine what subcultures most applied to him
or his partners, and multiple answers were possible. In the current study, we focused
on the leather, rubber/lycra, military, and jeans subcultures, because they are considered
associated with more risky sexual behavior.17 Risky sexual behavior (e.g., insertive and
receptive anal intercourse and fisting) in the previous 6 months was assessed per partnership. Unsafe anal intercourse was defined as never using or inconsistent use of condoms
during anal intercourse.
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Laboratory Techniques and Data Analysis All DNA from C. trachomatis-positive
clinical samples was extracted and tested for the presence of chlamydial DNA.5, 18 If sufficient amounts of chlamydial DNA were demonstrated, 6 of the most variable loci within
the C. trachomatis genome (i.e., ompA, CT046 [hctB], CT058, CT144, CT172, and
CT682 [pbpB]), were amplified by a nested polymerase chain reaction (PCR) assay to
gain a high degree of variation between the different clinical samples.13, 14 These loci were
subsequently sequenced using M13 primers. The sequences were checked against the C.
trachomatis MLST database (available at: http://mlstdb.bmc.uu.se). Only samples in
which all loci were successfully amplified, sequenced, and identified and that therefore had
a full MLST profile (sequence type [ST]) were included in the analyses. A minimum spanning tree was generated using MLST profiles. Cluster analysis was performed, allowing
single locus variance, using BioNumerics 6.6 (Applied Maths, Sint- Martens-Latem, Belgium). A cluster was defined as a group of STs differing by not >1 locus from another ST
within that group. Identified C. trachomatis clusters were grouped into MSM-associated
strains and heterosexual-associated strains, in accordance with the methods of Bom et
al.14
Statistical Analysis Differences between clusters were tested using the Pearson χ2 test,
for categorical data. Fisher exact tests were used when the expected cell count was <1.
For continuous data, Mann-Whitney U tests and Kruskal-Wallis tests were used. A p
value of ≤0.05 was considered statistically significant. Because LGV was much more
prevalent among HIV-infected participants, compared with HIV-negative participants, the
analyses of differences between the clusters were performed twice, once with and once
without inclusion of LGV-inducing genotypes. Analyses were performed with intercooled
Stata, version 11 (Stata, College Station, TX).

Results
Study Populations Over the study period, 2492 MSM were enrolled while visiting the
STI outpatient clinic in Amsterdam, with a total of 3050 visits completed by this group.
In total, 421 urine and anal swab samples tested positive for C. trachomatis by routine
TMA, and 408 C. trachomatis-positive samples were available for typing. In 317 samples
(78%), the presence of chlamydial DNA with a sufficiently high load was demonstrated
by quantitative PCR. For 277 of these 317 samples (87%), all 6 loci were successfully
amplified, sequenced, and identified, and therefore these samples obtained a full MLST
profile and were included in the analyses. These samples comprised 193 anal swabs
(70%) and 84 urine samples (30%) and were collected during 268 visits from 260 unique
participants. The study population included 2 couples of sex partners (4 samples), 9
participants infected with C. trachomatis at 2 anatomical locations at 1 visit (18 samples),
and 7 participants with C. trachomatis-positive samples at recurrent visits (15 samples).
General participant characteristics at the first visit are shown in Table 1. The median age
of the participants was 39 years (interquartile range [IQR], 31-45 years). The majority
(71%) of the participants were Dutch, and almost half (45%) were HIV infected. Most
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Table 1. Participant (n = 260) characteristics at a first Chlamydia trachomatis-positive visit in the study on sexual
networks among men who have sex with men, sexually transmitted infection (STI) outpatient clinic, Amsterdam,
July 2008-August 2009
Variable
Demographic and lifestyle characteristics
Median age in years (IQR)
Self-defined ethnicity
Dutch
Western
Non-Western
Self-defined involvement in leather, military, rubber/lycra, or jeans subculture
STIs
Anatomical location of C. trachomatis infection
Anal canal only
Urethra only
Anal canal and urethra
HIV infectiona
History of STI
Serologically proven previous syphilis
Active syphilis
Gonorrhea
N. gonorrhoeae cluster according to Heijmans et al (2012)b
I
II
III
V
Sexual behavior in the preceding 6 months
Insertive anal intercoursec
No
Safe only
Unsafe
Receptive anal intercoursec
No
Safe only
Unsafe
Fistingc
Group sexc
Sexual contact with women
Information on sex partners in the preceding 6 months
HIV serostatus of sex partnersc
All HIV negative
Possibly 1 HIV infected
At least 1 HIV infected
Had a steady partnerd
Median number of traceable casual partners (IQR)
Median number of anonymous casual partners (IQR)
At least 1 Dutch partnerc
At least 1 Western, non-Dutch partnerc
At least 1 non-Western partnerc
At least 1 partner involved in leather, military, rubber/Lycra, or jeans subculturec
At least 1 bisexual partner
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Participants (%)
39 (31-45)
184 (71%)
31 (12%)
45 (17%)
103 (40%)

178 (68%)
77 (30%)
5 (2%)
112 (45%)
106 (41%)
86 (33%)
8 (3%)
49 (19%)
3
4
4
5

(19%)
(25%)
(25%)
(31%)

61 (24%)
57 (22%)
140 (54%)
47 (18%)
54 (21%)
157 (61%)
33 (13%)
89 (34%)
12 (5%)

18 (7%)
163 (63%)
77 (30%)
181 (70%)
2 (1-5)
4 (1-11)
205 (79%)
89 (34%)
112 (43%)
93 (36%)
5 (2%)

HIV = human immunodeficiency virus; N. gonorrhoeae = Neisseria gonorrhoeae. a Data are missing for 10 participants;
b
Data are missing for 33 participants; c Data are missing for 2 participants; d Data are missing for 1 participant.

participants (70%) had a steady sex partner in the preceding 6 months. The men had a
median number of 2 (IQR 1-5) traceable casual partners and 4 (IQR 1-11) anonymous
casual partners.
Genotyping and Cluster Analyses Among the 277 fully typed samples, 49 unique STs
were found, comprising 1 to 64 samples. A minimum spanning tree was generated using
the MLST profiles of these samples (Figure 1). By allowing single locus variance, 274
samples (99%) were included within the 6 identified clusters. Cluster size ranged from 8
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Figure 1. Minimum spanning tree of 277 Chlamydia trachomatis-positive samples from men who have sex with men
(MSM) in Amsterdam, the Netherlands, between July 2008 and August 2009. Sizes of the node discs are proportional
to the number of samples of each sequence type, and node disc colors indicate ompA genovar type. Branches show
1 locus difference. Halos indicate clusters, and halo colors indicate the following risk-group associations: pink, the
MSM-associated non-Lymphogranuloma venereum (LGV)-inducing clusters; blue, the heterosexual-associated non-LGVinducing clusters; and gray, the LGV-inducing cluster, according to Bom et al.14

to 127 samples. Three samples were singleton infections. Cluster I consisted of 19 STs
containing 127 samples and revealed 3 frequently occurring STs. This cluster consisted
of 85 genovar G samples (67%) and 42 genovar J samples (33%). Cluster II consisted
of 79 samples distributed over 10 STs. This cluster revolved around 1 common ST and
contained only genovar D samples. Cluster III consisted of 9 genovar D samples distributed
over 2 STs, of which 1 contained 8 samples. Cluster IV consisted of 11 genovar E samples
distributed over 5 STs. Cluster V consisted of 8 genovar F samples distributed over 7
STs. Cluster VI consisted of 40 samples distributed over 3 STs, of which 1 contained
36 samples. This large ST was of genovar L2b type in combination with 1 sample with
another single locus variant, whereas 3 samples were of L2 type. Finally, the 3 singletons
genovars E, J, and K (Figure 1). The overall genovar distribution was as follows: D, 32%
(n = 88); E, 4% (n = 12); F, 3% (n = 8); G, 31% (n = 85); J, 16% (n = 43); K, 0.4%
(n = 1); L2, 1% (n = 3); and L2b, 13% (n = 37).
Multiple Infected Anatomical Locations at 1 Visit Nine participants (3%) had a
C. trachomatis-positive urine sample and a positive anal swab sample at the same visit.
The paired samples from 3 participants belonged to different clusters, evidencing dual
C. trachomatis infection at 1 visit. The anal sample of 2 of these 3 contained an L2b
infection. Of the 6 other participants, both samples belonged to the same cluster, and
none of those were LGV-inducing strains. For 5 of these participants, both samples had an
identical ST, but for 1 participant the ST of the urine and anal sample differed at 1 locus.
This locus, CT682, differed between the 2 samples on 16 singlenucleotide polymorphisms.
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The 5 participants with 2 samples with identical MLST profiles were most likely infected
by 1 partner at 2 different anatomical locations. We considered these dual infections as
a single transmission event involving infection of both the urethra and the anal canal. In
further analyses, we therefore excluded 5 samples, leaving 272 independently transmitted
C. trachomatis infections.
Couples of Sex Partners Two couples of sex partners provided samples. For both
couples, one partner had a C. trachomatis-positive urine sample and a negative anal swab
sample, while the other had a positive anal swab sample and a negative urine sample.
Within each couple, the two partners had identical MLST types.

4

Repeated Infections Seven participants in the study had C. trachomatis positive samples at ≥2 visits and received treatment in between visits. The time between visits ranged
from 55 to 380 days. One patient contributed 2 positive samples (i.e., positive samples
from 2 anatomical locations) at the first positive visit and 1 at the second. An identical
genovar L2b strain was found in the anal samples at both visits, and at the first visit a
genovar D infection was also found in the urine sample. Another participant contributed
3 positive samples at 3 different visits, all belonging to different clusters. The remaining
5 participants contributed 2 samples at 2 different visits. For 4 of the 5 participants, the
sample pairs belonged to different clusters. For 1 participant, both samples belonged to
the same cluster, but the STs of these samples were different, with a single locus variant.
The 2 samples differed from one another by a 108-bp deletion in this locus, CT046. Interestingly, of the 7 participants with recurrent infections, 4 received a diagnosis of genovar
L2b infection on at least 1 visit.
Distribution of Clusters over Calendar Time We analyzed the date of diagnosis for
all 269 infections that belonged to a cluster (excluding the 3 singletons) over time from
July 2008 to August 2009. The samples of these 6 clusters were dispersed evenly over
time (p = 0.34), by the Kruskal-Wallis test); the 6 C. trachomatis clusters were found
concurrently during these 14 months.
Differences in Participant Characteristics between C. trachomatis Clusters The
MSM with LGV-inducing strains (cluster VI, genovars L2 and L2b) differed from MSM in
other clusters in many respects. These men more often identified themselves with leather,
military, rubber/lycra, or jeans subcultures; were more likely to be HIV-infected; and were
more likely to have a history of syphilis or other STIs. In addition, sexual techniques
such as fisting and group sex were more frequently reported, as well as higher numbers
of casual and anonymous partners, who were also more likely to be HIV-infected or to
belong to leather, military, rubber/lycra, or jeans subcultures (Table 2).
Next, we limited the analyses to a comparison of clusters I-V, excluding LGV-inducing
cluster VI. There were no significant differences between the men in these clusters in
terms of age, ethnicity, or subculture (Table 2). In addition, no significant differences
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were found between clusters for any of the sexual behavior variables, the sex partner characteristics, the anatomical site of infection, or any current or past STI (Table 2). In short,
men belonging to the 5 different clusters did not differ significantly in any of the relevant
sexual-demographic aspects tested.

Differences in Participant Characteristics between MSM-Associated and Heterosexual-Associated Infections According to an earlier study by our group, some C.
trachomatis clusters circulate exclusively among MSM, and some clusters circulate predominantly among heterosexuals [14]. MSM-associated clusters are clusters I, II, III, and
VI (n = 210), while clusters IV, V, and the genovar E singleton are heterosexual associated (n = 20; Figure 1). The remaining 2 singleton infections could not be assigned to
either. As LGV-inducing cluster VI was different in many respects from the other MSMassociated clusters, it was excluded from the following analysis. We divided men into 2
groups (those with infections belonging to MSM-associated clusters and those with infections belonging to heterosexual-associated clusters) and compared their characteristics.
Individuals with a heterosexual-associated C. trachomatis type were younger (median age,
33 years; IQR, 29-38 years), compared with participants with an MSM-associated infection
(median age, 39 years; IQR, 30-45 years; p = 0.04; Table 3). Ethnicity and belonging
to a certain subculture did not differ between groups. Having had sex with women
in the last 6 months was more often reported by MSM with a heterosexual-associated
C. trachomatis type (p = 0.03). However, only 15% of men (3/20) with heterosexualassociated C. trachomatis infections reported sex with a woman, and only 5% (1/20)
reported sex with a bisexual man (Table 3). No differences were found for insertive or
receptive anal intercourse, fisting, or group sex. The anatomical site of infection did not
differ significantly between risk group-associated C. trachomatis infections, and neither
did other current or past STIs (Table 3). Also, none of the partner characteristics differed
significantly.

Discussion
In this study among MSM in Amsterdam, the type of infecting non-LGV-inducing C.
trachomatis strain was not associated with sexual behavior, lifestyle, age, ethnicity, partner
characteristics, or site of infection. In addition, 5 of 7 men with a recurrent C. trachomatis
infection had infections from different clusters at different visits; of these, 1 participant
had infections from 3 different clusters at 3 visits. The same was observed for 3 of the
9 participants with infections at multiple anatomical locations. This indicates that there
are no identifiable subgroups (such as age, lifestyle, and ethnicity) of MSM for non-LGVinducing C. trachomatis transmission in Amsterdam. Because sustained and concurrent
transmission of strains belonging to various clusters was seen over time, we conclude that
transmission of these distinct C. trachomatis strains was ongoing over time: in effect,
there was a co-occurrence of different C. trachomatis strains endemic within the MSM
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Demographic and lifestyle characteristics
Median age in years (IQR)
Self-defined ethnicity
Dutch
Western
Non-Western
Self-defined involvement in leather, military,
rubber/lycra, or jeans subculture
STIs
Anatomical location of C. trachomatis infection
Anal canal only
Urethra only
Anal canal & urethra
HIV infectiona
History of STI
Serology matching
treated syphilis
Active syphilis
Gonorrhea
N. gonorrhoeae cluster according to
Heijmans et al (2012)b
I
II
III
V
Sexual behavior in the preceding 6 months
Insertive anal intercoursec
No
Safe only
Unsafe
Receptive anal intercoursec
No
Safe only
Unsafe
Fistingc
59 (76%)
9 (12%)
10 (13%)
22 (28%)

53 (68%)
24 (31%)
1 (1%)
26 (33%)
35 (45%)
22 (28%)
0
15 (19%)

2 (50%)
1 (25%)
1 (25%)
0

19 (25%)
18 (24%)
39 (51%)
15 (20%)
20 (26%)
41 (54%)
4 (5%)

86 (70%)
11 (9%)
26 (21%)
44 (36%)

76 (62%)
43 (35%)
4 (3%)
44 (36%)
46 (37%)
39 (32%)
6 (5%)
20 (16%)

(13%)
(2%5)
(25%)
(38%)

1
2
2
3

28 (23%)
27 (22%)
68 (55%)
26
24
73
13

(21%)
(20%)
(59%)
(11%)

39 (30-45)

Cluster II
Genovar D
(n=78)

39 (31-45)

Cluster I
Genovar G &
J (n=123)

(22%)
(22%)

(67%)
(33%)

1
3
5
1

(11%)
(33%)
(56%)
(11%)

2 (22%)
3 (33%)
4 (44%)

0
1 (100%)
0
0

2 (22%)
0
2 (22%)

6
3
0
2
2

5 (56%)

6 (67%)
1 (11%)
2 (22%)

36 (26-42)

Cluster III
Genovar D
(n=9)

(55%%)
(55%)

(45%)
(55%)

0
2 (18%)
9 (82%)
1 (9%)

1 (9%)
1 (9%)
9 (82%)

0
0
0
0

4 (36%)
0
3 (27%)

5
6
0
6
6

6 (55%)

8 (73%)
2 (18%)
1 (9%)

35 (31-43)

Cluster IV
Genovar E
(n=11)

1 (13%)
1 (13%)
6 (75%)
0

4 (50%)
2 (25%)
2 (25%)

0
0
0
2 (100%)

0
0
4 (50%)

8 (100%)
0
0
2 (25%)
1 (13%)

4 (50%)

3 (38%)
2 (25%)
3 (38%)

32 (27-35)

Cluster V
Genovar F
(n=8)

2 (5%)
7 (18%)
31 (78%)
14 (35%)

8 (20%)
6 (15%)
26 (65%)

0
0
2 (100%)
0

26 (65%)
2 (5%)
7 (18%)

39 (98%)
1 (3%)
0
33 (83%)
24 (60%)

25 (63%)

29 (73%)
8 (20%)
3 (8%)

43 (35-46)

Cluster VI
Genovar L2b
& L2 (n=40)

<0.001

0.227

0.583

0.595

0.435

0.522

0.318

0.447

0.381
0.258
0.193

0.404
0.216

0.348

0.208

0.189
0.262

p
Cluster VI
excluded

<0.001
0.316
0.286

<0.001
0.040

<0.001

0.006

0.058
0.234

p
Cluster VI
included

Table 2. Participant characteristics, stratified by Chlamydia trachomatis cluster, in the study on sexual networks among men who have sex with men, sexually transmitted infection
(STI) outpatient clinic, Amsterdam, July 2008-August 2009
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Group sexc
Sexual contact with women
Information on sex partners in the preceding
6 months
HIV serostatusc
All HIV negative
Possibly 1 HIV infected
At least 1 HIV infected
Had a steady partnerd
Median number of traceable casual partners
Median number of anonymous casual partners
At least 1 Dutch Partnerc
At least 1 Western, non-Dutch partnerc
At least 1 non-Western partnerc
At least 1 partner involved in leather,military,
rubber/lycra or jeans subculture
At least 1 bisexual partner

Table 2 Continued
p
p
Cluster VI
Cluster VI
included
excluded
0.001
0.196
0.106
0.146

Cluster I
Genovar G &
J (n=123)
33 (27%)
6 (5%)

Cluster II
Genovar D
(n=78)
25 (33%)
2 (3%)

Cluster III
Genovar D
(n=9)
4 (44%)
0

Cluster IV
Genovar E
(n=11)
6 (55%)
0

Cluster V
Genovar F
(n=8)
1 (13%)
2 (25%)

Cluster VI
Genovar L2b
& L2 (n=40)
25 (63%)
0

0.005

0.424

11 (9%)
82 (67%)
30 (24%)
89 (72%)
2 (0-5)
4 (1-11)
93 (76%)
42 (34%)
59 (48%)

6 (8%)
48 (63%)
22 (29%)
57 (74%)
2 (1-5)
2 (1-7)
65 (86%)
20 (26%)
31 (41%)

0
5
4
7
3
0
6
4
2

0
6
5
6
5
4
9
5
5

0
8 (100%)
0
5 (63%)
2 (1-4)
13 (1-62)
6 (75%)
2 (25%)
6 (75%)

1 (3%)
15 (38%)
24 (60%)
25 (63%)
5 (2-10)
10 (5-25)
35 (88%)
18 (45%)
12 (30%)

0.591
0.002
0.005
0.356
0.356
0.105

0.675
0.186
0.284
0.443
0.539
0.218

35 (28%)
3 (2%)

25 (33%)
1 (1%)

2 (22%)
0

4 (50%)
1 (13%)

26 (65%)
0

0.001
0.349

0.297
0.338

(56%)
(44%)
(78%)
(2-4)
(0-10)
(67%)
(44%)
(22%)

(55%)
(45%)
(55%)
(2-12)
(0-17)
(82%)
(45%)
(45%)

6 (55%)
0

IQR = interquartile range; HIV = human immunodeficiency virus; N. gonorrhoeae = Neisseria gonorrhoeae. a Data are missing for 5 cluster I infections, 2 cluster II infections, 1 cluster
IV infection, and 2 cluster VI infections; b Data are missing for 12 cluster I infections, 11 cluster II infections, 1 cluster III infection, 3 cluster IV infections, 2 cluster V infections, and 5
cluster VI infections; c Data are missing for 2 cluster II infections; d Data are missing for 1 cluster II infection.
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Table 3. Characteristics of men who have sex with men (MSM), stratified by MSM-associated and heterosexualassociated infection clusters, in the study on sexual networks among MSM, sexually transmitted infections outpatient
clinic, Amsterdam, July 2008-August 2009

Demographic and lifestyle characteristics
Median age in years (IQR)
Self-defined ethnicity
Dutch
Western
Non-Western
Self-defined involvement in leather, military, rubber/
lycra, or jeans subculture
Sexually transmitted infections
Anatomical location of C. trachomatis infection
Anal canal only
Urethra only
Anal canal & urethra
HIV infectiona
History of STI
Serology matching
treated syphilis
Active syphilis
Gonorrhea
N. gonorrhoeae cluster according to Heijmans et al (2012)b
I
II
III
V
Sexual behavior in the preceding 6 months
Insertive anal intercoursec
No
Safe only
Unsafe
Receptive anal intercoursec
No
Safe only
Unsafe
Fistingc
Group sexc
Sexual contact with women
Information on sex partners in the preceding 6 months
HIV serostatus of sex partnersc
All HIV negative
Possibly 1 HIV infected
At least 1 HIV infected
Had a steady partnerd
Median number of traceable casual partners (IQR)
Median number of anonymous casual partners (IQR)
At least 1 Dutch partnerc
At least 1 Western, non-Dutch partnerc
At least 1 non-Western partnerc
At least 1 partner involved in leather,
military, rubber/lycra, or jeans subculturec
At least 1 bisexual partner
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MSM-associated
infections
(n=210)

Heterosexualassociated
infections
(n=20)

39 (30-45)

33 (29-38)

151 (72%)
21 (10%)
38 (18%)

12 (60%)
4 (20%)
4 (20%)

71 (34%)

10 (50%)

135 (64%)
70 (33%)
5 (2%)
79 (39%)
83 (40%)

13 (65%)
7 (35%)
0
8 (42%)
7 (35%)

63 (30%)
6 (3%)
37 (18%)

4 (20%)
0
7 (35%)

3
4
3
3

(23%)
(31%)
(23%)
(23%)

0
0
0
2 (100%)

49 (24%)
48 (23%)
111 (53%)

6 (30%)
3 (15%)
11 (55%)

42 (20%)
47 (23%)
119 (57%)
18 (9%)
62 (30%)
8 (4%)

2 (10%)
3 (15%)
15 (75%)
1 (5%)
7 (35%)
3 (15%)

17 (8%)
135 (65%)
56 (27%)
153 (73%)
2 (0-5)
3 (1-10%)
164 (79%)
66 (32%)
92 (44%)

0
15 (75%)
5 (25%)
11 (55%)
3 (2-5)
4 (1-20)
16 (80%)
7 (35%)
11 (55%)

0.084
0.064
0.475
0.904
0.765
0.355

62 (30%)
4 (2%)

10 (50%)
1 (5%)

0.064
0.368

p
0.041
0.353

0.147
1.000

0.785
0.692
0.347
1.000
0.059
0.295

0.652

0.295

0.572
0.629
0.025
0.379

IQR = interquartile range; HIV = human immunodeficiency virus; N. gonorrhoeae = Neisseria gonorrhoeae. a Data
are missing for 7 MSM-associated infections and 1 heterosexual-associated infection; b Data are missing for 24 MSMassociated infections and 5 heterosexual-associated infections; c Data are missing for 2 MSM-associated infections; d
Data are missing for 1 MSM-associated infection.
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population at large. The same was noted previously for Neisseria gonorrhoeae infections
among MSM in Amsterdam.16
When we classified the C. trachomatis strains into MSM-associated and heterosexualassociated strains, we found that participants infected with the heterosexual-associated
types were younger and more often had had sex with women. Nevertheless, only few participants with a heterosexual-associated strain reported sex with women, so the majority
of these heterosexual-associated strains were transmitted between men. However, these
strains might have been introduced into the MSM population by younger bisexual men.
As was shown previously, we found that MSM with LGV-inducing strains could clearly be
distinguished from other MSM on the basis of riskier sexual behavior and higher rates of
other STIs, including HIV infection.6, 7 The LGV-inducing strains were genetically more
diverse than previously reported among MSM in Europe.19 In addition to the dominant
ST, we found a variant that was identical to an American strain from 1979-1985,19 and
we found a variant that contained an L2-type ompA gene, instead of an L2b type. This
suggests that the current LGV outbreak in Amsterdam is not driven by one clonal outbreak. Further evidence for this variation can be found in the initial paper that reported
on the LGV outbreak, as the early report identified an L1 type strain, in addition to L2
(b)-type strains.20
In this study, we were able to include a large number of MSM at a single location, the STI
outpatient clinic in Amsterdam, within a relatively short interval of 14 months. Because
of the close proximity in terms of geography and the short time frame, there is a possibility that the hosts had sexual contact with one another in Amsterdam and thus have
exchanged different C. trachomatis strains. Because participants completed a detailed
questionnaire that was designed to study sexual networks, a large amount of epidemiological data was made available that could be linked to high-resolution typing results of their
pathogen. Therefore, we were able to study the determinants of specific C. trachomatis
strains that are useful for subgroup identification. However, the included participants
might not represent the MSM community at large in which C. trachomatis is transmitted,
because some MSM may visit their general practitioner rather than the STI outpatient
clinic for screening and treatment. Also, because the study ran for 14 months, this limited
period may not have been sufficient for investigation of whether long-term sustained and
concurrent transmission of various C. trachomatis strains does occur.
In conclusion, with the exception of LGV-inducing strains, we found no evidence that
the occurrence of different C. trachomatis strains was restricted to a subpopulation of
MSM. Several distinct strains circulate among MSM at the same time. Also heterosexualassociated strains circulate among MSM, and most of these strains are transmitted
through sexual contacts between males. Future studies need to resolve why the predominant strains circulating within the MSM population are so different from the ones
circulating among heterosexuals.
177

4

Acknowledgements
We thank Nadia Nassir Hajipour and Sahare Gashi-Ilazi, for their technical assistance
and expertise; Ronald Geskus, for his help and supervision with the statistical analyses;
all other members of the study team, including Han Fennema, Roel Coutinho, Arjen
Speksnijder, Mirjam Kretzschmar, Maria Xiridou, Maria Prins, Raymond Heymans, Joost
Vanhommerig, and Jan Prins, for their contributions to the design and implementation of
the study; and Claire Buswell, for editing the manuscript.

4

178

CHAPTER 4

References
[1] Barnes RC, Rompalo AM, Stamm WE. Comparison of Chlamydia trachomatis serovars causing rectal
and cervical infections. J Infect Dis 1987; 156:953-8.
[2] Klint M, Lfdahl M, Ek C, Airell A, Berglund T, Herrmann B. Lymphogranuloma venereum prevalence
in Sweden among men who have sex with men and characterization of Chlamydia trachomatis ompA
genotypes. J Clin Microbiol 2006; 44:4066-71.
[3] Li JH, Cai YM, Yin YP, et al. Prevalence of anorectal Chlamydia trachomatis infection and its
genotype distribution among men who have sex with men in Shenzhen, China. Jpn J Infect Dis 2011;
64:143-6.
[4] Twin J, Moore EE, Garland SM, et al. Chlamydia trachomatis genotypes among men who have sex
with men in Australia. Sex Transm Dis 2011; 38:279-85.
[5] Quint KD, Bom RJ, Quint WG, et al. Anal infections with concomitant Chlamydia trachomatis
genotypes among men who have sex with men in Amsterdam, the Netherlands. BMC Infect Dis 2011;
11:63.
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Abstract
Background Hepatitis C virus (HCV) emerged as sexually transmitted infection among
HIV-infected men who have sex with men (MSM). We studied whether HCV circulated
in identifiable high-risk MSM subcultures and performed phylogenetic analysis.
Methods HIV-infected MSM were recruited at the sexually transmitted infections (STI)
outpatient clinic and a university HIV clinic in Amsterdam, the Netherlands, 2008-2009.
Participants completed a detailed questionnaire and were tested for HCV antibodies and
RNA, with NS5B regions sequenced for analysis of clusters.

4

Results Among 786 participants, the median age was 43 (IQR 37-48) years, and 93
(11.8%) were HCV-positive. Seropositivity was associated with belonging to subcultures
identified as leather (aOR 2.60; 95% CI 1.56-4.33), rubber/lycra (aOR 2.15; 95% CI 1.104.21), or jeans (aOR 2.23; 95% CI 1.41-3.54). The two largest HCV-RNA monophyletic
clusters were compared; MSM in cluster I (genotype 1a, n=13) reported more partners
(p = 0.037) than MSM in cluster II (genotype 4d, n=14), but demographics, subculture
characteristics and other risk behaviors did not differ significantly between the two clusters.
Discussion HCV infection is associated with identifiable groups of leather/rubber/lycra/jeans subcultures among HIV-infected MSM. Separate epidemiological HCV transmission networks were not revealed. Active HCV screening and treatment within specific
subcultures may reduce HCV spread among all MSM.

Amy Matser, Joost Vanhommerig, Maarten Schim van der Loeff, Ronald Geskus, Henry de Vries,
Jan Prins, Maria Prins, Sylvia Bruisten

Plos One. 2013; 8(3):e57740.
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Introduction
During the last decade, hepatitis C virus (HCV) has emerged among HIV-infected men
who have sex with men (MSM) in several industrialized countries.1–8 It became clear
that, in this population, HCV spreads mainly by sexual transmission.9 The HCV incidence among HIV-infected MSM rose from 0.9 per 1000 person-years in 1990 to 23.4 per
1000 person-years in 2007.10
Epidemiological studies showed that HCV infection in HIV-infected MSM is associated
with unprotected anal intercourse, multiple sexual partners, recreational non-injecting drug
use, and rough sexual techniques (e.g., sharing of sex toys and brachioproctic insertion,
also known as fisting),1, 11, 12 but these studies did not link these factors to any particular
MSM subculture.
Although HCV is transmitted through a large international network, isolates tend to cluster by country or region.13 Among MSM in Amsterdam, the predominant HCV genotypes
are 1a and 4d,3 and the strain of genotype 4 found in MSM is phylogenetically distinct
from the strain found in injecting drug users or migrants from Egypt.14 These findings led
us to question whether, within a country or a city, HCV strains would cluster according to
MSM subpopulations that arise by clustering of MSM who share the same characteristics.
One of the possible ways MSM cluster together is according to lifestyle or subculture,
e.g., MSM who belong to the leather scene might cluster together. Literature about the
existence of subpopulations is limited. To our knowledge, only the leather scene has been
described.15 Based on the themes of gay bars, clubs and parties, it can be deduced that
a number of subpopulations or subcultures exist in the gay community. By searching the
internet and the agendas of venues in Amsterdam we identified several possible subpopulations or subcultures. Besides the leather scene, we identified a subpopulation of MSM
who wear military or other uniforms, a group who wears rubber/lycra clothing and have
their own websites and parties, and a group of MSM wearing jeans who also have their own
parties and partially overlap with the leather scene. We also identified a sports community
of younger MSM who wear sports outfits and also have their own parties and dress code.
We hypothesised that assortative mixing, or partnership formation within subgroups, is
common and that this mixing pattern might result in HCV being more prevalent in certain
subpopulations than in others.
Especially in the current epidemic phase, insight into the transmission network can contribute to more effective screening and treatment in the near future. Screening and
treatment can, in turn, have a major impact on the prevalence by reducing transmission.16 In the Netherlands, HCV screening currently occurs at STI clinics and at the HIV
treatment centres. In addition to current practice, the initiation of outreach programs and
on location screening might contribute to further identification of HCV-infected MSM.
To determine what the most important target groups are for these types of interventions,
it is important to determine characteristics that help identify subgroups. The objective of
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this study was to find such subgroups, identifiable by lifestyle or subculture. Furthermore,
we performed phylogenetic analysis to examine whether the presence of certain specific
HCV strains was associated with specific MSM subpopulations.

Methods

4

Setting & Participants This study is part of a larger cross-sectional study focussing on
spread of sexually transmitted infections (STI) via sexual networks; its aims, population,
and methods are discussed elsewhere.17 The study population was recruited from MSM
attending the STI outpatient clinic of the Public Health Service of Amsterdam and the HIV
outpatient clinic of the Academic Medical Center (AMC), Amsterdam, the Netherlands.
MSM were defined as men who reported any sexual contact with men during the six
months preceding the clinic visit. They were eligible for participation if they were at least
18 years old, could understand written Dutch or English, and provided written informed
consent. Those recruited at the STI outpatient clinic included MSM with and without STI
symptoms. They could participate more than once if they revisited the clinic because of a
possibly new STI episode. The recruitment period was from July 2008 to August 2009 and
was briefly interrupted twice by logistical conflicts with another study. The participants
from the HIV outpatient clinic were recruited from a cohort of MSM visiting for routine
3- or 6-monthly clinic visits. They were included based on the same criteria as used in
the STI clinic, but none of them had STI symptoms, having served previously (October
2007 through August 2008) in a study investigating STI prevalence in asymptomatic
visitors of the HIV clinic.18 At both locations, participants were screened for Chlamydia
trachomatis, Neisseria gonorrhoeae, and Treponema pallidum, and when appropriate, they
were screened for Hepatitis B and HIV, according to the standard procedures of the STI
outpatient clinic. At the STI clinic, all HIV-infected MSM or MSM who opted-out for
the HIV test were tested for the presence of HCV, unless the HCV seropositive status
was known from previous testing at the clinic. At the HIV clinic, HCV antibody testing
(AxSYMH HCV 3.0, Abbott Laboratories, Abbott Park, Illinois, USA) was done at the
first visit and subsequently, when suspicious for HCV infection e.g. when serum alanine
aminotransferase (ALT) levels were elevated. The current analysis was restricted to the
first visit of HIV-infected participants. The study was approved by the medical ethics
committee of the AMC.
HCV Testing Serum samples were stored at -20◦ and tested for HCV antibodies with a
third-generation commercial microparticle enzyme immunoassay (MEIA), AxSYM R HCV
3.0 (Abbott Laboratories, Abbott Park, Illinois, USA). When positive for HCV anti-bodies,
sera were qualitatively tested for HCV RNA using an in-house real-time PCR assay targeting the highly conserved 5’ untranslated region (UTR) of the HCV genome.19 RNA
was extracted from 200 µL serum using the TriPure method (Roche Diagnostics, Almere,
The Netherlands) and eluted in a volume of 50 µL. Real-time PCR mixes (25 µL total volume) contained 12.5 µL of 26Reaction Mix (Superscript One-Step RT PCR kit,
Invitrogen, USA), 0.2 µL of forward and reverse primers, 100ng/µL,20 and 0.1 µL of
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FAM-labelled HCV TaqMan R probe, 100 ng/µL.13 Real-time runs were performed on a
Rotor Gene (Qiagen, Germany) using the following cycling conditions: 15 min at 45◦ C,
2 min at 95◦ C, followed by 40 cycles of 15 sec at 95◦ C, 30 sec at 50◦ C, and 30 sec at
60◦ C. Samples with a threshold cycle (Ct) ≤37 and an expected S-curve were considered
positive. Samples with Ct between 37 and 40 were retested and considered positive when
Ct ≤40.
Sequence Analysis After detection of HCV RNA, viral genotype was determined using
nested PCR targeting HCV core [20] and NS5B 13 regions. We obtained NS5B sequences
using an ABI3130 Genetic Analyzer (Applied Biosystems, Foster City, California, USA)
and created alignments with GenBank reference sequences using Mega v5.0 (GenBank
Accession Nos. JQ917721-JQ917762).22 A phylogenetic tree was constructed by the
neighbour-joining method, using the Tamura-Nei substitution model23 with γ-distribution
(α = 0.40). Inferred phylogenies were tested with 1000 bootstrap replications.
Questionnaire Participants completed a computer-assisted self-interview. The questionnaire reflected characteristics and behavior in the six months preceding the recruitment
visit. It addressed demographics and sexual behaviors in up to four specified partnerships:
one self-defined steady partner and the most recent three other partners. These others
could be self-defined as steady, known (i.e., traceable), or anonymous (i.e., non-traceable).
In the questionnaire, lifestyle was determined by asking whether the participant characterized himself by code of dressing or as belonging to a certain social stream or subculture
within the gay community. Based on knowledge from the internet and the agendas of
bars, clubs and parties we provided the following options: casual, formal, alternative,
drag, leather, military, sports, trendy, punk/skinhead, rubber/lycra, gothic, bear, jeans,
skater and other if none of these characteristics applied. In the last case, MSM had the
opportunity to give their own description. No a priori definition of lifestyle was given
to allow participants to subjectively determine what subculture most applied to them.
In the current study we only used subcultures that are typical subcultures in the MSM
community and to which specific meeting venues or parties were linked. These included
leather, rubber/ lycra, military, jeans, and sports subcultures. Multiple answers were
possible. Questions about sexual risk behaviors were asked about each of the specified
partnerships.
Statistical Analysis To examine whether the presence of HCV antibodies was associated with characteristics that could easily identify the subpopulation(s) most at risk
for HCV we performed initial data analysis, including χ2 -tests for independence for dichotomous and categorical variables and Mann-Whitney U tests for continuous variables.
Fisher’s exact tests were performed when the expected value in a cell was less than one.
Furthermore, we performed univariable and multivariable logistic regression analysis. In
advance, we selected a set of variables for the analyses that could help identifying individuals at risk without asking questions. Multivariable analysis was performed by including
all selected variables into the model and by using backward stepwise regression. The con185
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tinuous variable age was modelled as restricted cubic spline with knots at the 2.5th , 25th ,
50th , 75th , and 97.5th percentiles.24 To examine whether specific sexual risk behavior was
associated with the high-HCV risk subpopulation(s), we performed multivariable logistic
regression analysis without a backward selection algorithm, with high-risk subcultures as
outcome and various sexual risk behaviors as covariates. Phylogenetic analysis was performed to identify monophyletic clusters (bootstrap > 70%) of more than 10 individuals.
The characteristics and also risk behavior within the resulting clusters were analysed and
compared with each other and with the remainder, a group consisting of a smaller cluster
and singletons. We used χ2 -tests and Fisher’s exact tests for dichotomous and categorical variables, and Kruskal-Wallis tests for continuous variables. Analysis was done using
STATA 11.1 (STATA Corp., College Station, TX, USA) and R version 2.14.2.25

Results

4

Study population Of the 2694 recruited MSM, 788 individuals (29.3%) were HIVinfected. Of these, two were excluded because their questionnaire data were incomplete,
resulting in a study population of 786 HIV-infected MSM. Of these, 586 were recruited
at the STI outpatient clinic and 200 at the HIV outpatient clinic. The median age of
the total study population was 43 (IQR 37-48), and 71.3% of the population was Dutch
(Table 1). MSM recruited at the STI clinic were younger, less often Dutch, reported
higher sexual risk behavior and were more often diagnosed with STI than MSM recruited
at the HIV clinic (Table 1). Sexual risk behavior in this HIV-infected population was high,
with receptive unprotected anal intercourse (UAI) reported by 51.3%, receptive fisting by
14.5%, group sex by 38.7%, and recreational drugs, excluding poppers, by 42.3% (Table
1). Two individuals reported a history of injecting drug use; one was HCV-antibodypositive (1.1% of all HCV-seropositive participants) and one was HCV-antibody negative
(0.1% of all HCV-seronegative participants). Characteristics of the population according
to HCV serostatus are shown in Table 2.

Determinants of HCV Seropositive Status HCV antibodies were present in 93 of 786
HIV-infected MSM; the HCV prevalence was 11.8% (95% CI 9.6-14.1%). We ana-lyzed
whether easily identifiable characteristics (i.e., age, ethnicity, lifestyle/subculture variables) were associated with HCV seropositivity. In univariable analysis, age and ethnicity
were not significantly associated, whereas several subculture variables were (Table 3). In
multivariable analysis, men self-typed as leather (adjusted odds ratio [aOR] 2.60; 95%
CI 1.56-4.33), rubber/lycra (aOR 2.15; 95% CI 1.10-4.21), or jeans (aOR 2.23; 95% CI
1.41-3.54) were more likely to be HCV-seropositive than men who did not identify with
those subcultures (Table 3). Interactions between the three variables were tested, but
did not improve the model (p = 0.330). Among 786 HIV-infected persons, 328 (41.7%)
MSM belonged to one of the high-risk subcultures (leather, rubber/lycra or jeans); among
HCV-negatives, 261 (37.7%) of the 693 and among HCV-infected MSM, 67 (72.0%) of
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Table 1. Characteristics of 786 HIV-infected MSM, by recruitment location, who visited the STI outpatient clinic
of the Public Health Service or the HIV outpatient clinic of the Academic Medical Center in Amsterdam, the
Netherlands, 2008-2009

Demographics
Median age in years (IQR)
Ethnicity
Dutch
Western, non-Dutch
Non-western
Subculture
Casual
Leather
Military
Sport
Rubber/lycra
Jeans
Sexual behaviour
Median no. of partners in the
preceding 6 months (IQR)
Receptive UAI1
Insertive UAI1
Receptive fisting
Insertive fisting
Group sex
Poppers use
Other drug use2
Sexually transmitted infections diagnosis
Syphilis3
Chlamydia
Gonorrhea
HCV

Total population
(n=786)

GGD
(n=586)

AMC
(n=200)

43 (37-48)

41 (36-47)

47 (42-53)

560 (71.3%)
98 (12.5%)
128 (16.3%)

394 (67.2%)
84 (14.3%)
108 (18.4%)

166 (83.0%)
14 (7.0%)
20 (10.0%)

693 (88.2%)
153 (19.5%)
71 (9.0%)
171 (21.8%)
57 (7.3%)
251 (31.9%)

517 (88.2%)
123 (21.0%)
60 (10.2%)
143 (24.4%)
45 (7.7%)
53 (26.5%)

176 (88.0%)
30 (15.0%)
11 (5.5%)
28 (14.0%)
12 (6.0%)
198 (33.8%)

0.932
0.065
0.044
0.002
0.429
0.056

8 (3-20)
400 (51.3%)
348 (44.6%)
113 (14.5%)
126 (16.2%)
301 (38.7%)
416 (53.5%)
329 (42.3%)

10 (5-25)
58 (29.9%)
303 (51.7%)
100 (17.2%)
109 (18.7%)
252 (43.2%)
347 (59.5%)
289 (49.6%)

3 (1-8)
342 (58.4%)
45 (23.2%)
13 (6.7%)
17 (8.8%)
49 (25.3%)
69 (35.6%)
40 (20.6%)

<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
<0.001

377 (48.0%)
131 (16.7%)
106 (13.5%)
93 (11.8%)

320 (54.6%)
115 (19.6%)
104 (17.8%)
81 (13.8%)

57 (28.5%)
16 (8.1%)
2 (1.0%)
12 (6.0%)

<0.001
<0.001
<0.001
0.003

p
<0.001
<0.001

4

NOTE: Numbers do not always add up to the column totals due to missing data; there was 1 missing value for the
age variable, 6 missing values for receptive and insertive UAI, 9 missing for other risk behavior variables, and 2 missing
for the chlamydia and gonorrhoea variables. NOTE: The subculture characteristics are not mutually exclusive. HIV =
human immunodeficiency virus; STI = sexually transmitted infection; IQR = interquartile range; UAI = unprotected
anal intercourse. 1 p-values were calculated for recruitment at the STI clinic versus the HIV clinic and considered
significant when p < 0.05. 2 Recreational use of cocaine, XTC, γ-hydroxybutyrate (GHB), ketamines, amphetamines,
or methylamphetamines before or during sexual contact. 3 Based on serological evidence.

the 93 belonged to a high-risk subculture. The likelihood of being HCV seropositive increased when MSM belonged to multiple subcultures. Compared to not belonging to a
subculture, the OR was 1.73 (95% CI 0.91-3.27) when MSM belonged to one subculture
and increased to 4.56 (95% CI 2.59-8.04) when they belonged to two subcultures, and to
6.70 (95% CI 3.36-13.34) for when they belonged to three or more subcultures. Eighty
percent of the MSM who belonged to one of the identified subcultures themselves reported
at least one partner who also belonged to one of the subcultures, while only 26.6% of the
MSM who did not belong to any of the subcultures reported a partner who belongs to a
subculture. In the total group of 786 MSM, we examined whether the high-risk subcultures
were associated with particular sexual behaviors. In multivariable analysis, they were more
often linked with a higher number of partners (p < 0.001), receptive fisting (aOR 2.82;
95% CI 1.59-5.02), and use of recreational drugs (aOR 1.48; 95% CI 1.03-2.12) (Table 4).

187

Table 2. Characteristics of 786 HIV-infected men who have sex with men, by hepatitis C antibody status, who
visited the STI outpatient clinic of the Public Health Service or the HIV outpatient clinic of the Academic Medical
Center in Amsterdam, 2008-2009
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Recruitment location
STI clinic
HIV clinic
Demographics
Median age in years (IQR)
Ethnicity
Dutch
Western, non-Dutch
Non-western
Subculture
Casual
Leather
Military
Sport
Rubber/lycra
Jeans
Sexual behavior
Median no. of partners in the preceding 6 months (IQR)
Receptive UAI
Insertive UAI
Receptive fisting
Insertive fisting
Group sex
Poppers use
Other drug use2
Sexually transmitted infections diagnosis
Syphilis3
Chlamydia
Gonorrhea

HCV-antibody-positive
(%) (n=93) (11.8%)

HCV-negative (%)
(n=693) (88.2%)

81 (87.1%)
12 (12.9%)

505 (72.9%)
188 (27.1%)

44 (39-49)

42 (37-48)

71 (76.3%)
14 (15.1%)
8 (8.6%)

489 (70.6%)
84 (12.1%)
120 (17.3%)

79
40
16
32
18
50

(85.0%)
(43.0%)
(17.2%)
(34.4%)
(19.4%)
(53.8%)

614 (88.6%)
113 (16.3%)
55 (7.9%)
139 (20.1%)
39 (5.6%)
201 (29.0%)

0.306
<0.001
0.003
0.002
<0.001
<0.001

10
67
60
27
27
59
63
61

(5-30)
(72.0%)
(64.5%)
(29.0%)
(29.0%)
(63.4%)
(67.7%)
(65.6%)

8 (3-20)
333 (48.5%)
288 (41.9%)
86 (12.6%)
99 (14.5%)
242 (35.4%)
353 (51.6%)
268 (39.2%)

0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.003
<0.001

64 (68.8%)
18 (19.4%)
14 (15.1%)

313 (45.2%)
113 (16.4%)
92 (13.3%)

<0.001
0.466
0.645

p1
0.003

0.062
0.092

NOTE: Percentages do not always add up to 100% due to rounding. Numbers do not always add up to the column
totals due to missing data; there was 1 missing value for the age variable, 6 missing values for receptive and insertive
UAI, 9 missing for other risk behavior variables, and 2 missing for the chlamydia and gonorrhoea variables. The
subculture characteristics are not mutually exclusive. HIV = human immunodeficiency virus; STI = sexually transmitted
infection; IQR = interquartile range; UAI = unprotected anal intercourse. 1 p-values were calculated for HCV antibody
positives versus HCV antibody negatives and considered significant when ≤0.05. 2 Recreational use of cocaine, XTC,
γ-hydroxybutyrate (GHB), ketamines, amphetamines, or methylamphetamines before or during sexual contact. 3 Based
on serological evidence.

Phylogenetic Analysis Serum samples from the 93 HCV-seropositive MSM were tested
for the presence of HCV RNA, and HCV RNA was detected in 46 (49.5%). The RNApositive and RNA-negative men did not differ as to demographics or STI coinfections.
NS5B sequences were obtained from 42 (91.3%) of the 46 RNA-positive samples, yielding
HCV genotypes 1a (57.1%), 1b (7.1%), 3a (2.4%), and 4d (33.3%). Phylogenetic analysis
revealed two monophyletic clusters of n = 13 and n = 14 (clusters I and II, respectively),
one smaller cluster of n = 7 (cluster III) and 8 singletons (Figure 1). Descriptive analysis
was performed on clusters I and II and on the remainder group of 15. The men in the
three groups did not differ significantly by age or ethnicity (Table 5). Spread of the
different HCV strains was not restricted to the specific subcultures (i.e., leather, military,
rubber/lycra, or jeans), as there was no significant association between subcultures and
HCV cluster. Those in the remainder group were more often sports-type MSM than men
in clusters I or II: 60.0% vs. 15.4% and 21.4% (p = 0.023) (Table 5). A significant diffe188
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Table 3. Identifiable determinants of hepatitis C seropositive status among 786 HIV-infected men who have sex
with men, of whom 93 were hepatitis C seropositive, in Amsterdam, 2008-2009
OR (95% CI)1
Demographics
Age in years4
35
40
45
50
Ethnicity
Dutch
Western, non-Dutch
Non-western
Subculture
Leather
Military
Sport
Rubber/lycra
Jeans

p

OR (95% CI)2

0.082
0.78 (0.48-1.27)
1.00
1.26 (0.90-1.75)
1.50 (0.86-2.60)

p

2.60 (1.56-4.33)

<0.001

2.15 (1.10-4.21)
2.23 (1.41-3.54)

0.026
<0.001

0.310

0.100

(2.45-6.12)
(1.32-4.41)
(1.31-3.33)
(2.19-7.39)
(1.83-4.42)

OR (95% CI)3

0.86 (0.53-1.42)
1.00
1.26 (0.79-2.01)
1.25 (0.61-2.57)

1.00
1.15 (0.62-2.13)
0.46 (0.22-0.98)
3.87
2.41
2.09
4.02
2.85

p

0.310
1.00
1.13 (0.59-2.16)
0.56 (0.25-1.25)

<0.001
0.004
0.002
<0.001
<0.001

2.59
0.74
1.77
2.03
1.95

(1.50-4.47)
(0.36-1.53)
(1.03-3.03)
(1.01-4.08)
(1.20-3.17)

<0.001
0.420
0.037
0.046
0.007

NOTE: There was 1 missing value in the age variable. HIV = human immunodeficiency virus; OR = odds ratio; CI =
confidence interval; aOR = adjusted odds ratio. 1 Odds ratio resulting from univariable analysis. 2 Odds ratio adjusted
for all variables. 3 Odds ratio adjusted for variables in the model after backward selection. 4 Modelled as restricted cubic
spline with knots at the 2.5th , 25th , 50th , 75th , and 97.5th percentiles.

rence between cluster I and II was seen for the median number of partners in the preceding
six months (p = 0.037): in cluster I, it was 25 (IQR 15-50) and in cluster II, 5.5 (IQR
1-25); in the remainder group, it was 8 (IQR 5-30). In cluster analysis that included
the remainder, this difference among groups had only borderline significance (p = 0.059).
Insertive UAI was more often reported by men in the remainder group: 93.3% vs. 61.5%
in cluster I and 35.7% in cluster II (p = 0.005), but the difference between cluster I
and II was not significant (p = 0.180). Other sexual risk behavior (i.e., receptive UAI,
fisting, group sex, use of poppers and other drugs), a history of syphilis infection, and
the occurrence of chlamydia and gonorrhea did not differ significantly between the two
monophyletic clusters and the remainder group.

Discussion
In this study of 786 HIV-infected MSM, we showed that MSM belonging to the leather,
rubber/lycra, and jeans subcultures were more likely to be HCV-seropositive than MSM
who did not pursue those lifestyles. Moreover, high-risk sexual behavior was more common among these MSM than among those not belonging to these subcultures. It was
remarkable that 72.0% of the men who were HCV-seropositive belonged to one of the
high-risk subcultures, while only 37.7% of the HCV-negative HIV-infected population belonged to one of these subpopulations. The analysis of monophyletic clusters of men who
were HCV RNA-positive did not show separate networks for HCV transmission. HCV
genotypes in the remainder group were found to be associated with the sports scene, but
because the remainder was a composite of a smaller cluster and singletons, this finding
did not represent a transmission network. Our results did not confirm the hypothesis that,
within a city, HCV strains from MSM with the same lifestyle would cluster together.
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Figure 1. Phylogenetic tree of 42 HCV NS5B sequences obtained from HIV-infected MSM in Amsterdam. Three
clusters were identified: cluster I with genotype 1a (n=13), cluster II with genotype 4d (n=14), a smaller cluster III
with genotype 1a (n=7), and 8 singletons. Self-identified subcultures are indicated as follows: leather in black; jeans
in yellow; rubber/lycra in green, sports in red; no subculture in white. History of injecting drug use is indicated by a
needle. More than one subculture per person is possible.

A strength of this study was the large amount of available epidemiological data. Participants completed a detailed questionnaire that was designed to study sexual networks. We
therefore had the opportunity to study determinants of HCV that are useful for subgroup
identification. No a priori definition of lifestyle was given to allow participants to subjectively determine what subculture most applied to them. Therefore, MSM who felt they
belonged to a subculture because they visited venues associated with it or met partners
who belonged to the subculture, but for example, did not use the subcultures dress code,
could still be identified as being part of the subculture. There was a large agreement
between self-defined subculture and subculture of the partners, supporting the robustness
of the definition of subculture.
The presence of HCV RNA was tested with a real-time PCR targeting the highly conserved
59’UTR of the HCV genome, which has a detection limit similar to the nested NS5B PCR
that was used to generate sequences. HCV-seropositive MSM who were RNA-negative
were likely to have cleared the infection, either spontaneously or by antiviral therapy,
although the spontaneous clearance rate among HIV-infected individuals is low.26 The
genotype distribution found in this study was in accordance with earlier studies that in190

Table 4. Sexual behavior associated with a high-HCV-risk subculture (i.e., leather, rubber/lycra, or jeans) among 786 HIV-infected MSM, Amsterdam, 2008-2009

No. of partners in the preceding 6 months
1
5
10
25
Receptive UAI4
Insertive UAI4
Receptive fisting
Insertive fisting
Group sex
Poppers use
Drug use5

3

High-HCV-risk
subculture
(n=328)
10 (IQR 4-30)

186/400 (46.5%)
161/348 (46.3%)
79/113 (69.9%)
77/126 (61.1%)
158/301 (52.5%)
199/416 (47.8%)
172/329 (52.3%)

Other subculture
(n=458)
6 (IQR 3-15)

139/380
164/432
245/664
247/651
166/476
125/361
152/448

(36.6%)
(38. 0%)
(36.9%)
(37.9%)
(34.9%)
(34.6%)
(33.9%)

OR (95% CI)1
1.00
0.93
1.72
2.43
1.51
1.41
3.97
2.57
2.06
1.73
2.13

(0.73-1.18)
(1.16-2.56)
(1.65-3.57)
(1.13-2.01)
(1.06-1.87)
(2.58-6.12)
(1.74-3.80)
(1.53-2.77)
(1.30-2.31)
(1.59-2.86)

p
<0.001

0.005
0.020
<0.001
<0.001
<0.001
<0.001
<0.001

OR (95% CI)2
1.00
0.84
1.35
1.80
0.97
0.88
2.82
1.08
1.11
1.22
1.48

(0.60-1.17)
(0.87-2.10)
(1.16-2.79)
(0.66-1.42)
(0.61-1.29)
(1.59-5.02)
(0.63-1.85)
(0.77-1.61)
(0.87-1.70)
(1.03-2.12)

p
<0.001

0.860
0.520
<0.001
0.790
0.570
0.240
0.032

NOTE: Numbers do not always add up to the column totals due to missing data; there were 6 missing values in receptive and insertive UAI and 9 missing in variables for fisting,
group sex, poppers, and drug use. 1 Odds ratio. 2 Adjusted odds ratio. 3 Modelled as restricted cubic spline, and thus no group size or OR could be reported; instead the median and
IQR and p-values for the logistic regression are provided. 4 Unprotected anal intercourse. 5 Recreational use of cocaine, XTC, γ-hydroxybutyrate (GHB), ketamines, amphetamines, or
methylamphetamines before or during sexual contact.
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cluded HCV-infected MSM in Amsterdam.11, 27 We may have missed MSM with acute
HCV infection, because HCV status was determined by HCV antibody screening, and RNA
testing was performed only in those who were antibody positive. A delay in formation of
HCV antibodies after HCV infection has been described previously in HIV-coinfected men
by Thomson et al.28 In a bi-annual anonymous survey held at the STI clinic in Amsterdam,
prevalence of acute HCV infections (antibody negative, RNA positive) was 1.8% among
HIV-infected MSM in the period 2008-2009 [Unpublished data]. A second and probably
more important limitation was that the monophyletic clusters were relatively small. We
therefore performed univariable analysis only on the two largest clusters and a remainder group consisting of a smaller cluster and singletons. Another concern is that MSM
enrolment at two different facilities yielded slightly divergent groups. Those recruited at
the STI clinic had all been previously involved in sexual risk behavior, as indicated by
their interest in STI care. However, those recruited at the HIV clinic had not necessarily
engaged in risk behavior; in fact, such behavior was much lower among them. Because
most participants were recruited at the STI clinic, the study population is a non-random
sample of the general HIV-infected population. We do not know whether the associations
between subcultures and HCV seropositivity found in the study population are similar to
the associations in the general population. The reported effects of subcultures on HCV
seropositivity may deviate (i.e., under- or overestimation) from the true effects in the
general HIV-infected population.
Finally, questionnaires reflected sexual risk behavior in the six months preceding participation. As HCV infection may have occurred before that, responses about risk behavior
may not reflect behavior at actual time of infection. This time lag could also apply to
responses about identification with lifestyle or subculture, although such identification
tends to be more stable over time.
Our results are in line with several previous studies showing that multiple sexual partners,
receptive unprotected anal intercourse, group sex, rough sexual techniques (e.g., fisting),
and recreational drug use were associated with HCV infection.1, 11, 12 We showed that
these factors were likewise associated with the high-risk subcultures of leather, rubber/lycra and jeans-type MSM. Nevertheless, such behaviors were not the main interest of this
study, because their role in subculture identification is more complicated than the role of
demographic or lifestyle factors.
Little is known about subcultures within the MSM population. A few studies have described specifically the leather scene,15, 29–31 but there is no literature on the other subcultures. The leather scene is a self-defined lifestyle characterized by leather clothing,
rough sexual activities, heightened valuation of hypersexuality, and adherence to sexual
control dynamics (e.g., dominance and submissiveness),29–31 in which unprotected anal
intercourse is common.15 The fact that mixing of subpopulations occurs is supported by
the notion that many MSM reported to belong to more than one subculture and HCV
spread was not restricted to just one subculture.
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Table 5. Epidemiological characteristics of 42 men who have sex with men who tested hepatitis C RNA-positive, by
phylogenetic cluster, Amsterdam, 2008-2009

Demographics
Recruitment location
STI clinic
HIV clinic
Median age in years (IQR)
Ethnicity
Dutch
Western, non-Dutch
Non-western
Subculture
Leather
Military
Sport
Rubber/lycra
Jeans
Sexual behavior
Median no. of partners in the
preceding 6 months (IQR)
Receptive UAI
Insertive UAI
Receptive fisting
Insertive fisting
Group sex
Poppers use
Drug use3
Sexually transmitted infections diagnosis
Syphilis4
Chlamydia
Gonorrhea

Cluster I
(n=13)

Cluster II
(n=14)

Other
(n=15)

13 (100.0%)
0
47 (40-49)

11 (78.6%)
3 (21.4%)
48 (44-52)

14 (93.3%)
1 (6.7%)
44 (39-46)

10 (76.9%)
2 (15.4%)
1 (7.7%)

11 (78.6%)
2 (14.3%)
1 (7.1%)

10 (66.7%)
3 (20.0%)
2 (13.3%)

5
1
2
3
6

8
4
3
5
8

7
5
9
1
8

(38.5%)
(7.7%)
(15.4%)
(23.1%)
(46.2%)

(57.1%)
(28.6%)
(21.4%)
(35.7%)
(57.1%)

p1

p2

0.077

0.149

0.436
0.995

0.178
0.954

(46. 7%)
(35.7%)
(60.0%)
(6.7%)
(53.3%)

0.332
0.163
0.686
0.472
0.568

0.621
0.248
0.023
0.160
0.846

25 (15-50)
11 (84.6%)
8 (61.5%)
2 (15.4%)
3 (23.1%)
8 (61.5%)
9 (69.2%)
7 (53.9%)

5.5 (1-25)
10 (71.4%)
5 (35.7%)
6 (42.9%)
5 (35.7%)
8 (57.1%)
10 (71.4%)
7 (50.0%)

8 (5-30)
10 (66.7%)
14 (93.3%)
3 (20.0%)
4 (26.7%)
10 (66.7%)
9 (60.0%)
12 (80.0%)

0.037
0.410
0.180
0.118
0.472
0.816
0.901
0.842

0.059
0.543
0.005
0.213
0.752
0.870
0.786
0.194

10 (76.9%)
3 (23.1%)
1 (7.7%)

11 (78.6%)
1 (7.1%)
3 (21.4%)

9 (60.0%)
4 (26.7%)
3 (20.0%)

0.918
0.244
0.315

0.472
0.370
0.576

4

NOTE: The subculture characteristics are not mutually exclusive. RNA = ribonucleic acid; STI = sexually transmitted
infection; HIV = human immunodeficiency virus; IQR = interquartile range; UAI = unprotected anal intercourse; 1 pvalue for χ2 -tests and Kruskal-Wallis tests of cluster I and II; 2 p-value for χ2 -tests and Kruskal-Wallis tests of cluster I,
II, and the remainder group; 3 Recreational use of cocaine, XTC, γ-hydroxybutyrate (GHB), ketamines, amphetamines,
or methylamphetamines before or during sexual contact; 4 Based on serological evidence.

Due to the high risk behavior in the identified subcultures, it is possible that HCV was
introduced in the MSM population by one or more of these subcultures. To test this
hypothesis, temporal data of several decades on MSM subcultures is needed. To our
knowledge, this data is not available. A molecular clock analysis was therefore not performed, given that the time interval between the emergence of the leather subculture
and the recent HCV epidemic is relatively short, and also the sample size was limited.
More extensive research is needed into the behavioral characteristics of subcultures and
the extent to which subcultures mix. More information may lead to an improved understanding of risk behavior and the accompanying spread of HCV and also of HIV and
other STI within and between subpopulations. We suggest that among MSM who are
sexually active within such subgroups HCV screening should be intensified. In addition
to the current screening practices at STI clinics and HIV treatment centres, on location
screening initiatives, in specific places where such subgroups meet, could be an efficient
way to achieve this goal.
Currently, the HCV outbreak is an epidemic mainly in a restricted subpopulation, but it is
unknown how this epidemic will evolve. In this study we used HCV seroprevalent cases. It
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would be interesting for future studies to examine whether HCV reinfection, which is common among HIV-infected MSM, more often occurs in the high risk populations. While
it is assumed that sexually transmitted HCV spreads only in HIV-infected MSM, there
have been a few case reports of HCV infection in the absence of HIV.32 In Amsterdam,
the prevalence of HCV among HIV-infected MSM seems to be levelling off since 2011,33
suggesting that the incidence is declining, however, the incidence of reinfection among
successfully treated MSM is very high (15.2 per 100 person years),27 demonstrating that
HCV transmission occurs.
To conclude, we found that HIV-infected MSM belonging to the leather, rubber/lycra and
jeans subcultures are at increased risk of acquiring HCV, compared to MSM who do not
belong to these subcultures. For public health purposes, we provide a clear description of
the MSM population in which most HCV infections might be detected. Implementation
of active screening, followed by treatment, in the leather, rubber/lycra and jeans scenes,
may reduce HCV incidence and prevalence and the future HCV disease burden among
MSM.
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disease burden of hepatitis C among injecting drug
users in Amsterdam
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Abstract
Aims The hepatitis C virus (HCV) disease burden among injecting drug users (IDUs)
is determined by HCV incidence, the long latency period of HCV, competing mortality
causes, presence of co-infection and HCV treatment uptake. We examined the effect of
these factors and estimated the HCV disease burden in Amsterdam.
Design A Markov model was developed, incorporating HCV and human immunodeficiency virus (HIV), and parameterized with data from the Amsterdam Cohort Studies,
surveillance studies and literature.
Setting IDU population of Amsterdam.
Measurements HCV infection simulated from its acute phase to HCV-related liver disease (i.e. decompensated cirrhosis and hepatocellular carcinoma).

5

Findings The HCV prevalence among IDUs in Amsterdam increased to approximately
80% in the 1980s. From 2011 to 2025, the HCV-related disease prevalence will accordingly
rise by 36%, from 57 cases (95% range 33-94) to 78 (95% range 43-138), respectively.
In total, 945 (95% range 617-1309) individuals will develop HCV-related liver disease.
This burden would have been 33% higher in the absence of HIV, resulting in 1219 cases
(95% range 796-1663). In Amsterdam, 25% of HIV-negative IDUs receive successful HCV
treatment, reducing the cumulative disease burden by 14% to 810 (95% range 520-1120).
Further reduction of 36% can be achieved by improving treatment, resulting in 603 cases
(95% range 384-851).
Conclusions The HCV burden among injecting drug users in Amsterdam has been reduced by a high competing mortality rate, particularly caused by HIV infection, and to a
smaller extent by HCV treatment. Improved HCV treatment is expected to contribute to
reduce the future HCV disease burden.

Amy Matser, Anouk Urbanus, Ronald Geskus, Mirjam Kretzschmar, Maria Xiridou, Marcel
Buster, Roel Coutinho, Maria Prins

Addiction. 2012; 107(3):614-623.
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Introduction
Injecting drug users (IDUs) who share injecting equipment are at high risk for infection
with hepatitis C virus (HCV) and other blood-borne pathogens. Since blood product
screening was initiated in the Netherlands in 1991, IDUs account for the vast majority of
new HCV infections nation-wide. Globally, HCV antibody prevalence in IDUs ranges from
15% to 98%.1, 2
HCV infections become chronic in about 75% of cases,3 and may lead to cirrhosis and
eventually to decompensated cirrhosis or hepatocellular carcinoma (HCC) decades after
infection.4 With improved treatment since 2001, response to treatment among chronic
carriers who are human immunodeficiency virus (HIV)-negative is 42-82%, depending on
HCV genotype.5 However, as HIV and HCV share transmission routes, HIV co-infection is
common,1 affecting approximately 30% of the HCV-infected IDUs in Amsterdam.6 These
co-infections are associated with a lower rate of spontaneous HCV clearance, faster HCV
progression and less favourable HCV treatment outcome.7
In Amsterdam, injecting drug use started in the late 1960s and remained common practice during the 1970s and 1980s. The prevalence of HCV antibodies among ever-injectors
peaked in the 1980s, when more than 85% tested positive.3, 6 With awareness of HIV
and national initiation of comprehensive harm reduction programmes in the 1980s, risk
behaviour declined among IDUs8–10 and HCV prevalence declined, as found by the Amsterdam Cohort Studies (ACS).6 Amsterdam’s IDU population decreased in the 1990s due
to the limited number of new injectors, mortality and selective emigration of foreign IDUs
with acquired immune deficiency syndrome (AIDS) to their home countries.11
Several studies have modelled the future disease burden of HCV for the general population12–16 and for IDUs,17–23 some taking into account HIV infections and HCV treatment.
These studies show that the prevalence of HCV-related liver disease will rise during future years. The current population of IDUs in Amsterdam is unique; injecting is no
longer common,24 mortality remains high and HCV and HIV incidence have stabilized at
very low rates.6 We therefore developed a mathematical model to estimate the HCVrelated disease burden, defined as the occurrence of decompensated cirrhosis or HCC, for
HCV-infected populations that are in an advanced stage, using data on IDU population
dynamics including the rising and declining trends of injecting behaviour over time, HCV
incidence and the natural history of HCV infection. We had the unique opportunity to
use longitudinal data collected since 1985 from the ACS among IDUs. We also examined
the impact of HIV on the HCV disease burden: HIV-positive IDUs are at increased risk
of mortality compared to HIV-negative IDUs, but effective HIV treatment has decreased
this risk.25 Several scenarios with and without HIV were explored, as well as the influence
of HCV treatment on the HCV disease burden.
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Figure 1. Schematic description of the Markov model. Annually, injecting drug users (IDUs) move between health
stages according to defined transition rates given in Tables 1-3. Population size is determined by the annual input of
hepatitis C virus (HCV)/human immunodeficiency virus (HIV)-negative IDUs (b) and the age- and HIV-status-dependent
competing mortality rates (µc ). The natural history of HCV infection is modelled through the stages of acute and chronic
infection, cirrhosis, decompensated cirrhosis and hepatocellular carcinoma (HCC). Annual transition rates for the natural
history include the HCV infection rate (Phcv ), the HCV clearance rate (Pc l), the rate to become chronically infected
(Pch ), the rates of progression from asymptomatic chronic HCV to cirrhosis (Pcr ) and from cirrhosis to decompensated
cirrhosis (Pdc ) or HCC (Ph ), and the HCV-related mortality rates µdc and µh .The transition rates Pcl , Pch , Pcr ,
Pdc and Ph are dependent on HIV status, denoted by superscript H- for HIV-negative and H+ for HIV-positive. During
the annual transitions, individuals have a probability (Phiv ) to acquire HIV; this holds for the stages in the grey square,
meaning all stages except decompensated cirrhosis and HCC. HCV treatment was included for the scenario studies and
determined the transition from chronic HCV to current IDU.

5
Methods
Markov model The natural history of HCV was modelled using a compartmental model
representing eight health stages (Figure 1). Individuals enter the model as IDUs at risk for
acquiring HCV and HIV. To reflect the effect of ceased injecting, reduced needle-sharing
and reduced risk behaviour, IDUs can switch to the former IDU compartment, in which
individuals do not inject or inject safely. They can also re-enter the current IDU stage.
Acute HCV-infected IDUs can spontaneously clear HCV or develop a chronic infection.
Disease progression is modelled through cirrhosis, decompensated cirrhosis and HCC. HIV
infection can occur at all stages. New HIV infections among individuals with decompensated cirrhosis and HCC are ignored on the assumption that new HIV infections do not
cause accelerated HCV progression in these already progressed patients. The model includes two types of mortality: competing mortality (due to causes unrelated to HCV)
and HCV-related mortality (by decompensated cirrhosis or HCC). The main outcome is
HCV-related liver disease, defined as decompensated cirrhosis or HCC.
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Table 1. Annual number of new injecting drug users (IDUs)

Period
1960-64
1965
1970
1975
1980

Number of IDUs (B)
(20% range)
15 (10-20)
66 (60-85)
344 (305-440)
605 (515-835)
336 (270-370)

Average
age
20a
20a
20a
20a
23
a

Period
1985
1990
1995
≥2000

Number of IDUs (B)
(20% range)
147 (15-210)
92 (10-130)
54 (15-80)
26 (5-50)

Average
age
25
26
26
25

Assumed minimum age

Model parameters We assumed that injecting drug use started in 1960. The annual
number of new injectors then increased, peaking at 570 (range 515-650) during 1975-1979
and declining thereafter (Table 1). The annual number of new injectors was estimated
based on needle-exchange data and data from the central methadone register (CMR) of
Amsterdam from the years 1987, 1992, 1997, 2002 and 2007, using the method of Nordt
& Stohler.26 This method assumes that the maximum number of IDUs in methadone
treatment 7 years after onset of regular drug use is 27%. To check the impact of this
assumption we have set this maximum to two plausible values, 14% and 41%, and estimated the incidence. The estimates did not deviate excessively from the calculated range,
and therefore we assumed that it was valid to use the reported 27% by Nordt & Stohler26
[See also Supplement 5.1.1]. The estimated population served as the IDU population
entering the Markov model to predict the burden of HCV. The age trend of new IDUs
was obtained from ACS, an open and ongoing prospective cohort study initiated in 1985
to study the prevalence, incidence and risk factors of HIV and other blood-borne and
sexually transmitted infections.27, 28

5
The population-specific transition rates that determine the probability to move between
health stages are shown in Table 2. Data on transition rates from current IDU to former
IDU (Pstop ) and vice versa (Pstart ) and background mortality (µ) were supplied by ACS.
Background mortality was categorized according to age and HIV status and divided into
two calendar periods (e.g. pre-1997 and 1997 onwards) as a proxy for increased survival of
HIV-infected IDUs due to the introduction and widespread use of combination antiretroviral therapy in 1997. The rates for acquiring HIV and competing mortality rates for
HIV-positives were derived similarly from ACS data.6 HCV and HIV incidence for 1985
to 2005, as published by Van den Berg et al.,6 was used to estimate the annual rate of
acquiring HCV (Phcv ) and HIV (Phiv ) [see supporting information S.1.1.1]. We assumed
that HCV was introduced to Amsterdam in 1965 and HIV in 1980. HCV incidence from
2006 to 2010 was assumed to be constant and equal to the average HCV incidence from
2001 to 2005; the same was assumed for HIV. From 2010 onwards, HCV incidence was
set to zero to estimate the cumulative HCV disease burden caused by HCV infections
acquired in the past. The progression rate of asymptomatic chronic HCV to cirrhosis
(Pcr ) was age dependent, as estimated by Deuffic-Burban et al.12, 13 We found a low
rate, as did ACS.29 The transition rates for the development of decompensated cirrhosis
(Pdc ) and HCC (Ph ) were derived from the literature30–35 and the HCV-related mortality
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Table 2. Population-specific annual transition rates supplied by the Amsterdam Cohort Studies on human immunodeficiency virus (HIV)
Variable
Transition rate for IDU to former IDU (Pstop )a
1960-89
≥1990
Transition rate for former IDU to IDU (Pstart )b
Competing mortality for HIV-negative IDUs by age and calendar time (µH− )c
Year <1997
Age <30
Age 30-44
Age ≥45
Year ≥1997
Age < 30
Age 30-44
Age ≥45
Competing mortality for HIV- positive IDUs by age and calendar time (µH+ )c
Year <1997
Age <30
Age 30-44
Age ≥45
Year ≥1997
Age <30
Age 30-44
Age ≥45

Parameter value
0.005-0.150
0.010-0.200
0.01-0.5

0.001-0.006
0.001-0.016
0.002-0.021
0.001-0.006
0.001-0.012
0.001-0.020

0.008-0.042
0.019-0.076
0.060-0.224
0.003-0.022
0.004-0.073
0.025-0.088

a
Calculated as annual probability for injecting drug users (IDUs) to stop risky injecting (i.e. stop injecting, start
methadone treatment or inject safely) based on self-reported data from IDUs in the Amsterdam Cohort Studies (ACS)
about risk behaviour since previous visit. b Calculated as annual probability for former IDUs to start risky injecting based
on selfreported data from IDUs in the ACS about risk behaviour since previous visit. c Competing mortality is defined as
not hepatitis C virus (HCV)- related causes of death. The hazard rates were calculated for different age categories and
two time-periods.

5

rates (µdc and µh ) were derived from ACS.29 Because HIV co-infection reduces the HCV
clearance rate and accelerates HCV progression,36 the transition rates Pcl , Pch , Pcr , Pdc
and Ph were HIV status dependent (Table 3).

Analysis The natural history of HCV in the IDU population was simulated using the R
statistical package, version 2.10.1.37 Individuals move between health stages over 1-year
time-steps, with transition rates determined by transition equations [see supporting information S.1.3]. The transition equations were constructed using the parameter estimates
provided in the previous section and supporting information S.1.1. The model estimated
the number of individuals in different health stages over time.
To account for uncertainty in parameter estimates, we set minimum and maximum values
for each. Latin hypercube sampling was used to choose a parameter from the parameter
space for every run.38 In total, 1000 simulations were performed for every scenario.
The results are presented as median and 95th percentile ranges. A sensitivity analysis
estimating the partial rank correlation coefficient (PRCC) was performed to examine the
contribution of the various parameters to variation in outcome39 defined as the cumulative
HCV-related disease burden caused by HCV infection acquired between 1960 and 2010.
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Table 3. Annual transition rates for the natural history of hepatitis C virus (HCV)

Variable
Transition rate for HIV-negative to HIV-positive (Phiv )
Transition rate for IDU (HCV-negative) to acute HCV
(Phcv )a
Transition rate for acute to cleared HCV (Pcl )
Transition rate for acute HCV to chronic HCV (Pch )
Transition rate for chronic HCV to cirrhosis per age
category (Pcr )
≤39
40-49
50-59
60-69
≥70
Transition rate for cirrhosis to decompensated cirrhosis
(Pdc )
Transition rate for cirrhosis to HCC (Ph )
HCV-related mortality due to
Decompensated cirrhosis (µdc )
HCC (µh )c

Parameter value
HIVSupplement 5.1.1, Table 3
Supplement 5.1.1, Table 3
0.265-0.456
H−
1- Pcl
- µH−

0.000
0.005
0.019
0.032
0.061

(0.000-0.001)13
(0.002-0.008)13
(0.015-0.022)13
(0.027-0.036)13
(0.044-0.078)13

0.01035 -0.07534
0.01731 -0.05030

HIV+

0.046-0.422
H+
1- Pcl
- µH+

0.000
0.025
0.093
0.158
0.305

(0.000-0.005)13, 53
(0.010-0.040)13, 53
(0.075-0.110)13, 53
(0.133-0.180)13, 53
(0.220-0.390)13, 53

0.041-0.09432, 33
0.057-0.063b

0.1154 -0.6855
0.3356 -0.6457

a
Equal for human immunodeficiency virus (HIV)-negative and HIV-positive injecting drug users (IDUs).
to the transition rates for HIV- and HIV+ decompensated cirrhosis. c Not related to HIV status.

b

Proportional

Scenario studies To examine the effect of HCV treatment on the HCV disease burden,
several scenarios were studied and compared with the baseline model. First, we explored
a situation without HCV treatment. Secondly, we modelled the effect of currently implemented HCV treatment. We assumed that chronically HCV-infected individuals who were
HIV-negative could have received treatment since 2005.40 The successful HCV treatment
rate is calculated as the product of treatment uptake and the percentage of those treated
successfully among those receiving treatment. This transition rate, from the chronic HCV
compartment to the not-HCV-infected compartment, ranged between 0.20 and 0.30. It
was based on the treatment rate found by the Dutch C project,40 assuming that the success
rate in the general IDU population would be lower than the rate found in the population
eligible for the Dutch C project. In the third scenario, the impact of HCV treatment
improvements was studied by increasing the treatment transition rates after 2012 from
0.20-0.30 to 0.50-0.60 for HIV-negatives and from zero to 0.20-0.30 for HIV-positives. In
a fourth scenario, a best case scenario, these rates were 0.90-1 and 0.50-0.60, respectively.
We also modelled the effect of HIV spread on the HCV disease burden for the various
HCV treatment scenarios. In the baseline scenario, HIV was introduced in the population
in 1980. In the second scenario, it was assumed that HIV was never introduced.

Results
HCV disease burden. The estimated IDU population living with HCV as a percentage
of the total IDU population is shown in Figure 2. The population of injectors grew from
an average of 364 individuals (95% range 307-425) during the 1960s to on average 6275
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Figure 2. The modelled prevalence of chronic hepatitis C virus (HCV) and human immunodeficiency virus (HIV) in
the injecting drug user population of Amsterdam from the early 1960s to 2010 and the observed anti-HCV prevalence
among participants of the Amsterdam Cohort Studies from 1986 to 2004 and HIV prevalence from 1986 to 2010.
The thick solid line and grey 95% range shows the estimated median HCV prevalence and 95% range. The dashed line
and grey 95% range shows the estimated median HIV prevalence and 95% range. The observed HCV prevalence and
95% confidence interval (CI) is shown as dashed line and diagonal line segments and the observed HIV prevalence and
95% CI is shown as solid line and diagonal line segments.

(95% range 5633-6937) during the 1980s (Supplement 5.1.2). During the 1980s approximately 80% of the population was HCV-positive, while HIV prevalence was about 10%.
Although the incidence of both viruses declined after 1990 [6], HCV prevalence among
IDUs remained relatively high.
According to our findings and ACS data, HCV prevalence among ever-injectors in 2011 is
79% (95% range 73%-89%), of whom an estimated 57 individuals (95% range 33-94) have
HCV-related disease, with decompensated cirrhosis in 38 (95% range 20-70) individuals
and HCC in 19 (95% range 9-35) individuals (Figure 3). Due to the long asymptomatic
phase of HCV infection, the disease burden will accordingly rise by 36% during the next
decade, to 78 cases (95% range 43-138) in 2025. However, after 2025 the number of
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Figure 3. Modelled yearly number of injecting drug users (IDUs) living with decompensated cirrhosis and hepatocellular carcinoma (HCC) caused by hepatitis C infection per calendar year. Median number of cases with decompensated
cirrhosis is represented by the thick solid line and grey 95% range; median number of cases with HCC is represented by
the dashed line and thin diagonal line segments.

individuals living with HCV-related liver disease will again decline. The cumulative HCV
disease burden resulting from infections acquired before 2010 will be 945 cases (95%
range 617-1309). The case-fatality rate is 50 (95% range 36-65) per 1000 HCV infected
cases.

Model validation The validity of the model was assessed by comparing the modelled
HCV and HIV prevalence with prevalence data observed among ACS participants (Figure
2). HCV prevalence data was available until the year 2004. The observed anti-HCV
prevalence is slightly higher than the prevalence of chronic HCV estimated by the model.
In addition, the higher observed HCV and HIV prevalence (before the year 1997) might
reflect the high-risk population that was recruited; the ACS was initiated to study the
spread of HIV and its outcome and special attention was given to include HIV-infected
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drug users. Consequently, the observed HIV prevalence during the 1980s and 1990s is
higher than the expected prevalence in the general drug user population. The estimated
prevalence is in line with the prevalence found among 200 IDUs in Amsterdam in 1996 [i.e.
25.5%, 95% confidence interval (CI) 19.7-32.3] and in 1998 (25.9%, 95% CI 19.9-32.3).41
The relative importance of the various parameters was examined by sensitivity analysis.
It showed that outcome uncertainty is caused mainly by the competing mortality rates
H+
for HIV-negative (µH−
c ) and HIV-infected (µc ) individuals. The HCV clearance rate
H+
H+
(Pcl ), the rate of developing cirrhosis (Pch ) and developing decompensated cirrhosis
H+
(Pdc
) for HIV-infected individuals caused little imprecision (Supplement 5.1.3).
Scenario studies The implementation of HCV treatment can substantially reduce the
disease burden. If 25% of the HIV-negative population is treated successfully for HCV,
the cumulative HCV disease burden will decrease by 14% from 945 to 810 (95% range
520-1120) in 2060, where 2060 is the year in which all the individuals who started injecting before the year 2010 have died. Further reduction of the disease burden can be
achieved by improving treatment. Assuming that 55% of the HCV-positive HIV-negative
IDUs and 25% of the HIV-positives is treated successfully from 2012, the cumulative burden could be reduced by 36% to 603 (95% range 384-851) (Figure 4a). In the best-case
scenario, a 47% reduction can be achieved when HCV treatment is extended to 95% for
HIV-negatives and 65% for HIV-positives. When implementation of improved treatment
is postponed by 1 year, 2% more individuals will develop HCV-related liver diseases.

5

In the hypothetical scenario in which HIV was absent, the prevalent number of IDUs living
with HCV-related disease in 2011 was estimated at 59 (95% range 37-93). In Figure 4, the
HCV-related disease burden per calendar year for the scenario without HIV (Figure 4b) is
compared to the scenario with HIV (Figure 4a). It shows that the number of individuals
living with HCV-related liver disease rises by 33% if accelerated progression and increased
competing mortality due to HIV are removed from the model. The cumulative HCV
disease burden caused by HCV infections acquired before 2010 is then 1219 (95% range
796-1663). This number falls to 978 (95% range 637-1349) if 25% of HCV-infected IDUs
are treated successfully; it drops to 460 (95% range 288-683) if 55% are treated (Figure
4b).

Discussion
Given the high rate of injecting drug use in Amsterdam from the 1960s through 1980s, the
local burden of HCV-related liver disease will rise during the next decade. The subsequent
introduction and spread of HIV among injectors reduced this burden due to mortality
among HIV-positives, even though HIV/HCV-co-infected IDUs are at increased risk of
HCV disease progression. HCV treatment can reduce the HCV disease burden, but the
HCV epidemic in Amsterdam is advanced and already the IDU population has declined in
numbers and HCV incidence, limiting the absolute effects of treatment success rates in this
208
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Figure 4. Annual number of injecting drug users (IDUs) living with hepatitis C virus (HCV)-related liver diseases
resulting from infections that occurred until 2010. (A) Human immunodeficiency virus (HIV) was introduced into the
population in 1980 and (B) a hypothetical scenario where HIV was never introduced. In both plots, we show the median
and 95% range for three scenarios (1): HCV treatment not implemented, represented by the thin solid line and light
grey 95% range (2); HCV treatment implemented in 2005 for HIVnegative HCV-positive IDUs (successful treatment rate
0.20-0.30), shown as dashed line and thin diagonal line segments (3); HCV treatment implemented in 2005 and improved
in 2012 (successful treatment rate 0.50-0.60 for HIV-negative IDUs and 0.20-0.30 for HIV-positive IDUs) represented as
thick solid line and dark grey 95% range.

population.
Our study gains its strength from using detailed prospective data collection on HIV and
HCV prevalence, incidence and clinical outcomes from the well-defined ACS over a period
of 25 years. IDUs in the ACS were followed longitudinally and deaths were registered.
Studies indicate that serious liver diseases will develop eventually in a large percentage of
HCV-infected individuals,42–44 but they are not seen widely in ACS participants.29, 45
Our results suggest that many IDUs do not reach the age of developing HCV-related liver
diseases because they die from other causes, including HIV. Furthermore, in agreement
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with findings from the ACS,29 a published meta-analysis found that the progression rates
found in clinical settings are higher than is found in non-clinical settings, due to referral
bias.44 Only the minority of studies are performed in non-clinical settings such as the
ACS. In accordance with the findings of Davis et al.,16 we conclude that the impact of
current available HCV treatment on the HCV-related disease burden is limited and implementation of new improved treatment strategies might be worthwhile, to some extent.
This effect was studied by introducing HCV treatment into the model in 2005 and varying
the successful treatment rate since 2012, while in the model of Davis et al. the year of
introducing treatment was 2010.16 As a result of postponing implementation of treatment
in populations that are declining in numbers, just as in Amsterdam, fewer individuals are
eligible for treatment or are even alive at the time new treatment becomes available, leading eventually to a reduced benefit of implementing new treatment. This emphasizes the
importance of rapid implementation when new treatment becomes available. In growing
or stable populations with ongoing risk behaviour and HCV transmission HCV treatment
will be more effective than in populations that are declining in numbers. Several modelling
studies have suggested that implementation of HCV treatment can lead to a substantial
reduction of HCV prevalence,21, 23, 46 suggesting that HCV treatment could act as prevention strategy.21, 23

5

We were able to predict the future disease burden despite having simplified several mechanisms that play a role in its determination. Unlike most other modelling studies,12, 18, 20 we
took into account irregular drug careers, in which IDUs stop and start injecting. Due to
the importance of population dynamics, it is difficult to compare results between studies.
For example, the steep decrease of injecting observed in Amsterdam since the 1980s has
not occurred in Australia.18 HCV prevalence is nevertheless lower in Australia than in Amsterdam, but the HCV disease burden is not correspondingly lower, because Amsterdam’s
higher HIV prevalence makes its IDUs less likely to die of HCV-related disease. Among
IDUs in Glasgow, Scotland, HCV prevalence is similarly lower than in Amsterdam, but
Hutchinson and coworkers have estimated a higher HCV disease burden.20 They conclude
that ignoring HIV/HCV-co-infection causes underestimation of the HCV disease burden,
whereas we conclude that it causes overestimation. These contradictory conclusions might
reflect the trade-off between accelerated HCV disease progression and increased competing mortality rates for HIV-co-infected IDUs. In addition, populations may differ in risk
behaviour.
A limitation of our study is that ACS participation is voluntary, possibly leading to selection
bias. Furthermore, the model does not distinguish between stages of fibrosis, but assumes
that the probability of developing cirrhosis is age-dependent. Moreover, we assumed that
IDUs are equal in their probability to acquire HCV, irrespective of prior HCV infections.
However, re-infections occur in IDUs with ongoing risk behaviour,47, 48 and probability of
clearance may be higher among those who have cleared previous infection.49, 50 Hence,
there might be a slight overestimation of the HCV-related disease burden, although we
accounted for uncertainty by performing uncertainty analysis. Furthermore, HCV and HIV
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data from the total drug user population living in Amsterdam are scarce and therefore
model validation is a delicate issue. The model was validated by comparing the modelled
results with prevalence data from the ACS and two surveillance studies among IDUs in
Amsterdam in 1996 and 1998.41
In conclusion, we have shown that high competing mortality in the past, related to HIV,
reduced the HCV disease burden in Amsterdam. HCV treatment has similarly reduced the
HCV disease burden and future improvement in treatment uptake and efficacy can reduce
the HCV disease burden even further, but only to a certain extent. For similar settings,
with decreasing IDU populations or effective harm reduction programmes, our predictions
can be interpreted as trends. Amsterdam’s IDU population is now small, with few new
injectors, but changes in injecting practice or migration could trigger increased injecting
and a new HCV epidemic. If so, harm reduction programmes and education about HIV
and HCV might decrease the risk of HCV infection for future drug users compared to
those in the 1970s and 1980s. For today’s fast-growing IDU populations, as in central
Asia51 or in emerging HCV-risk populations, such as men who have sex with men,52 better
treatment uptake can be expected to reduce substantially the future HCV disease burden
and, in addition, to reduce current HCV transmission.
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Supplement 5.1.1. Extensive description of the Markov model to
estimate the burden of Hepatitis C

Here we give a more extensive description of the Markov model that was developed to estimate
the future hepatitis C virus (HCV) related disease burden among injecting drug users (IDUs)
in Amsterdam. We will discuss the transition matrix, parameter estimates, simulation, Latin
hypercube sampling (LHS) and uncertainty analysis.

Markov model A deterministic model was developed to model the individual careers of IDUs
regarding injecting behaviour, HCV, and HIV. First we identified eight relevant life and health
stages. We distinguished between current injectors and non-current injectors to account for
changing risk behavior. The natural history of HCV infection was divided into acute infection,
chronic infection, cirrhosis, decompensated cirrhosis, and hepatocellular carcinoma (HCC). The
model is represented by the following function:
V(t+1)(a+1) = (B(t,a) + V(t,a) ) × M(t,a)

5

(5.1)

where the population (V ) at time-point (t+1 ) and age (a+1 ) is the annual number of new
injectors (B) added to the population at time-point (t) and age (a) times the transition matrix
(L). The model uses discrete time-steps of 1 year.

Transition matrix The transitions between the eight health stages are determined by annual
transition probabilities that were derived from several data sources and dependent on several variables. The movements of individuals among health stages are expressed by a 20 x 20 transition
matrix (L). The elements of the transition matrix determine the annual transition probabilities
among health states. The elements with value zero denote impossible transitions. The non-zero
matrix elements determine how many individuals move from one health state to another. The
definitions of the matrix elements are given in Table S1.1 and Table S1.2.
The elements are determined by functions of several population- and pathogen-specific variables
that are defined in the main text (Tables 1, 2, 3) and in this supplement (see Parameter estimates).
The transition equations that determine the transition probabilities within the HIV-negative and
HIV-positive groups and between the HIV-negative and HIV-positive group are shown in Table
S1.3.
The values of certain variables change with calendar time, for example, the transition probability of
stopping risky injecting (Pstop ). Other variables are age-dependent, for instance, the transition
probability of developing cirrhosis. Therefore, there is a transition matrix for every age and
calendar year.
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Table S.1. The definitions of the elements belonging to transition matrix (L) for transitions within the HIV-negative
population and HIV-positive population

Definition
IDU → IDU
IDU → former IDU
IDU → acute HCV
IDU → death
former IDU → IDU
former IDU → former IDU
former IDU → death
acute HCV → cleared HCV
acute HCV → chronic HCV
acute HCV → death
cleared HCV → former IDU
cleared HCV → acute HCV
cleared HCV → cleared HCV
cleared HCV → death
chronic HCV → IDU
chronic HCV → chronic HCV
chronic → cirrhosis HCV
chronic HCV → death
cirrhosis → cirrhosis
cirrhosis → dec.cirrhosis
cirrhosis → HCC
cirrhosis → death
dec.cirrhosis → dec.cirrhosis
dec.cirrhosis → HCV death
HCC → HCC
HCC → HCV death

HIV-negative
matrix elements
l1←1
l2←1
l3←1
l9←1
l1←2
l2←2
l9←2
l4←3
l5←3
l9←3
l2←4
l3←4
l4←4
l9←4
l1←5
l5←5
l6←5
l9←5
l6←6
l7←6
l8←6
l9←6
l7←7
l10←7
l8←8
l10←8

HIV-positive
matrix elements
l11←11
l12←11
l13←11
l19←11
l11←12
l12←12
l19←12
l14←13
l15←13
l19←13
l12←14
l13←14
l14←14
l19←14
l11←15
l15←15
l16←15
l19←15
l16←16
l17←16
l18←16
l19←16
l17←17
l20←17
l18←18
l20←18

5
Parameter estimates The parameter estimates were derived from data from the Amsterdam
Cohort Studies on HIV infection and AIDS among IDUs, the Central Methadone Register (CMR)
of Amsterdam, and the literature. The estimates are given in the Tables 1, 2, and 3 of the main
text and in this section.

Annual transition rates for HCV (Phcv ) and HIV (Phiv )

The annual transition probabilities for infection with HCV and HIV, since 1985, were derived from the Amsterdam Cohort
Studies and published before by Van den Berg et al.1 It was assumed that HCV was introduced
in 1965 and HIV was introduced in 1980. The incidence of HCV and HIV is shown in table S1.4.

Annual number of new injectors To estimate the number of new injectors entering the
model every year, we used a method proposed by Nordt and Stohler,2 based on the assumption
that the proportion of heroin users participating in substitution treatment (S) depends on the
individual time (t) in years since onset of regular drug use.
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Table S.2. The definitions of the elements belonging to transition matrix (L) for transitions from the HIV-negative
to the HIV-positive population
Definition
IDU → IDU HIV+
IDU → former IDU HIV+
IDU → acute HCV HIV+
IDU → death HIV+
acute HCV → cleared HCV HIV+
acute HCV → chronic HCV HIV+
acute HCV → death HIV+
cleared HCV → former IDU HIV+
cleared HCV → acute HCV HIV+
cleared HCV → cleared HCV HIV+
cleared HCV → death HIV+
chronic HCV → IDU HIV+
chronic HCV → chronic HCV HIV+
chronic HCV → cirrhosis HIV+
chronic HCV → death HIV+
cirrhosis → cirrhosis HIV+
cirrhosis → dec.cirrhosis HIV+
cirrhosis → HCC HIV+
cirrhosis → death HIV+

matrix elements
l11←1
l12←1
l13←1
l19←1
l14←3
l15←3
l19←3
l12←4
l13←4
l14←4
l19←4
l11←5
l15←5
l16←5
l19←5
l16←6
l17←6
l18←6
l19←6

The function is as follows:
S = 0.363 × (1 − t−1 ) × 0.98t

(5.2)

t>2

(5.3)

where

5
Based on the observed number of individuals who started using heroin x years ago that participate
in substitution treatment during a single day (Nx ), the incidence of (first) regular heroin use (Ix )
is calculated as:
Ix = Nx /Sx

(5.4)

In Amsterdam, all patients in methadone treatment are registered at the central methadone register (CMR). In 2007, 2383 patients participated in methadone treatment. On average, 1759
patients received methadone on a single day. Annual data were weighted by the number of
methadone dosages during 2007 to estimate the distribution of the period since first regular
heroin use on an average single day.
The weighted median calendar year of first regular heroin use among methadone patients was
1981 (IQR 1976-1986). Applying equation 2, the total number of new heroin users between
1965 and 2005 was 8793 individuals, and the median calendar year of starting heroin use was
estimated as 1978 (IQR 1974-1983).
On one hand this method might underestimate the incidence of heroin use, since it does not
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Table S.3. The definitions of the elements belonging to transition matrix (L) for transitions from the HIV-negative to the HIV-positive population

l1←1 = (1 − phiv ) × (1 − phcv − µH− − pstop )
l2←1 = (1 − phiv ) × pstop
l3←1 = (1 − phiv ) × phcv
l9←1 = (1 − phiv ) × µH−
l1←2 = (1 − phiv ) × pstart
l2←2 = 1 − pstart − µH−
l9←2 = (1 − phiv ) × µH−
l4←3 = (1 − phiv ) × pH−
cl
l5←3 = (1 − phiv ) × (1 − pcl − µH− )
l9←3 = (1 − phiv ) × µH−
l2←4 = (1 − phiv ) × pstop
l3←4 = (1 − phiv ) × phcv
l4←4 = (1 − phiv ) × (1 − phcv − pstop − µH− )
l9←4 = (1 − phiv ) × µH−
l1←5 = (1 − phiv ) × pH−
treat
H−
H−
l5←5 = (1 − phiv ) × (1 − pH−
)
treat − pcr − µ
l6←5 = (1 − phiv ) × pH−
cr
l9←5 = (1 − phiv ) × µH−
H−
l6←6 = (1 − phiv ) × (1 − pH−
− µH− )
dc − ph
l7←6 = (1 − phiv ) × pH−
dc
l8←6 = (1 − phiv ) × pH−
h
l9←6 = (1 − phiv ) × µH−
l7←7 = 1 − µdc
l10←7 = µdc
l8←8 = 1 − µh
l10←8 = µh

l11←11
l12←11
l13←11
l19←11
l11←12
l12←12
l19←12
l14←13
l15←13
l19←13
l12←14
l13←14
l14←14
l19←14
l11←15
l15←15
l16←15
l19←15
l16←16
l17←16
l18←16
l19←16
l17←17
l20←17
l18←18
l20←18

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

1 − phcv − µH− − pstop
pstop
phcv
µH+
pstart
1 − pstart − µH+
µH+
pH+
cl
1 − pH+
− µH+
cl
µH+
pstop
phcv
pstop − phcv − µH+
µH+
pH−
treat
H+
H+
1 − pH+
treat − pcr − µ
pH+
cr
µH+
H+
1 − pH+
− µH+
dc − ph
pH+
dc
pH+
h
µH+
1 − µdc
µdc
1 − µh
µh

l11←1 = phiv × (1 − phcv − µH− − pstop )
l12←1 = phiv × pstop
l13←1 = phiv × phcv

l19←1
l14←3
l15←3
l19←3
l12←4
l13←4
l14←4
l19←4
l11←5
l15←5
l16←5
l19←5
l16←6
l17←6
l18←6
l19←6

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv
phiv

× µH+
× pH+
cl
× (1 − pH−
− µH− )
cl
× µH+
× pstop
× phcv
× (1 − phcv − pstop − µH− )
× µH+
× pH−
treat
H−
H−
× (1 − pH−
)
treat − pcr − µ
× pH+
cr
× µH+
H+
× (1 − pH+
− µH+ )
dc − ph
× pH+
dc
× pH+
h
× µH+
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Table S.4.The incidence of HCV and HIV over time
Year
1966 - 1970
1971 - 1975
1976 - 1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
>2006

HCV
0.25 (0.0 - 0.50)
0.36 (0.01 - 0.70)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.51 (0.01 - 1.00)
0.30 (0.14 - 0.62)
0.27 (0.15 - 0.47)
0.24 (0.16 - 0.37)
0.22 (0.16 - 0.31)
0.20 (0.14 - 0.29)
0.18 (0.11 - 0.27)
0.15 (0.09 - 0.23)
0.12 (0.08 - 0.18)
0.09 (0.05 - 0.15)
0.05 (0.03 - 0.13)
0.04 (0.02 - 0.09)
0.03 (0.02 - 0.07)
0.03 (0.01 - 0.07)
0.02 (0.01 - 0.07)
0.02 (0.01 - 0.06)
0.02 (0.01 - 0.05)
0.02 (0.01 - 0.05)
0.02 (0.01 - 0.05)
0.02 (0.01 - 0.07)
0.03 (0.01 - 0.10)
0.03 (0.01 - 0.06)

HIV

0.01 (0.00 - 0.01)
0.01 (0.00 - 0.02)
0.02 (0.00 - 0.03)
0.02 (0.00 - 0.04)
0.03 (0.00 - 0.05)
0.03 (0.00 - 0.06)
0.07 (0.04 - 0.12)
0.06 (0.04 - 0.08)
0.04 (0.03 - 0.06)
0.04 (0.03 - 0.05)
0.03 (0.02 - 0.04)
0.02 (0.02 - 0.03)
0.02 (0.01 - 0.03)
0.02 (0.02 - 0.03)
0.02 (0.02 - 0.03)
0.02 (0.02 - 0.04)
0.02 (0.01 - 0.03)
0.01 (0.01 - 0.02)
0.01 (0.00 - 0.02)
0.004 (0.00 - 0.01)
0.004 (0.00 - 0.01)
0.004 (0.00 - 0.01)
0.004 (0.00 - 0.01)
0.004 (0.00 - 0.01)
0.003 (0.00 - 0.01)
0.003 (0.00 - 0.02)
0.004 (0.00 - 0.01)

5
account for heroin users who temporarily lived in Amsterdam as drug tourists during the eighties
and left before 2007. On the other hand, we estimated the number of heroin users, including
users who are not necessarily injectors, resulting in an overestimate. Since we do not know what
the impact of these two phenomena are on the incidence, we assumed that the incidence of
new injectors is equal to the estimated incidence of heroin use. By performing latin hypercube
sampling, as explained in section 5, we accounted for this uncertainty.

Simulation We assumed that at time t = 0 (year 1960) the IDU population consisted of
ten individuals, represented by the population matrix (V0 ). This population matrix contains
information on the annual number of individuals per health stage and age. To calculate the size
and distribution over the health stages at time t = 1 (year 1961) the age-dependent population
matrix V0 was multiplied by the age-dependent transition matrix L0 of t = 0. Subsequently, the
annual number of new injectors (B) was added to the population vector V1 , and then, this vector
was multiplied by L1 , and so on, until t = 120 was reached. The annual number of new injectors
is given in the main text (Table 1). The age- and calendar-year-dependent formula determining
the number of IDUs in the various health stages is as follows:
V(t+1)(a+1) = (B + V(t,a) ) × M(t,a)

(5.5)

With this simulation we estimated the age-dependent distribution of the number of IDUs over
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the eight health stages over time.

Sampling & uncertainty analysis

To allow for uncertainty in the estimates needed to parameterise the model, we used LHS.3 This type of stratified Monte Carlo sampling is very efficient,
using the entire parameter space. LHS enables determination of the uncertainty in outcome resulting from uncertainty in parameter estimates and to quantify the weight of this uncertainty.
We set a plausible range for each parameter used in the preceding formulas. To quantify uncertainty, 250 values were generated for every parameter from an uniform distribution with this
range. These values were combined to obtain 250 sets of input parameters. This was done with
R 2.10.14 using the tgp package.5
To calculate the sample size (N ), we followed the empirically established formula:6
N > 4/3 × K

(5.6)

To increase the significance level for sensitivity analysis, N was set to 250. We simulated how the
population changed over time with respect to HCV, injecting drug use, HIV, and age, performing
the operation 250 times; thus the results can be presented as median and 95% range.
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Supplement 5.1.2. The population size of injecting drug users in
Amsterdam, The Netherlands
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In Amsterdam, injecting drug use was introduced in the early 1960s. Introduction of HCV
probably occured by the early injectors, while HIV is spreading in the population since 1980.
This graph shows the size of the population of ever-injectors and the number of IDUs who are
either mono- or coinfected with HCV and HIV from 1960 to 2010. The number of ever-injectors
is represented by the black line; the number of HCV-positive ever-injectors by the red line; the
number of HCV/HIV-coinfected ever-injectors by the green line; and the blue line represents the
number of HIV-monoinfected ever-injectors. Data is presented as median and 95% range.
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Figure S.1. Number of injecting drug users over time.
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Supplement 5.1.3. Sensitivity Analysis

This figure shows the partial rank correlation coefficients (PRCCs) between the input values and
the cumulative number of individuals that developed HCV-related disease (defined as decompensated cirrhosis or hepatocellular carcinoma) due to HCV infections occurring between 1960 and
2010.
We found that the key input variables that contribute most to the uncertainty in outcome are
competing mortality of HIV negative individuals (µH− ) and HIV-infected individuals (µH+ ),
H+
where the probabilities of HCV clearance (PclH+ ), developing cirrhosis (Pch
), and developing
H+
decompensated cirrhosis (Pdc ) for HIV-infected individuals caused little imprecision. The significance level for most parameters was <0.001, except Pstop , Phcv , PhH+ (significance level
H+
H+
<0.05), and PclH+ , Pch
, Pdc
(not significant).
Most PRCCs have a positive value, indicating that when these parameters increase the cumulative number of individuals developing HCV-related disease will also increase. Parameters with
negative PRCCs cause a decrease in outcome.

5

Figure S.1. PRCCs between the input values and the cumulative number of individuals that developed HCV-related
liver disease.
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5.2

Mortality rates in people dually infected with HIV-1/2
and those infected with either HIV-1 or HIV-2: a
systematic review and meta-analysis

5
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Abstract
Objective As compared to HIV-1 infection, HIV-2 is less transmissible, disease progression is slower, and the mortality risk is lower. It has been suggested that HIV-2 infection
inhibits the progression of HIV-1 in individuals dually infected by HIV-1 and HIV-2 (HIVD). We examined whether the mortality rates in dually infected individuals differ from
those in persons infected with either HIV-1 or HIV-2.
Design We conducted a systematic review and meta-analysis.
Methods Medline and Embase databases were searched for studies that reported the
number of deaths and person-years of observation (PY) for at least two of the three
HIV groups (i.e., HIV-1, HIV-2, and HIV-D). Meta-analyses were then performed with
random-effects models, estimating combined mortality rate ratios (MRRs).
Results Of the 631 identified titles, six articles were included in the meta-analysis of
HIV-D-infected individuals versus HIV-mono-infected persons, and 7 were included in
the analysis of HIV-1-mono-infected versus HIV-2-mono-infected individuals. The overall
MRR of those infected with HIV-D versus HIV-1 was 1.11 [95% confidence interval (CI)
0.95-1.30]. The overall MRR of those infected with HIV-D versus HIV-2 was 1.81 (95%
CI 1.43-2.30) and the MRR of those infected with HIV-1 versus HIV-2 was 1.86 (95% CI
1.44-2.39).

5

Conclusion HIV-2-mono-infected persons have a lower mortality rate than those monoinfected with HIV-1 and those with HIV-D. There is no evidence that HIV-2 delays progression to death in HIV-D-infected individuals.

Puck Prince† , Amy Matser† , Carla van Tienen, Hilton Whittle, Maarten Schim van der Loeff
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Introduction
According to the World Health Organization, an estimated 34 million individuals were living with HIV at the end of 2010.1 Most infections are caused by HIV-1, whereas HIV-2 is
almost exclusively found in West Africa. In the absence of HIV-1, the prevalence of HIV-2
among adults in Guinea-Bissau was 8-10%.2–4 Since the 1990s, the prevalence of HIV-2 in
West Africa has decreased, whereas the prevalence of HIV-1 has increased.5–8 HIV-1 and
HIV-2 share the same transmission routes, but HIV-2 is less transmissible,9–11 and it has
a longer median time from infection to AIDS.12 The mortality rate among HIV-1 infected
individuals is substantially higher than that among HIV-2-infected individuals.13, 18, 19 As
the genetic structure of HIV-1 and HIV-2 is nearly identical14 and the pathogenesis of
disease induced by the viruses is very similar,15 HIV-2 is regarded as an important model
for HIV-1 pathogenesis, and studying immune responses to HIV-2 infection may provide
clues for HIV-1 vaccine development.16
In West Africa, dual infections with both HIV-1 and HIV-2 (HIV-D) are relatively common. In The Gambia, the prevalence among clinic patients was relatively stable over time
and was 0.9% in 2003.8 In Senegal, the prevalence among sex workers increased from
0.2% in 1985 to 3.2% in 1995 and then decreased to 1.8% in 2003.17
A recent study in an occupational cohort of police officers in Guinea-Bissau compared
disease progression between individuals infected with HIV-D and those infected with only
HIV-1. Esbjörnsson et al. concluded that individuals with HIV-D had a significantly slower
disease progression, defined as time to AIDS, than people with only HIV-1 infection20 . If
this is true, HIV-D-infected individuals would be expected to have a lower mortality rate
than HIV-1-mono-infected individuals.21 However, several large comparative studies from
West Africa did not report reduced mortality rates among the HIV-D infected individuals.13, 18, 22
We conducted a systematic review and meta-analysis to summarize and combine the
available data on HIV-D, HIV-1 and HIV-2 mortality rates reported by studies with data
on at least two of the HIV groups. We compared the mortality rates of individuals infected
with either HIV-1 or HIV-2 and those infected with HIV-D, and we compared individuals
mono-infected with HIV-1 and those mono-infected with HIV-2.

Methods
Protocol and inclusion criteria A protocol was prepared and piloted (Supplement
5.2.1), in which search strategy, inclusion criteria, methods of data extraction and an
analysis plan were documented. We included longitudinal studies that reported the number of deaths for at least two of the following groups from the same population: HIV1-mono-infected individuals, HIV-2-mono-infected individuals, and HIV-D-infected individuals. There were no restrictions regarding the study population, language or publication dates. In writing this article, we used the Preferred Reporting Items for Systematic
227
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Reviews and Meta-Analyses (PRISMA) statement.23
Search and study selection A systematic search was conducted on September 17,
2012, in Medline (1966-Present) and Embase (1980-Present) databases. The following
search terms were used: HIV-1, HIV-2, mortality, death, fatality, survival, disease progression, outcome assessment, and, if possible, their index terms. The exact search strategies
for Medline and Embase are provided in Supplement 5.2.1. The study selection was performed by two independent researchers. Articles were first screened by title and then by
abstract. The full text was screened when articles potentially met the inclusion criteria
or when it was not clear from the abstract whether the criteria were met. References
for articles included in the full-text screening were also screened. Full-text articles were
selected if mortality data for at least two HIV groups (i.e., HIV-D and HIV-1, HIV-D and
HIV-2, or HIV-1 and HIV-2) were reported (Figure 1). Any disagreement was solved by
consensus. If consensus was not reached, a third researcher made the final decision.
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Data extraction During the process of data extraction, three researchers extracted the
data independently, using a standardized, piloted form. Differences were resolved by consensus. The extracted information included study characteristics (i.e., first author, article
title, country where study originated, journal, and year of publication), characteristics of
the study population (i.e., inclusion criteria, inclusion dates, follow-up dates, source of
patients, reported comorbidities, use of ART, prophylaxis and whether HIV cases were
prevalent or incident), and the methods used for HIV diagnosis. Furthermore, we extracted by HIV group the total number of persons included, age and sex, follow-up times,
number of deaths, the number lost to follow-up, CD4 count at baseline and viral load at
baseline.
In case several studies described the same cohort population and reported overlapping
inclusion periods the study that contained the largest population or had the longest followup was included. Authors were contacted to provide extra data when needed.
Risk of bias in individual studies We developed and piloted a quality assessment checklist to assess the risk of bias in the studies. This checklist was based on the STrengthening
the Reporting of OBservational studies in Epidemiology (STROBE) checklist24 and the
Newcastle-Ottawa Scale checklist25 and was adapted for this review (Appendix 1). Checklist items were scored by three independent researchers using Good (+), Moderate (±),
and Poor (-). If information was not available in the study, this was indicated by (x). If
consensus was not reached, a fourth researcher made the final decision.
Statistical analysis We performed meta-analyses using random-effect models to estimate the mortality rate ratio (MRR) and 95% confidence intervals (CI) of individuals
infected with HIV-D versus those infected with HIV-1, of those infected with HIV-D versus
HIV-2 and of those infected with HIV-1 versus HIV-2. If differences in disease progression
and mortality rates between HIV groups exist, they would be more easily detectable in co228
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Figure 1. Flow chart of the article selection. During the fulltext screening, articles (n = 26) were excluded if they did
not present data at all, when data were not separated by HIV group, when just one HIV-group was included, or when it
was clear from the study design that either the person-years or the number of deaths were not observed. Articles were
also excluded if ART was used since the start of the study (n = 4). Eventually, seven studies were included of which
one study reported data on two of the three HIV-groups.

horts of asymptomatic individuals than in cohorts with advanced disease.13, 15 To account for this, we performed two a priori defined subanalyses. First, we distinguished
community-based studies from studies in which patients were recruited in a hospital or
clinic. Second, a distinction was made on the basis of the patients disease progression.
Early disease progression was assumed for individuals recruited in a community survey.
Advanced disease progression was assumed for individuals with HIV-related comorbidities
who were recruited in hospitals, and intermediate disease progression was assumed for
individuals with HIV-related comorbidities recruited through a community survey or at
229

health clinics.
In a third subanalysis, we accounted for quality of the study as this might have affected
the outcome. In the quality assessment, items were scored as (+), (±), (-), or (x),
corresponding to the values 3 to 0. Sum scores were used to qualify the studies on
the basis of the median sum score as either low or high. Heterogeneity was estimated
with use of a measure of inconsistency (I 2 ).26 In case of heterogeneity, a leave-one-out
sensitivity analysis was performed to assess the individual contribution of a study to the
combined estimate. We used Stata 11.2 (Stata Corp., College Station, Texas, USA) and
the user-written metan package.27

Results
Study selection We identified 631 potentially eligible studies (Figure 1). After screening by abstract and title, 50 studies remained for full-text screening, and after full-text
screening, 20 studies were considered eligible. After considering cohort overlap, eight
studies were excluded. Six of the remaining were potentially eligible according to the
study design, but specific data to calculate the MRR were not reported. Authors of these
studies were contacted. After the data request, the person-years of observation were
obtained from Van Tienen et al.18 This study was included, and the other five were
excluded. Eventually, seven were selected for data extraction. All seven reported information on mortality rates among individuals infected with HIV-1 and HIV-2, and six of the
seven studies reported on mortality rates among HIV-D-infected and HIV-mono-infected
individuals (Figure 1).

5
Study characteristics The included studies were all cohort studies from West Africa,
published in English (Table 1), including adults (age ≥ 15 years) living in the study area.
Van Tienen et al.18 and Holmgren et al.22 recruited participants from the general population. Schim van der Loeff et al.13 and Gustafson et al.28 recruited participants at a clinic.
Norrgren et al.29 and Kassim et al.30 recruited hospital patients with tuberculosis who
were followed during tuberculosis treatment, and Hansmann et al.31 recruited pregnant
women. Follow-up times varied between studies; it ranged from 8 months28, 29 to 20.4
years.18 The number of participants ranged from 10329 to 1519.13 HIV diagnoses were
made either by enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction (PCR)13, 18, 31 or by a combination of ELISA and a confirmation antibody test.22, 28–30
Most studies included prevalent cases of HIV. Holmgren et al.22 and Schim van der Loeff
et al.13 reported a few incident HIV cases.
Mortality rate ratio of HIV-D versus HIV-1 Six studies were included in the analysis
of HIV-D versus HIV-1 mortality rates (Figure 2a). The analysis involved 512 individuals
infected with HIV-D and 1169 individuals with HIV-1; of those, 200 persons with HIV-D
and 554 with HIV-1 died during follow-up. None of the individual studies had an MRR
that significantly differed from 1. Individual estimates ranged from 0.82 (95% CI 0.48230
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1.40)28 to 1.31 (95% CI 0.91-1.88).30 The combined MRR was 1.11 (95% CI 0.95-1.30),
so the mortality rates for HIV-D and HIV-1 did not differ significantly. There was no
indication of heterogeneity between studies (I 2 = 0%, p = 0.800).
Mortality rate ratio of HIV-D versus HIV-2 Six studies were included in the analysis
of HIV-D versus HIV-2 mortality rates (Figure 2b). The analysis involved 512 individuals
infected with HIV-D and 1706 individuals with HIV-2; of those, 200 persons with HIV-D
and 643 with HIV-2 died during follow-up. All studies found higher mortality rates for HIVD than for HIV-2. The studies with the highest weights demonstrated significant effects,
whereas the studies with a lower weight showed nonsignificant effects. The combined
MRR was 1.81 (95% CI 1.43-2.30), which showed that HIV-D-infected individuals had a
substantially higher death rate than HIV-2-mono-infected individuals. There was moderate
heterogeneity (I 2 = 39.2%, p = 0.14).
Mortality rate ratio of HIV-1 versus HIV-2 Seven studies were included in the analysis of mortality rates for HIV-1 versus HIV-2 (Figure 2c). The analysis involved 1270
individuals infected with HIV-1 and 1949 individuals with HIV-2; of those, 586 persons
with HIV-1 and 666 with HIV-2 died during follow-up. Five of the seven studies found
significantly increased MRRs for HIV-1 compared with HIV-2, ranging from 1.45 (95% CI
1.28-1.64)13 to 3.45 (95% CI 2.03-5.84).31 The two other studies showed a nonsignificantly increased MRR.22, 29 The combined MRR was 1.86 (95% CI 1.44-2.39). Heterogeneity was moderately high (I 2 = 62.1%, p = 0.015). The leave-one-out analyses showed
that most heterogeneity was caused by Hansmann et al.31 in which only pregnant women
were included;31 I 2 dropped to 32.1% (p = 0.195) when this study was excluded.
Subanalyses We conducted three predefined subanalyses (Table 3). First, we examined
the MRRs by patient setting. Norrgren et al.,29 Schim van der Loeff et al.,13 Kassim
et al.30 and Gustafson et al.28 described hospital or clinic populations, and Holmgren
et al.,22 Van Tienen et al.18 and Hansmann et al.31 described community populations.
The combined MRR of the hospital and clinic studies comparing the mortality rate of
HIV-D to that of HIV-1 was 1.13 (95% CI 0.95-1.34) and did not differ significantly from
the combined MRR of 1.04 (95% CI 0.71-1.51) in the community studies. Second, we
examined the MRRs of HIV-D versus HIV-1 by stage of disease of the population. In this
analysis, the combined MRR of HIV-D versus those of HIV-1 in a population that was,
on average, infected early, was 1.07 (95% CI 0.71- 1.60)18 and did not differ significantly
from the combined MRR among individuals who had, on average, an intermediate HIV
infection (1.11; 95% CI 0.89-1.39)13, 22 or advanced HIV infection (1.12; % CI 0.851.48).28–30 Third, we examined the MRRs of those infected with HIV-D versus HIV-1
by study quality. The median sum score calculated from the quality assessment was 25
(Table 2); therefore, we considered the quality of a study low when the sum score was
less than 25 and high when sum score was at least 25. Three studies were considered of
low quality22, 28, 30 and four of high quality.13, 18, 29, 31 The MRRs were 1.08 (95% CI 0.78231
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Table 1. Study characteristics of the seven studies included in the meta-analyses

Author &
year
Van Tienen
201118

Country & population
Guinea-Bissau; Community,
general population

Norrgren
201029
Gustafson
200728

Guinea-Bissau; Hospital,
pulmonary; TB patients
Guinea-Bissau; Clinic,
adults (≥15 year) with
intrathoracic TB

Holmgren
200722

Guinea-Bissau; Community,
general population, age
≥35 year
The Gambia; Antenatal
care clinic, pregnant
women
The Gambia, Hospital &
clinic, adults age
≥15 year
Ivory Coast; Hospital and
community, adults age
≥15 year with pulmonary TB

Hansmann
200531
Schim
200213
Kassim
199530

Age in years
HIV-D: 47 (IQR 35-60)a,b
HIV-1: 31 (IQR 25-42)a,b
HIV-2: 44 (IQR 34-58)a,b
& 59 (IQR 45-67)a,b
HIV-1 & HIV-D:
48 (IQR 42-54)a,c
HIV-D: 40a ; HIV-1: 30.5a ;
HIV-2: 42.5a
Age category 15-24,
n = 23; 25-34, n = 59;
35-44, n = 79; 45-54,
n = 43; ≥55, n = 39
53.2 (IQR 45.9-61.0)a

Sex (%)
female)
68.6%

Mode of HIV
diagnosis
ELISA & PCR

Max
FU
20.4 year

Total
HIV-D
70

Total
HIV-1
127

Total
HIV-2
354

LFU
HIV-D
(%)
0

LFU
HIV-1
(%)
0

LFU
HIV-2
(%)
2.8

45.8%

ELISA &
Pepti-Lav
Enzygnost and
Capillus and
Multispot &
Immunocomb
ELISA and
immunocomb

8 months

29

23

51

24.1

17.1

3.9

8 months

50

84

109

-

-

-

12.4 year

13

22

383

46.2

22.7

19.3

41.2%

61.1%

HIV-1: 25.8 (SD 5.7)d
HIV-2: 27.0 (SD 5.5)d

100%

ELISA & PCR

8.4 year

-

101

243

-

8.0

9.0

HIV-D: 32 (19-72)a,e ;
HIV-1: 30 (15-68)a,e ;
HIV-2: 35 (16-70)a,e
HIV-D: 34.2d ;
HIV-1: 34.6d ;
HIV-2: 35.6d

53.1%

ELISA & PCR

11.5 year

107

746

666

13.1

9.0

12.0

14.8%

ELISA and
Pepti-Lav and
Western blot

2 year

234

167

143

16.0

17.4

3.9

HIV = human immunodeficiency virus; max = maximum; FU = follow-up; LFU = lost to follow-up; IQR = interquartile range; ELISA = enzyme-linked immunosorbent assays; PCR =
polymerase chain reaction; TB = tuberculosis; SD = standard deviation. a Median; b human T-lymphotropic virus 1 (HTLV-1) negative; c HTLV-1 positive; d Mean; e Min/max range.
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Table 2. Quality assessment of the seven studies included in the meta-analyses

a

Study population
Participation (%)b
Loss to FU (%)c
Handling loss to FUd
Participation efforte
Quality of HIV testf
Seroconversion dateg
ART naive patientsh
Agei
Sexi
CD4+ counti
Viral loadi
Sum scorej

Van Tienen
201118
+
±
+
+
+
+
+
+
x
x
25

Norrgren
201029
x
+
+
+
±
+
+
+
+
x
25

Gustafson
200728
±
x
+
+
+
±
+
x
x
19

Holmgren
200722
±
x
+
+
+
±
+
+
x
x
21

Hansmann
200531
±
+
+
+
+
+
+
+
+
+
+
33

Schim
200213
x
+
+
+
+
+
+
+
+
x
26

Kassim
199530
x
x
x
+
±
+
+
+
x
x
16

FU = follow-up; HIV = human immunodefiency virus; ART = antiretroviral therapy. Items were scored using (+),
(±), (-) and (x) if information was not provided. a Study population: (+) random sample of the general population,
(±) random sample of a subgroup in the general population, (-) nonrandom sample; b Participation (%): (+) >80%,
(±) 50-80%; c Loss to FU (%): (+) <20% or full description was not suggestive to bias, (-) ≥20% and no good
description; d Handling lost to FU: (+) patient censored at moment of loss to FU, (-) no censoring at time of loss to FU;
e
Participation effort: (+) home visits (when no show at the clinic), (-) no home visits; f HIV testing: (+) ELISAPCR,
(±) ELISAconfirmation test (not PCR); g Known for most participants (+), unknown for most participants (-); h ART
availability during the study period: (+) ART was not available during the study period, (-) ART became available
during the study period, and the observation-time of patients on ART was censored at start of ART; i Age, sex, CD4+
cell count, viral load: (+) given per HIV group, (-) overall estimate reported; j Sum scores were calculated using (+)=3,
(±)=2, (-)=1 and (x)=0.

1.50) for low and 1.11 (95% CI 0.92-1.34) for high quality, showing no significant difference
between low-quality and high-quality studies.

5

Discussion
In this comparative review and meta-analysis, we found that the mortality rates of both
HIV-1-mono-infected individuals and those infected with HIV-D were significantly higher
than the rate among HIV-2-monoinfected individuals. The mortality rate of HIV-D
infected individuals did not significantly differ from the mortality rate of HIV-1-monoinfected individuals. Even when the analysis was limited to studies that included patients
at relatively earlier stages of HIV infection, there was no indication of a difference in
mortality rate between HIV-D-infected and HIV-1-mono-infected individuals.
It is known that the mortality rate for HIV-2 is lower than that for HIV-1. The first large
study on HIV-2 epidemiology suggested this,2 with confirmation by later studies.19, 32, 33
The best explanation for this difference is the overall much lower plasma viral load in HIV2-infected individuals.31, 34, 35 It has been suggested that HIV-2 infection might protect
against HIV-1 infection,36 but this effect could not be shown in subsequent studies.37–39 In
contrast, a meta-analysis showed that HIV-2-infected individuals are more likely to acquire
HIV-1 infection than HIV-negative individuals.38 Several laboratory studies suggested that
in dually infected individuals, HIV-2 exerted a possible inhibitory effect on HIV-1 disease
progression,20, 40–43 but other studies found no effect of HIV-2 on the viral load of HIV-
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Table 3. Mortality rate ratios of HIV-D versus HIV-1, HIV-D versus HIV-2, and HIV-1 versus HIV-2 resulting from
subanalyses for setting, HIV disease progression, and quality of the studies

Overall
Recruitment setting
Community
Hospital/clinic
Stage of HIV disease progression
Early HIV
Intermediate HIV
Advanced HIV
Quality of the study
Low quality
High quality

HIV-D versus HIV-1
1.11 (0.95-1.30)

HIV-D versus HIV-2
1.81 (1.43-2.30)

HIV-1 versus HIV-2
1.86 (1.44-2.39)

1.04 (0.71-1.51)
1.13 (0.95-1.34)

2.15 (1.56-2.95)
1.72 (1.25-2.36)

2.37 (1.69-3.34)
1.48 (1.31-1.66)

1.07 (0.71-1.60)
1.11 (0.89-1.39)
1.12 (0.85-1.48)

2.28 (1.62-3.21)
1.62 (1.30-2.02)
1.78 (1.02-3.11)

2.58 (1.63-4.09)
1.46 (1.29-1.65)
1.67 (1.21-2.29)

1.08 (0.78-1.50)
1.11 (0.92-1.34)

1.84 (1.01-3.34)
1.79 (1.39-2.30)

1.81 (1.31-2.51)
1.89 (1.30-2.76)

a
Community: Van Tienen et al.,18 Holmgren et al.,22 and Hansmann et al.;31 b Hospital/clinic: Norrgren et al.,29
Gustafson et al.,28 Schim van der Loeff et al.,13 and Kassim et al.;30 c Early HIV: Van Tienen et al.18 and Hansmann
et al.;31 d Intermediate HIV: Holmgren et al.22 and Schim van der Loeff et al.;13 e Advanced HIV: Norrgren et al.,29
Gustafson et al.,28 and Kassim et al.;30 f Low quality defined as sum-score <24: Gustafson et al.,28 Holmgren et al.,22
and Kassim et al.;30 g High quality defined as sum-score ≥24: Van Tienen et al.,18 Norrgren et al.,29 Hansmann et al.,31
and Schim van der Loeff et al.13
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1.34, 44 In this meta-analysis, we did not find evidence for an inhibitory effect, as there was
no significant difference between mortality rates for HIV-D and HIV-1. We also did not
find a significant effect in the subanalyses that included individuals in earlier stages of the
disease from those in advanced stages. Because some of the studies reported mortality
rates of patients treated for tuberculosis, which is one of the main causes of death in HIVinfected individuals, mortality rates were probably higher in those patients. Thus, it can
be argued that differences in mortality rates might not be as evident in cases of advanced
disease. Adjusting for disease stage by CD4 cell count could have provided further insight,
but too few studies provided this information. In the study by Schim van der Loeff et
al.13 it was shown that differences in mortality rates between HIV-1 and HIV-2 infection
are more pronounced when CD4 cell counts are high. In the patient group with high CD4
cell counts (>500/ml), the authors did not find a significant difference between mortality
rates of HIV-D and HIV-1 infection, which agrees with our findings.
An ideal study design would consist of sero-incident HIV cases followed for several years.
Unfortunately, such studies do not exist. This meta-analysis included only studies in which
most of the populations had prevalent HIV infections with unknown seroconversion dates,
which could have led to bias in several ways. In view of the history of the two epidemics
in West Africa, we may assume that the large majority of HIV-D-infected individuals
were first infected with HIV-2 and later acquired HIV-1 infection.5, 39, 45, 46 Individuals
more prone to disease progression, comorbidities or mortality, with only HIV-2 or HIV-D
infection might have died before the start of studies. In this case, the HIV-D infected
population might be a population of survivors with a more favorable prognosis and a
lower mortality rate, and the observed MRR of HIV-D versus HIV-1 infection might be
an underestimate of the true effect. On the contrary, the observed MRR of HIV-D versus
HIV-1 infection might be an overestimate if individuals infected with HIV-D had a longer
history of HIV-1 infection than HIV-1-mono-infected individuals.
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Figure 2. Forest plots showing the individual and combined mortality rate ratios (MRRs) of HIV-D vs. HIV-1 (a),
HIV-D vs. HIV-2 (b) and HIV-1 vs. HIV-2 (c). The plots show the number of individuals who died during follow-up
and the number of person-years of observation (PY) per HIV group and the weight that was given to the individual
studies for the combined MRR estimate, using random effects analysis. The analyses included Van Tienen et al.,18
Norrgren et al.,29 Gustafson et al.,28 Holmgren et al.,22 Schim van der Loeff et al.13 and Kassim et al.30 The analysis
of HIV-1 versus HIV-2 also included the study of Hansmann et al.31

Differential loss to follow-up between HIV groups might have led to underestimation or
overestimation of the reported MRRs if this loss was related to mortality. One might
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expect that healthier individuals, who are less likely to die, are more likely to be lost,
which would lead to a higher observed mortality rate of a population. There was no clear
pattern of loss to follow-up by HIV-status: the HIV-group with the highest percentage of
individuals who were lost differed between studies.
In the studies of Gustafson et al.,28 Kassim et al.,30 Hansmann et al.31 and Norrgren et
al.,29 individuals were assigned an HIV status on the basis of tests performed at baseline,
but some mono-infected individuals may have acquired an additional HIV infection during
follow-up. This occurrence would have led to misclassification of those individuals as
mono-infected, rather than dually infected. Three studies allowed for HIV seroconversion
during follow-up by permitting these individuals to contribute person-time to two HIV
groups.13, 18, 22 In the other studies, potential misclassification would have led to individuals being misclassified as HIV-2-infected instead of HIV-D-infected; it might also have led
to a lower observed MRR of HIV-1 infection compared with HIV-2, but no change for the
MRR of HIV-D infection compared with HIV-1. Two studies reported some seroconverters during follow-up, but the outcomes of these cases were not reported separately.13, 22
Furthermore, most studies used ELISA to differentiate HIV infections. This approach is
not always adequate in differentiating between HIV monoinfection and HIV-D infection,
owing to cross-reactivity of antibodies. Even when monospecific ELISA and confirmatory
Western blot testing are used, cross-reactivity can still be observed.47–51
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In two studies, co-trimoxazole prophylaxis was provided, which reduces morbidity and the
mortality rate.18, 28 In these studies, the mortality rates might be slightly reduced due
to co-trimoxazole use and the MRRs might be slight underestimates or overestimates
depending on the HIV group with the highest number of individuals in advanced disease
stage.
Co-infections, for example with human T-lymphotropic virus (HTLV-1), might influence
mortality rates. Where measured, the prevalence of HTLV-1 was highest in the HIV-D
and lowest in the HIV-1 group.18, 29 Assuming an independent effect of HTLV-1 on mortality, this would have led to an overestimate of the MRRs comparing HIV-D to HIV-1
and HIV-D to HIV-2, and to an underestimate of the MRR of HIV-1 versus HIV-2.
Potential publication bias was not formally assessed, because the number of included
studies was low.52 In case of publication bias, it is most likely that studies that found a
nonsignificant effect would not have been published. Still, publication bias would not have
affected the MRR of HIV-D infection versus HIV-1, but it could have affected the MRR
of HIV-D infection versus HIV-2 and HIV-1 versus HIV-2, which might be overestimated
in this circumstance.
Heterogeneity was low-to-moderate in the analyses comparing the mortality rates of HIVD-infected persons with those of HIV-mono-infected individuals, but it was relatively high
in the analysis of HIV-1 and HIV-2 monoinfection. The leave-one-out sensitivity analysis
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showed that the high heterogeneity was caused mainly by one study in which only pregnant women were included who were probably diagnosed early in their infection.31 The
MRR of HIV-1 versus HIV-2 infection was higher in this study than in the other studies.
The conclusion drawn from this meta-analysis contradicts with the previous findings of
Esbjörnsson.20 In that study, it was shown that HIV-1 disease progression was inhibited
by HIV-2 in dually infected individuals. Population characteristics (e.g. age and sex) cannot explain the different findings. Unfortunately, the study could not be included in the
meta-analysis, because it did not report mortality data, but used progression to AIDS as
endpoint. In the study the HIV-1 seroconversion date was known, but not the (preceding)
HIV-2 seroconversion date; thus survivor bias might have caused the observed protective
effect of HIV-2 on HIV-1 disease progression.20 The study was rather small, and therefore it is unlikely that adding this study would have changed the conclusion of the analysis.
The current literature is not sufficient to draw definite conclusions about the interaction
between HIV-2 and HIV-1 infection on the risk of disease progression as measured by
mortality rates, because it was not possible to adjust for time since seroconversion or
markers such as CD4 count. It is unlikely that this problem will be solved in the future.
The number of cohort studies in West Africa is limited, and available data have probably
already been published. In addition, further studies comparing the natural history of the
infections, including mortality rates, are impossible, because we have entered the ART era,
with effective treatment against HIV-1 infection and, to a lesser degree, against HIV-2,
which alters the natural history of HIV infection. Endpoints such as time to AIDS, time
to CD4 count less than 350 cells/ml, or time to the start of ART may still be possible,
but these endpoints are more disputable than mortality.
In this meta-analysis, we have confirmed that the mortality rates among HIV-1-monoinfected individuals and HIV-D-infected individuals are higher than among HIV-2-infected
individuals, but we did not find a difference between the mortality rates for HIV-D infection
and HIV-1 infection. Therefore, by measuring mortality rates, we conclude that there is
no evidence in HIV-D-infected persons that HIV-2 infection impedes the progression of
HIV-1 infection.

Acknowledgements
The authors thank I. Nagel (AMC library) for the assistance with the search strategy, Dr
P. Scott for the helpful comments during the design of the study, Dr R. Geskus for the
statistical help and S. H. Ebeling for editing the article. We also thank the authors Prof.
K. de Cock, Prof. S. Lucas, and Prof. J.E. Malkin who kindly responded to our request
for data.We also thank two anonymous reviewers for their useful comments. PP, AM, CT,
MS contributed to the design of the study and protocol and performed the systematic
review. P.P., A.M., M.S. performed the analyses. P.P., A.M., C.T., H.W., M.S. drafted
and made a substantive intellectual contribution to the manuscript.
237

5

References
[1] WHO, UNAIDS, UNICEF. Global HIV/AIDS response. Epidemic update and health sector progress
towards Universal Access. Progress report 2011. Geneva, Switzerland: WHO Press; 2011.
[2] Poulsen AG, Kvinesdal B, Aaby P, Molbak K, Frederiksen K, Dias F, et al. Prevalence of and mortality
from human immunodeficiency virus type 2 in Bissau, West Africa. Lancet 1989; 1:827-831.
[3] Poulsen AG, Aaby P, Gottschau A, Kvinesdal BB, Dias F, Molbak K, et al. HIV-2 infection in Bissau,
West Africa, 1987-1989: incidence, prevalences, and routes of transmission. J Acquir Immune Defic
Syndr 1993; 6:941-948.
[4] Wilkins A, Ricard D, Todd J, Whittle H, Dias F, Paulo Da SA. The epidemiology of HIV infection in
a rural area of Guinea-Bissau. AIDS 1993; 7:1119-1122.
[5] da Silva ZJ, Oliveira I, Andersen A, Dias F, Rodrigues A, Holmgren B, et al. Changes in prevalence
and incidence of HIV-1, HIV-2 and dual infections in urban areas of Bissau, Guinea-Bissau: is HIV-2
disappearing? AIDS 2008; 22:1195- 1202.
[6] Norrgren H, Andersson S, Biague AJ, da Silva ZJ, Dias F, Naucler A, et al. Trends and interaction
of HIV-1 and HIV-2 in Guinea- Bissau, west Africa: no protection of HIV-2 against HIV-1 infection.
AIDS 1999; 13:701-707.
[7] Mansson F, Alves A, Silva ZJ, Dias F, Andersson S, Biberfeld G, et al. Trends of HIV-1 and HIV-2
prevalence among pregnant women in Guinea-Bissau, West Africa: possible effect of the civil war 1998
1999. Sex Transm Infect 2007; 83:463-467.
[8] Schim van der Loeff M, Awasana A, Sarge-Njie R, van der Sande M, Jaye A, Sabally S, et al. Sixteen
years of HIV surveillance in a West African research clinic reveals divergent epidemic trends of HIV-1
and HIV-2. Int J Epidemiol 2006; 35:1322- 1328.

5

[9] Adjorlolo-Johnson G, De Cock KM, Ekpini E, Vetter KM, Sibailly T, Brattegaard K, et al. Prospective
comparison of mother-tochild transmission of HIV-1 and HIV-2 in Abidjan, Ivory Coast. JAMA 1994;
272:462-466.
[10] Gilbert PB, McKeague IW, Eisen G, Mullins C, Gueye-Ndiaye A, Mboup S, et al. Comparison of
HIV-1 and HIV-2 infectivity from a prospective cohort study in Senegal. Stat Med 2003; 22:573-593.
[11] Kanki PJ, Travers KU, Mboup S, Hsieh CC, Marlink RG, Gueye- Ndiaye A, et al. Slower heterosexual
spread of HIV-2 than HIV-1. Lancet 1994; 343:943-946.
[12] Marlink R, Kanki P, Thior I, Travers K, Eisen G, Siby T, et al. Reduced rate of disease development
after HIV-2 infection as compared to HIV-1. Science 1994; 265:1587-1590.
[13] Schim van der Loeff M, Jaffar S, Aveika AA, Sabally S, Corrah T, Harding E, et al. Mortality of
HIV-1, HIV-2 and HIV-1/HIV-2 dually infected patients in a clinic-based cohort in The Gambia. AIDS
2002; 16:1775-1783.
[14] Guyader M, Emerman M, Sonigo P, Clavel F, Montagnier L, Alizon M. Genome organization and
transactivation of the human immunodeficiency virus type 2. Nature 1987; 326:662-669.
[15] Martinez-Steele E, Awasana AA, Corrah T, Sabally S, van der Sande M, Jaye A, et al. Is HIV-2induced AIDS different from HIV-1-associated AIDS? Data from a West African clinic. AIDS 2007;
21:317-324.
[16] Rowland-Jones S. A winding road towards an HIV vaccine. Eur J Immunol 2008; 38:13-14.
[17] Hamel DJ, Sankale JL, Eisen G, Meloni ST, Mullins C, Gueye- Ndiaye A, et al. Twenty years of
prospective molecular epidemiology in Senegal: changes in HIV diversity. AIDS Res Hum Retroviruses
2007; 23:1189-1196.

238

CHAPTER 5

[18] van Tienen C, Schim van der Loeff M, Peterson I, Cotten M, Andersson S, Holmgren B, et al. HTLV1 and HIV-2 infection are associated with increased mortality in a rural West African community. PLoS
One 2011; 6:e29026.
[19] Poulsen AG, Aaby P, Larsen O, Jensen H, Naucler A, Lisse IM, et al. 9-year HIV-2-associated
mortality in an urban community in Bissau, west Africa. Lancet 1997; 349:911-914.
[20] Esbjörnsson J, Mansson F, Kvist A, Isberg PE, Nowroozalizadeh S, Biague AJ, et al. Inhibition of
HIV-1 disease progression by contemporaneous HIV-2 infection. N Engl J Med 2012; 367:224-232.
[21] van Tienen C, Schim van der Loeff M, Whittle H. Effect of HIV-2 infection on HIV-1 disease
progression. N Engl J Med 2012; 367:1961-1963.
[22] Holmgren B, da SZ, Vastrup P, Larsen O, Andersson S, Ravn H, et al. Mortality associated with
HIV-1, HIV-2, and HTLV-I single and dual infections in a middle-aged and older population in GuineaBissau. Retrovirology 2007; 4:85.
[23] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Int J Surg 2010; 8:336-341.
[24] von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. J Clin Epidemiol 2008; 61:344-349.
[25] Wells G, Shea B, OConnell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses. 3rd Symposium on Systematic Reviews: beyond the basics. Improving quality and impact 2000.
[26] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ
2003; 327:557-560.
[27] Harris RJ, Bradburn MJ, Deeks JJ, Harbord RM, Altman DG, Sterne JAC. Metan: fixed- and
random-effects meta-analysis. Stata J 2008; 8:3-28.
[28] Gustafson P, Gomes VF, Vieira CS, Samb B, Naucler A, Aaby P, et al. Clinical predictors for death
in HIV-positive and HIVnegative tuberculosis patients in Guinea-Bissau. Infection 2007; 35:69-80.
[29] Norrgren H, Bamba S, da Silva ZJ, Koivula T, Andersson S. Higher mortality in HIV-2/HTLV-1
co-infected patients with pulmonary tuberculosis in Guinea-Bissau, West Africa, compared to HIV-2positive HTLV-1-negative patients. Int J Infect Dis 2010; 14 (Suppl 3):e142-e147.
[30] Kassim S, Sassan-Morokro M, Ackah A, Abouya LY, Digbeu H, Yesso G, et al. Two-year followup of persons with HIV-1- and HIV-2-associated pulmonary tuberculosis treated with shortcourse
chemotherapy in West Africa. AIDS 1995; 9:1185-1191.
[31] Hansmann A, Schim van der Loeff MF, Kaye S, Awasana AA, Sarge-Njie R, ODonovan D, et al.
Baseline plasma viral load and CD4 cell percentage predict survival in HIV-1- and HIV-2- infected
women in a community-based cohort in The Gambia. J Acquir Immune Defic Syndr 2005; 38:335-341.
[32] Whittle H, Morris J, Todd J, Corrah T, Sabally S, Bangali J, et al. HIV-2-infected patients survive
longer than HIV-1-infected patients. AIDS 1994; 8:1617-1620.
[33] Schim van der Loeff MF, Larke N, Kaye S, Berry N, Ariyoshi K, Alabi A, et al. Undetectable plasma
viral load predicts normal survival in HIV-2-infected people in a West African village. Retrovirology
2010; 7:46.
[34] Alabi AS, Jaffar S, Ariyoshi K, Blanchard T, Schim van de Loeff MF, Awasana AA, et al. Plasma viral
load, CD4 cell percentage, HLA and survival of HIV-1, HIV-2, and dually infected Gambian patients.
AIDS 2003; 17:1513-1520.
[35] ODonovan D, Ariyoshi K, Milligan P, Ota M, Yamuah L, Sarge- Njie R, et al. Maternal plasma viral
RNA levels determine marked differences in mother-to-child transmission rates of HIV-1 and HIV-2 in
The Gambia. MRC/Gambia Government/ University College London Medical School working group
on mother-child transmission of HIV. AIDS 2000; 14:441-448.

239

5

[36] Travers K, Mboup S, Marlink R, Gueye-Nidaye A, Siby T, Thior I, et al. Natural protection against
HIV-1 infection provided by HIV-2. Science 1995; 268:1612-1615.
[37] Ariyoshi K, Schim van der Loeff M, Sabally S, Cham F, Corrah T, Whittle H. Does HIV-2 infection
provide cross-protection against HIV-1 infection? AIDS 1997; 11:1053-1054.
[38] Greenberg AE. Possible protective effect of HIV-2 against incident HIV-1 infection: review of available epidemiological and in vitro data. AIDS 2001; 15:2319-2321.
[39] Schim van der Loeff M, Aaby P, Aryioshi K, Vincent T, Awasana AA, da CC, et al. HIV-2 does not
protect against HIV-1 infection in a rural community in Guinea-Bissau. AIDS 2001; 15:2303-2310.
[40] Al-Harthi L, Owais M, Arya SK. Molecular inhibition of HIV type 1 by HIV type 2: effectiveness in
peripheral blood mononuclear cells. AIDS Res Hum Retroviruses 1998; 14:59-64.
[41] Arya SK, Gallo RC. Human immunodeficiency virus (HIV) type 2-mediated inhibition of HIV type
1: a new approach to gene therapy of HIV-infection. Proc Natl Acad Sci U S A 1996; 93:4486-4491.
[42] Kokkotou EG, Sankale JL, Mani I, Gueye-Ndiaye A, Schwartz D, Essex ME, et al. In vitro correlates
of HIV-2-mediated HIV-1 protection. Proc Natl Acad Sci U S A 2000; 97:6797-6802.
[43] Rappaport J, Arya SK, Richardson MW, Baier-Bitterlich G, Klotman PE. Inhibition of HIV-1 expression by HIV-2. J Mol Med (Berl) 1995; 73:583-589.
[44] Nkengasong JN, Kestens L, Ghys PD, Koblavi-Deme S, Otten RA, Bile C, et al. Dual infection
with human immunodeficiency virus type 1 and type 2: impact on HIV type 1 viral load and immune
activation markers in HIV-seropositive female sex workers in Abidjan, Ivory Coast. AIDS Res Hum
Retroviruses 2000; 16:1371-1378.
[45] de Silva TI, van Tienen C, Rowland-Jones SL, Cotten M. Dual infection with HIV-1 & HIV-2: double
trouble of destructive interference? HIV Therapy 2010; 4:305-323.

5

[46] van Tienen C, Schim van der Loeff MS, Zaman SM, Vincent T, Sarge-Njie R, Peterson I, et al. Two
distinct epidemics: the rise of HIV-1 and decline of HIV-2 infection between 1990 and 2007 in rural
Guinea-Bissau. J Acquir Immune Defic Syndr 2010; 53:640-647.
[47] Ariyoshi K, Cham F, Berry N, Harding E, Sabally S, NGom PT, et al. Diagnosis of HIV-1/2 dual
infection using dilution analysis of type-specific antibody. AIDS 1998; 12:2504-2505.
[48] Tedder RS, OConnor T, Hughes A, Njie H, Corrah T, Whittle H. Envelope cross-reactivity in Western
blot for HIV-1 and HIV-2 may not indicate dual infection. Lancet 1988; 2:927-930.
[49] De Cock KM, Porter A, Kouadio J, Maran M, Lafontaine MF, Gershy-Damet GM, et al. Crossreactivity on western blots in HIV-1 and HIV-2 infections. AIDS 1991; 5:859-863.
[50] Andersson S, da SZ, Norrgren H, Dias F, Biberfeld G. Field evaluation of alternative testing strategies
for diagnosis and differentiation of HIV-1 and HIV-2 infections in an HIV-1 and HIV-2-prevalent area.
AIDS 1997; 11:1815-1822.
[51] Nkengasong JN, Maurice C, Koblavi S, Kalou M, Bile C, Yavo D, et al. Field evaluation of a
combination of monospecific enzyme- linked immunosorbent assays for type-specific diagnosis of human
immunodeficiency virus type 1 (HIV-1) and HIV-2 infections in HIV-seropositive persons in Abidjan,
Ivory Coast. J Clin Microbiol 1998; 36:123-127.
[52] Egger M, Davey SG, Schneider M, Minder C. Bias in meta analysis detected by a simple, graphical
test. BMJ 1997; 315:629-634.

240

CHAPTER 5

Supplement 5.2.1. Protocol

Background

HIV-2 infection is less pathogenic than HIV-1. Both viruses are prevalent in
West Africa, and dual infections with HIV-1 and HIV-2 (HIV-D) are relatively common in that
region.1, 2 The mortality rate (MR) among HIV-1-monoinfected individuals is substantially higher
than the rate among HIV-2- monoinfected individuals.3, 4 Previous research suggested that HIV-2
infection inhibits HIV-1 disease progression in dually infected individuals,5–9 whereas other studies
were not in accord.10, 11 Whether the MR of HIV-D-infected individuals is as high as the MR of
those with HIV-1 or whether it is lower is an ongoing debate.2, 5, 12, 13

Objective Provide an overview of the current knowledge about mortality rates of HIV-1/HIV-2
dual (HIV-D)-infected individuals and HIV-1- or HIV-2-monoinfected individuals.

Research questions

:
1) Do people infected with HIV-D have a different mortality rate compared with people infected
with only HIV-1?
2) Do people infected with HIV-D have a different mortality rate compared with people infected
with only HIV-2?
3) Do people infected with only HIV-1 have a different mortality rate compared with people
infected with only HIV-2?

Participants The study population should include at least two HIV groups (i.e., HIV-D and
HIV-1, HIV-D and HIV-2, or HIV-1 and HIV-2). No further selection criteria should be used;
co-morbidities are not an exclusion criterion.

Outcome The outcome is mortality. The main outcome measure we will consider is the
mortality rate, and the main effect measure will be the mortality rate ratio (MRR).

Study design Systematic review and meta-analysis of longitudinal studies.
Language

We intend to include all languages.

Search strategy

Medline and EMBASE databases will be searched using the words HIV-1,
HIV-2, mortality, death, fatality, survival, disease progression, outcome assessment, and their
MeSH terms, as listed below. Reference lists of articles included in the full-text screening will be
searched manually.
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The following search strategy will be used in Medline:
((”HIV-1”[Mesh] OR HIV-1*[tiab] OR HIV1*[tiab] OR HIV type 1[tiab] OR human immunodeficiency virus 1[tiab] OR human immunodeficiency virus type 1[tiab]) AND (”HIV-2”[Mesh] OR
HIV-2*[tiab] OR HIV2*[tiab] OR HIV type 2[tiab] OR human immunodeficiency virus 2[tiab] OR
human immunodeficiency virus type 2[tiab])) AND ((”Mortality”[Mesh] OR ”mortality”[Subheading]
OR mortalit*[tiab]) OR (”Survival Rate”[Mesh] OR surviv*[tiab]) OR (”Death”[Mesh] OR death*[tiab])
OR (”Outcome Assessment (Health Care)”[Mesh] OR outcome*[tiab]) OR (fatalit*[tiab]) OR
(”Disease Progression”[Mesh] OR disease progression[tiab]))

5

The following search strategy will be used in EMBASE:
1. exp Human immunodeficiency virus 1/
2. (hiv-1 or hiv1 or hiv type 1 or human immunodeficiency virus 1 or human immunodeficiency
virus type 1).ti,ab.
3. 1 or 2
4. exp Human immunodeficiency virus 2/
5. (hiv-2 or hiv2 or hiv type 2 or human immunodeficiency virus 2 or human immunodeficiency
virus type 2).ti,ab.
6. 4 or 5
7. 3 and 6
8. exp mortality/
9. mortalit*.ti,ab.
10. exp survival/
11. surviv*.ti,ab. 12. exp death/
13. death*.ti,ab.
14. exp outcome assessment/
15. outcome*.ti,ab.
16. fatalit*.ti,ab.
17. disease course/
18. disease progression.ti,ab.
19. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18
20. 7 and 19

Study selection

Study selection will be performed by two independent researchers who will
screen titles, abstracts and full texts. Any disagreement will be solved by consensus. If consensus
is not reached, a third researcher will make the final decision.

Data extraction Data will be extracted by three independent researchers. Any disagreement
will be solved by consensus. If consensus is not reached, a fourth researcher will make the final
decision. If data are missing, authors of primary studies will be contacted to provide missing or
additional data. A list of data that will be extracted is shown in table S.1.
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Quality assessment To assess the risk of bias, we will develop a quality assessment checklist.
This checklist will be based on the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) checklist14 and the Newcastle Ottawa checklist15 and adjusted specifically
for this review. The checklist is shown in table S.2. Checklist items will be scored by three
independent researchers using +, ±, -. Differences will be solved by consensus. If consensus is
not reached, a fourth researcher will make the decision.

Data analysis We will perform a meta-analysis with random-effects models. The outcomes
of the analyses are the mortality rate ratio (MRR) of HIV-D versus HIV-1 infection, the MRR
of HIV-D versus HIV-2 infection, and the MRR of HIV-1 versus HIV-2 infection. If there are
differences in disease progression and mortality between HIV groups, they will be more easily
detected in cohorts of asymptomatic individuals than in cohorts with advanced disease.12, 16 To
account for this, we will perform two a priori defined subanalyses. In subanalysis 1, we will
estimate the MRR by patient setting (i.e., community versus hospital/clinic). In subanalysis 2,
we will estimate the MRR by stage of disease of the population (i.e., recent HIV-infected populations versus populations with a more advanced stage of disease). The stage of HIV infection
will be determined on the basis of such factors as reported time of infection, CD4 counts, age,
co-morbidities, and AIDS diagnosis. In subanalysis 3, we will estimate the MRR by quality of the
study (i.e., low versus high quality), as the quality might influence the outcome.

5
Heterogeneity will be explored by estimating the measure of inconsistency (I2 ). The definition
of I2 is the percentage of total variability in a set of effect sizes due to true heterogeneity
or between-studies variability.17 We consider I2 <35% as low, 35≥I2 ≤ 65% as moderate and
I2 >65% as high. If there is a considerable degree of heterogeneity, we will perform a leave-oneout sensitivity analysis, and if the number of included studies exceeds 10, we will explore the data
in subgroups or perform a meta-regression analysis to understand the reasons for heterogeneity.
To examine possible publication bias, we will create funnel plots and test for asymmetry when at
least 10 studies are included.18

Manuscript preparation In writing the manuscript, we will use the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.19
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Prevalent/incident HIV-2

Prevalent/incident HIV-D

Diagnostics

Study population characteristics
Inclusion criteria
Start inclusion
Stop inclusion
Start FU
Stop FU
Maximum FU
FU methods

Source
Source name
General population characteristics
Age range

Gender

Co-morbidity

ART

Co-trimoxazole prophylaxis
CD4 count HIV-1
CD4 % HIV-1
CD4 count HIV-2
CD4 % HIV-2

7

8

9
10
11
12
13
14
15

16
17
18
19

20

21

22

23
24
25
26
27

Article information
Author
Title
Publication
Country
Exposure
Prevalent/incident HIV-1

6

5

1
2
3
4

Describe the inclusion criteria that were used in the study
Date of beginning of the inclusion period (month-year
Date of end of the inclusion period (month-year)
Date of beginning of the FU period (month-year)
Date of end of the FU period (month-year)
What was the maximum FU according to the study design?
How were patients followed? Clinic visits by patients or home visits by researchers? What was the planned frequency of
visits? How was it established whether patients had died? What were the FU conditions?
Where were the individuals selected: from patients attending a hospital; from the community; from an occupational cohort?
Name the hospital or clinic and city from where the patients were selected
Describe the characteristics of the study population, such as co-morbidities, ethnicity etc
If shown in the paper, the full range of age and the mean and 95% CI or median and IQR. Present numbers only for the
population that is used in the mortality analyses
How many males/females were included? Present as M:200 F:150 (200 men, 150 women). If numbers are given for the
different HIV-groups and mortality, also report these stratified numbers under the corresponding subheadings. Present
numbers only for the population that is used in the mortality analyses
If reported, what co-morbidities did study participants have? Were the co-morbidities present at inclusion or were they
incident during the study period, describe time period. Did the study participants receive treatment for these? What %
or number of patients had the co-morbidity?
Were the individuals treated with antiretroviral therapy during the study period? If so, were they censored in the mortality
analysis from date of start of ART, or were they excluded from the study? Provide the information for HIV-1, HIV-2 and
HIV-D groups
Were individuals provided with co-trimoxazole prophylaxis? Provide the information for HIV-1, HIV-2 and HIV-D groups
If CD4 counts data are given, write down how many HIV-1 infected persons belonged to each CD4 category that was given
If CD4% data are given, write down how many HIV-1 infected persons belonged to each CD4 category that was given
If CD4 counts data are given, write down how many HIV-2 infected persons belonged to each CD4 category that was given
If CD4% data are given, write down how many HIV-2 infected persons belonged to each CD4 category that was given

Were the HIV-1 cases prevalent or incident in the study period? Incident cases are defined as individuals for whom the
approximate date of seroconversion is known
Were the HIV-2 cases prevalent or incident in the study period? Incident cases are defined as individuals for whom the
approximate date of seroconversion is known
Were the HIV-D cases prevalent or incident in the study period? Incident cases are defined as individuals of whom the
approximate date of seroconversion is known
Which diagnostic methods were used for the testing of HIV? Specify the methods used. If tests were done multiple times,
or different tests were used, describe this

Family name of first author and first initial
Title of the article
Journal & year of publication
Country where research was done

Table S.1. Data extraction list
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Viral load HIV-1 in HIV-D

Viral load HIV-2 in HIV-D

32

33

Mortality rate ratio-12

Mortality rate ratio-D1 adjusted

Mortality rate ratio-D2 adjusted

Mortality rate ratio-12 adjusted

Mortality rate ratio-adj vars

51

52

53

54

55

What was the mortality rate (unit: [100 PY]-1) among HIV-1 infected people?
What was the mortality rate (unit: [100 PY]-1) among HIV-2 infected people?
What was the mortality rate (unit: [100 PY]-1) among HIV-D infected people?
Crude mortality rate ratio or hazard ratio, comparing HIV-D infected to HIV-1 infected individuals. Only report if given in
the paper (dont calculate yourself). Define whether the MRR or HR is given
Crude mortality rate ratio or hazard ratio, comparing HIV-D infected to HIV-2 infected individuals. Only report if given in
the paper (dont calculate yourself). Define whether the MRR or HR is given
Crude mortality rate ratio or hazard ratio, comparing HIV-1 infected to HIV-2 infected individuals. Only report if given in
the paper (dont calculate yourself). Define whether the MRR or HR is given
Adjusted mortality rate ratio or hazard ratio, comparing HIV-D infected to HIV-1 infected individuals. Define whether the
MRR or HR is given
Adjusted mortality rate ratio or hazard ratio, comparing HIV-D infected to HIV-2 infected individuals. Define whether the
MRR or HR is given
Adjusted mortality rate ratio or hazard ratio, comparing HIV-1 infected to HIV-2 infected individuals. Define whether the
MRR or HR is given
List the variables for which the adjusted MRR, or HR was adjusted

How many HIV-1 infected individuals are included in the mortality analysis?
How many HIV-2 infected individuals are included in the mortality analysis?
How many HIV-D infected individuals are included in the mortality analysis?
What was the FU time in person-years of observation of HIV-1 infected people?
What was the FU time in person-years of observation of HIV-2 infected people?
What was the FU time in person-years of observation of HIV-D infected people?
How many HIV-1 infected individuals died during the study period?
How many HIV-2 infected individuals died during the study period?
How many HIV-D infected individuals died during the study period?
How many individuals, who were HIV-1 infected, were lost during FU?
How many individuals, who were HIV-2 infected, were lost during FU?
How many individuals, who were HIV-D infected, were lost during FU?

If CD4 counts data are given, write down how many HIV-D infected persons belonged to each CD4 category that was given
If CD4% data are given, write down how many HIV-D infected persons belonged to each CD4 category that was given
If viral loads data are available, write down how many HIV-1 infected persons belonged to each viral load group/range that
was given
If viral loads data are available, write down how many HIV-2 infected persons belonged to each viral load group/range that
was given
Provide the load for HIV-1. If viral loads data are available, write down how many HIV-D infected persons belonged to each
viral load group/range that was given
Provide the load for HIV-2. If viral loads data are available, write down how many HIV-D infected persons belonged to each
viral load group/range that was given

FU = follow-up; CI = confidence interval; IQR = interquartile range; ART = antiretroviral therapy; PY = person-years of observation; MRR = mortality rate ratio; HR = hazard ratio.

Mortality rate ratio-D2

50

46
47
48
49

Raw data
HIV-1 total
HIV-2 total
HIV-D total
Pyo-1
Pyo-2
Pyo-D
HIV-1 died
HIV-2 died
HIV-D died
Lost to FU HIV-1
Lost to FU HIV-2
Lost to FU HIV-D
Crude and adjusted estimates
Mortality rate-1
Mortality rate-2
Mortality rate-D
Mortality rate ratio-D1

Viral load HIV-2

31

34
35
36
37
38
39
40
41
42
43
44
45

CD4 count HIV-D
CD4 % HIV-D
Viral load HIV-1

28
29
30
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Table S.2. Quality assessment checklist

1

2

3

External validity
Representative
+
±
x
Participation rate
+
±
x
Internal validity
HIV testing quality
+
±

4

5

6

x
Confounding factors
Age
+
x
Gender
+
x
CD4+ count
+
x

7
Random sample general population
Random sample subpopulation
(e.g. all TB patients)
Non-random sample
No information provided in the paper

8

Participation >80%
Participation 50-80%
Participation <50%
No information provided in the paper

ELISA, followed by confirmation tests
of which at least was PCR
ELISA, followed by confirmation tests
other than PCR
(e.g. western blot, synthetic-peptidebased line immunoassay)
ELISA only
No information provided in the paper

9

10

Given per HIV group
Only overall estimate reported
No information provided in the paper

Loss to FU
+

-

Given per HIV group
Only overall estimate reported
No information provided in the paper
Given per HIV group
Only overall estimate reported
No information provided in the paper

Viral load
+
x

11

x
How handled no
show at clinic
+

x
How were cases
that were lost
to FU handled?
+
x
ART use
+
x

Given per HIV group
Only overall estimate reported
No information provided in the paper

If the percentage participants in the
final analysis was 80% or more of the
initially included population, or if a full
description of those lost to FU was not
suggestive of bias
If the percentage was less or
if there was no good
description given of the loss to FU
No information provided in the paper

If a participant did not show at the clinic
visit a home visit was done, or only
home visits were done, or the vital
status was chekked from registries
Lost to FU if no-show
No information provided in the paper

PY of FU censored at time of
lost to FU of lost cases
Total PY of FU excluded of lost cases
No information provided in the paper
No ART use during study period
ART use during study period
No information provided in the paper

FU = follow-up; CI = confidence interval; IQR = interquartile range; ART = antiretroviral therapy; PY = person-years of observation; MRR = mortality rate ratio; HR = hazard ratio.
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The spread of sexually transmitted infections (STIs) is complex. It depends on the interplay between the sexual behaviour of individuals, their sexual network, and on pathogen
characteristics. Behaviour of individuals is affected by other individuals and by pathogens,
and in turn, spread of pathogens is affected by behaviour of individuals, and also by
pathogens. The aim of this thesis is to gain insight into mixing patterns that are present
in different populations, the effect of these patterns on the spread of STIs, the interaction
between pathogens, and infectious disease progression and outcome. Infection spread was
studied with epidemiological and statistical models. Mathematical models were used to
study components of infection dynamics, by isolating specific mechanisms in a theoretical
setting. Mathematical and epidemiological methods were also used to study pathogen
interactions and disease outcome. Molecular epidemiology was used to provide insight
into transmission networks and relate observed patterns to epidemiological characteristics
of the population, in order to identify subpopulations. A multidisciplinary approach in
which epidemiology, statistical modelling, mathematical modelling, and basic science are
combined is key to understanding how infections spread through sexual networks and provides insights that are needed to develop effective prevention strategies. In this chapter,
the main results are summarized, the interpretation of these findings and implications for
prevention, and future research directions are discussed.

Sexual network structure and pathogen transmission
Sexual orientation

6

One of the most important and strongest factors that structure the sexual network is sexual orientation. The majority of individuals are heterosexual, others identify themselves
as homosexual (i.e. individuals who exclusively have sexual contacts with same-sex partners) or bisexual (i.e. individuals who have sexual contacts with men and women). The
National Health Interview Survey (NHIS) 2013 in the United States found a distribution
of 96.6% being heterosexual, 1.6% being homosexual, and 0.7% being bisexual.1 Among
men participating in the National Survey of Sexual Attitudes and Lifestyles (NATSAL-3)
in the United Kingdom, 97.1% were heterosexual, 1.5% homosexual, and 1.0% bisexual.2
In Amsterdam, the proportion of men who have sex with men (MSM) is much higher;
estimates from the Amsterdam Health Monitor 2012 indicate that 9% of men are homosexual and 1% bisexual.3 Differences between NHIS and NATSAL data and Amsterdam
estimates might reflect methodological differences, differences between study populations
(i.e. general population samples and an urban sample), cultural differences, and migration
of MSM into Amsterdam.
There seem to be two segregated sexual networks, one for MSM and one for heterosexuals.
In theory, bisexual men might form a bridge population that connects the sexual networks
of heterosexuals and MSM. The capacity of forming this bridge for STI spread depends on
the population sizes and on sexual behaviour of bisexuals with men and women. Molecular
epidemiology and cluster analysis of Chlamydia trachomatis isolates showed that genotypes among heterosexuals differ from genotypes among MSM, and that there was only
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minimal overlap between clusters.4, 5 Bisexual MSM were found both in heterosexual and
in MSM-specific C. trachomatis clusters. It was shown that although bisexuals, based on
their behaviour, might form a bridge population, the risk of transmitting C. trachomatis
between the two sexual networks was very low.
There are several explanations for the observed patterns. The first is that the bisexual
population is relatively small, and that due to stochastic effects, the introductions of
heterosexual- or MSM-related strains have not led to spread in the other population. The
second possibility is that sexual risk behaviour of bisexuals with either heterosexuals or
MSM is too low. This is supported by a German study in which bisexuals reported a
relatively low number of unprotected anal contacts with men,6 which is the most important transmission route among MSM. The third possibility involves tissue tropism,
where specific strains are adapted to the environment, resulting in strains that favour the
rectum and strains that favour the genital system of women, reducing the sustainability
of pathogens in unfavoured environments. Evidence supporting this hypothesis has not
been found.7 The fourth explanation is that basically only the urethral infections of bisexual men are important for transmission between the two populations, because male
anal infections are difficult to transmit to women. Urethral infections in males are more
often symptomatic than rectal infections, which increases the likelihood of diagnosis and
decreases the duration of infection, and thus the transmission potential.
Compared to heterosexuals, the prevalence of STIs and human immunodeficiency virus
(HIV) is high among MSM. In affluent countries, the prevalence of C. trachomatis is
approximately 2% among adults.8, 9 Neisseria gonorrhoeae and HIV are also endemic
among heterosexuals, but at much lower rates than among MSM.10 A recent mathematical model showed that Neisseria gonorrhoeae cannot be sustained in most heterosexual
populations.11 The differences in prevalence are partially caused by differences in sexual
risk behaviour, for example, MSM have more sexual partners, and also more concurrent
or overlapping partnerships than heterosexuals.12, 13 Furthermore, HIV and most STIs
are more easily transmitted by unprotected anal intercourse (UAI) than by other sexual
techniques (Chapter 1, Table 1).
Demography
Demographic characteristics are important factors in epidemiological research; factors such
as age and ethnicity might be major determinants or modifiers, and affect the spread of
infectious diseases. The sexual network can be seen as a subnetwork of the social network.
Assortative mixing patterns are important in social networks. Most social contacts occur
with individuals of approximately the same age, at home, and at work/school,14, 15 and
between individuals with the same ethnic background.16 This indicates that there are
assortative mixing patterns with respect to age, ethnicity, and also socio-economic status.
As a consequence, it seems plausible that this is also true for the sexual network. In this
section, the role of age, ethnicity, and subculture in relation to the sexual network are
discussed.
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Age Mixing patterns with respect to age differ between heterosexuals and MSM. Most
heterosexuals select sexual partners of approximately the same age, causing assortative
mixing patterns on population level. The median age difference between partners reported
in the Heterosexual Network Study, that consisted of men and women recruited at the STI
outpatient clinic of the Public Health Service in Amsterdam, was 0 (interquartile range
[IQR] -3;3) years (Chapter 2.1). Results corresponded to observed mixing patterns in the
general heterosexual population of the United Kingdom.17 There are small differences in
partner selection of women and men; women tend to select men who are slightly older and
men are less likely to select older women.17–19 This is important for STI spread, because
in theory, when individuals only select partners of the same age, a pathogen introduced in
one of the birth-cohorts will eventually go extinct together with the birth-cohort. Partner
selection by older individuals is less strongly determined by age, and thus the assortative
mixing patterns in the higher age categories are less strong.19 Once in a partnership,
age difference is a determinant of unsafe sexual contact. Sexual risk is higher when age
difference between partners is small (Chapter 2.1) and when the female is older than the
male.20–24
Among MSM, age differences are less important for partner selection; the median age
difference (calculated by subtracting age of the youngest partner from the oldest partner) in partnerships in the MSM Network Study was approximately 6 years. The effect
of age difference on unsafe sexual contact, once in a partnership, also differs from that
of heterosexuals. For HIV-negative MSM it was found that UAI was more likely to occur when the age difference was larger. Among HIV-infected MSM, age difference was
not a significant determinant of UAI (Chapter 3.1). Partner selection and sexual risk
behaviour might fluctuate during the life course of MSM and result in complex mixing
patterns with respect to age. It has been shown that young MSM are more likely to
have UAI with partners of the same age, and the risk of UAI decreases when age differences increases. The risk of UAI increases again when one of the partners is much older.25
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Mixing patterns for age affect the spread of STIs and HIV in the population, and a certain
degree of mixing is needed for the survival of pathogens. It has been shown that females
with older partners have an increased risk of being infected with STIs and HIV.26, 27 The
highest prevalence of C. trachomatis is found among young individuals,28, 29 which corresponds to the age category in which most partner changes occur. There also might be
increasing immunity with age. There is evidence that age is negatively associated with
C. trachomatis acquisition,30 the duration of ocular infection decreases with age,31 and
that screening strategies might counteract the development of population immunity for
C. trachomatis.32, 33
Among MSM, cluster analysis of C. trachomatis and N. gonorrhoeae isolates that were
linked to epidemiological characteristics of the participant did not reveal any correlation
between infection type and age, supporting the finding that age mixing is rather random
among MSM (Chapter 4.1-2). A recent study from the Netherlands, that examined the
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existence of HIV genotypes over time, found several persistent clusters with ongoing transmission, established in the pre-cART era, and found evidence that older individuals pass
on their HIV subtypes to younger individuals.34 The increasing median age of the HIVinfected MSM population that is observed in the Netherlands might be due to increased
survival since the availability of effective combination antiretroviral therapy (cART), and
not due to decreased transmission to younger MSM.35
Ethnicity Ethnicity is also important for partner selection, and influences the shape of
the sexual network. Individuals with the same ethnic background are more likely to be
in the same social network than individuals with discordant ethnicity.16 This suggests
that ethnicity might also be important for sexual partner selection. Among heterosexuals
recruited at the STI clinic in Amsterdam, the majority of steady and casual partnerships
were with partners of the same ethnic background. Unsafe sexual contact was more likely
to occur in ethnic concordant than in ethnic discordant partnerships (Chapter 2.1). In
agreement with other Dutch studies, ethnic concordance was more common than what
can be expected by proportionate mixing,36, 37 but disassortative mixing patterns, especially among second generation migrants, might be strong enough to facilitate STI and
HIV transmission between ethnic groups in the Netherlands.38 The highest C. trachomatis prevalence (17.9%) was observed among participants of Surinamese and Antillean
background (Chapter 2.2), which is in accordance with general population estimates.
A large screening campaign among young sexually active individuals in the Netherlands
found a prevalence of 2.6% among ethnic Dutch males and 9.6% among Surinamese/Antillean/Aruban males.39 The same trend was observed for N. gonorrhoeae, where the
prevalence was 7.2% and 0.8% respectively.
The Surinamese and Antillean population is one of the largest minority populations in
Amsterdam.40 Suriname has a multi-ethnic society (i.e. descendants of Africa, Asia, and
Europe) and close links with the Netherlands, making it an interesting country to study
mixing patterns. Seventy-five percent of the population belongs to one of the four largest
ethnic groups (i.e. Hindustani, Creoles, Maroons, and Javanese),41 and 55% of the individuals only engaged in concordant ethnic partnerships, suggesting strong assortative
mixing patterns.42 Ethnic assortative mixing patterns can have a major effect on the
spread of STIs and HIV, and cause endemic prevalence differences between ethnic groups.
For highly transmissible pathogens, very high levels of assortative mixing are needed before pathogen transmission is restricted to subpopulations. Data from Suriname shows
that despite the assortative mixing patterns, all C. trachomatis genotypes spread through
all ethnic groups.42 It was also shown that Surinamese individuals travelling between
Suriname and the Netherlands did not form a bridge population for C. trachomatis,43
suggesting that the high prevalence among Surinamese individuals is not explained by
introductions from the country of origin.
In chapter 2.2, it was shown that higher sexual risk behaviour was not independently
associated with the high prevalence of C. trachomatis among Surinamese/Antillean clinic
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attendees, but their lower socio-economic status was. This effect might be (partially)
caused by selection bias resulting from the recruitment of STI clinic attendees, who might
not be representative for the general population. The observed prevalence differences
might also be caused by mechanisms that relate to socio-economic status. Lower healthseeking behaviour might be one of these mechanisms.44 Together with assortative mixing
patterns, it might explain the increased prevalence in the Surinamese/Antillean population in the Netherlands. Individuals might be less aware of their risks, and due to lower
health-seeking behaviour, they are less likely to be tested, diagnosed, and treated when
asymptomatic. Due to assortative mixing, infections are passed on to someone in the
same subpopulation, who also is less likely to be treated, increasing the mean infectious
period in the subpopulation, which leads to a higher endemic prevalence.
Prevalence differences between ethnic groups are observed world-wide. In the United
States, African-Americans are more likely to be infected with STIs and HIV than individuals from other ethnic groups.45 These differences are also not explained by higher
sexual risk behaviour of the individuals. It was even found that the White population had
the highest risk behaviour.46 The structure of the sexual network, especially assortative
mixing patterns within ethnic groups, might be important,47, 48 and have been observed
among African-American MSM.49, 50 Combined with disassortative mixing by risk group
within the ethnic group (i.e. low-risk individuals mixing with the core-group), ethnic assortative mixing patterns can explain the increased prevalence of HIV and other STIs.47
Morris et al. attributed the observed prevalence differences of HIV and other STIs between
ethnic groups in the United States to a combination of assortative mixing by ethnicity
and differences in levels of concurrency (i.e. overlapping partnerships).48
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Among MSM attending the STI clinic in Amsterdam, ethnic assortative mixing patterns
were not observed. Approximately half of the partnerships were concordant (Chapter
3.1) and the prevalence of C. trachomatis and N. gonorrhoeae did not differ significantly
between Dutch and non-Western MSM in the MSM Network Study (unpublished data).
Ethnicity was not a significant determinant of UAI in HIV-infected MSM in Amsterdam.
Among HIV-negative MSM, unsafe sexual contact was more likely in concordant nonDutch and discordant partnerships than in concordant Dutch partnerships (Chapter 3.1).
Unsafe sexual practices and increased HIV risk have been related to MSM from ethnic minority populations50–53 and linked to ’double minority stress’ due to racism and stigma.54, 55
For the studies in this thesis, MSM were recruited at the STI clinic in Amsterdam, where
MSM from ethnic minority populations are underrepresented,56 which might be due to
lower health-seeking behaviour.44 Sexual risk behaviour and STI and HIV prevalence are
unknown in the hidden ethnic minority populations, thus, it is not known if the same mechanisms apply to the general and different ethnic minority MSM populations in Amsterdam.
Biological components might also play a role in the mechanisms that lead to prevalence
differences between ethnic groups. Genetic differences might cause differences in susceptibility, infectiousness, and natural clearance rates. Such a phenomenon is seen for
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the treatment effect of interferon-based therapies for hepatitis C virus (HCV) infection.
Individuals of European ancestry have higher successful treatment rates than individuals of African ancestry. Approximately half of the observed difference is explained by
a favourable interferon lambda 3 (IFNL3) genotype (formerly named interleukin 28 B),
which is much more common among Europeans.57
Subculture The fashion style, the books someone is interested in, the movies someone
likes, and the subculture someone belongs to might all be determinants or markers for
sexual partner selection, either directly, because it influences attractiveness, or indirectly,
because it determines in which social or sexual network someone participates. Subcultures are usually identifiable by clothing or music. Examples are the Gothic, Skater, and
Leather subcultures. Despite the fact that such characteristics make individuals easy to
identify, and might be determinants of sexual risk behaviour and STIs or HIV, and thus,
might be important for public health purposes, studies assessing behaviour or risk based
on subculture are scarce.
In the MSM population, there are several identifiable subcultures that are related to sexual preferences (i.e. the leather, rubber & lycra, and bear subcultures) (chapter 4.3).
MSM belonging to these subcultures can be recognised by their appearance, when they
cluster together in bars, clubs, at parties, or in other meeting venues. An epidemiological study from the United States, about the behaviour of leather men, showed that
inconsistent condom use in both HIV-negative and HIV-infected MSM in this subculture
was common, and that the HIV prevalence was 1.6 times higher compared with nonleather men.58 These results are in accordance with the findings among HIV-infected
MSM of the Network Study, in which the leather, rubber & lycra, and jeans subcultures
were identified as high-risk subcultures, as described in chapter 4.3. The increased risk
for STIs was reflected by their increased risk of HCV seropositivity. Antibodies against
HCV were found in 26.1% of the leather men, 31.6% of the rubber & lycra MSM, and
19.9% of the jeans MSM, while 11.4% of the non-subculture MSM were HCV seropositive.
In the study, MSM had the opportunity to indicate that they belonged to several of the
subcultures, and especially the men in the identified high-risk subcultures did so; they
reported that they belonged to multiple high-risk subcultures. This suggests that there
were no strong assortative mixing patterns within the high-risk subcultures, and that the
boundaries between the high-risk subcultures might be vague. Phylogenetic and cluster
analysis of the HCV isolates confirmed that assortative mixing patterns were not present,
because spread of the different HCV genotypes was not related to the separate subcultures.
This suggests that the leather, rubber & lycra, and jeans subcultures might be part of
a closely connected core-group with increased sexual risk behaviour and an increased
prevalence of HCV and other STIs. MSM in the identified high-risk subcultures reported
higher numbers of partners and increased sexual risk behaviour (i.e. UAI, fisting, group
sex, and drug use) with partners (Chapter 4.3). Due to the presumed low transmission
probability of HCV by sexual contact, it might predominantly spread in this high-risk or
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core-group.
HIV
In affluent countries, HIV predominantly spreads among MSM. Since the start of the
outbreak in the early 1980s, the fear for HIV has affected partner selection and sexual
risk behaviour with partners in this population. After an initial decrease in sexual risk
behaviour,59 risk perception changed due to the availability of cART, and risk behaviour
increased again.60, 61 MSM have developed seroadaptive strategies in which HIV status is
used in partner selection and sexual decision-making regarding engagement in UAI.62, 63
In the MSM Network Study, 38.5% of the partnerships of self-perceived HIV-negative
MSM were perceived as HIV concordant and 4.6% as discordant. Among HIV-infected
MSM, 43.6% of the partnerships were perceived as concordant and 11.1% as discordant.
In the remaining partnerships, HIV status was not disclosed (Chapter 3.1). It is unknown
whether the information about the partners’ HIV status was obtained by explicit disclosure
or whether it was based on assumptions about seroconcordance.
Discordant partnerships or partnerships with unknown HIV status are not necessarily risky
with respect to HIV transmission, because this mainly depends on the actual practice
of UAI. Within partnerships, perceived HIV status was the most important determinant
in the decision to practice UAI. Compared to not having UAI, the odds ratio (OR) for
HIV-negative MSM to have receptive UAI with a discordant partner was 0.49 (95% CI
0.28-0.86) and the OR for HIV-infected MSM to have insertive UAI with a discordant
partner was 0.24 (95% CI 0.13-0.45), which suggests that perceived HIV status was used
in the decision-making to have UAI (Chapter 3.1). From the literature it is known that
approximately 25% of the MSM report serosorting,64–66 and that this strategy is more
often used with known casual partners than with one-night stands.63
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A second important seroadaptive strategy is seropositioning, in which the insertive or
receptive role is chosen during anal intercourse based on HIV status.66 Again, in theory,
this strategy reduces the risk of HIV transmission, as the risk of acquiring HIV during insertive UAI is 10 fold lower than during receptive UAI.67 Additionally, information on viral
load and on treatment status are used in seropositioning and in sexual decision-making in
general.68, 69 In the MSM Network Study, there was evidence of seropositioning, as the
OR for HIV-negative MSM in discordant couples to have insertive UAI was higher than
the OR of receptive UAI (Chapter 3.1).
The efficacy of seroadaptive strategies in preventing HIV transmission mainly depends
on the accuracy of knowledge about one’s own HIV status, which depends on HIV testing frequency,70–72 and disclosure of HIV status within a partnership.73 It has been
shown that approximately 30% of both HIV-negative and HIV-infected MSM who reported serosorting, were actually seroguessing; the partners’ perceived serostatus was
based on assumptions, not on explicit disclosure.74 In general, serosorting offers limited
protection against HIV acquisition; the risk to acquire HIV when serosorting is lower than
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the risk when having UAI without serosorting, but higher than when condoms are used
consistently.75–80 Seropositioning offers even less protection against HIV.77 The protective
effect of serosorting might differ between subpopulations. Among MSM in Amsterdam,
the protective effect of serosorting was not statistically significant.76 In the United States,
it was shown that serosorting had a protective effect in the White MSM population, while
it increased the risk of HIV acquisition among African-Americans even though their sexual
risk behaviour was comparable.78 A large undiagnosed HIV-infected population and assortative ethnic mixing patterns might explain these observations,49, 50 which is in agreement
with the STI trends that are observed among African-Americans in the United States.47
This is in line with the hypothesis for the increased C. trachomatis prevalence among
Surinamese/Antillean heterosexuals in Amsterdam, as described in chapter 2.2. Seroadaptive behaviours also do not prevent HIV superinfection among those infected with HIV
and increase the risk of acquiring STIs in both HIV-negative and HIV-infected MSM.81, 82
Seroadaptive behaviours affect how pathogens spread through a population. Theoretically,
serosorting could cause strong assortative mixing patterns that separate the transmission
networks of HIV-negative and HIV-infected MSM, halting HIV spread among HIV-negative
MSM and causing separate transmission networks for other STIs. Although behavioural
data of the MSM Network Study suggested the practice of serosorting, the molecular
networks of C. trachomatis and N. gonorrhoeae did not reveal separate networks for HIVnegative and HIV-infected MSM (Chapter 4.1-2). Anal intercourse is one of the most
important, but not the only transmission route for STIs (Chapter 3.3), suggesting that
assortative mixing patterns caused by current serosorting levels are not sufficient to cause
separate STI transmission networks. Furthermore, serosorting is not the only seroadaptive
behaviour and different behaviours have different effects on the STI transmission networks.
Some men make agreements with their steady partners to not use condoms within the
partnership and to always use condoms with other partners, to reduce HIV risk, a strategy
known as negotiated safety,83 which potentially could reduce HIV and STI spread when
practiced consistently. Seropositioning affects the direction of STI transmission. Within
the HIV-negative and HIV-infected populations, STIs will be transmitted in both directions, but in discordant couples, rectal infections are transmitted from the HIV-infected to
the HIV-negative partner and urethral infections are transmitted from the HIV-negative to
the HIV-infected partner. In this case, STIs are still transmitted between the HIV-negative
and HIV-infected population. In discordant couples that practice UAI, motivated by an
undetectable HIV load (i.e. viral sorting), the direction of STI spread is not influenced by
the seroadaptive behaviour, unless combined with seropositioning. These couples might
also form a bridge between the HIV-negative and HIV-infected populations. As indicated,
seroadaptive behaviours affect the spread of HIV and also of other STIs. How pathogen
dynamics and transmission patterns relate to seroadaptive behaviours is less well studied.
Geography
Due to major technological improvements that enable molecular typing of pathogens, geographical patterns of infectious diseases become visible. Many zoonotic infections show
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clear geographical patterns, as their natural hosts are restricted by, for example, temperature, altitude, vegetation, and other ecological factors.84–86 Geography is also important
for the spread of blood-borne infections and STIs; the geographical location of someone
determines whom this person can meet, and this affects pathogen spread.
Phylogenetic analyses of HIV and HCV revealed interesting geographical patterns. HIV-2,
originating from West Africa, does not have pandemic potential; spread is restricted to
West Africa and some Western countries with colonial links in West Africa.87 HIV-1,
originating from Central Africa, became the pandemic HIV type. HIV-1 subtype A is
predominantly found in Central and East Africa and in parts of Eastern Europe, while
subtype 1B is the predominant type in Central and West Europe and the United States.
Molecular typing of HIV subtype 1B isolates has shown that HIV probably spread from
sub-Saharan Africa to Haiti, and from there to other parts of the world.88 Current HIV
spread in European countries is not clonal, but characterised by multiple introductions
and local spread.89
Molecular clock analysis showed that global HCV spread coincides with the increase in the
use of blood products in the 1950s and the increase of injecting drug use in the 1960s.90
The genotype distribution of HCV differs between parts of the world, reflecting temporal
trends and differences in transmission modes.91, 92 Genotype 1 is the dominant subtype in
Europe, North and South America, Asia, Australia, and parts of North Africa;92 subtype
1a is common among people who inject drugs (PWID) and 1b among blood transfusion
patients.90, 91 Genotype 2 is most common in West Africa and South America. Phylogenetic typing of genotype 2 samples suggested that it was transferred from Africa
to the Caribbean during the slave trade, and from there to Indonesia and the Netherlands.93 Genotype 3 is the dominant type in Norway and India, and is also found among
PWID. Genotype 4 is related to parts of Africa, and genotype 6 to the Middle East.91, 92, 94

6

For many years, the spread of infectious diseases among humans over long distances was
restricted. Travelling patterns have changed; nowadays, the human population is much
closer connected, mainly by air traffic.95 Within relatively short time windows, influenza
type H1N1 and severe acute respiratory syndrome (SARS) spread world-wide.96, 97 The
relatively recent outbreak of sexually transmitted HCV among MSM shows that there is
a large closely connected international sexual network that facilitates the spread of this
virus.98 The large international network might also facilitate the spread of other STIs.
Comparisons between C. trachomatis strains of heterosexuals in Sweden and the Netherlands revealed genetic differences between the types found in both countries.4 In Norway,
genetic differences have been found between C. trachomatis strains from three geographical areas.99 Differences were also present between samples from China and the Netherlands.100 Molecular typing has also revealed many similarities between genotypes from
different countries, suggesting that C. trachomatis is highly conserved.4, 100 Due to the
high recombination rate of N. gonorrhoeae, spatiotemporal analyses on a global scale are
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not likely to reveal geographical patterns. As shown in Figure 4.2, strains emerge and
disappear in relatively short time frames.
Geographical location is also important on local scale. Based on age, ethnicity, lifestyle,
socio-economic status and other characteristics, individuals visit bars, clubs, theatres, play
sports, have a job, and live in certain areas. The physical or geographical location of individuals determines who can be met. Due to mixing patterns, the prevalence of STIs might
differ between meeting venues where sexual partners are met. The connection between
meeting venues and STI acquisition is more pronounced for MSM than for heterosexuals,
as some MSM specific locations, for example venues with darkrooms, facilitate sexual
contacts and the average number of one-night stands is higher among MSM. Among
MSM in Amsterdam, there were some geographical patterns for N. gonorrhoeae spread
(Chapter 4.1); one of the identified clusters was related to a gay sauna in Amsterdam, and
another cluster to meeting locations outside Amsterdam. The probabilities of infection of
N. gonorrhoeae per meeting venue were studied (Chapter 3.2). A method was developed
by which it was possible to predict from whom an infection was acquired: it was found
that most infections were acquired from long-lasting steady partners. The highest infection risk, or the highest probability to meet a partner with N. gonorrhoeae was in one of
the two streets in Amsterdam that were included in the analysis, where many gay venues
are located. The risk was fairly low in the second street. These results show that also on
a local scale, geographical patterns can be observed and influence the spread of pathogens.
Geographical patterns are dynamic and change over time. The estimated infection risks
for the meeting locations in Amsterdam were based on data collected in 2008-2009. Since
then, many bars and clubs have been closed and new venues have been opened. The target
populations of these new venues might differ from the target populations in 2008-2009,
which might have caused changes in the infection risks per street. Data presented in
chapter 4.1 suggested that some N. gonorrhoeae types emerge and disappear in a period
of just one year, which emphasizes the temporal nature of the observed patterns and
infection risks. Furthermore, many MSM meet partners online through dating websites.
In the MSM Network Study, 24.6% of the partners were met online (Chapter 3.2). Online
partner selection changes the geographical patterns based on meeting venues, because
individuals are able to meet partners who are outside their traditional social network.
However, even with online partners, the distance between individuals will be important
for arranging sexual contact.
Sexual risk behaviour
As discussed in the previous sections, heterosexuals tend to choose partners with similar
demographic characteristics, while MSM have a more diversified partner selection. Besides
the effect of these patterns on the sexual network and on pathogen spread, partnership
types, the type of sexual contact, the number and duration of partnerships, the frequency
of sexual contact, and timing of partnerships are also important.
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In the presented studies, a distinction was made between steady and casual partnerships. Among MSM, casual partnerships were separated in casual known and anonymous
partnerships, because it has been shown that sexual risk behaviour with casual known
partners, the so-called sex buddies, is higher than with one-night-stands.63 To capture
the perceptions of the participants, in this study, participants were allowed to use their
own definitions and interpretation when categorising their partnerships. Hereby, partnership type was most likely to reflect behaviour within partnerships. Among heterosexuals
and HIV-negative MSM, unsafe sexual contact was more common in steady than in casual
partnerships. Generally, steady partnerships had a longer duration and the number of sexual contacts in the preceding six months was higher than in casual partnerships (Chapter
2.1 & 3.1). Among HIV-infected MSM, the relation between partnership type and UAI
was less strong (Chapter 3.1).
Heterogeneity in sexual behaviour with different partner types affects the transmission potential of pathogens, because transmission probabilities differ by sexual techniques (General Introduction, Table 1). Among MSM, the probability of having oro-penile sexual
contact is much higher than the probability of having UAI (chapter 3.3). This increases
the transmission potential of pathogens that can also infect the pharynx, such as N. gonorrhoeae and C. trachomatis. In chapter 3.3, it was shown that the contribution to the basic
reproduction number (R0 ), defined as the number of secondary cases produced by one
infectious individual in a fully susceptible population, was 11.3% (95% range 4.6-19.4) for
rectal infections, 43.4% (95% range 37.2-47.7) for urethral infections, and 37.3% (95%
range 29.8-43.7) for pharyngeal infections. The dynamics of C. trachomatis between
anatomical locations has never been studied.
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In chapter 3.3, one of the simplifying model assumptions was that partnerships were instantaneous contacts, ignoring partnership duration, but results were in accordance with
an individual-based model that accounted for partnership duration.11 The duration of
partnerships has a major impact on STI spread; within partnerships, partners can re-infect
each other, which leads to differences between R0 and the number of actual secondary
infections in this population. When re-infections occur, STIs might be sustained while
R0 is larger than one, but the case reproduction number (Rc ) is less than one.101 Ignoring re-infections might lead to overestimation of the impact of screening and treatment
strategies.102 When individuals can acquire superinfections (i.e. infections with multiple
strains), the threshold to sustain a pathogen might be altered too, because it might affect
the transmission probability. For the majority of infections, it is unknown whether and
how superinfections alter the transmission potential of individuals.
The timing of partnerships is also crucial; for STI spread, the duration of the infectious
period should be longer than the average time between two partnerships (the gap length).
STI transmission is enhanced when the gap length shortens or even becomes negative,
which means that partnerships are concurrent. Concurrency enhances HIV spread also for
another reason: HIV is more infectious during the acute phase.103 In the studies in this
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thesis, the exact timing of the partnerships was difficult to establish, because answering
questions about date of first and last sexual contact were not obligatory, and many participants only reported the month and year of first and last sexual contact and not the full
date. For heterosexuals, the effect of concurrency on unsafe sexual contact was examined
(Chapter 2.1). It is interesting to notice that we found that concurrency did not affect
unsafe sexual contact in steady partnerships, but it decreased the odds of unsafe sex in
casual partnerships. This is in agreement with other studies among heterosexuals, for
example in the United States and South Africa, that do not show an independent association between concurrency and unsafe sexual contact.104, 105 In the MSM population,
negotiated safety is used as seroadaptive behaviour.83 Among heterosexuals and MSM,
safer sex practices with casual partners might mitigate the enhancing effect of concurrency
on STI and HIV spread.
In mathematical models, differences in sexual risk behaviour are modelled by dividing the
population into risk groups, based for example on levels of concurrency and the number of partners. Mixing between risk groups affects STI spread on population level and
also affects individual risk. The impact of assortative or disassortative mixing might be
different for different pathogens. Among low-risk individuals, increased C. trachomatis
risk was associated with assortative mixing patterns within the low-risk population, while
the highest N. gonorrhoeae risk among low-risk individuals was associated with disassortative mixing with high-risk individuals.106 In the model of N. gonorrhoeae spread in
chapter 3.3, proportionate mixing between risk groups was assumed, which means that
mixing was based on the sizes of the low- and high-risk populations. This assumption
seemed plausible, because among MSM in the MSM Network Study assortative mixing
patterns by demographic characteristics and sexual risk behaviour were weak, and there
was no evidence for the existence of subpopulations. Assortative mixing patterns for HIV
were present, but were not strong enough to cause clustering of C. trachomatis and N.
gonorrhoeae (Chapter 3 & 4). On the other hand, sexually transmitted HCV is almost
exclusively found among HIV-infected MSM. This pattern might be explained by assortative mixing for HIV in combination with the probably lower transmission probability of
HCV compared to the transmission probabilities of C. trachomatis and N. gonorrhoeae.
Other explanations are that the restricted spread in mainly the HIV-infected population
is due to biological factors that increase the susceptibility or transmissibility for HCV in
HIV-infected individuals, or a combination of mixing patterns and biological factors.

Molecular epidemiology
The sexual network provides the framework in which pathogens spread. In chapter 4,
molecular typing data of C. trachomatis, N. gonorrhoeae, and HCV, isolated from MSM,
were linked to epidemiological data, to gain insight into the transmission dynamics of
STIs. The genetic profile of N. gonorrhoeae was determined by multiple-locus variablenumber tandem repeat analysis (MLVA), sequencing several non-coding regions of the
genome (Chapter 4.1). The genetic profile of C. trachomatis was determined by sequen261
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cing six of the most variable genes by multilocus sequence typing (MLST) (Chapter 4.2).
Sequencing of HCV was performed on one coding region, the NS5B region (Chapter 4.3).
It was concluded that the link between molecular typing data and epidemiological characteristics was not marked. From this, it was concluded that the MSM population appears
to be homogeneously mixed. In this section, the molecular aspects and possible other
explanations for the observations are discussed.
The utility of molecular typing data to gain insight into the host population structure
depends on the sampling density of the population, the mutation and recombination rate
of the pathogen, and the molecular typing method. The larger the fraction of the infected host population from which samples are taken, the more detailed and complete
the pathogen network will be, but if the fraction of the sampled population becomes too
large, assumptions on random sampling are violated, complicating statistical analysis. If
the fraction of the population that is sampled is low, links between isolates may be missed.
It is likely that this has influenced the analyses performed on C. trachomatis and N. gonorrhoeae (chapter 4.1 & 4.2), because these pathogens are endemic, many infections are
asymptomatic and remain undiagnosed, and testing and treatment is not limited to the
STI clinic, where samples were collected. Furthermore, for clustering, minimum spanning
trees were established, which are undirected graphs that connect the isolates in an optimal way. Using pathogen specific algorithms, clusters were identified that consisted of
genetically related isolates. Due to missing links, isolates might have been misleadingly
subdivided into different clusters, obscuring the relation with epidemiological subpopulations.
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The identification of molecular clusters also depends on the mutation and recombination
rates of pathogens. These rates are the driving forces of pathogen evolution; they are
important for virulence, resistance, differential tissue tropism, etcetera.107–109 In general, the mutation rate of viruses is much higher than that of bacteria. HCV has a high
mutation rate and is highly variable. N. gonorrhoeae and C. trachomatis have high recombination rates.110, 111 Despite the high recombination rate, C. trachomatis evolution
is driven by mutations.109 The reliability and utility of molecular typing depends on the
robustness of the methodology. Within a pathogen, there is variability in the mutation
and recombination rates of genes. For example, the genome of HCV contains a highly
stable core region, some regions that are even highly variable within one patient, and a
region with an intermediate variability, the NS5B region. Phylogenetic analysis of HCV
was performed on this intermediate region, which was considered the optimal region for
phylogenetic analysis due to the level of variation.112
HCV cluster analysis was based on sequencing of just one gene, which makes the methodology vulnerable for misinterpretation, as seen for C. trachomatis. The first typing methods
performed on C. trachomatis isolates, focused on omp A sequencing. Omp A is responsible
for serological variation, as it encodes the major outer membrane protein (MOMP).113–115
World-wide, similar genovar distributions have been reported, irrespective of host popu262

CHAPTER 6

lation or risk group.116–118 Clinical manifestation of C. trachomatis and typing methods
based on other genomic regions did not correspond to omp A typing results, as variation in
omp A appeared to result from recombination between strains instead of mutations.111, 119
MLST and MLVA methods for C. trachomatis have been developed that have the resolution to show strain divergence between populations.120–122
Cluster analysis, in which isolates are clustered based on MLST, as performed in chapter 4, is based on the recombination and mutation rates of the included genes, as these
determine the algorithm for clustering. The cut-offs to determine the amount of genetic
variation that is allowed in a cluster are arbitrary, because they are selected based on
the resolution that one wants to obtain (i.e. the number and size of the clusters). For
N. gonorrhoeae, hierarchical cluster analysis was performed to compensate for the highly
polymorphic nature of some loci, by assigning double weights to the more stable loci.
These methods seem to perform relatively well on isolates from individuals in a partnership. However, the performance on population level, especially when used to identify
epidemiological subpopulations when only a small proportion of the population is sampled, can be debated. Evaluation of MLST has shown that different recombination and
mutation rates can be estimated when different sets of genes are selected,109 This implies
that when algorithms of clustering are based on these rates, different clusters might be
identified when different regions of the genome are selected. Therefore, careful interpretation of the results is recommended, especially when they do not match with other data
sources, prior knowledge, or expectations. Although it is likely that the observed lack of
agreement between molecular clusters and epidemiological data is due to the structure of
the MSM population, we should keep in mind that there is a possibility that the selected
loci or algorithms were not able to reveal the epidemiological subpopulations.
Furthermore, the typing methods were not suitable for pharyngeal isolates and isolates
that contained multiple strains of one bacterium. Pharyngeal infections are important for
spread of N. gonorrhoeae among MSM (Chapter 3.3) The pharynx acts as reservoir,11, 123
and might be an important anatomical location for recombination, due to the presence
of many commensal Neisseria species and the decreased effectiveness of antibiotics in
the pharynx.124, 125 For sustaining C. trachomatis, the pharynx might act as reservoir as
well.126 By excluding pharyngeal infections and double infections from cluster analysis,
isolates that form links between clusters might have been excluded, as these infections
are responsible for recombination of strains.
The disadvantages of misinterpreting the sequencing results are outweighed by the benefits. Molecular epidemiology provides extra and detailed information about transmission
networks, which cannot be discovered otherwise. In accordance with the epidemiological
studies in this thesis, that showed that there were no strong assortative mixing patterns
in the MSM population, molecular clusters of C. trachomatis, N. gonorrhoeae, and HCV
could not be linked to epidemiological characteristics, and thus, subpopulations were not
identified. Therefore, there is evidence from multiple sources to conclude that the as263
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sortative mixing patterns in the MSM population are not strong enough to separate the
sexual network for the spread of STIs, which suggests a homogeneously mixed population.

Public health implications
STI-related health issues differ between populations, because the mechanisms of behaviour
and pathogen spread, and therefore the state of the epidemic differ. Among heterosexuals
in the Netherlands, STI control focusses and should focus on C. trachomatis, because this
is the most prevalent STI with the highest disease burden in this population. Populationbased screening of young individuals has been proven difficult; participation rates were
lower than expected, especially among individuals with the highest risk of C. trachomatis
infection, and the intervention was not cost-effective.39, 127 Low risk perception was one
of the major reasons for non-response in the chlamydia screening project in the Netherlands.128 As shown in chapter 2.1, familiarity between partners increased the likelihood of
having unsafe sexual intercourse and partnership factors were even more important than
the characteristics of the individual. For public health interventions, this implies that
familiarity and similarities between partners should be addressed in safe sex messages.
Furthermore, individuals with a Surinamese/Antillean background are at increased risk
for C. trachomatis infection, without having increased sexual risk behaviour. For this
population, outreach programs and strategies that facilitate health-seeking behaviour are
recommended.
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Subpopulation approaches are not necessary for the homogeneously mixed MSM population; interventions are likely to affect STI spread in the total population. HIV status is
important for individuals in their decision-making regarding condom use. HIV-negative
MSM are at risk for HIV infection, due to seroguessing and incorrect knowledge about
HIV status. In the MSM Network Study, 2% of the self-perceived HIV-negative MSM
were in fact HIV-infected (chapter 3.1). In this population, interventions can focus on
increasing HIV testing uptake and facilitating HIV disclosure to increase the knowledge
about HIV status. Optimising linkage to care and early treatment after HIV diagnosis
are also important, because this reduces the population viral load, and thus spread. The
availability of pre-exposure prophylaxis (PrEP) in the near future might cause drastic
changes in the field. Public health focus might shift from test-and-treat policies to PrEP
prevention strategies. At the start of this new era, evidence-based guidelines for PrEP
indication that pay attention to the risks and benefits of the individual and the impact
on population level should be developed. In the United States, PrEP is already available
and MSM are interested in using it.129 There is a potential danger for risk compensation,
which means that sexual risk behaviour increases and compensates the beneficial effect of
PrEP. Risk compensation was not observed in the blinded placebo-controlled trial,130–132
in the open-label trial,133 or outside the trial setting in a demonstration project.134 Risk
compensation might have been absent due to the relatively short follow-up period, extra
counselling and STI testing in the study setting, but may occur when PrEP use becomes
routine. Close monitoring of PrEP use and the effect on sexual behaviour, HIV spread,
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and STI spread is important once PrEP is available in the Netherlands. The risk to acquire
HIV when using PrEP will be so low that some MSM might stop using condoms.
Increasing the testing rates and uptake of cART and PrEP would maximize the effects of
cART and PrEP on population level. In developing countries, the availability of cART is
increasing, but lifelong treatment is expensive, especially for countries with a very high
prevalence. The next milestone would be the development of an effective vaccine and
mass vaccination campaigns in populations and countries with the highest prevalence.
This may stop HIV spread. This is likely to be highly cost-saving compared with treatment, but three decades after the start of the epidemic there is no effective vaccine
available.135 It was debated in the literature that HIV-2 in HIV-1 and HIV-2 dually infected individuals slows done the progression of HIV-1,136 and it was hypothesised that
dually infected individuals might provide clues for vaccine development.137 Natural history
and immune responses are comparable for HIV-1 and HIV-2,138 but progression of HIV-2
is much slower.139 Based on a meta-analysis, in which the effect of HIV-2 on mortality in
HIV-1 and HIV-2 dually infected individuals was assessed, it was concluded that there is
no evidence of HIV-2 reducing the mortality rates among individuals with an HIV-1 and
HIV-2 dual infection (chapter 5.2). This suggests that HIV-1 vaccine development should
not focus on the immune response and natural history of HIV-2, or HIV-1 and HIV-2
co-infection.
Because of risk compensation due to PrEP and early cART initiation, the prevalence of
STIs might increase, as was seen after the introduction of cART. For N. gonorrhoeae,
which is currently acquiring resistance against the last monotherapeutic treatment option,140, 141 a prevalence increase implies that the opportunities to acquire resistance may
increase. In chapter 3.3, it was shown that with current levels of sexual risk behaviour,
implementation of frequent (population-wide) screening is highly unlikely to halt N. gonorrhoeae spread, unless upscaled to unrealistically high coverage and screening rates. Due
to the importance of the pharynx, N. gonorrhoeae will be sustained even when condom
use during anal intercourse is increased to 100%.11 Increasing condom use during oral
sexual contact is likely to reduce N. gonorrhoeae transmission. Modifying the low risk perceptions regarding oral sexual contact, also among health care workers, might be difficult
as long as N. gonorrhoeae is treatable. As prevention measures are likely to be insufficient, there is an urgent need for new treatment strategies or new antibiotics against N.
gonorrhoeae.
Risk compensation due to PrEP might also enhance the spread of HCV, and if mixing
between HIV-negative and HIV-infected MSM becomes more random, HCV might cross
over to the HIV-negative population. In 2008-2009, most HCV infections were found
among MSM who belonged to the leather, rubber & lycra, and jeans subcultures (chapter
4.3). These identifiable subcultures can be interesting targets for outreach programmes,
but six year later, patterns might have changed; HCV might have spread to other subpopulations as well. The incidence of HCV has levelled off 142, 143 and the outbreak might
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have reached an endemic equilibrium. Outreach programmes for HCV testing at meeting
venues where these MSM cluster together still might be beneficial, but the associations
between lifestyle and infections should first be evaluated again.
Until recently, treatment of HCV infected individuals, especially HIV co-infected individuals, was often not successful. Treatment with pegylated interferon and ribavirin, had
success rates of 42% to 82%, depending on genotype,144 and was less effective in the HIVinfected population.145 New interferon-free treatments are becoming available, showing
successful treatment rates of over 90% and less side effects, irrespective of genotype or
HIV co-infection.146–148 Boceprevir and telaprevir were the first registered and reimbursed
directly acting antivirals (DAAs). In 2014, sofosbuvir, simeprevir, and daclatasvir became
available for the treatment of chronic HCV infected patients with F3/F4 fibrosis, extrahepatic manifestations, or who are waiting for or have undergone a liver transplant. In
2015, already new agents have been registered, but these are not reimbursed (yet). DAAs
have the potential to greatly reduce HCV-related morbidity and mortality, and might reduce or even stop ongoing transmission.
Using a treatment-as-prevention strategy, elimination of HCV might become feasible,149
especially among HIV-infected MSM, as most of them are in clinical care.150, 151 For
treatment-as-prevention strategies, routine screening and early treatment are important,
while treatments are only registered for chronic infections (i.e. viremic infections of at
least 6 months). The restriction on sofosbuvir reimbursement to patients already in an
advanced stage of disease conflicts with a treatment-as-prevention approach and possible
elimination goals. Furthermore, in the context of saving costs, HIV-infected MSM are no
longer routinely tested for HCV at the STI clinic in Amsterdam, which may increase their
median duration of infectiousness, facilitate spread, and eventually lead to higher health
care costs than continuation of screening.
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Among PWID in Amsterdam, elimination of HCV might be feasible as well, because there
is hardly any transmission. The epidemic is in an advanced stage; incidence has dropped
to almost zero, mainly because the number of injectors has decreased. Due to infections
acquired between the 1960s and 1980s, the burden of liver disease is increasing. In chapter
5.1, it was shown that treatment of HCV infected PWID reduces the future HCV-related
liver disease burden in this population, but also that the effect is limited due to the
advanced stage of the epidemic; many PWID already died from other causes, including
HIV. Treatment with DAAs might further reduce the liver disease burden among PWIDs,
but postponing implementation will lead to reduced effects, due to increasing duration
of infection and HCV-related mortality, and also increasing age of PWID and related all
cause mortality.
We are entering a new era in which treatment-as-prevention strategies for HIV and HCV
infections are likely to become important. In response, sexual behaviour and subsequent
STI spread are likely to change, especially among MSM. Close monitoring of changes in
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infection risks is important, because this enables a quick response when necessary. In
chapter 3.2, a method is described to estimate the infection risk of N. gonorrhoeae at
meeting locations. The method can be used to monitor infection risks of other STIs as
well, and is not restricted to meeting locations. Regular or real-time updating of the
model, for example with routinely collected data from the STI clinic, could provide risk
estimates that could be used to inform (outreach) prevention programmes.

Future research directions
Most data presented in this thesis were collected at the STI clinic of Amsterdam. As
discussed in the individual chapters and in the previous sections of the general discussion,
whether and to what extent conclusions drawn based on this type of data are generalisable to the general population is unknown. Sexual risk behaviour of STI clinic visitors
might be higher, and they are more likely to be infected with an STI than individuals
from the general population. It is poorly understood how the STI clinic population relates to the general population regarding STI risk. For example, we know that young and
migrant MSM are underrepresented at the STI outpatient clinic in Amsterdam;56 sexual
risk behaviour and the STI burden in these subpopulations are unknown. Insight into
the existence of hidden subpopulations, their sizes, their connections and location in the
sexual network, sexual risk behaviour, and their STI risk, would provide insight into the
ability of STI clinics to target the population with the highest STI risk, and can be used to
assess generalisability of results obtained from STI clinic data. Furthermore, this information is useful to inform mathematical models in which the effect of such patterns on STI
spread and the effect of prevention and treatment strategies can be examined. Respondent Driven Sampling (RDS) is a method to reach hidden populations that are difficult to
sample with conventional methods.152 The key property of RDS is that participants are
asked to invite their contacts to participate, which enables sampling of individuals who
cannot be directly reached by health care workers. If sampling conforms to methodological assumptions, characteristics of newly invited contacts will become independent of the
initially recruited participants in the chain.153 RDS has been performed successfully in
different population, such as drug users, Facebook users, and MSM.152, 154–158 RDS is an
innovative and developing research area; there are challenges regarding the optimal study
design, recruitment strategies for contacts, and methods to analyse the data.159, 160
For mathematical modelling purposes, reliable and accurate estimates of sexual risk behaviour and pathogen parameters are essential, but many key parameters are highly uncertain or unknown. For example, transmission probabilities of C. trachomatis, N. gonorrhoeae, sexually transmitted HCV, and most other STIs have never been estimated in
epidemiological studies. The natural clearance rates of C. trachomatis and N. gonorrhoeae are only roughly estimated, and differences in clearance rates between infections
at different anatomical locations are unknown. Current estimates of transmission probabilities result from mathematical models that are fitted to prevalence or incidence data.
This methodology relies on the accuracy and generalisability of prevalence and incidence
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estimates, but general population estimates are scarce. Information on bacterial load differences per anatomical location might provide insight into transmission probabilities and
clearance rates. It was shown that N. gonorrhoeae bacterial load is higher among individuals with a symptomatic infection, compared to those with an asymptomatic infection,
and is also higher at the rectum than in the pharynx, suggesting that the transmission
potential differs by phase of infection and anatomical location.161 Bias might have been
introduced during sample collection at the different anatomical sights, because tissues
differ and it might be easier to collect a sample from the rectum than from the pharynx.
Standardised and validated methods to obtain and process samples are needed to reduce
these investigator induced biases. The results are conflicting with the results of a mathematical modelling study in which the transmission probabilities were fitted with observed
prevalence data. In that study, it was found that the per act transmission probability
from pharynx to urethra was four times higher than the per act transmission probability
from rectum to urethra.11 Therefore, further research into bacterial load differences between individuals and between anatomical sights of one individual, and comparisons with
mathematical and statistical models that account for transmission between anatomical
locations is needed.
As shown in chapter 3.3, anatomical locations and the direction of transmission between
the locations are important for pathogen spread. Due to HIV-related seroadaptive behaviours, the direction of STI spread might be altered, and different behaviours might
have different effects. With mathematical models, accounting for anatomical locations,
the effect on C. trachomatis and N. gonorrhoeae of HIV seroadaptive behaviours, for
example, serosorting, seropositioning, and viral sorting, can be investigated. This might
provide new and important information about pathogen spread within and between the
HIV-negative and HIV-infected MSM populations.
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Mathematical models for HIV spread among MSM that have been developed in the past
do not include changes in sexual careers during the life course of MSM. It has been
shown that MSM adapt their behaviour due to life events (e.g. HIV diagnosis) and events
that are calendar time dependent (e.g. medical breakthroughs).61 Fluctuations in sexual
behaviour are often HIV related.61, 162 Due to PrEP and the initiation of treatment-asprevention strategies that lower the risk of HIV acquisition, sexual behaviour might change
in the near future. Episodic risk can lead to HIV outbreaks among MSM,163 which might
undermine treatment-as-prevention efforts. Recent developments have shown that, theoretically, within-host heterogeneity in risk behaviour has a serious impact on HIV spread,
but real world data were not available to parameterise the model.164 Advances in analytical methods allow us to perform detailed and in depth research on longitudinal trends
in sexual risk behaviour. In the last decade, trajectories of drug use, smoking, alcohol use,
and sexual risk behaviour among MSM have been described, and these studies showed
the importance of identifying subgroups with distinct trajectories.165–168
The effective treatment strategies for HIV that suppress viral load gave cause to think
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about test-and-treat strategies to prevent new infections169 and eliminate HIV. Granich
et al. have suggested that when 90% of the population is annually tested for HIV and
diagnosed individuals receive immediate treatment, elimination can be reached.170 This
conclusion was questioned by Dodd et al. and Kretzschmar et al. among others, because
the initial model did not include some essential features, such as increased infectiousness during the acute phase of infection.171, 172 In the new era, in which test-and-treat
strategies can be combined with PrEP, elimination of HIV might become more feasible,
at least on a local scale. Lifelong PrEP use is not desirable and might not be feasible
as well. It is likely that PrEP use is most cost-effective when individuals start using it
when they enter a high-risk period and stop when the high-risk period ends. There is
an urgent need for studies that examine the effect of timed and targeted interventions
on HIV spread, accounting for sexual risk trajectories, as this information is necessary to
inform public health policies about PrEP use and early cART as treatment-as-prevention
strategy. Furthermore, treatment as prevention for HIV infection and also for HCV infection are likely to impact on sexual risk behaviour and network structure, especially among
MSM. A thorough evaluation on population level of the long-term impact of changes in
testing and treatment policies on transmission and resulting costs is needed to inform
policies and public health interventions with respect to testing and treatment.

Most public health related questions can be approached from different angles, using epidemiological, mathematical, and molecular methods. Mathematical models are being developed in which statistical methods are integrated to estimate and evaluate parameters
from data, compare models, and evaluate model output.173, 174 In molecular epidemiology,
statistical and mathematical models are used to interpret sequencing results. Microbiology
is a fast moving field; typing methods become more advanced, faster, and cheaper. We
are moving towards an era in which whole-genome sequencing becomes the standard and
deep sequencing will be used more often. Both methodologies are likely to reveal much
more detailed information about the transmission and evolution of pathogens than what is
currently obtained by the commonly used typing methods.119, 175 By deep sequencing, we
are able to study within-host heterogeneity of pathogens, which provides new study opportunities, e.g. understanding the development of within-host pathogen variability during
the course of infection (i.e. recombination and mutations), and the impact of antibiotic
pressure on evolution. For the field of molecular epidemiology, it is important to develop
sophisticated methods to analyse and interpret the large amount of information and to
combine it with behavioural data. Furthermore, wide-spread use of mobile phones increases the possibilities of data collection for public health related research, by tracking
the geographical location176 and using applications for questionnaires and diagnostics.
The large amount of data that will become available is challenging, and asks for a close
cooperation between molecular epidemiology, biostatistics, mathematical modelling, and
bioinformatics.
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Conclusions
Multidisciplinary studies, like the MSM Network Study, provide the opportunity to develop
new and sophisticated methods to study pathogen transmission in sexual networks. The
studies in this thesis focused on pathogens separately, because results were not indicative
for strong interactions between pathogens.
In chapter 2, it was shown that among heterosexuals, partnership factors are more important determinants of unprotected sexual contact, than characteristics of the individual.
STI prevalence differences between ethnic populations might be due to other mechanisms
than differences in sexual risk behaviour, for example health-seeking behaviour. In the
heterosexual population, assortative mixing patterns by age and ethnicity exist; unprotected sexual contact is more likely to occur in concordant partnerships.
As shown in chapter 3 and 4, demographic characteristics are less important for mixing in
the MSM population. The key determinant of UAI among MSM is perceived concordant
HIV status, which highlights the importance of accurate knowledge about HIV status.
Furthermore, it was shown that N. gonorrhoeae risk differs between meeting locations,
and that the contribution of the pharynx to spread is high. Population based N. gonorrhoeae screening has a limited effect on spread, highlighting the need for new treatment
strategies.
In chapter 4, molecular epidemiology of C. trachomatis, N. gonorrhoeae, and HCV did
not reveal subpopulations among MSM, suggesting that the population is homogeneously
mixed. A remarkable observation was that HCV antibody positivity was more often found
among MSM belonging to the leather subculture.
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The effect of prevention measures and treatment differs by pathogen, population, and
state of the epidemic. In chapter 5, it was shown that the HCV-related disease burden
will increase in the upcoming years, due to infections acquired during the injecting epidemic. Due to increased mortality among HIV co-infected PWID, HIV has reduced the
HCV-related disease burden. HCV treatment will also reduce the burden, but postponing
implementation of treatment reduces its effect, because the age of the population and the
average duration of HCV infection is increasing. Evidence for a reduction in the mortality
rates of HIV-1 in HIV-1 and HIV-2 dually infected individuals was not found.
We are entering a new era in which PrEP and treatment-as-prevention for HIV infection, and maybe also for HCV infection, become important prevention strategies. In
response, pathogen dynamics are likely to change. To increase our understanding of
how pathogen transmission is affected by individual behaviour, population behaviour, and
pathogen characteristics, combined methods remain needed that integrate methods and
data from different fields to reinforce each other.
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Summary

Chapter 1. General introduction
This thesis presents multidisciplinary studies on the epidemiology of sexually transmitted
and blood-borne infections in high-risk populations, in relation to the structure of the
sexual network, the interaction between pathogens, morbidity, and mortality. There is ongoing spread of sexually transmitted and blood-borne infections among heterosexuals and
men who have sex with men (MSM). The most important sexually transmitted infection
(STI) among heterosexuals is Chlamydia trachomatis. Events related to human immunodeficiency virus (HIV) infection, such as the introduction of combination antiretrovial
therapy, had a major impact on risk behaviour of MSM and people who inject drugs
(PWID), and on the spread of hepatitis C virus (HCV) in these populations. In turn, behavioural changes are likely to have had a major impact on the spread of HIV, HCV, and
other STIs. Increasing sexual risk behaviour might have caused an increase in the spread
of C. trachomatis and Neisseria gonorrhoeae and the emergence of sexually transmitted
HCV among MSM. The general introduction provides an overview of the characteristics
of pathogens and high-risk populations studied in this thesis. Molecular typing methods
and models are introduced that provide insight into the sexual network structure and
transmission dynamics.
Chapter 2. Mixing patterns and Chlamydia trachomatis spread among heterosexuals

A

In chapter 2, sexual risk behaviour and the spread of C. trachomatis among heterosexuals
are analysed, using data from a cross-sectional survey at the STI outpatient clinic of the
Public Health Service of Amsterdam, the Netherlands, in 2010. The inclusion criteria
were visiting the clinic for a new consultation, being heterosexual, being at least 16 years
old, and understanding of written Dutch or English. Participants (n = 2144) completed a
questionnaire about themselves and about the four most recent partners in the preceding
year. The median age of the study population was 25 (interquartile range [IQR] 2230) years and 54.7% were female. In chapter 2.1, condom use in 6401 partnerships
reported by the 2144 heterosexual STI clinic visitors was studied. In steady partnerships,
inconsistent condom use was associated with ethnic concordance, longer duration of the
partnership, higher number of sexual contacts, practising anal sex, and sex-related drug
use. In casual partnerships, associations were found with having a partner of the same
age, ethnic concordance, longer duration, higher number of sexual contacts, anal sex, sexrelated drug use, ongoing partnerships, and concurrency. Partnership factors explained
50.9% of the variance in steady partnerships and 70.1% in casual partnerships compared
with 10.5% and 15.4% respectively for characteristics of the individual (such as age of
the participant), showing that partnership factors are more important determinants of
282

inconsistent condom use than individual characteristics. In chapter 2.2 it was shown
that the higher prevalence of C. trachomatis among Surinamese/Antillean heterosexuals
compared to Dutch heterosexuals in the Netherlands is not explained by differences in
sexual risk behaviour between the two groups. The higher C. trachomatis prevalence
found among Surinamese/Antilleans appeared to reflect their lower socio-economic status.
It was hypothesised that the effect results from lower health-seeking behaviour.
Chapter 3. Mixing patterns and Neisseria gonorrhoeae spread among men who
have sex with men
Chapter 3 describes sexual risk behaviour among MSM, and their risk to acquire N.
gonorrhoeae. Data from the MSM Network Study among MSM were used. Participants
were recruited at the STI outpatient clinic of the Public Health Service and the HIV
treatment center (HTC) of the Academic Medical Center of Amsterdam, the Netherlands,
from 2008 to 2009. Inclusion criteria were being MSM, being at least 18 years old, and
understanding of written Dutch or English. At the STI clinic, 2492 MSM were recruited
during 3050 clinic visits. The median age of the population was 38 (IQR 31-45) years,
25.6% were known HIV-infected, and 1.7% tested HIV-positive during the clinic visit.
At the HTC, 200 HIV-infected MSM were recruited. Their median age was 47 (IQR 4253). In chapter 3.1, the association between HIV status and unprotected anal intercourse
(UAI) was examined. Among 1916 self-perceived HIV-negative MSM in 6544 partnerships
and 561 self-perceived HIV-positive MSM in 1941 partnerships, it was found that HIV
status was one of the strongest determinants of UAI (p < 0.001). Among HIV-negative
men, perceived HIV discordance was negatively associated with receptive UAI (OR 0.57;
95% CI 0.36-0.92). Among HIV-positive men, perceived HIV discordance was negatively
associated with insertive UAI (OR 0.05; 95% CI 0.03-0.08). The findings suggest that
serosorting is one of the main decision-making strategies for engaging in UAI. Furthermore,
this study suggests that many HIV-negative MSM are at risk of acquiring HIV, because
there was a discrepancy between the perceived serostatus, on which decision-making is
based, and the actual serostatus of some individuals. Chapter 3.2 describes a statistical
method that was developed to estimate the risk of infection with N. gonorrhoeae at
locations where MSM meet their sexual partners. A prediction model for N. gonorrhoeae
was developed based on the characteristics of the participants, meeting location of the
partner, and sexual behaviour. This model was used to predict the risk that each partner
was infected. The meeting venue was considered the location where the participant had
met the source partner of his infection according to the estimated risk. It was shown that
most infections were acquired from the steady partner (met > 6 months ago), and that
MSM who met a partner in one of the two streets in Amsterdam where many gay venues
are located had the highest risk to acquire infection from that partner. N. gonorrhoeae
transmission dynamics among MSM are described in Chapter 3.3. A mathematical model
was developed in which transmission of N. gonorrhoeae between the rectum, urethra,
and pharynx was modelled, and the contribution of these anatomical locations to R0
was estimated. Among MSM, the estimated median N. gonorrhoeae prevalence was
5.7% (95% range 1.4%-7.9%). The median R0 was 1.7 (95% range 1.1%-3.7%). The
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contribution to R0 of the rectum was 11.3% (95% range 4.6%-19.4%), of the urethra
43.4% (95% range 37.2%-47.7%), and of the pharynx 37.0% (95% range 29.8%-43.7%).
When the contribution of the pharynx increased, R0 could increase too. In this study,
it was shown that pharyngeal infections are more important than rectal infections for
N. gonorrhoeae spread among MSM, even though the prevalence of rectal infections is
higher. In scenario studies, in which the effect of screening was assessed, it was found
that median R0 < 1 was reached when 90% of all MSM were screened at the three
anatomical locations, every 3 months. It was concluded that population-wide screening is
unlikely to stop N. gonorrhoeae transmission, unless upscaled to unrealistically high rate
and coverage.

Chapter 4. Identification of subpopulations by molecular epidemiology among
men who have sex with men

A

Chapter 4 describes the results of three studies in which the spread of STIs among MSM
in the MSM Network Study were investigated, using molecular epidemiology. The aim of
this chapter was to identify subgroups in the MSM populations. The pathogens under
study were C. trachomatis, N. gonorrhoeae and HCV. In chapter 4.1, N. gonorrhoeae
transmission networks were examined. Based on molecular typing of 278 N. gonorrhoeae
infected isolates, participants were divided into 6 large clusters (≥ 9 isolates) and 8 smaller
clusters (5-9 isolates), and these clusters were related to various epidemio-logical characteristics. In this study, it was shown that different N. gonorrhoeae strains are present
in the population at the same time and that there are distinct N. gonorrhoeae transmission networks. Concordance between clusters and epidemiological characteristics (i.e.
HIV status and geographical meeting locations) was present but not marked. Transmission networks of C. trachomatis were examined in chapter 4.2. Molecular typing of
277 C. trachomatis isolates revealed 6 clusters of size 8-127. Comparing epidemiological
characteristics of MSM in different clusters did not reveal distinct epidemiological subpopulations in which specific C. trachomatis strains spread. In the third study, chapter
4.3, it was examined whether HCV circulates in identifiable high-risk MSM subcultures.
Among 93 HIV-infected MSM with HCV antibodies, seropositivity was associated with
belonging to subcultures identified as leather, rubber/lycra, or jeans. This relation might
be explained by the differences in sexual risk behaviour between MSM who belong to the
high-risk subcultures and MSM who belong to other subcultures, as we found that high
sexual risk behaviour was also associated with these subcultures. HCV RNA was detected
in 46 (49.5%) MSM. Phylogenetic analysis was performed and the resulting clusters were
compared with epidemiological data. Separate transmission networks for the different
genotypes were not revealed; all HCV genotypes were found in all high-risk subcultures.
Based on this study, we recommend active HCV screening and treatment within specific
subcultures.
284

Chapter 5. Pathogen interactions and disease outcome
Morbidity and mortality of HIV and HCV were subject of chapter 5. Chapter 5.1 describes
the results of a modelling study in which the future disease burden of HCV among people
who inject drugs (PWID) was estimated. This burden is determined by the incidence of
HCV infection, the long latency period of HCV infection, mortality from competing causes,
presence of HIV co-infection, and HCV treatment uptake. It was found that the HCVrelated disease burden has been reduced by a high competing mortality rate, particularly
caused by HIV infection, and to a smaller extent by HCV treatment. Improved HCV
treatment is expected to reduce the future HCV disease burden. The last study described
in this thesis, chapter 5.2, is a systematic review and meta-analysis on HIV mortality. The
mortality rates of mono-infected individuals with either HIV-1 or HIV-2 and individuals
with a dual infection with both HIV-1 and HIV-2 were compared, because it has been
suggested that HIV-2 infection inhibits HIV-1 disease progression in dually infected (HIVD) individuals. The systematic literature search identified seven studies that met the
inclusion criteria. Significant difference between the mortality rates of HIV-1 mono- and
HIV-D infected individuals were not found. The mortality rates of both HIV-1 monoinfected and HIV-D infected individuals were significantly higher than the rate among
HIV-2 mono-infected individuals. It was concluded that HIV-2 mono-infected individuals
have a lower mortality rate than HIV-1 infected individuals, but there is no evidence that
HIV-D infected individuals survive longer than HIV-1 mono-infected individuals.
Chapter 6. General discussion
The main findings and public health implications are discussed in chapter 6. The sexual network is structured by sexual orientation. Assortative mixing patterns are present
among heterosexuals, and together with differences in health-seeking behaviour, it might
cause differences in the STI prevalence between subpopulations. Sexual risk behaviour in
assortatively mixed partnerships is increased. Among heterosexuals and MSM, condom
use during sexual contact is lower in steady than in casual partnerships and decreases
with an increasing number of sexual contacts. There was no evidence of demographic
characteristics structuring the sexual network of MSM. Assortative mixing patterns based
on HIV status were present and some evidence was found for geographical clustering.
Based on molecular typing of C. trachomatis, N. gonorrhoeae, and HCV it was concluded
that the assortative mixing patterns in the MSM population are not strong enough to
cause separate transmission networks for STI spread. Among heterosexuals, public health
interventions should focus on lowered risk perception in assortatively mixed partnerships
and the increased prevalence of C. trachomatis among individuals with a Surinamese/Antillean backgound, which might be caused by lower health-seeking behaviour. The target
groups for STI screening in the MSM population are less clear. Outreach programmes
targeting high-risk meeting venues might reduce the prevalence of STIs, as infection risks
differ between meeting locations and subcultures that might be linked to specific meeting locations. Screening interventions are unlikely to stop N. gonorrhoeae transmission.
Futhermore, the pharynx is an important source of N. gonorrhoeae infections, highlighting
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the importance of pharyngeal N. gonorrhoeae testing. Changes in sexual risk behaviour
in the MSM population, that might occur due to the availability of pre-exposure prophylaxis (PrEP) for HIV-negative individuals in the near future, should be closely monitored,
because this might cause an increase in STI spread. In the absence of a vaccine against
HIV, PrEP combined with treatment as prevention is the only route to HIV elimination,
and increases in sexual risk behaviour decrease the feasibility of this approach. Although
the interaction between HIV-1 and HIV-2 might be worthwhile to study, HIV-2 does not
slow down disease progression of HIV-1 in HIV-D infected individuals and in this respect,
is unlikely to provide new clues for vaccine development. Among Dutch PWIDs, the
main focus shifted from preventing new HIV and HCV infections to preventing disease
progression, for example HCV-related liver disease. The HCV-related disease burden is
expected to increase in the next decade and can be reduced by treatment. Future research
should focus on a multidisciplinary approach in which molecular epidemiology, statistical,
and mathematical modelling tools are combined to unravel transmission networks. New
analytical methods are needed, in which methodologies of different fields are stronger
integrated.
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Samenvatting

Hoofdstuk 1. Algemene introductie
Dit proefschrift beschrijft studies over de epidemiologie van seksueel- en bloed overdraagbare infecties in hoog-risico populaties. Er wordt een link gelegd met de structuur van
het seksuele netwerk zoals leeftijdsverschillen in relaties, de interactie tussen de ziekteverwekkers die verantwoordelijk zijn voor de infecties, ziektelast en sterfte. Aan de orde
komen bacteriële infecties met Chlamydia trachomatis, de belangrijkste seksueel overdraagbare aandoening (soa) onder heteroseksuelen, en Neisseria gonorrhoeae welke men
name voorkomt bij mannen die seks hebben met mannen (MSM). De virale infecties
met hepatitis C virus en humaan immunodeficiëntie virus type 1 (hiv-1) bij MSM en
injecterende drugsgebruikers en hiv-2 in met name West-Afrika komen ook aan bod.
De algemene introductie geeft een overzicht van de karakteristieken van deze ziekteverwekkers en populaties. Moleculaire typeringsmethoden van virus- en bacteriestammen
en wiskundige en statistische modellen die inzicht geven in de seksuele netwerkstructuur
en transmissie dynamiek worden geı̈ntroduceerd.
Hoofdstuk 2. Mengpatronen en C. trachomatis infecties in de heteroseksuele
populatie
Seksueel risicogedrag en de verspreiding van C. trachomatis in de heteroseksuele populatie
zijn het onderwerp van hoofdstuk 2. Data zijn verzameld op de soa-polikliniek van de
GGD Amsterdam in een dwarsdoorsnede studie onder heteroseksuele mannen en vrouwen.
In hoofdstuk 2.1 is het condoomgebruik in 6401 partnerschappen onderzocht die waren
gerapporteerd door 2144 heteroseksuele deelnemers. In vaste relaties was inconsistent
condoomgebruik geassocieerd met etnische overeenkomst van partners, langere duur van
de relatie met de partner, een groter aantal seksuele contacten in het afgelopen jaar, anale
seks en seks-gerelateerd drugsgebruik. In losse relaties was inconsistent condoomgebruik
geassocieerd met overeenkomst in etniciteit en leeftijd, een langere relatieduur, een groter
aantal seksuele contacten in het afgelopen jaar, anale seks en seks-gerelateerd drugsgebruik. In relaties die (nog) bestonden op het moment van inclusie in de studie vond vaker
inconsistent condoomgebruik plaats. Wanneer een relatie in tijd overlapte met andere
relaties van de deelnemer werd er vaker consistent condoomgebruik gerapporteerd dan
wanneer relaties niet overlapten in tijd. Het bleek dat relationele factoren belangrijkere
determinanten zijn voor inconsistent condoomgebruik dan de karakteristieken van het individu.
In hoofdstuk 2.2 is onderzocht waarom C. trachomatis vaker voorkomt onder heteroseksuelen met een Surinaamse/Antilliaanse etniciteit dan onder heteroseksuelen met een
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Nederlandse etniciteit. Het verschil in vóórkomen, de prevalentie, kon niet worden verklaard door verschillen in seksueel risicogedrag, maar wel door een lager opleidingsniveau
van de Surinaams/Antilliaanse groep en de wijk waarin deze personen woonden. Deze
factoren hangen samen met de sociaal-economische status. Sociaal-economische status
zou een marker kunnen zijn voor de mate waarin individuen toegang zoeken tot zorg. Mogelijk laten individuen met een lagere sociaal-economische status zich minder vaak testen
op soa en worden zij dus minder vaak behandeld. Hierdoor neemt de gemiddelde duur van
C. trachomatis infecties toe en, samen met etnische concordantie in partnerkeuze, kan
dit leiden tot een hogere C. trachomatis prevalentie in de Surinaams/Antilliaanse groep.
Hoofdstuk 3. Mengpatronen en Neisseria gonorrhoeae infecties in mannen die
seks hebben met mannen
Hoofdstuk 3 beschrijft het seksuele risicogedrag en de kans op N. gonorrhoeae infectie
in de MSM populatie. Data voor de MSM Netwerk Studie zijn verzameld op de soapolikliniek van de GGD Amsterdam en het hiv behandel centrum van het Academisch
Medisch Centrum (AMC) in Amsterdam.
De associatie tussen onbeschermd anale seks en veronderstelde hiv status binnen een
partnerschap is beschreven in hoofdstuk 3.1. De eigen veronderstelde hiv status en de
veronderstelde hiv status van de partner waren zeer sterk geassocieerd met onbeschermde
anale seks binnen een relatie. Onder de veronderstelde hiv-negatieve MSM was de kans op
onbeschermd receptief anale seks het kleinst wanneer de partner verondersteld hiv-positief
was. In relaties tussen veronderstelde hiv-positieve MSM en hiv-negatieve partners was
de kans op insertieve anale seks door de index het kleinst. Bij een klein deel van de
MSM werd hiv gediagnosticeerd terwijl de mannen zelf dachten dat ze hiv-negatief waren.
Juiste kennis over de hiv status is belangrijk, omdat de veronderstelde hiv status één van
de belangrijkste factoren is waarop MSM bepalen of zij onbeschermde anale seks hebben
in een partnerschap.
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Hoofdstuk 3.2 beschrijft een statistische methode die is ontwikkeld om het risico op
N. gonorrhoeae infectie te schatten voor locaties waar MSM hun seksuele partners ontmoeten. Het predictiemodel is gebaseerd op de karakteristieken van de deelnemer, de
ontmoetingslocatie van de partner en seksueel gedrag met deze partner. Dit model is
gebruikt om vervolgens het risico te voorspellen dat een partner geı̈nfecteerd was met
N. gonorrhoeae en dus de bron was van de infectie. Dit risico werd gekoppeld aan de
ontmoetingslocatie van deze partner. De meeste N. gonorrhoeae infecties kregen MSM
van een vaste partner die meer dan 6 maanden voor studie deelname was ontmoet. MSM
hadden de grootste kans op infectie van partners die zij hadden ontmoet in één van de
twee straten met veel uitgaansgelegenheden voor MSM in Amsterdam. Uit deze studie
bleek dat het infectie risico van N. gonorrhoeae verschilt per ontmoetingslocatie.
In hoofdstuk 3.3 wordt een deterministisch wiskundig model beschreven waarmee de
transmissie van N. gonorrhoeae tussen de anus, de plasbuis en de keel is gemodelleerd in
288

een MSM populatie. Het basaal reproductie getal (R0 ) is berekend. De definitie van R0 is
het gemiddelde aantal secundaire infecties die worden veroorzaakt door één geı̈nfecteerde
persoon in een volledig vatbare populatie gedurende zijn gehele infectieuze periode. Een
infectie kan zich niet verspreiden wanneer R0 kleiner is dan 1 en kan zich wel verspreiden
wanneer R0 groter is dan 1. De bijdrage van de verschillende anatomische locaties aan R0
is geschat met behulp van een zogenaamde elasticiteitsanalyse. De mediane gemodelleerde
prevalentie van N. gonorrhoeae was 5.7% en de mediane R0 was 1.7. De bijdrage van
infecties in de anus aan R0 was 11.3%, de bijdrage van de plasbuis was 43.4% en de
bijdrage van de keel was 37.0%. Wanneer de bijdrage van de keel groter werd kon ook
R0 stijgen. De conclusie van deze studie is dat keel-infecties belangrijker zijn voor N.
gonorrhoeae verspreiding dan infecties in de anus, hoewel de prevalentie van infecties in
de anus hoger is. Het effect van diverse screening strategieën is onderzocht in scenario
studies. Verspreiding van N. gonorrhoeae kon alleen worden gestopt wanneer screening
werd opgeschaald naar een onrealistisch hoge frequentie en omvang.
Hoofdstuk 4. Identificatie van subpopulaties in de MSM populatie door middel
van moleculaire epidemiologie
Hoofdstuk 4 beschrijft de resultaten van drie studies waarin gebruik is gemaakt van
gegevens van de MSM Netwerk Studie. Door middel van moleculaire epidemiologie is
de verspreiding van soa in de MSM populatie onderzocht. Het doel van deze studies was
om subgroepen in de MSM populatie te identificeren en inzicht te krijgen in de structuur
van het seksuele netwerk. Er is gekeken naar C. trachomatis, N. gonorrhoeae en HCV
infecties.
Hoofdstuk 4.1 gaat over N. gonorrhoeae. MSM zijn ingedeeld in clusters op basis van
het type N. gonorrhoeae waarmee zij waren geı̈nfecteerd. De epidemiologische kenmerken
van deze mannen zijn met elkaar vergeleken. De bevindingen waren dat er tegelijkertijd
diverse N. gonorrhoeae typen aanwezig zijn in de MSM populatie en dat er verschillende
N. gonorrhoeae transmissie-netwerken zijn. Er was enige, maar geen sterke, overeenkomst
tussen de clusters en de epidemiologische kenmerken van de personen. In sommige clusters was de hiv prevalentie bijvoorbeeld hoger dan in andere clusters en ook zijn er enige
geografische verschillen gevonden.
In hoofdstuk 4.2 zijn MSM ingedeeld in clusters op basis van hun C. trachomatis type en
zijn ook hun epidemiologische kenmerken vergeleken. De clusters werden niet gekenmerkt
door specifieke epidemiologische karakteristieken, waaruit geconcludeerd kan worden dat
er geen bewijs is voor de aanwezigheid van subpopulaties in de MSM populatie.
De onderzoeksvraag in de derde studie, hoofdstuk 4.3, was of HCV circuleert in identificeerbare subculturen in de MSM populatie. HCV seropositiviteit bleek geassocieerd
te zijn met de leer, rubber/lycra en jeans subculturen. De relatie tussen HCV en deze
subculturen kan mogelijk verklaard worden door het verhoogde seksuele risicogedrag van
deze groepen ten opzichte van MSM die niet tot deze subculturen behoren. Binnen de
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hoog-risico subculturen waren er geen duidelijke gescheiden transmissie-netwerken waarin
één specifiek HCV genotype circuleerde.
Hoofdstuk 5. Interacties tussen ziekteverwekkers en ziekte uitkomst
De morbiditeit en mortaliteit van hiv en HCV komen in hoofdstuk 5 aan de orde. Hoofdstuk 5.1 beschrijft de uitkomsten van een studie waarin de toekomstige ziektelast van
HCV onder injecterende drugsgebruikers is geschat met behulp van een wiskundig model.
Het deterministische model beschreef een populatie van drugsgebruikers die geı̈nfecteerd
kon raken met hiv en HCV. De belangrijkste bevinding was dat de HCV gerelateerde
ziektelast onder druggebruikers in Nederland is gereduceerd door de hoge niet-HCV gerelateerde sterfte (bijvoorbeeld sterfte door hiv co-infectie). De reductie in HCV gerelateerde ziektelast wordt in mindere mate gereduceerd door HCV behandeling wat sinds
2005 beschikbaar is voor deze groep. Verbeteringen in HCV behandeling, zoals effectievere medicatie of een toename in het aantal personen dat behandeling ondergaat, kan de
toekomstige HCV ziektelast verder reduceren. Het effect van deze HCV behandeling op de
ziektelast is beperkt in Nederland, omdat de populatie injecterende drugsgebruikers met
HCV in Nederland kleiner wordt. Wanneer de introductie van deze effectievere therapie
langer op zich laat wachten, zal het effect nog verder afnemen.
De laatste studie in dit proefschrift, beschreven in hoofdstuk 5.2, is een systematische
review en meta-analyse naar de sterfte door hiv. De sterftecijfers van individuen die
alleen een hiv-1 infectie, alleen een hiv-2 infectie of een hiv-1 en hiv-2 dubbel infectie
hadden zijn vergeleken. Er zijn in de literatuur zeven studies geı̈dentificeerd die aan de
inclusie criteria van de review voldeden. Er zijn geen significante verschillen gevonden
tussen de sterftecijfers van individuen met een hiv-1 mono-infectie en een dubbelinfectie.
De sterftecijfers van individuen met een hiv-1 mono-infectie of een dubbelinfectie waren
wel hoger dan het sterftecijfer van individuen met enkel een hiv-2 infectie. Hieruit is
geconcludeerd dat het sterftecijfer onder individuen met een hiv-2 mono-infectie lager is
dan onder individuen met een hiv-1 infectie, maar dat er geen bewijs is dat individuen
met een dubbelinfectie langer overleven dan individuen met een hiv-1 mono-infectie.
Hoofdstuk 6. Algemene discussie
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De belangrijkste bevindingen en de implicaties voor publieke gezondheid komen aan
de orde in hoofdstuk 6, de algemene discussie. Er is een scheiding tussen de seksuele netwerken van heteroseksuelen en MSM. Heteroseksuelen hebben vaker partners die
vergelijkbare kenmerken hebben, zoals ongeveer dezelfde leeftijd en etnische achtergrond.
Seksueel risicogedrag in relaties tussen partners met overeenkomstige karakteristieken is
verhoogd. Deze mengpatronen kunnen er samen met verschillen in zorgzoek-gedrag toe
leiden dat er prevalentie verschillen in soa ontstaan tussen verschillende subpopulaties.
Zowel onder heteroseksuelen als onder MSM is condoomgebruik in vaste relaties lager
dan in losse relaties en neemt condoomgebruik binnen een relatie af naarmate het aantal
sekscontacten toeneemt. Er is geen bewijs gevonden dat demografische karakteristieken
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structuur geven aan het seksuele netwerk van MSM. Wel kwamen relaties tussen MSM
met eenzelfde hiv status vaker voor dan relaties tussen MSM met verschillende hiv status
en was het seksuele risicogedrag in deze relaties verhoogd. Gebaseerd op de moleculaire
typeringen van C. trachomatis, N. gonorrhoeae en HCV kon worden geconcludeerd dat
de mengpatronen in de MSM populatie niet zodanig zijn dat er een duidelijke scheiding
aan te brengen is in de transmissie-netwerken van soa.
In de heteroseksuele populatie zouden interventies en preventie strategieën gericht moeten
worden op de misvatting van een laag risico op soa van een partner met vergelijkbare
kenmerken en op de verhoogde prevalentie van Chlamydia onder individuen met een Surinaams/Antilliaanse achtergrond. De MSM subpopulaties waarop soa preventie specifiek
gericht zou kunnen worden zijn minder duidelijk. Omdat er verschillen zijn in het infectie
risico tussen ontmoetingslocaties en subculturen die een link hebben met deze specifieke
ontmoetingslocaties, zouden outreach-programma’s gericht op deze locaties mogelijk de
soa prevalentie kunnen verlagen. Het is zeer onwaarschijnlijk dat in de MSM populatie
brede screening programma’s N. gonorrhoeae transmissie kunnen stoppen. Het is wel
belangrijk dat er naast het testen op N. gonorrhoeae in de anus en de plasbuis ook getest
wordt op N. gonorrhoeae in de keel, omdat deze anatomische locatie zeer belangrijk is
voor verspreiding.
We staan aan het begin van een nieuw tijdperk waarin pre-expositie profylaxe (PrEP) voor
hiv-negatieve individuen een mogelijk belangrijke rol gaat spelen in hiv preventie en kan
leiden tot veranderingen in het seksuele gedrag van MSM. Het is belangrijk dat het seksuele gedrag nauwlettend gevolgd wordt, omdat PrEP wel het risico van hiv infectie sterk
verlaagt, maar niet dat van de andere soa. Zolang er geen vaccin beschikbaar is tegen hiv
is PrEP gecombineerd met een behandeling-als-preventie strategie (vroege antiretrovirale
behandeling van individuen met hiv om transmissie te voorkomen) en gedragsmatige interventies de enige manier om hiv te elimineren. De kans van slagen van deze gecombineerde
strategie zal kleiner zijn wanneer seksueel risicogedrag toeneemt.
Hoewel het bestuderen van de interactie tussen hiv-1 en hiv-2 de moeite waard is, is het
minder waarschijnlijk dat het inzichten oplevert voor de ontwikkeling van een hiv vaccin.
Hiv-2 infectie in individuen met een hiv-1 en hiv-2 dubbelinfectie vertraagt namelijk niet
de ziekteprogressie van hiv-1.
In de populatie van injecterende drugsgebruikers in Nederland heeft een verschuiving
plaatsgevonden van het voorkómen van nieuwe hiv en HCV infecties naar het voorkómen
van ziekteprogressie, zoals het ontwikkelen van gedecompenseerde levercirrose en leverkanker. De HCV gerelateerde ziektelast zal de komende jaren stijgen, maar kan worden
beperkt door het opschalen van HCV behandeling. Nieuwe behandelingen met een hogere
effectiviteit, een kortere behandelduur en minder bijwerkingen komen in snel tempo op
de markt. Hoe langer er gewacht wordt met de behandeling van injecterende drugsgebruikers, hoe kleiner het effect zal zijn op populatieniveau.
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Voor toekomstig onderzoek is het belangrijk dat er gekozen wordt voor een multidisciplinaire aanpak waarin moleculaire epidemiologie wordt gecombineerd met wiskundige
en statistische methodes om zo transmissie-netwerken te ontrafelen. Nieuwe analytische
methoden die de technieken uit de diverse vakgebieden combineren zijn nodig.

A
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