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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 subpopu-
lations 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. Epidemiologi-
cal and clinical data were derived from questionnaires and patient records.

Results. Typing of 277 samples from 260 MSM identified distinct C. trachomatis strains circulating concurrent-
ly 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 behav-
ior. No such associations were found for non–LGV-inducing strains. MSM infected with heterosexual-associated
strains were often younger (P = .04) and more often reported sex with women (P = .03), compared with men infect-
ed 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 heterosexual-
associated C. trachomatis strains.

Keywords. Chlamydia trachomatis; high-resolution genotyping; cluster analysis; men who have sex with men;
lymphogranuloma venereum; epidemiology; HIV.

In affluent countries, the distribution of Chlamydia tra-
chomatis 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 ma-
jority 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 subpopu-
lation 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 be-
havior [6, 7]. Studies linking non-LGV ompA types
with behavioral data found no or minimal associations
between these genovars and age, ethnicity, STI history,
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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 rela-
tionships in studies using ompA typing, as this technique is
unable to discern between the original and recombinant types.

Novel typing methods (ie, multilocus sequence typing
[MLST]) for C. trachomatis that make use of multiple loci in
the genome have improved the manner in which close relation-
ships 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 demon-
strated 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 gen-
ovars 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 het-
erosexual-associated strains [14, 15]. The studies suggested that
these heterosexual-associated strains might have been intro-
duced 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 cir-
culating C. trachomatis strains are linked to certain subpopula-
tions of MSM, as characterized by demographic characteristics,
risky sexual behavior, sex partnerships, and lifestyle.

MATERIALS ANDMETHODS

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 bian-
nual survey. Participants included in the study had to meet the
following criteria: be of male sex, at least 18 years of age, under-
stand 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 provid-
ed 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 Ac-
ademic Medical Center of Amsterdam, the Netherlands
(MEC07/181). The molecular and clinical data collected have
been described previously by Bom et al [14].

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. tra-
chomatis, using transcription-mediated amplification (TMA;
Aptima Combo 2, Hologic Gen-Probe, San Diego, CA). A com-
puter-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 (ie,
western and southern European, North American, or Austra-
lian), and non-Western (ie, 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 commu-
nity. 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 mul-
tiple 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 (eg, 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.

Laboratory Techniques and Data Analysis
All DNA from C. trachomatis–positive clinical samples was ex-
tracted 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 (ie,
ompA, CT046 [hctB], CT058, CT144, CT172, and CT682
[pbpB]), were amplified by a nested polymerase chain reaction
assay to gain a high degree of variation between the different
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clinical samples [13, 14]. These loci were subsequently se-
quenced 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 success-
fully 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 (2012) [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 ≤.05 was considered statistically significant. Because LGV
was much more prevalent among HIV-infected participants,
compared with HIV-negative participants, the analyses of dif-
ferences between the clusters were performed twice, once with
and once without inclusion of LGV-inducing genotypes. Anal-
yses 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
DNAwith a sufficiently high load was demonstrated by quanti-
tative 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 in-
cluded 2 couples of sex partners (4 samples), 9 participants in-
fected 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

participants (70%) had a steady sex partner in the preceding 6
months. The men had a median number of 2 traceable casual
partners (IQR, 1–5 traceable casual partners) and 4 traceable
casual partners (IQR, 1–11 traceable 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 in-
cluded within the 6 identified clusters. Cluster size ranged from
8 to 127 samples. Three samples were singleton infections.
Cluster I consisted of 19 STs containing 127 samples and re-
vealed 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 clus-
ters, 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 partic-
ipant the ST of the urine and anal sample differed at 1 locus.
This locus, CT682, differed between the 2 samples on 16 single-
nucleotide polymorphisms. 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 anal-
yses, we therefore excluded 5 samples, leaving 272 indepen-
dently transmitted C. trachomatis infections.

Couples of Sex Partners
Two couples of sex partners provided samples. For both cou-
ples, one partner had a C. trachomatis–positive urine sample
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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.

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 (ie, 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 in-
fection 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 be-
longed 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 = .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 fromMSM in other clusters in many respects.
These men more often identified themselves with leather, mili-
tary, rubber/Lycra, or jeans subcultures; were more likely to be

Table 1. Participant 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 Participants (n = 260)

Demographic and lifestyle characteristics

Age, y 39 (31–45)

Self-defined ethnicity
Dutch 184 (71)

Western 31 (12)

Non-Western 45 (17)
Self-defined involvement in leather, military,
rubber/Lycra, or jeans subculture

103 (40)

STIs
Anatomical location of C. trachomatis infection
Anal canal only 178 (68)

Urethra only 77 (30)
Anal canal and urethra 5 (2)

HIV infectiona 112 (45)

History of STI 106 (41)
Serologically proven previous syphilis 86 (33)

Active syphilis 8 (3)

Gonorrhea 49 (19)
N. gonorrhoeae cluster according to Heijmans et al (2012)b

I 3 (19)

II 4 (25)
III 4 (25)

V 5 (31)

Sexual behavior in the preceding 6 mo
Insertive anal intercoursec

No 61 (24)

Safe only 57 (22)
Unsafe 140 (54)

Receptive anal intercoursec

No 47 (18)
Safe only 54 (21)

Unsafe 157 (61)

Fistingc 33 (13)
Group sexc 89 (34)

Sexual contact with women 12 (5)

Information on sex partners in the preceding 6 mo
HIV serostatus of sex partnersc

All HIV negative 18 (7)

Possibly 1 HIV infected 163 (63)
At least 1 HIV infected 77 (30)

Had a steady partnerd 181 (70)

Traceable casual partners, no.d 2 (1–5)
Anonymous casual partners, no.d 4 (1–11)

At least 1 Dutch partnerc 205 (79)

At least 1 Western, non-Dutch partnerc 89 (34)
At least 1 non-Western partnerc 112 (43)

At least 1 partner involved in leather, military,
rubber/Lycra, or jeans subculturec

93 (36)

Table 1 continued.

Variable Participants (n = 260)

At least 1 bisexual partner 5 (2)

Data are no. (%) of subjects or median (interquartile range).

Abbreviations: 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.
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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 signifi-
cant differences between the men in these clusters in terms of
age, ethnicity, or subculture (Table 2). In addition, no significant
differences were found between clusters for any of the sexual be-
havior 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. trachoma-
tis 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 infec-
tions could not be assigned to either. As LGV-inducing cluster VI
was different in many respects from the other MSM-associated
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 charac-
teristics.

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 = .04; Table 3). Eth-
nicity 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 = .03). However, only 15% of
men (3/20) with heterosexual-associated C. trachomatis infec-
tions 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 character-
istics, or site of infection. In addition, 5 of 7 men with a

Figure 1. Minimum spanning tree of 277 Chlamydia trachomatis–positive samples from men who have sex with men (MSM) in Amsterdam, the Nether-
lands, 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 associa-
tions: pink, the MSM-associated non–lymphogranuloma venereum (LGV)-inducing clusters; blue, the heterosexual-associated non–LGV-inducing clusters;
and gray, the LGV-inducing cluster, according to Bom et al [14].
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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

Variable

Cluster I,
Genovars G and

J (n = 123)

Cluster II,
Genovar D
(n = 78)

Cluster III,
Genovar D
(n = 9)

Cluster IV,
Genovar E
(n = 11)

Cluster V,
Genovar F
(n = 8)

Cluster VI,
Genovars L2b
and L2 (n = 40)

P, Cluster
VI Included

P, Cluster VI
Excluded

Demographic and lifestyle characteristics

Age, y 39 (31–45) 39 (30–45) 36 (26–42) 35 (31–43) 32 (27–35) 43 (35–46) .058 .189
Self-defined ethnicity

Dutch 86 (70) 59 (76) 6 (67) 8 (73) 3 (38) 29 (73) .234 .262

Western 11 (9) 9 (12) 1 (11) 2 (18) 2 (25) 8 (20)
Non-Western 26 (21) 10 (13) 2 (22) 1 (9) 3 (38) 3 (8)

Self-defined
involvement
in leather, military,
rubber/Lycra, or
jeans subculture

44 (36) 22 (28) 5 (56) 6 (55) 4 (50) 25 (63) .006 .208

STIs
Anatomical location of C. trachomatis infection
Anal canal only 76 (62) 53 (68) 6 (67) 5 (45) 8 (100) 39 (98) <.001 .348

Urethra only 43 (35) 24 (31) 3 (33) 6 (55) 0 (0) 1 (3)
Anal canal and

urethra
4 (3) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)

HIV infectiona 44 (36) 26 (33) 2 (22) 6 (55) 2 (25) 33 (83) <.001 .404
History of STI 46 (37) 35 (45) 2 (22) 6 (55) 1 (13) 24 (60) .040 .216

Serology matching
treated syphilis

39 (32) 22 (28) 2 (22) 4 (36) 0 (0) 26 (65) <.001 .381

Active syphilis 6 (5) 0 (0) 0 (0) 0 (0) 0 (0) 2 (5) .316 .258

Gonorrhea 20 (16) 15 (19) 2 (22) 3 (27) 4 (50) 7 (18) .286 .193

N. gonorrhoeae cluster according to Heijmans et al (2012)b

I 1 (13) 2 (50) 0 (0) 0 (0) 0 (0) 0 (0) .318 .522

II 2 (25) 1 (25) 1 (100) 0 (0) 0 (0) 0 (0)

III 2 (25) 1 (25) 0 (0) 0 (0) 0 (0) 2 (100)
V 3 (38) 0 (0) 0 (0) 0 (0) 2 (100) 0 (0)

Sexual behavior in the preceding 6 mo

Insertive anal intercoursec

No 28 (23) 19 (25) 2 (22) 1 (9) 4 (50) 8 (20) .447 .435

Safe only 27 (22) 18 (24) 3 (33) 1 (9) 2 (25) 6 (15)

Unsafe 68 (55) 39 (51) 4 (44) 9 (82) 2 (25) 26 (65)
Receptive anal intercoursec

No 26 (21) 15 (20) 1 (11) 0 (0) 1 (13) 2 (5) .227 .595

Safe only 24 (20) 20 (26) 3 (33) 2 (18) 1 (13) 7 (18)
Unsafe 73 (59) 41 (54) 5 (56) 9 (82) 6 (75) 31 (78)

Fistingc 13 (11) 4 (5) 1 (11) 1 (9) 0 (0) 14 (35) <.001 .583

Group sexc 33 (27) 25 (33) 4 (44) 6 (55) 1 (13) 25 (63) .001 .196
Sexual contact with
women

6 (5) 2 (3) 0 (0) 0 (0) 2 (25) 0 (0) .106 .146

Information on sex partners in the preceding 6 mo
HIV serostatusc

All HIV negative 11 (9) 6 (8) 0 (0) 0 (0) 0 (0) 1 (3) .005 .424

Possibly 1 HIV
infected

82 (67) 48 (63) 5 (56) 6 (55) 8 (100) 15 (38)

At least 1 HIV
infected

30 (24) 22 (29) 4 (44) 5 (45) 0 (0) 24 (60)

Had a steady partnerd 89 (72) 57 (74) 7 (78) 6 (55) 5 (63) 25 (63) .591 .675
Traceable casual
partners, no.d

2 (0–5) 2 (1–5) 3 (2–4) 5 (2–12) 2 (1–4) 5 (2–10) .002 .186
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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–LGV-
inducing C. trachomatis transmission in Amsterdam. Because
sustained and concurrent transmission of strains belonging to
various clusters was seen over time, we conclude that transmis-
sion of these distinct C. trachomatis strains was ongoing over
time: in effect, there was a co-occurrence of different C. tracho-
matis strains endemic within the MSM 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 strains and heterosexual-associated strains, we found
that participants infected with the heterosexual-associated types
were younger and more often had had sex with women. Never-
theless, 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 Amster-
dam, 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 dif-
ferent C. trachomatis strains. Because participants completed a
detailed questionnaire that was designed to study sexual net-
works, a large amount of epidemiological data was made avail-
able that could be linked to high-resolution typing results of
their pathogen. Therefore, we were able to study the determi-
nants of specific C. trachomatis strains that are useful for sub-
group identification. However, the included participants might
not represent the MSM community at large in which C. tracho-
matis 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

Table 2 continued.

Variable

Cluster I,
Genovars G and

J (n = 123)

Cluster II,
Genovar D
(n = 78)

Cluster III,
Genovar D
(n = 9)

Cluster IV,
Genovar E
(n = 11)

Cluster V,
Genovar F
(n = 8)

Cluster VI,
Genovars L2b
and L2 (n = 40)

P, Cluster
VI Included

P, Cluster VI
Excluded

Anonymous casual
partners, no.d

4 (1–11) 2 (1–7) 0 (0–10) 4 (0–17) 13 (1–62) 10 (5–25) .005 .284

At least 1 Dutch
partnerc

93 (76) 65 (86) 6 (67) 9 (82) 6 (75) 35 (88) .356 .443

At least 1 Western,
non-Dutch partnerc

42 (34) 20 (26) 4 (44) 5 (45) 2 (25) 18 (45) .356 .539

At least 1 non-
Western partnerc

59 (48) 31 (41) 2 (22) 5 (45) 6 (75) 12 (30) .105 .218

At least 1 partner
involved in leather,
military, rubber/
Lycra, or jeans
subculturec

35 (28) 25 (33) 2 (22) 6 (55) 4 (50) 26 (65) .001 .297

At least 1 bisexual
partner

3 (2) 1 (1) 0 (0) 0 (0) 1 (13) 0 (0) .349 .338

Data are no. (%) of subjects or median (interquartile range).

Abbreviations: 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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months, this limited period may not have been sufficient for in-
vestigation 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. tra-
chomatis strains was restricted to a subpopulation of MSM.
Several distinct strains circulate among MSM at the same time.
Also heterosexual-associated strains circulate among MSM,
and most of these strains are transmitted through sexual con-
tacts between males. Future studies need to resolve why the pre-
dominant strains circulating within the MSM population are so
different from the ones circulating among heterosexuals.
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Table 3. Characteristics of Men Who Have Sex With Men
(MSM), Stratified by MSM-Associated and Heterosexual-Associ-
ated Infection Clusters, in the Study on Sexual Networks Among
MSM, Sexually Transmitted Infections Outpatient Clinic, Amster-
dam, July 2008–August 2009

Variable

MSM-Associated
Infections
(n = 210)

Heterosexual-
Associated
Infections
(n = 20) P

Demographic and lifestyle characteristics

Age, y 39 (30–45) 33 (29–38) .041

Self-defined ethnicity
Dutch 151 (72) 12 (60) .353

Western 21 (10) 4 (20)

Non-Western 38 (18) 4 (20)
Self-defined
involvement in
leather, military,
rubber/Lycra, or
jeans subculture

71 (34) 10 (50) .147

Sexually transmitted infections

Anatomical location of C. trachomatis infection
Anal canal only 135 (64) 13 (65) 1.000

Urethra only 70 (33) 7 (35)

Anal canal and
urethra

5 (2) 0 (0)

HIV infectiona 79 (39) 8 (42) .785

History of STI 83 (40) 7 (35) .692
Serology matching
treated syphilis

63 (30) 4 (20) .347

Active syphilis 6 (3) 0 (0) 1.000

Gonorrhea 37 (18) 7 (35) .059
N. gonorrhoeae cluster according to Heijmans et al (2012)b

I 3 (23) 0 (0) .295

II 4 (31) 0 (0)
III 3 (23) 0 (0)

V 3 (23) 2 (100)

Sexual behavior in the preceding 6 mo
Insertive anal intercoursec

No 49 (24) 6 (30) .652

Safe only 48 (23) 3 (15)
Unsafe 111 (53) 11 (55)

Receptive anal intercoursec

No 42 (20) 2 (10) .295
Safe only 47 (23) 3 (15)

Unsafe 119 (57) 15 (75)

Fistingc 18 (9) 1 (5) .572
Group sexc 62 (30) 7 (35) .629

Sexual contact
with women

8 (4) 3 (15) .025

Information on sex partners in the preceding 6 mo

HIV serostatus of sex partnersc

All HIV negative 17 (8) 0 (0) .379
Possibly 1 HIV

infected
135 (65) 15 (75)

At least 1 HIV
infected

56 (27) 5 (25)

Table 3 continued.

Variable

MSM-Associated
Infections
(n = 210)

Heterosexual-
Associated
Infections
(n = 20) P

Had a steady
partnerd

153 (73) 11 (55) .084

Traceable casual
partners, no.d

2 (0–5) 3 (2–5) .064

Anonymous casual
partners, no.d

3 (1–10) 4 (1–20) .475

At least 1 Dutch
partnerc

164 (79) 16 (80) .904

At least 1 Western,
non-Dutch partnerc

66 (32) 7 (35) .765

At least 1 non-Western
partnerc

92 (44) 11 (55) .355

At least 1 partner
involved in leather,
military, rubber/
Lycra, or jeans
subculturec

62 (30) 10 (50) .064

At least 1 bisexual
partner

4 (2) 1 (5) .368

Data are no. (%) of subjects or median (interquartile range).

Abbreviations: 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 MSM-associated 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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