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Chlamydia trachomatis infections are the 
most prevalent bacterial sexually transmitted 
infections (STI) worldwide.1 In the 
Netherlands, most infections are found 
among heterosexual adults under 25 years 
in age, certain migrants groups and men 
who have sex with men (MSM).2 Among 
the latter, an outbreak of a more aggressive 
strain of C. trachomatis, which causes 
lymphogranuloma venereum, is seen since 
2003.3 Although C. trachomatis infections 
are often asymptomatic, late complications, 
such as pelvic inflammatory disease, 
may occur, which can ultimately lead to 
infertility.1 In addition, C. trachomatis 
infections may facilitate the transmission 
of HIV.1 Due to the high prevalence, C. 
trachomatis infections are a large burden on 
society, from a public health perspective and 
from an economic perspective.4 A better 
understanding of the transmission of C. 
trachomatis may contribute to improved 
screening and prevention programs in the 
future and ultimately alleviate this burden.

Biology of Chlamydia trachomatis 

C. trachomatis is an obligate intracellular 
pathogen of eukaryotic cells; a trait 
shared with all other members of the 
phylum Chlamydiae.5,6 Therefore this 
evolutionary strategy must have already 
evolved in an ancestral bacterium within 
the Planctomycetes-Verrucomicrobia-
Chlamydiae superphylum.7-9 Indeed this 
parasitic intracellular lifestyle is seen among 
other members of this superphylum, but 

mutualistic and commensal symbionts are 
also found, as well as free living bacteria 
with no relationship to an eukaryotic 
cell.7,8,10 As the Chlamydiae line already 
started diverging during the Precambrian 
period, the relationship between eukaryotic 
cells and Chlamydiae originates from this 
era when primordial eukaryotic protozoa 
became abundant.5,7,11 At this moment in 
time, the dimorphic developmental cycle 
characteristic for Chlamydiae must have 
evolved as well.5,6,12

The chlamydial developmental cycle 
alternates between an extracellular and 
an intracellular phase (Figure 1).13-16 All 

Figure 1. The chlamydial developmental cycle. 
1–2. Elementary bodies (black) invade the 
host cell and form inclusions (green). 3–4. 
In the inclusions, the elementary bodies 
differentiate into reticulate bodies (red) and 
replicate through binary fission. 4–6. The 
reticulate bodies differentiate to elementary 
bodies. 7. The host cell ruptures, releasing the 
elementary bodies. Adapted from Morais et 
al.16 

1. General Introduction
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infections start with adhesion to and 
invasion of the eukaryotic host cell by 
the elementary bodies, the infectious, 
but metabolically inert spore like forms 
of the organism.14 Upon infection of the 
cell, the elementary bodies remain within 
membrane bound vacuoles, the inclusions, 
where they differentiate into reticulate 
bodies.14 These are the non infectious, 
but metabolically active chlamydial 
forms. The inclusions segregate from the 
endocytic pathway to avoid fusion with 
lysosomes and are transported to the peri 
Golgi region.15 Here, the reticulate bodies 
interact with trafficking pathways and host 
cell compartments to acquire host derived 
nutrients.5,15 The reticulate bodies replicate 
through binary fission up to the point 
that the inclusions contain about a 1000 
reticulate bodies, which start differentiating 
to elementary bodies.13 The increasing 
size of the inclusions cause the host cell to 
rupture, releasing the elementary bodies to 
the extracellular environment, where they 
can find a new host cell.

At least 700 million years ago, the 
Chlamydiae phylum started diverging 
into multiple families (Figure 2).5,17-19 So 
far, eight families have been described: 
Chlamydiaceae, Clavochlamydiaceae, 
Criblamydiaceae, Parachlamydiaceae, 
Piscichlamydiaceae, Rhabdochlamydiaceae, 
Simkaniaceae, and Waddliaceae. However, 
more families are expected to be discovered 
in the coming years.5-7,12,19 Members of 
these families have adapted to a broad range 
of eukaryotic host cells and have interacted 
with their host during their evolution.5,7 
Most chlamydial families still interact with 

simple unicellular eukaryotic protozoa 
and have a diverse host range in which 
they often show minimal to no pathogenic 
effects.5,10 One early branching family 
however, the Chlamydiaceae, has adapted to 
higher multicellular eukaryotic hosts and 
their interactions with their host became 
much more specific and pathogenic.6,8 

As a result of this more specialised 
lifestyle, the genome of Chlamydiaceae has 
reduced considerably.10 Whereas other 
chlamydial species have a genome of 2 
to 3 Mb, members of the Chlamydiaceae 
family have a genome of about 1 Mb, 
which includes about 900 genes; this is 
one of the smallest genomes within the 
bacterial kingdom.6,18 This genome is 
highly conserved among all members within 
the Chlamydiaceae family, both in gene 
content, as in genomic synteny.6 During its 
developmental cycle, virtually every gene 
within the genome is expressed at some 
point, showing that the genome has almost 
no facultative capacity and that it has been 
minimised to an evolutionary optimum.14 
The same is seen in the chlamydial plasmid, 
which is highly conserved among all lineages 
and has resulted from a single acquisition.6 
As a result of its isolated lifestyle, virtually 
no horizontal gene transfer of plasmid or 
genomic content has occurred.6,10,17

The Chlamydiaceae family comprises 
one genus, Chlamydia, in which nine 
species have been described so far, i.e. 
Chlamydia abortus, Chlamydia caviae, 
Chlamydia felis, Chlamydia muridarum, 
Chlamydia pecorum, Chlamydia pneumoniae, 
Chlamydia psittaci, Chlamydia suis, and 
Chlamydia trachomatis (Figure 2).5,18,19 
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Members of the Chlamydiaceae family 
can infect amphibians, reptiles, birds and 
mammals.20 Although some species can be 
zoonotic, most of the host range diversity 
originates from co evolution along the 
evolutionary radiation of their hosts during 
the Paleocene period.17,21 Therefore they 
are endemic to at least 469 species of birds, 
comprising 30 orders, and can be found 
in a broad range of mammals, including 
marsupials.20,22,23 Among humans, all 
scenarios of transmission can be found. 
C. abortus and C. psittaci are acquired 
zoonotically from ruminants and birds, and 
no transmission from human to human 
has been described.24 C. pneumoniae is 
transmitted from human tot human and 
no transmission from animal to human has 
been documented.24 Phylogenetic analysis 
however, showed C. pneumoniae infections 
have been acquired from the large animal 
reservoir in which the pathogens reside.23,24 

C. trachomatis is strictly a human pathogen 
and is thought to have co evolved along the 
human evolution from primate to man.17,25 
During this evolutionary trajectory, 
C. trachomatis has adapted to multiple 
ecological niches within the human body, 
causing distinct clinical manifestations 
between different variants of the pathogen.

 
Pathogenesis and clinical manifestations 
of Chlamydia trachomatis 
C. trachomatis’ main target cells are the 
columnar epithelial cells of the mucosa.26-28 
The infection spreads over the epithelium 
by the release of elementary bodies along 
the apical surface of the mucosa, which 
subsequently infect the neighbouring 
cells.26 The body reacts to the infection 
with the recruitment of neutrophils 
and mononuclear leukocytes, and with 
the secretion of cytokines, leading to 
inflammation of the infected site.26,28,29 

Figure 2. Phylogenetic tree of the Chlamydiae phylum. Adapted from Horn et al.5
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Upon clearance of the infection, fibrosis 
of the damaged and necrotic tissue can 
occur.28 While most initial C. trachomatis 
infections have minor symptoms, repeated 
or persistent infections can lead to 
substantial scarring of the infected tissue 
and irreversible pathological damage 
of the infected organ.28,29 The clinical 
manifestations of these infections occur at 
different anatomical locations, depending 
on the tropism for a certain tissue of the 
chlamydial strain. For C. trachomatis, 
three distinct biovars can be discerned, 
i.e. trachoma, urogenital infections and 
lymphogranuloma venereum (LGV).

Trachoma inducing C. trachomatis strains 
preferentially infect the mucosa of the inner 
eyelids, the conjunctiva.30,31 For the initial 
episode of the infection, symptoms are 
usually mild, but repeated infections lead 
to scarring of the eyelids. As this scarring 
continues, the eyelids fold inwards, causing 
the eyelashes to rub the cornea. This leads 
to damage of the cornea, making it opaque 
with irreversible blindness as a consequence 
for the patient. Transmission occurs through 
direct contact of eyes or fingers, but can be 
facilitated through fomites, like face cloths, 
or through eye seeking flies.30,31

Urogenital C. trachomatis infections 
are mainly found in the urethra in males 
and in the cervix, vagina and urethra in 
females and these infections are often 
asymptomatic.27 Repeated or persistent 
infections however, can ascend in the genital 
tract in women, leading to inflammation 
of the uterus, fallopian tubes and ovaries.27 
This is called pelvic inflammatory disease 
(PID), and the consequent extensive 

scarring of the fallopian tubes may 
ultimately lead to infertility.29,32  
Also in men, the infection can ascend to 
the prostate, epididymides and testicles, 
but infertility due to scarring is rare.32 
Anal intercourse can lead to infection of 
the rectal mucosa and oral sex might lead 
to infection of the nasopharynx, although 
this is not researched throroughly.33,34 
Urogenital C. trachomatis strains can also 
cause infection of the eyes and respiratory 
tract of newborns upon birth from an 
infected mother.32 Urogenital C. trachomatis 
infections are transmitted through direct 
sexual contact and urogenital secretions.

LGV is also induced by C. trachomatis 
strains with a tropism for urogenital 
tissues, but these strains are invasive and 
have a more severe course of infection.35 
Infections with LGV inducing strains 
begin in the urogenital or rectal mucosa, 
but in contrast to urogenital strains, these 
strains are able to exit the basolateral side 
of the epithelial cells, invade the underlying 
connective tissue, and spread subsequently 
to the lymph nodes.27 If these lymph nodes 
become abscessed and rupture, this will lead 
to fistulae and impaired lymph drainage.35 
LGV inducing strains are transmitted 
through direct sexual contact and urogenital 
secretions. Distinction between infections 
with urogenital strains and LGV inducing 
strains is critical, as LGV requires a 
prolonged treatment regimen, due to the 
more invasive character of its-inducing 
strain.36 
 
Epidemiology of Chlamydia trachomatis 

The epidemiology of C. trachomatis heavily 
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depends on the biovar to which the strain 
belongs. Trachoma was once a major health 
problem throughout the world, but has 
disappeared from high income countries, 
because of general improvements in 
living and hygiene standards.37 Nowadays 
trachoma is largely found in poor, rural 
communities in low income countries in 
sub Saharan Africa, but the disease is also 
endemic in the Middle East, Asia, Latin 
America and the Western Pacific.37

Urogenital C. trachomatis infections are 
highly prevalent throughout the world. 
They are endemic to the general population, 
but some subpopulations have a higher 
prevalence. A major risk group are sexually 
active heterosexual adolescents and young 
adults, and this risk is related to sexual 
experience, changing sexual partners, and 
the number of new sexual partners.2,38-40 
In addition, certain racial and ethnic 
groups are disproportionally affected as 
well.2,41 This is thought to be the result 
of differences in socio economic status 
and partnership structures.42,43 In many 
countries C. trachomatis infections are 
highly prevalent among female sex workers 
and their clientele. Lastly, among MSM the 
prevalence is high.44 

Like trachoma, LGV was considered a 
tropical disease, endemic to parts of Africa, 
Asia, Latin America, and the Caribbean.45 
However, in 2004 a cluster of LGV cases 
was reported among MSM in Rotterdam, 
the Netherlands.3 These infections must 
have circulated in the Netherlands at least 
since 2002 and nowadays this outbreak is 
ongoing within mainly HIV positive MSM 
throughout Europe, North America and 

Australia.46,47  
 
Typing of Chlamydia trachomatis 
When it was discovered that C. trachomatis 
could be propagated in and isolated 
from yolk sacs of embryonated eggs, it 
became possible to study the pathogen in 
more detail.48,49 Injecting crude yolk sac 
suspensions in mice led to the discovery 
of differences in cross protectiveness 
between different strains.50 This implied 
that serological variation existed within 
C. trachomatis. After the development of 
cell cultures and serological tests, the 14 
known serovars were characterised, i.e. A 
to K and L1 to L3.51 It was subsequently 
discovered that this serological variation 
was predominantly determined by only 
one membrane protein, called major outer 
membrane protein or MOMP, which on its 
turn was encoded by a ~1200 bp long gene, 
ompA.52 55 With the arrival of molecular 
amplification techniques, C. trachomatis 
samples could be more sensitively and 
specifically detected.56 In addition, C. 
trachomatis samples could be typed from 
direct patient material and cell cultures 
were therefore no longer needed. The first 
molecular typing methods of C. trachomatis 
strains were restriction fragment length 
polymorphism (RFLP) and sequence based 
typing techniques of the ompA gene.57,58 
Although genetic variation could be found 
within the known serological MOMP 
variants, this observed variation is rare 
and the MOMP serovar / ompA genovar 
designation still stands as a reference until 
the present day. 

The variants found within C. trachomatis 
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were largely overlapping with the biovars, 
based on clinical manifestations.49 
Trachoma is caused by ompA genovar A, 
B and C strains and urogenital infections 
by genovars D to K, although a small 
proportion of urogenital genovar B 
infections are consistently found. LGV is 
induced by the L strains. Many molecular 
epidemiological studies, especially on 
urogenital infections, have therefore used 
MOMP or ompA typing to discriminate 
between strains to elucidate transmission 
patterns or clinical symptoms.49

So far, these molecular epidemiological 
studies have resulted in little additional 
information. Although a considerable 
amount of antigenic variation exists between 
genovars, epidemiologically distinct risk 
groups may have identical ompA genovars.59 
More problematic is that C. trachomatis has 
a nearly identical distribution of genovars 
in most populations, which seems to be 
independent of host risk group, geography, 
calendar time or clinical symptoms.49,59-63 
In heterosexual populations, nearly always 
all different genovars are found, with 

Figure 3. Phylogenetic tree of Chlamydia trachomatis using full genome sequences. Within this tree, 
four distinct clades of strains can be recognised: the LGV-inducing strains (yellow), the prevalent 
urogenital strains (dark blue), the trachoma-inducing strains (light blue) and the rarer urogenital 
strains (red). The letters on the right indicate the ompA genovar of the sequenced strains. Adapted 
from Joseph et al.70
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genovar E consistently being the most 
prevalent, followed by genovars F and D. 
The only notable exception is the genovar 
distribution found among MSM.49 Within 
MSM populations throughout the world, 
genovars D, G and J are the predominant 
types, while the other variants are mostly 
absent or rare. Therefore, the need for 
higher resolution typing methods in 
molecular epidemiological research is 
apparent. A few years ago two methods with 
a degree of resolution needed for this kind 
of studies were published. In 2007, Klint et 
al. published a multilocus sequence typing 
(MLST) method for C. trachomatis that 
included five variable regions: hctB, CT058, 
CT144, CT172, and pbpB.64 A second 
technique, a multilocus variable number of 
tandem repeat (VNTR) analysis (MLVA) 
published by Pedersen et al. in 2008, 
combined ompA typing with analysing three 
highly variable single nucleotide repeats: 
CT1291, CT1299, and CT1335.65 Studies 
using these techniques have confirmed 
the clonal character of the LGV outbreak 
among MSM and the outbreak of the 
so called new variant C. trachomatis in 
Sweden.65-67

Another problem with ompA typing, 
is that phylogenetic analysis of ompA 
subdivides the variants into three distinct 
clades: the B complex (genovars B, D, E, 
L1, and L2), the C complex (genovars A, 
C, H, I, J, K, and L3) and the intermediate 
complex (genovars F and G).68 This 
subdivision is incongruent with the biovar 
designation. Recent studies using full 
genome sequences of various C. trachomatis 
strains showed that this phylogenetic 

incongruence of ompA is the result of 
numerous homologous recombination 
events of the gene between the different 
strains.69,70 These whole genome analyses 
subdivide the C. trachomatis strains in 
four distinct clades (Figure 3). The first 
clade to branch off contains all LGV-
inducing strains. The second branch, 
surprisingly, is a clade that contains the 
prevalent urogenital genovars E, D, F and 
J. The remaining tree is split into a clade 
containing the trachoma-inducing strains 
and a clade of rarer urogenital genovars 
G, H, I and K, but also some genovar D 
and J strains. As the urogenital biovar is 
split into two distinct clades, it is possible 
that biological differences exist between 
these two clades that have not been noticed 
before because of the incongruence of the 
ompA genovar designation. It has been 
speculated that clade of rarer urogenital 
strains has an increased affinity for rectal 
tissue.70 Although genovars D, G, and J 
are successfully propagated through anal 
intercourse within the MSM populations, 
no such relation exists for the genovars H, 
I and K. Therefore, more basic research on 
these biological differences is required to 
explore these new phylogenetic insights. 
 
Aims and outline of the thesis 
In Chapter 2, we report on an evaluation 
of the diagnostic performance of a newly 
developed pmpH real time PCR as a 
discrimination assay between LGV and non 
LGV-inducing C. trachomatis strains, by 
a comparison with a reverse hybridisation 
assay and ompA sequencing. In addition, we 
report the non LGV genovar distribution in 
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rectal samples from MSM and investigate 
the occurrence of double infections in men 
infected with LGV and non LGV-inducing 
strains.

In Chapter 3, we investigate which of 
the methods is most suitable for molecular 
epidemiological analysis of C. trachomatis 
transmission patterns in sexual networks. 
We adapt the published high resolution 
typing methods to be more suitable for 
clinical samples. We assess both the minimal 
variation and the resolution of these typing 
methods compared with ompA sequencing. 
To test whether the typing methods are 
useful for molecular epidemiological 
research, a panel of samples from C. 
trachomatis infected heterosexual couples is 
selected.

In Chapter 4, differences in circulating 
C. trachomatis strains between MSM 
and heterosexuals are investigated using 
a modified MLST. Samples are collected 
from both MSM and heterosexual men 
and women visiting a single STI clinic in a 
relatively short time frame. We investigate 
the diversity of chlamydial genotypes and 
analyse epidemiological characteristics of 
C. trachomatis MLST clusters between the 
risk groups. To study geographical variation, 
we investigate samples from MSM from 
the Netherlands, Sweden, and the United 
States, and samples from women from the 
Netherlands and Sweden. We discuss the 
role of sexual networks as an explanation 
for the different C. trachomatis genotypes 
in MSM and heterosexual populations and 
examine whether tissue tropism could be 
an alternative explanation. Lastly, we assess 
whether circulating C. trachomatis strains 

are linked to certain subpopulations of 
MSM, as characterised by demographics, 
sexual risk behaviour, sexual partnerships, 
and lifestyle.

In Chapter 5, we assess whether 
Surinamese migrants in the Netherlands 
form a bridge population facilitating 
transmission of C. trachomatis between 
Suriname and the Netherlands. We 
investigate the sexual mixing with native 
Surinamese and native Dutch partners and 
compare the distribution of C. trachomatis 
genotypes found among Surinamese 
migrants with those found among the native 
Surinamese or native Dutch population. 
In addition, we elucidate determinants for 
C. trachomatis infections in Suriname, such 
as ethnicity and ethnic sexual mixing, and 
identify transmission patterns and sexual 
networks using molecular epidemiological 
network analyses. Lastly, we investigate 
the effect of geographical distance on the 
distribution of C. trachomatis genotypes 
by comparing strains found among 
heterosexuals from China with those found 
in the Netherlands.

In Chapter 6, we discuss our main 
findings and based on recent literature, we 
make recommendations for public health 
implementations and future research.
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infections, a substantial amount (24%) 
of non-LGV infections were missed. The 
sensitivity compared to AC2 Ct detection 
was 80% (95% CI 67–89%) for the Ct-DT 
assay, 72% (95% CI 58–83%) for Omp1 
sequencing and 64% (95% CI 50–76%) for 
the pmpH real-time PCR. In conclusion, 
the Ct-DT assay is appropriate for serovar 
distribution studies, epidemiological 
studies and differentiation between an 
LGV and non-LGV Ct infection, while 
Omp1 sequencing is more appropriate for 
phylogenetic studies. The pmpH real-
time PCR is suitable as second assay to 
differentiate between an LGV and non-
LGV infection, but not as primary detection 
assay, due to its low sensitivity for non-LGV 
strains. 
 
IntroductIon 
Chlamydia trachomatis (Ct) is the most 
common bacterial sexually transmitted 
infection (STI) in men and women 
worldwide. A Ct infection can cause 
urethritis, cervicitis, proctitis and 
conjunctivitis depending on the anatomic 
site of infection. In approximately 50% 
of the men and 70% of the women 
a urogenital Ct infection remains 
asymptomatic.1-4 When a Ct infection 
remains untreated, severe complications 
like epididymitis and pelvic inflammatory 
disease may occur, leading to infertility in 
men and women.5,6 Several Ct detection 
methods are commercially available, 
providing information about the Ct status, 
but not on the Ct serovar type of infection.

Ct comprises 3 serogroups (serogroup B, 
C and Intermediate) and 19 serovars (A, B/

2.1

Comparison of three genotyping methods 
to identify Chlamydia trachomatis 
genotypes in positive men and women 

 
Reinier J.M. Bom,* Koen D. Quint,* Sylvia 
M. Bruisten, Leen-Jan van Doorn, Nadia 
Nassir Hajipour, Willem J.G. Melchers, 
Henry J.C. de Vries, Servaas A. Morré, and 
Wim G.V. Quint 
*Both authors contributed equally

Mol Cell Probes. 2010; 24:266-70

 
AbstrAct 
Chlamydia trachomatis (Ct) comprises 
3 serogroups and 19 serovars. Different 
genotyping methods are available to 
differentiate between the serovars. The 
aim of this study was to evaluate the 
sensitivity and discriminatory power of 
three genotyping methods, respectively 
Omp1 sequencing, the Ct Detection and 
genoTyping (DT) assay and the pmpH 
real-time PCR discriminating an LGV 
infection from a non-LGV infection. 
In total, 50 Aptima Combo 2 (AC2) 
Ct positive samples were selected and 
tested with the 3 genotyping methods. 
The Ct-DT assay detected 3 double Ct 
infections that caused a non interpretable 
result by Omp1 sequencing, while Omp1 
sequencing has a higher discriminatory 
power that gave additional information 
about Ct genovariants. All three methods 
detected the 6 LGV samples. Although the 
pmpH real-time PCR detected all LGV 
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Ba, C, D/Da, E, F, G/Ga, H, I/Ia, J, K, L1, 
L2/L2a and L3), based on immunotyping 
of the Major Outer Membrane Protein 
(MOMP) epitopes. Besides the defined 
serovar, genovariants have been described 
including Ja and L2b.7,8

The majority of serovars A, B and C are 
detected in conjunctival samples of patients 
in developing countries, while serovars 
D–K are mostly found in the urogenital 
tract and proctum and remain confined 
to the mucosal layer. The serovars L1, L2 
and L3 in contrast invade the submucosal 
connective tissue layers and disseminate 
to locoregional lymph nodes causing 
lymphogranuloma venereum (LGV). In 
the developed countries, LGV Ct serovars 
are mostly detected in HIV-positive men 
who have sex with men (MSM). Because 
LGV Ct infections require longer antibiotic 
treatment, it is highly recommended to 
differentiate them from non-LGV serovars.9

A number of reverse line blot assays were 
developed making genotyping faster and 
less laborious, compared to sequencing.10-12 
The Ct Detection genoTyping (DT) assay 
consists of a Ct amplification step (PCR), a 
Ct Detection step (DNA Enzyme Immuno 
Assay; DEIA) and a Ct genotyping step 
(Reverse Hybridization Assay; RHA). This 
assay is an alternative for Omp1 sequencing 
by differentiating between the 14 major 
serovars.12,13 Besides genotyping of the 
Omp1 gene, differentiation between a LGV 
Ct infection and non-LGV Ct infection can 
be performed with a new real-time PCR 
based on the pmpH gene (pmpH real-time 
PCR).13 This assay is used routinely as a 
second assay after Ct screening with the 

Aptima Combo 2 Ct–RNA TMA assay 
(GEN-PROBE, San Diego, USA) in rectal 
swabs from high risk MSM visiting the 
Center for Public Health in Amsterdam. In 
this study, the sensitivity and discriminatory 
power of the Ct-DT assay and the pmpH 
real-time PCR, were evaluated by a 
comparison with an Omp1 nested PCR and 
sequencing.

 
MAterIAls And Methods 
Clinical specimen selection 
Fifty Aptima Combo 2Ct-RNA TMA assay 
(AC2) Ct positive samples were selected 
from STI outpatient PHS clinic visitors 
between 2007 and 2009. The Aptima 
Combo 2 was considered as reference Ct 
detection test and performed according 
to the manufacturer’s instruction. The 50 
samples consisted of three urethral swabs, 
four first void urine samples, fourteen 
cervical swabs, four vaginal swabs and 
twenty-five rectal swabs. The rectal swabs 
were collected from MSM suspected for 
a LGV infection and from heterosexual 
women.

 
DNA isolation 
The isolation of the DNA was performed 
in duplicate at the PHS in 2009. DNA was 
isolated from 200 μl transport medium 
(GEN-PROBE, San Diego, USA) by 
adding 500 μl lysis buffer (bioMérieux, 
Boxtel, the Netherlands), 1 μl glycogen (20 
mg/ml, Roche Diagnostics, Almere, the 
Netherlands) and 700 μl isopropanol (−20 
°C). The precipitate was washed twice with 
70% ethanol and subsequently dissolved in 
50 μl 10 mM Tris buffer (pH 8.0).  
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Ct Omp1 sequencing 
The DNA isolates were amplified by 
a nested Omp1 PCR, using a C1000 
PCR machine (Bio-Rad, Veenendaal, 
the Netherlands). The outer PCR 
was performed in a volume of 25 μl, 
containing 2 μl of isolated DNA, 0.63 U 
GoTaq polymerase (Promega, Leiden, the 
Netherlands), 2 mM MgCl2, 25 μM of 
each dNTP, 0.11 μM of the primer ompA 
OF (Table 1) and 0.13 μM of ompA OR, 
resulting in a PCR fragment of 1182–1194 
bp, comprising the full Omp1 gene. The 
inner PCR was also performed in a volume 
of 25 μl, containing the same quantities of 
polymerase, MgCl2 and dNTPs as the outer 
assay, but with 2 μl of the outer amplicon, 
0.13 μM of the primers ompA NF and 
OMP6AS, resulting in a PCR fragment 
of 615–624 bp fragment, comprising the 
variable domain 1 and 2 of the Omp1 gene. 
Cycling conditions were: an initial step at 
94 °C for 3 min, followed by 35 cycles for 
the outer PCR and 30 cycles for the inner 
PCR and a final step at 72 °C for 5 min. 
The cycles consist of 30 s at 93 °C, 30 s at 
57 °C and 1 min at 72 °C. The amplified 
DNA was precipitated with 96% ethanol 
and sequenced in both directions with 
ABI BigDye Terminator v1.1 kit (Applied 
Biosystems, Nieuwerkerk a.d. IJssel, the 
Netherlands), using the same primers 
from the inner PCR. Finally the labelled 
DNA was purified using a DyeEx spin kit 
(Qiagen) and analyzed in an ABI 3130 
genetic analyser (Applied Biosystems).

 

Ct-DT amplification, detection and 
genotyping 
The Ct-DT amplification (Broad spectrum-
Multiplex-PCR), Ct-DT detection (DEIA) 
and Ct-DT genotyping (RHA) were 
performed according to the manufacturer’s 
instructions (Labo Biomedical Products BV, 
Rijswijk, The Netherlands) and as described 
previously.12,14 Briefly, amplification was 
performed with the Ct-DT-PCR, followed 
by Ct detection with the Ct-DT-DEIA. All 
Ct positive samples were further genotyped 
with the Ct-DT-RHA. 
 
Ct-DT-PCR 
A 10 μl aliquot of extracted DNA was used 
for each PCR reaction. The Ct-PCR primer 
set was used to amplify all known serovars 
available in GenBank. Briefly, this multiplex 
primer set amplifies a small fragment of 89 
base pairs from the endogenous plasmid and 
a fragment of 160/157 base pairs from the 
Variable Region 2 of the Omp1 gene. The 
standard PCR program involves a 9-min 
preheating step at 94 °C for AmpliTaq 
Gold activation, followed by 40 cycles of 
amplification (30 s at 94 °C, 45 s at 55 
°C and 45 s at 72 °C) and a final 5-min 
elongation at 72 °C. 
 
Ct- DT-DNA Enzyme Immuno Assay 
(DEIA) 
The DEIA provides an optical density (OD) 
value at 450 nm. Each DEIA run contained 
separate titrated positive, borderline 
positive, and negative controls and a PCR-
positive control containing isolated DNA 
from a cell culture of serovar E. Samples 
yielding OD values equal to or higher than 
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the borderline were considered positive. The 
borderline positive samples are Ct positive 
samples that contained the lowest amount 
of Ct amplicon detectable with the Ct-DT 
assay. The OD value of the borderline range 
depends on the titrated borderline internal 
control and differs for every single run. 
 
Ct-DT-Reverse Hybridization Assay 
(RHA) 
All Ct-DT-DEIA positive samples were 
further genotyped with the Ct-DT-RHA, 
which contained probes for the endogenous 
plasmid, the Ct serogroups (B, C, and I) 
and the 14 serovars (A, B/Ba, C, D/Da, 
E, F, G/Ga, H, I/Ia, J, K, L1, L2/L2a, and 
L3). One extra probe was added to detect 
a genovariant of serovar J that otherwise 
remains undetected. 
 
pmpH real-time PCR 
The selected samples were tested for LGV 

and non-LGV specific DNA with a real-
time PCR adapted from Chen et al.15 The 
real-time PCR was performed in 20 μl, 
containing Platinum Quantitative PCR 
SuperMix-UDG (Invitrogen, Breda, the 
Netherlands), 2 μl of isolated DNA, 4.3 
mM MgCl2, 0.40 μM of primer F3 LGV, 
0.39 μM of primer F4 non-LGV and 0.92 
μM of primer R2 LGV/non-LGV, 0.15 
μM of probe LGVtotP and 0.21 μM of 
probe P4 non-LGV (Table 1). Cycling 
conditions for the real-time PCR were: 
uracil DNA glycosylase step at 50 °C for 2 
min and denaturation at 95 °C for 2 min, 
followed by 45 cycles of 15 s at 95 °C and 
1 min at 60 °C. All tests were performed 
on a Rotor-Gene 6000 (Qiagen, Venlo, the 
Netherlands). 
 
Statistical analyses 
The statistical analyses were performed 
using online GraphPad software, calculating 

Nested Omp1 PCR

ompA OF ATGAAAAAACTCTTGAAATCGGT

ompA OR TTAGAAGCGGAATTGTGCAT

ompA NF CGCTTTGAGTTCTGCTTCCT

OMP6AS20 TGAGCGTATTGGAAAGAAGC

pmpH real-time PCR

F3 LGV CTACTGTGCCAACCTCATCAT

F4 non-LGV CTATTGTGCCAGCATCGACTC

R2 LGV/non-LGV GACCCTTTCCGAGCATCA

LGVtotP21 [6-FAM]-CTTGCTCCAACAGT-[MGB]

P4 non-LGV [ROX]-AAAGAGCTTGAAGCAGCAGGAGC-[BHQ2]

Table 1. Primers and probes used in the real-time PCR and nested Omp1 PCR.
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the agreement between the three genotyping 
assays. Kappa values were divided into 5 
groups (0.0–0.20, 0.21–0.40, 0.41–0.60, 
0.61–0.80 and 0.81–1.00) and respectively 
interpret as a slight, fair, moderate, 
substantial and very good agreement. The 
sensitivities and 95% CI were calculated 
with the clinical calculator 1 (http://faculty.
vassar.edu/lowry/clin1.html). The AC2 
detection test was performed as reference 
test for determination of the sensitivity for 
the three genotyping methods, since no 
reference genotyping methods is available. 
Differences between the genotyping 
methods were calculated with a McNemars 
test and Bonferroni correction was 
performed. 
 
results 
Omp1 sequencing 
Fourteen of the 50 samples were Omp1 
negative by the nested PCR and could 
not be sequenced. From 36 samples the 
complete Omp1 gene was sequenced and 
analyzed (Table 2), containing 11 serovars 
E, 6 serovars L2, 6 serovars G, 5 serovars F, 
3 serovars D, 3 serovars J, 1 serovar H and 
1 serovar K. All L2 samples were detected 
in MSM rectal swabs. Omp1 revealed some 
extra information about the subserovars 
and genovariants. For example, all 6 L2 
serovars consisted of the L2b variant and 
all serovars J were identified as serovar Ja. 
The serovars D included one genovariant 
identical to GenBank sequence X62920 and 
two genovariants identical to AF279587. 
The serovars G contained 2 genovariants 
identical to DQ287919 and 4 genovariants 
identical to AF063199. The sensitivity 

of Omp1 sequencing was 72% (95% CI 
58–83%), compared with the AC2 Ct 
detection assay.

 
Ct-DT-RHA 
Forty-two of the 50 samples were Ct 
positive with the Ct-DT-DEIA and could 
be used for genotyping. No Ct-DNA was 
amplified in the remaining 8 samples, which 
were also negative by Omp1 sequencing. 
Genotyping with the Ct-DT-RHA was 
possible in 40 samples, since two samples 
contained only endogenous plasmid DNA 
(Table 2). Three double infections (6%) 
were observed, containing the serovars 
E&G, F&K and J&E. One of the double 
infections was detected in an anal swab 
from a woman, one in a male’s first void 
urine sample and one in a cervical swab. 
By Omp1 sequencing, one double infection 
was determined as a single infection (serovar 
K) and 2 double infections were negative. 
In total 6 discrepant samples between the 
Ct-DT-RHA and Omp1 sequencing were 
observed. One sample was determined as 
serovar G by Omp1 sequencing, but only 
endogenous plasmid positive by the Ct-DT-
RHA and 5 samples were positive with the 
Ct-DT-RHA assay, but negative by Omp1 
sequencing (2 serovar D, 1 serovar E, 1 
serovars E&G and 1 serovars J&E). Overall 
a very good agreement (κ = 0.875, 95% 
CI = 0.794–0.956) between both methods 
was observed (Table 3). On serovar level, a 
substantial agreement (κ = 0.727, 95% CI 
= 0.357–1.000) was observed for serovar D, 
while a very good agreement was observed 
for the serovars E, L2, H, J, K, F and G (see 
Table 3 for kappa values). The sensitivity 
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for genotyping with the Ct-DT-RHA assay 
compared with the AC2 Ct detection assay 
was 80% (95% CI 67–89%).

 
pmpH real-time PCR 
The pmpH real-time PCR had a positive 
Ct result in 32 of the 50 samples with 6 
LGV and 26 non-LGV serovars (Table 4). 
Eight of the 18 negative pmpH real-time 
PCR samples were determined positive 
with Omp1 sequencing and the Ct-DT-
RHA, while another 8 pmpH real-time 
PCR negative samples were also negative 
with the other two methods. The remaining 
2 pmpH real-time PCR negative samples 
were determined positive with the Ct-DT-

RHA for the endogenous plasmid. One 
double infection (J&E) was determined as 
Ct negative by the pmpH real-time PCR. 
A sensitivity of 64% (95% CI 50–76%) 
was observed comparing the pmpH real-
time PCR with the AC2 test. A substantial 
agreement was observed between the pmpH 
real-time PCR and the Ct-DT-RHA (κ = 
0.714, 95% CI = 0.533–0.896), although 
significant more non-LGV samples were 
detected with the Ct-DT-RHA (McNemar’s 
p = 0.0133). Also a substantial agreement 
between the pmpH real-time PCR and 
Omp1 sequencing was observed (κ = 0.757, 
95% CI = 0.590–0.924, McNemar’s p = 
0.4497). 

N = 50 Ct-DT genotyping Omp1 sequencing

Single infection
Serogroup B Serovar D 5 (10%) 3 (6%)

Serovar E 12 (24%) 11 (22%)
Serovar L2 6 (12%) 6 (12%)

Serogroup C Serovar H 1 (2%) 1 (2%)
Serovar J 3 (6%) 3 (6%)
Serovar K 0 1 (2%)

Serogroup I Serovar F 5 (10%) 5 (10%)
Serovar G 5 (10%) 6 (12%)

Double infection Serovar E&G 1 (2%) 0
Serovar F&K 1 (2%) 0
Serovar J&E 1 (2%) 0

Not determined Plasmid 2 (4%) 0
Negative 8 (16%) 14 (28%)
Total 50 (100%) 50 (100%)

Table 2. Comparison of serovar distribution between Ct-DT-RHA and Omp1 sequencing.
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dIscussIon 

The aim of this study was to evaluate the 
sensitivity and discriminatory power of 
three different genotyping methods. In this 
study, we showed that the Ct-DT-RHA is 
a rapid and simple alternative for Omp1 
sequencing and is suitable for different 
clinical materials (first void urine, rectal 
swabs and urogenital swabs). Also, the 
Ct-DT-RHA has the possibility to detect 
multiple serovars in clinical samples. 
Multiple infections will cause sequencing 
difficulties leading to a non interpretable 
Omp1 sequence. In other studies, 4–12% 
of the Ct infections contained multiple 
serovars,11,16 making the Ct-DT-RHA more 
suitable than Omp1 sequencing for serovar 
distribution studies and future Ct vaccine 
studies. Although the Ct-DT-RHA can 
detect multiple Ct serovar infections, the 
Ct Omp1 sequencing system has a higher 
discriminating power. Omp1 sequencing 
can recognize most point mutations 
that were missed with the Ct-DT-RHA, 
making Omp1 sequencing more useful in 

networking studies and phylogenetical Ct 
studies, in which genovariants of Ct serovars 
are important to recognize.

The Ct positive samples were determined 
positive by the AC2 test. The AC2 test 
platform is considered the most sensitive 
and specific RNA detection system 
and therefore used as reference test.17 
Nevertheless, eight AC2 Ct positive samples 
were negative with all three genotyping 
methods. The discordant result between Ct 
detection by the AC2 and the 3 genotyping 
methods might be due to a low Ct-DNA 
load. To assure true Ct positivity another 
Ct detection method (COBAS TaqMan, 
Roche Molecular Systems, Branchburg, NJ) 
was used for the 8 discordant samples, but 
still 7 samples were Ct negative with the 
COBAS TaqMan. The discordant samples 
can be explained by degradation of DNA 
due to storage, false positivity of AC2 
test or an increased sensitivity of the AC2 
test, as previous described.17 To exclude 
DNA degradation as possible explanation, 
we repeated the AC2 test for 4 of the 8 

pmpH real-time PCR

LGV Non-LGV Negative Total
DT-RHA LGV 6 0 0 6

Non-LGV 0 26 8 34
Not typable 0 0 10 10
Total 6 26 18 50

Table 4. Comparison of the Ct-DT-RHA and the pmpH real-time PCR.

κ = 0.714 (95%CI = 0.533-0.896), McNemar’s p = 0.0133.
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discordant samples and, again, a positive Ct 
result was obtained for all 4 samples. Not 
enough DNA was available to repeat the 
AC2 test for the remaining 4 samples.

The 2 Ct endogenous plasmid positive 
samples that could not be genotyped were 
also examples of a low DNA load. The 
endogenous plasmid is approximately 
10–20× more available per Ct bacterium 
as genomic DNA.18,19 So if a sample 
contains a low Ct-DNA load, the possibility 
exist that only plasmid DNA is selected 
for PCR.13 This phenomenon is known 
as sampling error and is also a possible 
explanation for the sensitivity differences 
between the Ct-DT-RHA and the other 
2 typing methods, since the Ct-DT-PCR 
uses 10 μl DNA isolation while the Omp1 
sequencing and pmpH real-time PCR both 
use 2 μl.

All six LGV strains genotyped by 
Omp1 sequencing were also recognized 
as LGV strain by the pmpH real-time 
PCR. Nevertheless, the pmpH real-time 
PCR has a low sensitivity for Ct typing 
of urogenital Ct strains compared with 
the Ct-DT-RHA and Omp1 sequencing. 
The low sensitivity may be the result of a 
less sensitive non-LGV primer and probe, 
sequence differences in the probe and or 
primer region relative to the circulating 
patient strains and a low bacterial load 
in combination with a 10-fold lower 
input in the PCR relative to the AC2 test. 
Because the highly sensitive AC2 test is 
used as first Ct detection method (before 
performance of the pmpH real-time PCR) 
and the pmpH real-time PCR detected all 
LGV variants, this algorithm can be used 

for differentiating between a urogenital Ct 
strain and an LGV Ct strain. The Ct-DT 
assay is also a good alternative for routine 
screening with the pmpH real-time PCR, 
since all LGV strains detected by Omp1 
sequencing and the pmpH real-time PCR 
were recognized by the Ct-DT-RHA as 
serovar L2.

The LGV serovar samples were found in 
a population (MSM) that has a very high 
risk profile for other STI’s and multiple Ct 
infections that might be missed by Omp1 
sequencing and the pmpH real-time PCR. 
No double infections were observed in the 
6 LGV positive samples with the Ct-DT-
RHA, possibly due to the small sample size. 
Other studies, containing larger sample 
numbers of anal Ct infections in MSM, 
are needed to investigate the prevalence of 
multiple infections among LGV positive 
MSM.

In conclusion, the Ct-DT-RHA is 
the most sensitive genotyping method, 
compared with Omp1 sequencing and the 
pmpH real-time PCR, making the Ct-DT-
RHA appropriate for serovar distribution 
studies, but also for differentiating between 
an LGV and Non-LGV infections. Omp1 
sequencing will determine additional 
information about point mutations in the 
Omp1 gene, while a multiple Ct infections 
can lead to a non interpretable sequence 
result. The new pmpH real-time PCR is 
suitable as second assay to detect LGV 
infections, but not as primary detection 
assay, due to its low sensitivity for non-LGV 
strains. 
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previously diagnosed as either LGV (n = 
99) or non-LGV Ct infection (n = 102) 
according to the algorithm of Ct detection 
by the commercially available Aptima 
Combo 2 assay followed by an in-house 
pmpH LGV PCR. The samples were 
retested with the commercially available 
Ct-DT RHA, which differentiates between 
14 major genotypes and is able to detect 
concomitant Ct genotypes.

Excellent genotyping agreement was 
observed between the Ct-DT RHA and the 
pmpH LGV PCR (Kappa = 0.900, 95%CI 
= 0.845-0.955, McNemar’s p = 1.000). 
A concomitant non-LGV genotype was 
detected in 6/99 (6.1%) LGV samples. No 
additional LGV infections were observed 
with the Ct-DT RHA among the non-LGV 
Ct group. In the non-LGV group genotype 
G/Ga (34.3%) was seen most frequent, 
followed by genotype D/Da (22.5%) and 
genotype J (13.7%). All LGV infections 
were caused by genotype L2.

Concomitant non-LGV genotypes 
do not lead to missed LGV proctitis 
diagnosis. The pmpH LGV PCR displayed 
excellent agreement with the commercially 
available Ct-DT genotyping RHA test. The 
genotypes G/Ga, D/Da and J were the most 
frequent non-LGV Ct strains in MSM.

 
IntroductIon 
Chlamydia trachomatis (Ct) is the most 
common sexually transmitted bacterial 
disease worldwide. A Ct infection can infect 
different mucosal linings, with the majority 
of cases in the urogenital tract but also the 
rectum, oropharynx or conjunctiva.

In men who have sex with men (MSM), 

2.2 
Anal infections with concomitant 
Chlamydia trachomatis genotypes 
among men who have sex with men in 
Amsterdam, the Netherlands 
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AbstrAct 
Lymphogranuloma venereum (LGV) 
proctitis is caused by Chlamydia trachomatis 
(Ct) genotype L and is endemic among 
men who have sex with men (MSM) in 
western society. Genotype L infections 
need to be distinguished from non-
LGV (genotypes A-K) Ct infections 
since they require prolonged antibiotic 
treatment. For this purpose, an in-house 
developed pmpH based LGV polymerase 
chain reaction (PCR) test is used at the 
Amsterdam STI outpatient clinic. We 
investigated retrospectively the anal Ct 
genotype distribution, and the frequency 
of concomitant genotype infections in 
MSM infected with LGV and non-LGV 
Ct infections. To detect concomitant Ct 
genotype infections, the pmpH LGV PCR 
and genoTyping Reverse Hybridization 
Assay (Ct-DT RHA) were used.

A total of 201 Ct positive rectal swabs 
from MSM were selected, which were 
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the rectum is often the only infected 
site, without a concurrent Ct infection 
in the urogenital tract.1 Like urogenital 
infections, most rectal Ct infections 
remain asymptomatic.2 Nevertheless, 
an asymptomatic rectal Ct infection can 
contribute to HIV transmission due 
to mucosal damage and recruitment of 
dendritic cells.3

In general, Ct infections caused by non-
LGV Ct genotypes (D-K) give few or no 
symptoms since they remain confined to 
the mucosal lining and do not trigger overt 
immunological reactions.4 Ct infections 
caused by the genotypes L1-L3 give rise to 
an invasive, symptomatic and ulcerative 
infection called lymphogranuloma 
venereum (LGV). Since 2004 an ongoing 
epidemic of LGV proctitis is affecting MSM 
in Western countries, of which many are 
co-infected with HIV and hepatitis C.5 
It is highly recommended to differentiate 
an LGV Ct infection from a non-LGV 
Ct infection, since an LGV Ct infection 
requires longer antibiotic treatment.6 
Nowadays several assays are available to 
differentiate between an LGV genotype and 
a non-LGV genotype.7-11

At the sexually transmitted infections 
(STI) outpatient clinic of the Public 
Health Service (MHS) of Amsterdam all 
MSM engaging in receptive anal sex in the 
previous 6 months are screened for anal Ct 
infections by the Aptima Combo 2 system 
(GEN-PROBE, San Diego, USA) and, if 
Ct positive, further tested with a pmpH 
based in-house developed real-time PCR 
to discriminate between an LGV genotype 
and a non-LGV genotype.7 The MSM 

population visiting STI clinics are often 
diagnosed simultaneously with multiple 
STIs.12 It has been suggested that in case 
of a mixed Ct infection with both LGV 
and non-LGV genotypes, a low bacterial 
load of the LGV genotype could be missed 
due to primer competition for different 
genotypes.13

The genotyping step from the Ct-
Detection and genoTyping (DT) assay 
(Labo Biomedical Products BV, Rijswijk, 
The Netherlands) can simultaneously 
genotype multiple Ct genotypes (A, B/
Ba, C, D/Da, E, F, G/Ga, H, I/Ia, J, K, 
L1, L2/L2a, and L3) by a dual target PCR, 
targeting ompA and the Ct endogenous 
plasmid, followed by a reverse hybridization 
assay (RHA).8,14 This RHA platform can 
detect concomitant infections, even if 
one genotype is present in a much lower 
concentration compared to additional 
genotypes (up to ratios of 1:1000).15

In the current study, we evaluated the 
diagnostic performance of the pmpH LGV 
PCR, used at the MHS of Amsterdam 
for the diagnosis of LGV infections, by 
retesting 100 LGV Ct positive and 100 
non-LGV Ct positive samples with the 
Ct-DT RHA PCR system. In addition, 
we investigate the anal concomitant Ct 
genotype infections. Finally, we studied the 
non-LGV genotype distribution in rectal 
samples from MSM.

 
MAterIAls And Methods 
Clinical specimens 
In the STI clinic of the Public Health 
Service of Amsterdam non-LGV Chlamydia 
and LGV infections in anal samples of 
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MSM are diagnosed according to an 
algorithm consisting of Ct detection 
with the Aptima Combo 2 test, followed 
by differentiation with the pmpH LGV 
PCR, briefly described below. We selected 
samples from the archive (-80ºC freezer) 
of the Public Health Laboratory from a 
period starting in December 2009 and 
going back in time, until we had about 100 
LGV samples and about 100 non-LGV Ct 
samples, as described before.16 Since the 
prevalence of LGV Ct infections among 
clients of the STI clinic is much lower than 
the prevalence of non-LGV Ct infections, 
the period from which the LGV positive 
samples were selected was longer than the 
period from which the non-LGV samples 
were selected. Participants with non-LGV 
proctitis were treated with doxycycline 100 
mg twice daily for a minimum of 7 days and 
those with LGV proctitis for a minimum 
of 21 days, directly after diagnosis. For this 
study we did not use any additional data or 
samples other than obtained in the routine 
screening procedure of the clinic. Therefore, 
neither additional ethical approval, nor 
additional patient consent was considered 
necessary. All samples were de-identified 
before starting the analyses. No history 
about the patient’s STD and HIV status was 
available.

 
Algorithm of Ct detection and LGV 
differentiation for rectal swabs from 
MSM visiting the STD clinic from the 
MHS 
Rectal swabs from MSM were first tested for 
Ct with the commercially available Aptima 
Combo 2 Ct-RNA TMA assay, according 

to the manufacturer’s instruction (GEN-
PROBE, San Diego, USA). All Ct positive 
samples were further tested with the in-
house pmpH LGV real time PCR, of which 
the primers and probes were described 
previously.7 Briefly, the real time PCR was 
performed in 20 μL, containing Platinum 
Quantitative PCR SuperMix-UDG 
(Invitrogen, Breda, the Netherlands), 2 μL 
of isolated DNA, 4.3 mM MgCl2, 0.40 μM 
of primer F3 LGV, 0.39 μM of primer F4 
non-LGV and 0.92 μM of primer R2 LGV/
non-LGV, 0.15 μM of probe LGVtotP and 
0.21 μM of probe P4 non-LGV. Cycling 
conditions for the real-time PCR were: 
uracil DNA glycosylase step at 50ºC for 
2 minutes and denaturation at 95ºC for 
2 minutes, followed by 45 cycles of 15 
seconds at 95ºC and 1 minute at 60ºC. All 
tests were performed on a Rotor-Gene 6000 
(Qiagen, Venlo, the Netherlands). Samples 
that were negative with the pmpH real time 
PCR were considered to be non-LGV Ct 
infection, since the sample was already 
determined Ct positive with the more 
sensitive Aptima Combo 2 assay.

 
DNA isolation 
Isolation of the DNA was performed at 
the MHS. DNA was isolated from 200 μl 
transport medium (GEN-PROBE, San 
Diego, USA) by adding 500 μl lysisbuffer 
(bioMérieux, Boxtel, the Netherlands), 1 μl 
glycogen (20 mg/mL, Roche Diagnostics, 
Almere, the Netherlands) and 700 μL 
isopropanol (-20ºC). The precipitate 
was washed twice with 70% ethanol and 
subsequently dissolved in 50 μl 10 mM Tris 
buffer (pH 8.0). 
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Ct-DT RHA 
The Ct-DT PCR and Ct-DT RHA were 
performed according to the manufacturer’s 
instructions (Labo Biomedical Products BV, 
Rijswijk, The Netherlands) and as described 
previously.8,17 No Ct-DT detection with 
a Ct-DNA enzyme immunoassay was 
performed between the amplification and 
genotyping step, since all samples were 
already previously determined as Ct positive 
by the Aptima Combo 2 assay.

Ct-DT PCR: A 10 μl aliquot of 
extracted DNA was used for each PCR 
reaction. The Ct PCR primer set was used 
to amplify all known genotypes available 
in GenBank http://www.ncbi.nlm.nih.gov/
genbank. Briefly, this multiplex primer 
set amplifies a small fragment of 89 base 
pairs from the endogenous plasmid and a 
fragment of 160/157 base pairs from the 
Variable Region 2 of the ompA gene. The 
standard PCR program involves a 9-minute 
preheating step at 94ºC for AmpliTaq 
Gold activation, followed by 40 cycles 
of amplification (30 seconds at 94ºC, 45 
seconds at 55ºC and 45 seconds at 72ºC) 
and a final 5-minute elongation at 72ºC.

Ct-DT Reverse Hybridization Assay 
(RHA): The Ct-DT RHA contained 19 
probes for the endogenous plasmid, the 
Ct serogroups (B, C, and I) and the 14 
genotypes (A, B/Ba, C, D/Da, E, F, G/
Ga, H, I/Ia, J, K, L1, L2/L2a, and L3). 
Genovar L2b is detected as L2. The probe 
for the endogenous plasmid was added 
to increase sensitivity for Ct-detection, 
since genotyping on the plasmid is not 
possible. In short, 10 μl of the biotin-
labeled PCR product was mixed with 10 

μl of denaturation solution and incubated 
at 50°C for 1 hour, followed by several 
washing steps. All incubations and washing 
steps were performed automatically in 
an AutoLipa instrument (Tecan Austria 
GmbH, Salzburg, Austria).

 
Statistical analysis 
The level of agreement between the pmpH 
LGV PCR and the Ct-DT RHA was 
determined using Cohen’s Kappa for four 
categories. A two-tailed McNemar’s test 
was performed to investigate differences 
between both assays. The level of statistical 
significance was set at p < 0.05. All 
statistical analyses were performed in 
SPSS version 17.0 (SPSS version 17.0; 
Gorinchem, the Netherlands). Serovar 
distribution analysis was performed in 
each group separately, since the LGV and 
non-LGV Ct infections were obtained 
consecutively during different time frames.

 
results 
Agreement between the Ct-DT RHA and 
the pmpH LGV PCR 
An excellent agreement was observed 
between the Ct-DT RHA and the pmpH 
LGV PCR in differentiating between 
an LGV and a non-LGV Ct infection 
(Kappa value = 0.900, 95% CI = 0.845 - 
0.955, McNemar’s p = 1.000) (Table 1). 
189/201 (94%) samples showed diagnostic 
concordance between the two assays, 
consisting of 91 LGV infections, 82 non-
LGV infections, 4 mixed LGV/non-LGV 
infections and 12 non-typable infections 
(yet 6/12 of these non-typable samples 
were still Ct plasmid positive with the Ct-
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DT RHA). A total of 12 (6%) discordant 
samples were observed. The discordant 
samples between both assays consisted of 
2 infections that were diagnosed as LGV 
with the pmpH LGV PCR, but determined 
as a mixed LGV/non-LGV infection with 
the Ct-DT RHA and also 2 infections were 
determined as LGV infection with the Ct-
DT RHA, but diagnosed as mixed LGV/
non-LGV infection with the pmpH LGV 
PCR. Four Ct infections diagnosed as non-
typable with the pmpH LGV PCR, were 
determined as a non-LGV Ct infection with 
the Ct-DT RHA, and vice versa 4 samples 
were non-typable (3 Ct endogenous plasmid 
Ct positive and 1 Ct negative) with the 
Ct-DT RHA but diagnosed as non-LGV 
Ct infection with the pmpH LGV PCR. All 
99 LGV infections were confirmed with 
the Ct-DT RHA and no additional LGV 

infections were observed in the non-LGV 
group. 
 
Ct genotype distribution 
The Ct-DT RHA was used to investigate 
the genotype distribution among the 201 
rectal samples. All 99 LGV Ct infections 
consisted of genotype L2. Six of these 99 
patients had a co-infection with a non-LGV 
Ct strain: D/Da (n = 2), E (n = 2), G (n 
= 1) and J (n = 1). Among the non-LGV 
Ct infections in MSM, genotype G/Ga 
(34.3%) was most prevalent, followed by 
genotype D/Da (22.5%) and genotype 
J (12.7%) (Table 2). One concomitant 
genotype infection was observed in the non-
LGV group, containing the genotypes E&F. 
A trend toward significance was observed 
for concomitant infections with a LGV 
type compared to concomitant non-LGV 

pmpH LGV PCR

LGV Non-
LGV

LGV+non-
LGV

Non-
typable*

Total

Ct-DT RHA LGV 91 - 2 - 93
Non-LGV - 82 - 4 86
LGV+non-LGV 2 - 4 - 6
Non-typable* - 4 - 12 16
Total 93 86 6 16 201

Table 1. Genovar differentiation results of the pmpH real time PCR and the Ct-DT RHA of 201 
Aptima combo 2 C. trachomatis positive rectal swabs from men who have sex with men visiting the 
Amsterdam STI clinic between August 2008 and December 2009.

Overall Kappa value = 0.900 (95% CI = 0.845 - 0.955), McNemar’s p = 1.000. 
* The Ct-DT RHA non-typable samples consist of 9 Ct endogenous plasmid positive samples and 7 Ct 
negative samples. All 16 non-typable samples with the pmpH LGV PCR showed a negative result.
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genotype infections (6.1% vs. 1.0%, Fisher’s 
exact p = 0.1244).

 
dIscussIon 
The Ct-DT RHA and the pmpH LGV 
PCR showed an excellent agreement in 
differentiating between an LGV and a 
non-LGV Ct infection. No additional 
LGV infections were observed with the 
Ct-DT RHA, indicating a good diagnostic 
performance of the pmpH LGV PCR for 
the detection of LGV infections. Still 2 
concomitant non-LGV infections were 
missed with both assays among the LGV 

group. This discrepancy might be due to 
a lower bacterial load of the non-LGV 
Ct infection in the isolated DNA and/
or primer competition during the PCR. 
However, this observation has no clinical 
relevance, since all patients received 
treatment for an LGV infection, which 
is more than sufficient for a non-LGV 
infection. It would be of more importance 
when concomitant LGV infections were 
missed, but fortunately this was not the 
case.

The current study showed that 1.0% 
of the Ct infections within the non-LGV 
group consisted of a concomitant non-
LGV infection. This study also provides 
an estimate of the prevalence of non-LGV 
co-infections (6.1%) among MSM infected 
with LGV. The results of concomitant 
genotypes in both groups are comparable 
with previous studies of the urogenital tract 
in the general population, although the 
percentage in the non-LGV group seems 
slightly lower.18-22

The Ct-DT RHA not only differentiates 
between an LGV and non-LGV Ct 
infection, but is also able to further 
differentiate between the 14 major Ct 
genotypes. The most frequently observed 
Ct genotypes were the genotypes G/Ga, 
D/Da and J in the non-LGV group. This 
distribution is similar to the distributions 
found in rectal samples from other MSM 
studies performed previously at different 
time periods (1987 to 2010) and different 
geographic locations (North America, 
Europe and Australia, Figure 1).23-28 Only 
one study (the Netherlands) showed 
discordant results, as genotype J was totally 

Diagnosis non-LGV

N %

Single infections
 Genotype D/Da 23 22.5
 Genotype E 7 6.9
 Genotype F 5 4.9
 Genotype G/Ga 35 34.3
 Genotype J 14 13.7
 Genotype K 1 1
Non-typable 16 15.7
Mixed infections
 Genotypes E&F 1 1
Total 102 100

Table 2. Genotype distribution of the 102 
non-LGV positive rectal swabs from MSM 
visiting the Amsterdam STI clinic from 
August 2008 to December 2009.

The genotype distribution was determined with the 
Ct-DT RHA system.
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absent and a high number of genotype 
H was present.27 In that study the RFLP 
technique was used to discriminate between 
the genotypes. As the RFLP patterns of 
genotype H and J are very similar, it is 
possible that in that study the J genotypes 
might have been mistaken for H genotypes.

The anal genotype distribution in MSM, 
dominated by types G, D and J, differs 
significantly from the distribution found 
in genital samples from the heterosexual 
population, where E, F, and D are the 
most frequently observed genotypes.14,29-31 
Apart from network associated factors, also 
tissue tropism could explain this difference 
in distribution, certainly since a recent 
study revealed an association between 
rectal tropism and polymorphisms of open 
reading frames within genotype G.32 Also, 

on rectal swabs from heterosexual women 
an elevated prevalence of genotype G/Ga 
compared to urogenital samples was found, 
although this was not significant.33

All LGV infections were caused by 
genotype L2. Previous sequencing identified 
the Ct genovariant L2b, which is a 
genovariant of genotype L2.7 This genotype 
is highly specific for LGV proctitis in the 
current epidemic among MSM, while 
during the 1980s-1990s also genotype L1 
was described among MSM.34

The Ct-DT RHA and the pmpH 
LGV PCR had an excellent agreement in 
differentiating LGV from non-LGV Ct 
infections. Also, concomitant non-LGV 
genotypes do not lead to missed LGV 
proctitis diagnosis with the pmpH LGV 
PCR. The anogenital genotype G/Ga, D/

Figure 1. Rectal non-LGV Ct genotype distribution in men who have sex with men: a comparison 
with previous studies.23,24,27,28 Non typable infections in the non-LGV group were excluded.
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Da and J were the most frequent genotypes 
in rectal samples from MSM infected with a 
non-LGV strain. This genotype distribution 
differs from that of urogenital samples in 
the general population. All LGV infections 
were caused by genotype L2, which is in 
line with previous observations among 
MSM.
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AbstrAct 

We aimed to compare conventional ompA 
typing of Chlamydia trachomatis with 
multilocus sequence typing (MLST) and 
multilocus variable-number tandem-repeat 
(VNTR) analysis (MLVA). Previously used 
MLST and MLVA systems were compared 
to modified versions that used shorter target 
regions and nested PCR. Heterosexual 
couples were selected from among persons 
with urogenital C. trachomatis infections 
visiting the sexually transmitted infection 
outpatient clinic in Amsterdam, The 
Netherlands. We identified 30 couples 
with a total of 65 C. trachomatis-positive 
samples on which MLST and MLVA for 
eight target regions were performed. All 
regions were successfully sequenced in 52 
samples, resulting in a complete profile for 
18 couples and 12 individuals. Nine ompA 
genovars from D to K, with two variants 
of genovar G, were found. The numbers 
of sequence type and MLVA type profiles 
were 20 for MLST and 21 for MLVA, 
and a combination of MLST and MLVA 

yielded 28 profiles, with discriminatory 
indexes (D) ranging from 0.95 to 0.99. 
Partners in 17 couples shared identical 
profiles, while partners in 1 couple had 
completely different profiles. Three persons 
had infections at multiple anatomical 
locations, and within each of these three 
individuals, all profiles were identical. The 
discriminatory capacity of all MLST and 
MLVA methods is much higher than that of 
ompA genotyping (D = 0.78). No genotype 
variation was found within the samples 
of the same person or from heterosexual 
couples with a putative single transmission. 
This shows that the chlamydial genome 
in clinical specimens has an appropriate 
polymorphism to enable epidemiological 
cluster analysis using MLST and MLVA. 
 
IntroductIon 
In theory, urogenitally transmitted 
Chlamydia trachomatis seems to be an ideal 
target for molecular epidemiology, as it is 
the most prevalent sexually transmitted 
bacterial infection worldwide.25 C. 
trachomatis is present within the general 
population, because it is able to cause 
asymptomatic infections. The majority 
of the infections, however, occur within 
the transmission networks of specific risk 
groups, such as adolescents and men who 
have sex with men (MSM).1,15 Previous 
studies have shown that C. trachomatis has 
17 distinct serovars, based on the antigenic 
properties of the major outer membrane 
protein (MOMP),18 and even more genetic 
variants of the coding ompA gene.4 These 
qualities suggest that linking chlamydial 
types and human sexual behavior might be 



48

straightforward.
In practice however, there are difficulties. 

Although a considerable amount of 
antigenic variation between genovars 
exists, the genome of C. trachomatis is 
actually highly conserved, possibly due 
to its obligate intracellular life cycle.23 
Within one genovar, very little variation 
exists within the different ompA sequences, 
and epidemiologically distinct risk groups 
have identical ompA genovars.14 More 
problematic is that C. trachomatis has a 
nearly identical distribution of genovars 
in most populations which seems to 
be independent of host risk group, 
geography, or calendar time.7,14,15,17,21 It 
has been postulated that C. trachomatis 
is an ancient infection that coevolved 
with humankind and has stabilized over 
time.23 This distribution is dominated 
by three genovars (D, E, and F), which 
comprise about 70% of the sexually 
transmitted infections (STIs), making it 
difficult to follow transmission patterns 
accurately.7,14,17,21 The exception to this is 
the distribution of genovars among MSM, 
for about 85% of whom the genovars are 
D, G, and J.18,22 This might be a result 
of different transmission dynamics, but 
biological differences between anogenitally 
transmitted and urogenitally transmitted 
strains are another possible explanation.10 
The sensitivity of typing methods for C. 
trachomatis has always been problematic18 
Due to the obligate intracellular life cycle of 
the organism, C. trachomatis is difficult to 
culture, making this technique challenging 
for use in molecular epidemiological studies. 
Clinical samples might also be difficult for 

use for molecular typing, as they contain 
low bacterial loads. The samples might also 
suffer from interference with both human 
DNA and DNA from numerous other 
microorganisms, as C. trachomatis resides in 
niches with a dense microflora.

Numerous studies have shown and 
confirmed the stability of the distribution 
of ompA genovars, but very few studies 
have revealed the real dynamic properties of 
urogenital C. trachomatis strains of genovars 
D to K on a strain level. So far, only one 
clear case of a clonal outbreak has been 
described, being the new variant (nv) C. 
trachomatis outbreak in Sweden.6 The nv 
C. trachomatis outbreak was caused by a 
chlamydial strain that could not be detected 
by two commonly used diagnostic systems 
and had a prevalence among the Swedish 
population ranging from 10% to 65% in 
different counties. Later, it was identified to 
be a clonal outbreak by higher-resolution 
typing methods.6,20 In Örebro County, 
Sweden, nv C. trachomatis comprised 41% 
of all C. trachomatis-positive samples in 
2006, while no samples were found in a 
panel of 237 C. trachomatis-positive samples 
from 1999 to 2000. Although the outbreak 
was apparent, it was largely concealed 
when it was analyzed on an ompA level, as 
the proportion of genovar E samples (the 
genovar of nv C. trachomatis) in Örebro 
County rose from only 47% in 1999 and 
2000 to 69% in 2006.11 This shows that the 
data from conventional ompA typing might 
suggest a distribution of circulating strains 
that is too static, while higher-resolution 
typing methods might give a more dynamic 
view. 
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Although various genotyping methods 
are available, only two published methods 
demonstrated the degree of resolution 
needed for molecular epidemiological 
studies. In 2007, Klint et al. published 
a multilocus sequence typing (MLST) 
method for C. trachomatis that included 
five variable regions: hctB, CT058, CT144, 
CT172, and pbpB (Figure 1).12 A second 
technique, a multilocus variable-number 

tandem-repeat (VNTR) analysis (MLVA) 
published by Pedersen et al. in 2008, 
combined ompA with three highly variable 
single repeats: CT1291, CT1299, and 
CT1335 (Figure 1).20 Both techniques 
were evaluated by Ikryannikova et al. and 
showed a satisfyingly high discriminatory 
power for cultured samples.9 A drawback of 
the published techniques is that they both 
consist of single PCRs, which might have 

Figure 1. Graphical representation of the circular genome of Chlamydia trachomatis (reference strain 
D/UW-3/CX). Indicated are the locations of the regions used by Klint et al. (hctB, CT058, CT144, 
CT172, pbpB, and ompA)12 and Pedersen et al. (CT1291, CT1299, CT1335, and ompA).20 As can be 
seen, CT172 and CT1291 concern the same region.
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a decreased sensitivity with clinical samples 
tested directly. This can be improved by 
adapting the techniques to nested assays, 
as Lan et al. already showed in 1993.13 
Another drawback of the published 
MLST method is that some of the regions 
are over 1,500 bp in length and need 
multiple internal primers for sequencing. 
It is more convenient to use regions up to 
approximately 700 bp in length, because 
the sensitivity of the typing PCR is higher 
for smaller fragments, fewer PCRs and 
sequence reactions are needed, and the 
sequences are easier to assemble.

In this study, we aimed to adapt the 
published MLST and MLVA to nested 
assays of more appropriate lengths to be 
more suitable for clinical samples. We 
assessed both the minimal variation and the 
resolution of these novel high-resolution 
typing methods compared with ompA 
sequencing. We also aimed to compare our 
modified MLST with the original method 
published by Klint et al.,12 as that method 
contains some sequence information 
that is missed by ours. To test whether 
the novel typing methods are useful for 
molecular epidemiological research, a panel 
of samples from C. trachomatis-infected 
heterosexual couples was selected from 
the STI outpatient clinic in Amsterdam, 
The Netherlands. The study investigated 
which of the methods is most suitable for 
molecular epidemiological analysis of C. 
trachomatis transmission patterns in sexual 
networks.

 

 

MAterIAls And Methods 
Selection of couples 
Putative heterosexual couples were selected 
retrospectively from people who visited 
the STI outpatient clinic of the Public 
Health Service of Amsterdam between 
January 2008 and April 2009 and who were 
diagnosed with a urogenital C. trachomatis 
infection. Next to urogenital samples, 
additional samples were occasionally taken 
from the patients, depending on sexual 
risk behavior, clinical symptoms, and 
complaints associated with chlamydial 
infections and other STIs. For inclusion, 
the partners within the couples had to have 
a concomitant urogenital C. trachomatis 
infection, have had heterosexual contacts 
in the last 6 months, share a postal address, 
differ by not more than 20 years in age, 
have different family names to avoid 
selecting, e.g., brother/sister couples, have 
visited the outpatient clinic within 5 weeks 
of their partner’s visit, and not to have had 
high-risk sexual behavior (being paid for 
sex or having had more than two sexual 
partners in the preceding 6 months). Thirty 
putative heterosexual couples that met these 
criteria were selected.

All patients attending the Amsterdam 
STI clinic are notified during their visit that 
routinely collected data and samples may 
be used, after they are made anonymous, 
for scientific research. This study used only 
routinely collected data and samples, and no 
specific consent was requested. All identifier 
patient data (including name, address, date 
of birth, date of visit, and clinic registration 
number) were handled by qualified nurses 
and data managers, and none of the 
researchers had access to these data. 
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Selection of Chlamydia-positive samples 
All samples of the selected couples were 
tested by routine testing with the Aptima 
Combo 2 assay (Gen-Probe, San Diego, 
CA). The included C. trachomatis-positive 
samples consisted of a urine sample (males) 
and a cervical or vaginal swab sample 
(females) for every couple. Three persons 
had two infected anatomical locations 
(cervix and rectum) and one person had 
three infected locations (urethra and both 
eyes), which resulted in a total of 65°C. 
trachomatis-positive samples. The samples 
were stored at −20°C until use.

 
DNA extraction 
DNA was extracted at the Public Health 
Service from 200 μl swab- or urine-
containing transport medium (Gen-Probe) 
by adding 500 μl lysis buffer (bioMérieux, 
Boxtel, The Netherlands), 1 μl glycogen 
(20 mg/ml; Roche Diagnostics, Almere, 
The Netherlands), and 700 μl ice-cold 
isopropanol. The precipitate was washed 
twice with 70% ethanol and dissolved in 50 
μl 10 mM Tris buffer (pH 8.0). These DNA 
isolates were stored at −20°C until use.

 
Primer selection for modification of 
MLST and MLVA 
MLST regions were analyzed using the 
Uppsala, Sweden, C. trachomatis MLST 
database (http://mlstdb.bmc.uu.se/3) and 
the full genomes accessed in GenBank 
(genovar A, GenBank accession no. 
CP000051; genovar B, GenBank accession 
nos. FM872308 and FM872307; genovar 
D, GenBank accession nos. AE001273 
and ACFJ01000001 genovar F, GenBank 

accession no. ABYF01000001; genovar J, 
GenBank accession no. ABYD01000001; 
genovar L2, GenBank accession no. 
AM884176; and genovar L2b, GenBank 
accession no. AM884177) between March 
2009 and May 2010. The locations of the 
regions used are shown in Figure 1.

 
Nested PCR and sequencing for MLST 
and MLVA regions (modified protocol) 
The DNA isolates were amplified by a 
nested PCR for the regions ompA (variable 
domains 1 and 2), hctB, CT058, CT144, 
CT172, pbpB, CT1299, and CT1335 
using a C1000 PCR machine (Bio-Rad, 
Veenendaal, The Netherlands). The outer 
PCR was performed in a volume of 25 μl 
containing 2 μl of extracted DNA, 0.63 U 
GoTaq polymerase (Promega, Leiden, The 
Netherlands), 2 mM MgCl2, 25 μM each 
deoxynucleoside triphosphate, and 800 
ng/μl of each specific outer primer (Table 
1). The inner PCR was also performed in 
a volume of 25 μl containing the same 
components as the outer assay but with 2 μl 
of the outer amplicon as the target. Cycling 
conditions were an initial step at 94°C for 
3 min, followed by 35 cycles for the outer 
PCR and 30 cycles for the inner PCR and 
a final step at 72°C for 5 min. The cycles 
consisted of 30 s at 93°C, 30 s at 57°C, and 
1 min at 72°C. The amplified DNA was 
cleaned with ExoSAP-IT reagent (USB, 
Staufen, Germany) and sequenced in both 
directions with an ABI BigDye Terminator 
(version 1.1) kit (Applied Biosystems, 
Nieuwerkerk a.d. IJssel, The Netherlands), 
using the primers from the inner PCRs. 
Finally, the labeled DNA was purified using 
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an ABI BigDye XTerminator kit (Applied 
Biosystems) and analyzed in an ABI 3130 
genetic analyzer (Applied Biosystems).

 
Original MLST 
The original MLST was performed on three 
target regions (CT058, CT144, pbpB) that 
had not been fully covered by the modified 
MLST. Amplification and sequencing were 
performed as described by Jurstrand et al.11

 
Sequencing analysis 
The obtained sequences were analyzed using 
BioEdit software (http://www.mbio.ncsu.
edu/bioedit/bioedit.html). The sequences 
were assembled and trimmed using the 
ClustalW (MEGA4) program (http://www.
megasoftware.net/). Minimum-spanning 
trees were generated with BioNumerics 
software (Applied Maths, Sint-Martens-
Latem, Belgium) using the generated MLST 
profiles.

 
Statistical analysis 
The discriminatory power of each typing 
method was calculated using Hunter and 
Gaston’s modification of Simpson’s index 
of diversity.8 The formula used to define 
Simpson’s index of diversity (D) is

 
 
 
 
where N is the number of unrelated strains 
tested, s is the number of different types, 
and xj is the number of strains belonging  
to the jth type. The D value is between 0 and 
1, and new typing methods with values of 
0.95 or higher are considered highly suitable 

for molecular typing.24
 

results 
Thirty couples met the selection criteria. 
The 30 men had a median age of 26 years 
(range, 20 to 41 years), and the 30 women 
had a median age of 25 years (range, 19 
to 42 years). We were able to obtain the 
complete sequences from ompA and the 
complete profiles for the modified MLST, 
modified MLVA, and the (nested) original 
MLST for 52 of the 65 samples (80%). 
For the remaining 13 samples, 4 had only 
partial sequences or profiles and 9 tested 
negative for all typing regions. Among 
these 9 negative samples were no complete 
sets of samples for couples. All 13 samples 
were excluded from further analyses. For 18 
couples, we obtained the complete profiles 
for the samples from at least one of the 
anatomical locations tested for each partner. 
For the other 12 couples, we obtained 
complete profiles for one partner only. The 
samples from the 18 couples consisted of 36 
urogenital samples and 4 additional samples 
from patients infected at more than one 
anatomical location. These 40 samples are 
further referred to as panel A.

 
Variation in ompA in putative single 
transmission 
We first analyzed panel A with ompA 
genotyping, as this is the reference typing 
technique (Table 1). In 17 of the 18 couples, 
the partners had identical sequences 
for ompA. For the three patients who 
contributed more than one sample, all 
ompA sequences within one patient were 
identical. The genovars in the samples from 
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partners of one couple were discordant, with 
a genovar D infection in the male partner 
and a genovar E in the female partner. 
This degree of variation is impossible to 
have arisen by mutation during a single 
transmission. As these patients met our 
inclusion criteria, we considered that they 
were a couple but that the two infections 
must have had different origins.

 
Discriminating capacity of ompA 
sequencing 
The data obtained by ompA genotyping 
on panel A (together with the data of the 
following analyses on panel A) were used 
to construct a panel of epidemiologically 
unrelated samples. In this panel, all 
the couples in which the partners had 
concordant types all contributed one sample 
(n = 17) and the couple in which the 
partners had discordant types contributed 
two (n = 2). The couples for whom the 
sample(s) from only one of the partners 
could be sequenced added one sample 
each to this panel (n = 12). These 31 
epidemiologically unrelated samples are 
further referred to as panel B. In this panel, 
we found 9 different ompA sequences: 
D, E, F, G variant 1 (Gvar1), Gvar2, H, 
Ia, Ja, and K. The genovar distribution 
was similar to the distributions reported 
in other populations, as we found 74% 
(23/31) to be infected with one of the most 
predominant genovars, D (n = 3), E (n = 
13), or F (n = 7). This resulted in a rather 
low Hunter-Gaston D of 0.78, indicating 
an unsatisfactory resolution for molecular 
epidemiological studies.8,24

 

Design of nested MLST and MLVA 

To increase the sensitivity of the published 
MLST and MLVA methods, nested assays 
were designed for all regions (Table 1). 
Inner primers for the modified MLST 
were designed in such a way that the eight 
regions varied in length between 358 
bp and 733 bp and that a minimum of 
sequence information was lost compared to 
the original regions of the MLST (Table 1; 
Figure. 2; see the data in the supplemental 
material). From the 96 sequence types 
(STs) in the Uppsala C. trachomatis MLST 
database that were published by September 
2009, 89 could still be distinguished in 
silico. The MLVA regions were extended 
for better reads and assembling, so that the 
repeat region was at least 70 bp away from 
the start of the repeat sequence. The outer 
primers used in the assays were either the 
original primers from the papers by Klint et 
al.12 and Pedersen et al.20 or newly designed 
primers (Table 1). As region CT172 from 
the MLST and region CT1291 from the 
MLVA are largely overlapping, they were 
integrated into one assay and are referred 
to as CT172, from which the results for 
CT1291 can be derived (Figure 2).

The regions CT058, CT144, and pbpB 
of the original MLST were first tested with 
the original single PCRs. If they tested 
negative, they were retested using a nested 
version of the original MLST method. The 
primers from the original MLST were used 
as inner primers and new outer primers were 
designed (see the data in the supplemental 
material). For original CT058, the internal 
primers CT811F and CT1022R were used 
for sequencing. In the nested version, these 
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Table 1. Primers used for MLST and MLVA methods for Chlamydia trachomatis.a

a The regions given in boldface were used in the modified methods. For the original MLST, different PCRs were used for 
the regions CT058 and CT144, which are given in italics. Nested PCRs were performed for each region. The primers used 
for the outer PCRs are indicated with Outer, those used for the inner PCRs are indicated with Inner, and those used for 
sequencing are indicated with Seq. The original MLST made use only of the inner PCRs in the targets CT058, CT144, 
and pbpB. Unless indicated otherwise, the primers were newly designed. Positions are given in base pairs relative to the 
sequence of reference strain D/UW-3/CX (GenBank accession no. AE001273). 
b Primers were taken from Morré et al.16 
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c Primers were taken from Klint et al.12 
d Primers were taken from Pedersen et al.20 
e For original CT058, the primers CT811F and CT1022R were used for sequencing. In the nested version, these were 
replaced by CT058 IF and CT058 IR. 
f The additional primers pbpB2 IF and pbpB2 IR were used only in the nested version. 
g The fragment length indicated could not always be determined directly but could be calculated using reference sequences. 
h Fragment length is the number of base pairs sequenced with the primers excluded.
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were replaced by CT058 IF and CT058 IR. 
For pbpB, the internal primers pbpB2 IF 
and pbpB2 IR were used only in the nested 
version. With these assays, we could design 
4 different high-resolution typing methods: 
the modified MLST, the original MLST, the 
MLVA, and a combination of the modified 
MLST and MLVA (Table 2).

 
Variation in putative single transmission 
for the high-resolution typing methods 
The analyses of panel A samples with 
the modified MLST did not reveal any 
differences within the 17 couples, nor did 
the longer reads from the (nested) original 
MLST. The samples from the partners 
within these couples had identical sequences 
for all of the regions in both methods 
and therefore had identical STs. Similarly, 
for the 3 persons with multiple samples 

from different anatomical locations, no 
variation was found between samples in 
any of the tests within one person. The 
exception to this was the genovar-discordant 
couple, couple 18, which turned out to be 
discordant for all 6 regions. As one or both 
partners of this couple could potentially 
have a double infection, the sequences of 
the three samples (two from the woman, 
one from the man) were checked for 
indications of a double infection. Also, 
region CT172 of these samples of both 
partners of couple 18 was checked on a gel, 
as the two alleles differ in length by 306 bp. 
No indications of double infections were 
found. These results are depicted in Figure 3.

When analyzing the single nucleotide 
repeats of the MLVA, we found a 
proportion (CT172/CT1291, 10%; 
CT1299, 90%; CT1335, 92%) of these 

Figure 2. Graphical representation of region CT172/CT1291. Indicated are the positions of regions 
on the genome. The upper representation is the modified version. It is designed in such a manner 
that it includes all significant variation of the original assay of region CT172 of Klint et al.12 It also 
completely covers region CT1299 of Pedersen et al.20 The primers are designed in such a way that 
the regions flanking the repeat region are at least 70 bp long. This improves the readability of the 
sequences. Outer primers are given in black, and inner primers are given in gray. The length of 
the amplified fragment is represented by the lines between the primer sets. The 5′ positions of the 
primers are given as in Table 1.
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sequences to be ambiguous. This occurred 
when the repeats contained 10 or more 
consecutive identical nucleotides, and 
the ambiguity increased with length. As 
a result, the length of the repeat becomes 
difficult to determine and the 3′ flanking 
region becomes unreadable. Use of another 
high-fidelity polymerase could not correct 
for this phenomenon in pilot studies (data 
not shown), and we therefore concluded 
that the C. trachomatis samples could be 
heterogeneous for the number of single 
nucleotides within one repeat. As a result, 
samples with an identical majority repeat 
length could vary in the appearance of their 
peak patterns. The data gathered by the 
MLVA did show a high level of consistency, 

however, as between partners these patterns 
were always identical, again, with the 
exception of genovar-discordant couple 18. 
No variation in repeat length or appearance 
was seen between samples from the same 
person either (n = 3). A combination of the 
modified MLST and the MLVA is shown in 
Figure. 4.

 
Discriminating capacity of the high-
resolution typing methods 
Analysis of the 31 specimens in panel B 
with the modified MLST system resulted 
in 20 STs. Especially the more abundant 
ompA genovars were split, which resulted 
in 3 different STs for genovar D, 7 STs for 
genovar E, and 3 STs for genovar F. In the 

Figure 3. Minimum-spanning tree using the modified C. trachomatis MLST method with samples 
from 18 putative couples. The coding is by couple number and gender (♂, male; ♀, female). 
Genovars (ompA) are indicated with letters within the tree, and nodes with identical patterns indicate 
identical genovars. The sizes of the nodes indicate the number of samples included (1 to 8). The 
length of the branch indicates the number of alleles shared between connected sequence types (1 to 
5). When multiple samples are available for one person, the number of included samples is given in 
parentheses. It can be seen that the partners of couple 18 do not share the same strain of Chlamydia 
trachomatis.



59Chapter 3.1 •  

minimum-spanning tree generated from 
these data, the STs of one genovar were 
located in each other’s proximity. This is 
similar to the results shown in Figure. 3. The 
D of the modified MLST system was 0.95. 
This changed when the original MLST 
was applied to the samples, as the cluster 
of couples 5, 10, 21, and 30 separated into 
two clusters. Also, there was a minor shift in 
the distribution of the STs in the minimum-
spanning tree. The D of the original MLST 
system was 0.96. Only 8 (38%) of the 
21 STs already existed in the Uppsala C. 
trachomatis MLST database; thus, 13 STs 
(62%) were types not described previously. 

Also, new polymorphisms were found for 
the regions hctB, CT058, CT172, and pbpB 
(Table 3)

The modified MLVA system gave similar 
results for panel B. It gave rise to 21 MLVA 
types (MTs; similar to sequence types), 
where genovar D comprised 3 different 
MTs and genovar E and F gave 5 MTs each 
(Table 4). In the minimum-spanning tree 
generated from the profiles, most genovars 
grouped together, but both genovar D and 
genovar G were divided over two different 
locations within the tree. The distribution of 
the samples over the MTs was considerably 
different compared to the MLSTs, as 

Figure 4. Minimum-spanning tree using the modified Chlamydia trachomatis MLST and VNTR 
analysis MLVA method combined on 18 putative couples. The coding is by couple number and 
gender (♂, male; ♀, female). Genovars (ompA) are indicated with letters within the tree, and nodes 
with identical patterns indicate identical genovars. The sizes of the nodes indicate the number of 
samples included (1 to 8). The length of the branch indicates the number of alleles shared between 
connected sequence types (1 to 7). When multiple samples are available for one person, the number 
of included samples is given in parentheses. It can be seen that the partners of couple 18 do not share 
the same strain of Chlamydia trachomatis.
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Genovar
Sample 

no.

Allele

SThctB CT058 CT144 CT172 pbpB

D 22 5 19 15 1 4 13

26 10 8 1 4 23 35

18♂ NAL 1 NAL 1 1 3 23 NST 1

E 5, 21, 30 1 2 6 2 2 3

3 7 19 14 2 1 16

4, 8, 12, 
24

1 19 7 2 1 56

10 1 23 6 2 2 NST 2

15 NAL 2 19 7 2 1 NST 3

16 NAL 3 2 7 2 NAL 1 NST 4

18♀ NAL 4 19 7 2 1 NST 5

28 5 19 7 2 2 NST 6

F 1, 9, 13, 
17, 25

5 19 7 1 4 12

6 5 19 7 2 4 148

14 5 2 7 2 NAL 2 NST 7

Gvar1 11, 29 10 6 10 15 6 NST 8

Gvar2 20 10 NAL 2 22 4 6 NST 9

H 27 10 4 1 3 21 NST 10

Ia 2 10 5 12 4 18 135

19 10 5 12 NAL 1 18 NST 11

Ja 23 37 15 7 1 NAL 3 NST 12

K 7 10 6 22 3 8 NST 13

Table 3. Sequence types of 31 epidemiologically unrelated samples (panel B) determined using the 
original and nested Chlamydia trachomatis MLST method and the Uppsala Chlamydia trachomatis 
MLST database.a

a Sample number refers to both partners of a couple, if the complete profiles were successfully sequenced. The 
exception to this is couple 18, where the male (♂) and female (♀) are indicated. NST, new sequence type; 
NAL, new allele. Allele designations are retrieved from the Uppsala CT MLST database.
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Genovar Sample no.
Allele

MTCT1335 CT1299 CT1291

D 22 8 5 2 8.5.2e

18♂ 3 NV 1 (15C)b 3 NMT 1

26 3 NV 1 (15C)b 4 NMT 2

E 12 6 5 1 6.5.1

8, 10, 15, 16 8 4 1 8.4.1

3 8 6 1 8.6.1

5, 24 6 4 1 NMT 3

4, 18♀, 21, 
28, 30

8 5 1 NMT 4

F 13 8 5 2 8.5.2e

1, 17, 25 8 6 2 8.6.2

6 8 3 1 NMT 5

14 8 5 1 NMT 6

9 8 7 2 NMT 7

Gvar1 29 NV 1 (8T9A) 7c NV 1 (7C) NMT 8

11 NV 1 (8T9A) 8d NV 1 (7C) NMT 9

Gvar2 20 3 NV 2 (16C) 4 NMT 10

H 27 3 NV 1 (15C)b 3 NMT11

Ia 19 NV 2 (9T9A) 5 NV 2 (12C) NMT 12

2 NV 2 (9T9A) 5 4 NMT 13

Ja 23 8 5 2 NMT 14e

K 7 3 4 3 3.4.3

Table 4. MLVA types of 31 epidemiologically unrelated samples (panel B) determined using the 
Chlamydia trachomatis MLVA method and the Århus University database.a

a Sample number refers to both partners of a couple, if the complete profiles were successfully sequenced. The 
exception to this is couple 18, where the male (♂) and female (♀) are indicated. Allele designations are 
retrieved from the Århus University database. NMT, new MLVA type; NV, VNTR. 
b The C → T transition was found at position 12 in CT1299. 
c The C → T transition was found at position 10 in CT1299. 
d The C → T transition was found at position 11 in CT1299. 
e The sequence type 8.5.2 has previously been described for samples with genovars D, E, and F (19) but not 
for genovar Ja.



62

different samples grouped together. The 
D of the MLVA system was 0.96. The 
majority (67%) of the 21 MTs found were 
not yet identified in the Århus University 
database, which contains the different 
profiles generated with the MLVA method 
and consists of 61 different MTs found in 
161 randomly selected samples.19,20 New 
variants were found for all VNTRs. These 
are 7C and 12C for C. CT1291, 15C and 
16C for CT1299, and 8T9A and 9T9A for 
CT1335. Transitions (C → T) were found 
in CT1299 at positions 10, 11, and 12.

When the modified MLST and 
MLVA were combined into one analysis, 
the resolution increased to 28 different 
genotypes (combination of both STs and 
MTs), splitting genovar D into 3 genotypes, 
genovar E into 12 genotypes, and genovar 
F into 7 genotypes. In the minimum-
spanning tree generated from the profiles, 
most of the samples with the same genovars 
grouped together. Only the genovar D 
samples were located at different positions, 

which is also shown for panel A in Figure. 4. 
The diversity index of the combined MLST/
MLVA was 0.99, as only 2 genotypes 
contained more than one sample and the 
19 remaining genotypes were unique. In 
Table 5, a summary of the various typing 
techniques applied to panel B samples and 
their discriminatory indexes are presented.

 
dIscussIon 
Using a limited panel of samples derived 
from putative heterosexual transmissions, 
we showed that we successfully modified 
two methods previously published by Klint 
et al.12 and Pedersen et al.20 with a very 
high resolution for typing of Chlamydia 
trachomatis. By changing them into nested 
PCR formats, their sensitivity was increased, 
while the discriminatory capacity was 
maintained. The maximum target length 
in our assay format was less than 750 
bp, which allowed easy sequence analysis 
from single PCR fragments. Various new 
polymorphisms per included region were 
identified. Comparing original MLST 
results of our samples with the Uppsala C. 
trachomatis MLST database and the MLVA 
types with the Århus University database, 
we found that the majority (62% and 67%, 
respectively) of the generated profiles were 
not identified before.

Since the selected couples were not 
linked epidemiologically, the high 
sequence variation resulted in unique 
C. trachomatis profile types for almost 
every couple. The diversity found within 
Chlamydia trachomatis strains with MLST 
and MLVA is thus substantially higher 
than serotyping or ompA genotyping has 

Method
No. of 

loci
No. of 

variants
D

ompA genotyping 1 9 0.78

Modified MLST 6 20 0.95

Original MLSTa 6 21 0.96

MLVA 4 21 0.96

MLST + MLVA 8 28 0.99

Table 5. Discriminatory power for the typing 
methods used in this study, based on 31 
epidemiologically unrelated samples (panel B).

a For comparison, ompA is included in the original 
MLST.
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indicated previously. The discriminatory 
power for each typing method ranged from 
0.95 to 0.99 (Table 5), and such resolutions 
are satisfactory according to established 
guidelines24 (D ≥ 0.95) for most molecular 
epidemiological questions. Combination 
of the modified MLST and MLVA typing 
assays resulted in the highest discriminatory 
power (D = 0.99). However, the method of 
choice for each typing purpose might not 
be by default. If the mutation rate is too 
high, inducing too much resolution, the 
epidemiological links might get lost.

The data from the MLVA typing 
should especially be analyzed with care. 
As elaborated on in the Results section, 
a large proportion of the sequences of 
the MLVA regions were ambiguous. This 
method relies on determining the number 
of single nucleotide repeats within one 
target region. In pilot studies, we used a 
special high-fidelity Taq polymerase enzyme, 
and this did not resolve the ambiguities, 
such as double peaks and shifts, in the 
MLVA target sequences. Using a defined 
algorithm, we were still able to assign a type 
in the majority of the samples. However, 
interpretation is thus user dependent 
and error prone. We therefore aim to 
preferentially use the modified MLST for 
our future studies and add MLVA to it 
only when a higher discriminatory power is 
needed.

These high-resolution typing methods 
were shown to be robust. No variation was 
found within one person or between persons 
who were likely to have infected each other. 
The samples from two individuals of one 
couple, number 18, were found to be highly 

discordant for all genomic regions, and 
the variation between these samples was so 
large that it was impossible to have arisen 
during a single transmission step. This 
was shown by studies on clonal outbreaks 
using high-resolution typing methods. No 
variation was seen previously in samples 
containing the nv C. trachomatis strain 
and lymphogranuloma venereum (LGV) 
strain L2b when these were typed with 
MLST,2,6,11 and variations were seen only 
exceptionally in MLVA.20 If the chosen 
MLST and MLVA regions would have been 
too polymorphic due to high mutation 
rates, these clonal outbreaks would not be 
recognizable as such. This confirms that 
when using high-resolution typing methods, 
a clonal outbreak can be identified with 
more certainty and that sexual transmission 
connections will remain apparent.

The sensitivity of a typing method greatly 
depends on the initial detection method 
that was used to diagnose the infection. 
In this study, the samples were screened 
using a highly sensitive detection system for 
Chlamydia trachomatis, the Aptima Combo 
2 assay. This system utilizes 16S rRNA as 
an amplification target, and a few thousand 
copies of this target are present in every 
chlamydial cell. Several studies have shown 
a 2 to 12% higher sensitivity of Aptima 
Combo 2 compared to other commercial C. 
trachomatis detection systems, as reviewed 
by Cook et al.3 Although false-positive 
Aptima results are always a possibility, at 
least one of the partners in each couple 
was positive in the typing PCRs, making 
the occurrence of false positivity unlikely. 
Since our typing PCRs were less sensitive 
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than commercial C. trachomatis detection 
systems and about 10 to 100 times less 
sensitive than the Aptima Combo 2 assay, 
we did not expect to be able to type all 
Aptima C. trachomatis-positive samples, yet 
80% of the clinical C. trachomatis-positive 
samples could successfully be sequenced for 
all included regions. This percentage was 
comparable to the percentages from similar 
typing studies (50% to 94%) that also used 
highly sensitive C. trachomatis screening 
diagnostics and nested PCR.7,14,17,21 It 
should be noted that these typing studies 
used only 1 region (ompA), compared to 
the 11 different genomic targets that we 
amplified. We therefore conclude that 
using nested PCR in our modified typing 
methods is appropriately sensitive for typing 
a large majority of direct (uncultured) 
clinical samples.

For this study, we used C. trachomatis-
positive samples from putative heterosexual 
couples to ensure that only a single 
transmission step occurred. As only a 
limited number of couples met all criteria, 
only a rather small number of samples 
were included. This led to a small number 
of epidemiologically unrelated samples (n 
= 31), limiting the power of this study. 
The calculated discriminatory indexes 
might therefore either increase or decrease, 
when using larger sample numbers. 
However, the discriminatory indexes that 
we calculated were similar to those in 
previous reports.9,20 Also, the samples were 
considered epidemiologically unrelated, but 
all samples were selected from heterosexuals 
in the Amsterdam area. Therefore, the 
methods used in this study might be biased 

toward local Dutch types of urogenital 
Chlamydia trachomatis. Previous studies 
with the original MLST, however, found 
high levels of polymorphism in distinct 
strains of Chlamydia trachomatis, such as 
strains causing LGV and trachoma.2,5 This 
indicates that the performance of the typing 
methods is probably not limited to specific 
risk groups or strains.

Detailed epidemiological data and larger 
study groups are needed to determine what 
behavior underlies the transmission of 
Chlamydia trachomatis within a population 
and the degree of mixing between specific 
risk groups. We conclude that the high-
resolution typing methods described here 
show a satisfactory discriminatory capacity, 
sensitivity, and robustness and can be used 
in future studies. We aim to focus on these 
risk groups, such as men who have sex 
with men, adolescents, and migrant groups 
(studying the effects of traveling), and thus, 
we might find the determining factors of 
the chains of transmission of Chlamydia 
trachomatis.
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4.1

Distinct transmission networks of 
Chlamydia trachomatis in men who have 
sex with men and heterosexual adults in 
Amsterdam, the Netherlands 
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AbstrAct 

Genovar distributions of Chlamydia 
trachomatis based on ompA typing differ 
between men who have sex with men 
(MSM) and heterosexuals. We investigated 
clonal relationships using a high resolution 
typing method to characterize C. trachomatis 
types in these two risk groups.

C. trachomatis positive samples were 
collected at the STI outpatient clinic in 
Amsterdam between 2008 and 2010 and 
genotyped by multilocus sequence typing. 
Clusters were assigned using minimum 
spanning trees and these were combined 
with epidemiological data of the hosts.

We typed 526 C. trachomatis positive 
samples: 270 from MSM and 256 from 
heterosexuals. Eight clusters, containing 
10–128 samples were identified of which 
4 consisted of samples from MSM (90%–
100%), with genovars D, G, J, and L2b. 
The other 4 clusters consisted mainly of 
samples from heterosexuals (87%–100%) 

with genovars D, E, F, I, and J. Genetic 
diversity was much lower in the MSM 
clusters than in heterosexual clusters. 
Significant differences in number of sexual 
partners and HIV-serostatus were observed 
for MSM–associated clusters.

C. trachomatis transmission patterns 
among MSM and heterosexuals were 
largely distinct. We hypothesize that these 
differences are due to sexual host behavior, 
but bacterial factors may play a role as well.

 
IntroductIon 
Chlamydia trachomatis propagates as an 
obligate intracellular pathogen that is 
easily transmitted sexually and often causes 
asymptomatic infections. C. trachomatis 
is endemic in the general population, but 
the majority of infections occur within 
transmission networks of specific risk 
groups, such as heterosexual adolescents, 
young adults, and men who have sex with 
men (MSM).1 Low resolution typing 
methods, based on the ompA gene, showed 
that multiple genovars circulate. Three 
genovars (D, E, and F) comprise about 
70% of the infections among heterosexuals, 
and the distribution of genovars appears 
to be stable over time and independent of 
clinical symptoms and geography.2-6 The 
distribution among MSM appears to be 
different; genovars D, G, and J comprise 
about 85% of C. trachomatis infections 
among MSM according to a limited 
number of studies.5,7 Recently, a fourth 
dominant genovar, L2b, was added to this 
distribution, because a lymphogranuloma 
venereum (LGV) outbreak occurred among 
MSM in Europe, North America, and 
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Australia.8-10
In this study, differences in circulating 

C. trachomatis strains between MSM 
and heterosexuals were investigated 
using a high resolution typing method. 
A modified multilocus sequence typing 
(MLST) technique was used, which was 
epidemiologically validated on clinical 
samples to differentiate C. trachomatis 
strains on a population level.11 Using this 
technique, we previously found that there 
were differences in genetic diversity among 
C. trachomatis strains from MSM and 
heterosexual women sampled in 3 different 
countries.12 These hosts were separated 
in calendar time and geography however, 
making it unlikely that direct exchange 
of Chlamydia strains had been possible. 
In the present study, we focused on only 
one STI clinic in one city, Amsterdam, 
the Netherlands. Samples were collected 
from both MSM and heterosexual men 
and women in a relatively short time frame 
(2008–2010). We aimed to investigate 
the diversity of chlamydial genotypes, and 
analyzed epidemiological characteristics of 
C. trachomatis MLST clusters between the 
risk groups.

 
MAterIAls And Methods 
Study Site 
The study was conducted among visitors 
of the STI outpatient clinic of the 
Public Health Service of Amsterdam, the 
Netherlands. The low-threshold clinic 
offers free-of-charge testing and treatment 
for STI to more than 30,000 visitors a 
year, of whom 29% are MSM.13 At entry, 
visitors are classified as high or low risk 

depending on reported sexual behavior. 
Criteria for high-risk classification were: 
having STI-related physical complaints; 
being notified of STI exposure by a sexual 
partner; having been paid for sexual contact 
in the past 6 months; and for males, having 
had sex with men in the past 6 months. 
The high- and low-risk groups are assigned 
to standard and short screening protocols, 
respectively. An earlier study had shown 
that these criteria were able to identify 
groups with a high prevalence of STI. Both 
protocols include diagnostic testing for C. 
trachomatis infections.13 Urine and swabs 
(taken from the vagina, cervix, urethra, 
proctum, or ulcer, depending on sexual 
history and clinical symptoms) were tested 
for C. trachomatis upon collection, using 
transcription-mediated amplification 
(TMA; Aptima Combo 2, Gen-Probe, 
San Diego, USA) at the Public Health 
Laboratory.

 
Study Population 
For logistic reasons, recruitment for the 
2 risk groups could not be conducted 
concurrently. Therefore recruitment was 
done consecutively for each group with the 
collection periods separated by two months. 
In addition, participants were only recruited 
from the standard screening protocol. The 
first recruited group consisted of MSM at 
risk for STI. Inclusion criteria were being 
at least 18 years old, understanding of 
written Dutch or English, and having had 
sex with a man in the preceding 6 months. 
The recruitment period ran from July 2008 
through August 2009. The second group 
consisted of male heterosexuals and females 



79Chapter 4.1 •  

at risk for STI. Male visitors were excluded 
if they had had sex with a male partner in 
the preceding 6 months. Visitors had to 
understand written Dutch or English and 
be at least 18 years old. The recruitment 
period ran from November 2009 through 
May 2010. Visitors could participate only 
once in this study, with one sample. For 
MSM, urine samples were used or, if urine 
samples were not available, proctal samples 
were used. For heterosexual men, only urine 
samples were used. For female participants, 
vaginal self-swab samples were used or, if 
not available, cervical samples were used. 
Epidemiological data, such as diagnosis at 
current visit and medical and sexual history, 
were obtained from the electronic patient 
record. The study was approved by the 
medical ethics committee of the Academic 
Medical Centre of Amsterdam, the 
Netherlands (MEC07/127, MEC07/181). 
Participants gave written informed consent.

 
DNA Extraction 
DNA was extracted from clinical samples 
using 200 µL out of the 4 mL of transport 
medium (Gen-Probe), containing swabs 
or urine that had previously been tested 
positive for Chlamydia trachomatis by 
routine analysis (Aptima Combo 2, Gen-
Probe, San Diego, USA). The medium was 
added to 500 µL lysis buffer (bioMérieux, 
Boxtel, the Netherlands), 1 µL glycogen 
(20 mg/ml, Roche Diagnostics, Almere, the 
Netherlands). After mixing and incubation 
at 65°C for 30 minutes, 700 µL ice-cold 
isopropanol was added. The precipitate 
was centrifuged for 20 minutes at 14000 
rpm, washed twice with 70% ethanol, and 

dissolved in 50 µL 10 mM Tris buffer (pH 
8.0). DNA isolates were stored at −20°C 
until use. Per PCR reaction, 2 µL of DNA 
isolate was used.

 
DNA Quantification 
All DNA isolates were further tested 
with the in-house pmpH LGV qPCR for 
presence of genomic DNA as described 
previously.7,14 For isolates that were negative 
or obtained a cycling threshold (Ct) value 
higher than 35, DNA was re-extracted 
from the original samples and requantified. 
For samples that were retested, the DNA 
isolate with the lowest cycling threshold was 
selected for further typing analyses. Samples 
that tested repeatedly negative or weakly 
positive (Ct>40) were excluded from typing 
analysis.

 
Nested PCR and Sequencing of MLST 
Regions 
DNA isolates were amplified by a nested 
PCR for the regions ompA, CT046 (hctB), 
CT058, CT144, CT172, and CT682 
(pbpB) as described previously.11 There 
were some minor adaptations to increase 
sensitivity: the primers CT1678R and 
pbpB2366R were replaced by CT058IR 
(5′AAT CCT CCT TGG CCT CTC TT) 
and pbpB1OR (5′AAG AAC CTT CCA 
TCT CCT GAA T). The inner PCR was 
performed with M13-tagged primers, 
identical to the standard inner primers. This 
allowed sequencing using universal M13 
primers for high throughput purposes.

 
Data Analysis 
The obtained sequences were analyzed, 
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assembled, and trimmed from their primer 
sequences, using BioNumerics 6.6 (Applied 
Maths, Sint-Martens-Latem, Belgium). 
Samples resulting in incomplete and 
low-quality sequences were reamplified 
and resequenced. The cleaned primer-to-
primer sequences were checked against an 
in-house library and against the Chlamydia 
trachomatis MLST database (mlstdb.
bmc.uu.se); each different sequence from 
a region was given an allele number. 
Only samples of which all six alleles were 
successfully amplified, sequenced, and 
identified, were included in the study and 
obtained a full MLST profile. Samples with 
an incomplete MLST profile after repeated 
testing and samples containing double 
infections were excluded from further 
analysis. A minimum spanning tree was 
generated using MLST profiles. Cluster 
analysis was performed, allowing single 
locus variance (SLV), using BioNumerics 
6.6. Clusters containing 10 or more samples 
were defined as large clusters. To investigate 
specific characteristics of small clusters 
(n≤9) and singletons, we combined these 
samples into a residual group.

 
Statistical Analysis 
Participants were classified into 2 groups, 
MSM and heterosexuals, on the basis of 
their sexual behavior. MSM were defined 
as those men who reported having sexual 
contact with men in the preceding 6 
months. The group of MSM was subdivided 
into men who have sex with men only 
(MSMO) and men who have sex with both 
men and women (MSMW, bisexuals). Men 
reporting sexual contact with women only 

(MSWO) in the preceding 6 months were 
regarded as heterosexuals. In addition, all 
women were regarded as heterosexuals, as 
male-to-female transmission is most likely 
for C. trachomatis infections among women. 
Ethnicity was derived from the nationality, 
country of birth, and self-perceived 
ethnicity of the participants. If all categories 
were answered Dutch/the Netherlands, 
participants were classified as ‘Dutch’. 
If not, they were classified as ‘Other’. 
Differences between the 2 groups and 
between clusters were tested univariately 
using the Pearson’s χ2 test, Fisher’s exact 
test, Mann-Whitney U test, and Kruskal-
Wallis test, when appropriate. A p-value 
of ≤0.05 was considered statistically 
significant. Analyses were performed with 
SPSS package version 19.0 (SPSS Inc., 
Chicago, IL, USA).

The diversity within each clusters was 
calculated using Simpson’s index of diversity 
(D). The formula used to define this index 
is:

 
where N is the total number of samples, 
and xj the number of samples belonging to 
the jth sequence type and s is the number 
of different sequence types. Confidence 
intervals (95%CI) were estimated using:  

 
 
 
where the standard deviation σ is given by:
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results 
Study Populations and Samples 
We enrolled 3992 participants of the 
STI outpatient clinic in Amsterdam. Of 
these, 2492 were MSM and 1500 were 
heterosexuals. In total, 669 participants 
were positive for C. trachomatis by 
routine TMA testing (365 MSM and 304 
heterosexuals). From these 669 participants, 
658 C. trachomatis positive samples were 
available. In 566 samples (86%), the 
genomic DNA load was sufficiently high 
for genotyping (for 43 samples, the second 
extraction was selected). Of these samples, 
526 (93%) could be completely typed by 
MLST (of which 30 samples came from the 
second extraction).

Among the 526 participants with a 
full MLST profile were 270 MSM and 
256 heterosexuals (Table 1). Notable 
differences between the 2 groups were 
the higher age among MSM (p<0.001), 
higher reported number of sexual partners 
among MSM (p<0.001), and MSM being 
less often notified for an STI by sexual 
partners (p<0.001). Almost half of the 
MSM were HIV positive, versus none 
of the heterosexuals (p<0.001, Table 1). 
Coinfections with Neisseria gonorrhoeae were 
significantly more common among MSM 
(p<0.001, Table 1). 

 

Genovar Distributions 
As ompA is part of the MLST scheme, 
genovars could be assigned to all typed 
samples. Among MSM, we found 7 
different genovars: D (32%), E (4%), F 
(3%), G (32%), J (16%), K (0.4%), and 
L2b (13%). Among heterosexuals, we found 
9 different genovars: B (1%), D (11%), E 
(39%), F (20%), G (6%), H (1%), I (12%), 
J (5%), and K (4%). Notable was the high 
prevalence of LGV genovar L2b among 
MSM and genovar I among heterosexuals.

 
High Resolution Typing Results 
Among the 526 fully typed samples, 164 
unique sequence types were found (Table 
S1). Using the MLST profiles, a minimum 
spanning tree was generated, in which 8 
large clusters could be identified (Figure 
1). These clusters ranged from 10 to 128 
samples and comprised 86% of all samples. 
The remaining 75 samples were distributed 
over 28 singletons and 16 small clusters, 
ranging from 2 to 8 samples.

A clear separation in the minimum 
spanning tree was seen between samples 
from MSM and heterosexuals (Figure 
2). Four large clusters (clusters I to IV) 
consisted predominantly of samples from 
MSM (90% to 100%) and were therefore 
named MSM-associated clusters. The 
other 4 large clusters (clusters V to VIII) 
consisted primarily of samples from 
heterosexuals (87% to 100%) and were 
named heterosexual-associated clusters. Of 
the samples from 75 participants outside the 
large clusters, only 2 were from MSM.

Within the 4 MSM-associated clusters 
we identified genovars D, G, J, L2 and 
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MSM (n=270)
Heterosexuals 

(n=256)

pn (%) n (%)

Sex group MSMO 262 (97) – – <0.001

MSMW 8 (3) – –

MSWO – – 86 (34)

Female – – 170 (66)

Age in years Median (IQR) 39 (31–45) 23 (21–27) <0.001

Ethnicityb Dutch 191 (72) 183 (71) 0.935

Other 75 (28) 73 (29)

Residenceb Amsterdam 210 (80) 186 (75) 0.161

Outside 
Amsterdam

51 (20) 61 (25)

Number of sexual partners 
in past 6 monthsc

Median (IQR) 8 (4–18) 2 (1–4) <0.001

Notified for STI No 221 (82) 163 (64) <0.001

Yes 49 (18) 93 (36)

Source of sample Urethra (male) 89 (33) 86 (34) <0.001

Proctum (male) 181 (67) – –

Cervix/Vagina – – 170 (66)

STI-related complaints No 121 (45) 131 (51) 0.145

Yes 149 (55) 125 (49)

HIVd Negative 144 (55) 254 (100) <0.001

Positive 116 (45) 0

Neisseria gonorrhoeae Negative 218 (81) 242 (95) <0.001

Positive 52 (19) 14 (5)

Table 1. Demographic and clinical characteristics of MSM and heterosexuals with Chlamydia 
trachomatis infection, STI outpatient clinic, Amsterdam, July 2008–May 2010

MSM: men who have sex with men; MSMO: men who have sex with men only; MSMW: men who 
have sex with men and women; MSWO: men who have sex with women only; STI: sexually transmitted 
infections; IQR: interquartile range.
a Data were missing for 4 MSM. 
b Data were missing for 9 MSM and 9 heterosexuals. 
c Data were missing for 6 MSM. 
d Data were missing for 10 MSM and 2 heterosexuals.
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Figure 1. Minimum spanning tree showing ompA genovar type of 526 Chlamydia trachomatis-positive 
samples from MSM and heterosexuals in Amsterdam between July 2008 and May 2010. Sizes of the 
node discs are proportional to the number of samples of each sequence type; branches show single 
locus variants (SLV); halos indicate clusters based on SLV; and letters indicate ompA genovar type. 
The color coding is: red, genovar D (n = 115); yellow, genovar E (n = 112); black, genovar G (n = 
102); green, genovar F (n = 61); blue, genovar J (n = 56); pink, genovar I (n = 31); gray, genovar 
L2b (n = 31); brown, genovar K (n = 11); cyan, genovar L2 (n = 3); purple, genovar B (n = 2); and 
orange, genovar H (n = 2).
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Figure 2. Minimum spanning tree showing the sexual orientation of the host of 526 Chlamydia 
trachomatis-positive samples from MSM and heterosexuals in Amsterdam between July 2008 and 
May 2010. Sizes of the node discs are proportional to the number of samples of each sequence type; 
branches show single locus variants (SLV); halos indicate clusters based on SLV; and letters indicate 
ompA genovar type. The color coding is: pink, men who have sex with men only (n = 262); green, 
men who have sex with men and women (n = 8); and blue, heterosexual men and women (n = 256).
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L2b (Table 2). Two clusters fully consisted 
of samples with an identical genovar: 
clusters II and III contained only genovar 
D samples. Cluster IV contained genovar 
L2b (91%) and L2 (9%) samples. Cluster 
I however consisted of genovar G samples 
(67%) as well as genovar J samples (33%). 
The same phenomenon was seen for the 
heterosexual-associated clusters (Table 2). 
Cluster V contained genovars F (82%), 
D (14%), and J (4%), while clusters VI 
and VII consisted of genovar E samples 
and cluster VIII of genovar I samples. The 
remaining small clusters and singletons 
contained a wide variety of genovars, with 
genovars G, D, J, and K being the most 
prominent.

Diversity within MSM-associated 
clusters was low. The majority of samples 
in clusters II, III, and IV belonged to a 
single sequence type, while most other 
sequence types differed only in 1 locus 
from the central sequence type (D = 0.38, 
0.38 and 0.22, respectively; Table 2; Figure 
2). Cluster I showed more variation (D = 
0.77), as it contained 3 dominant sequence 
types; however, all but 1 of the remaining 
samples differed no more than 1 locus from 
these sequence types. Among heterosexuals, 
diversity was much higher: numerous small 
clusters and singletons were observed and 
also more variation was seen within the large 
heterosexual-associated clusters (D = 0.82, 
0.86, 0.71 and 0.87, respectively for clusters 
V, VI, VII and VIII). Although the majority 
of samples belonged to 1 or 2 dominant 
sequence types, many more sequence type 
variants were present among heterosexuals 
and these variants could vary in up to 3 loci 

from the central sequence types.
 

Clinical and Epidemiological Analysis 
Only MSM-associated clusters II and III 
included some heterosexuals. Interestingly, 
men having sex with both men and women 
(MSMW) were more likely to be infected 
with strains from the heterosexual-associated 
clusters compared to men who only had sex 
with women (MSWO, p = 0.001, Figure 2).

Comparing the MSM-associated clusters, 
significant differences were observed in 
number of sexual partners (p = 0.001) and 
HIV serostatus (p<0.001, Table 2). When 
we excluded the LGV cluster (IV) from 
the analyses, no significant differences were 
found for the 3 other MSM-associated 
clusters.

Comparing heterosexual-associated 
clusters, we observed differences for 
ethnicity and being notified for STI 
by a sexual partner, but these were not 
significant. (Table 2). Participants infected 
with C. trachomatis types from cluster 
VIII were more likely to be of non-Dutch 
origin, whereas participants infected with C. 
trachomatis types from cluster VI were less 
often notified for STI by a sexual partner. 
We found that participants with samples in 
small clusters or with an infection that did 
not cluster were less likely to be coinfected 
with N. gonorrhoeae. 
 
dIscussIon 
Using high resolution multilocus sequence 
typing, we identified clusters of C. 
trachomatis strains representing but not 
coinciding with all prevailing genovars 
in Amsterdam. As in previous studies, 



MSM-associated clusters Heterosexual-associated clusters

Cluster I

(n = 128)

Cluster II 

(n = 80)

Cluster III 

(n = 10)

Cluster IV

(n = 34)

Cluster V

(n = 71)

Cluster VI 

(n = 77)

Cluster VII

(n = 26)

Cluster VIII

(n = 25)

Residual 
Group

(n = 75)

ptotal pI to 
IV

pV to 
VIII+R

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

ompA genovar B 0 0 0 0 0 0 0 0 2 (3) - - -

D 0 80 (100) 10 (100) 0 10 (14) 0 0 0 15 (20)

E 0 0 0 0 0 77 (100) 26 (100) 0 9 (12)

F 0 0 0 0 58 (82) 0 0 0 3 (4)

G 86 (67) 0 0 0 0 0 0 0 16 (21)

H 0 0 0 0 0 0 0 0 2 (3)

I 0 0 0 0 0 0 0 25 (100) 6 (8)

J 42 (33) 0 0 0 3 (4) 0 0 0 11 (15)

K 0 0 0 0 0 0 0 0 11 (15)

L2 0 0 0 3 (9) 0 0 0 0 0

L2b 0 0 0 31 (91) 0 0 0 0 0

Simpson’s diversity index D (95% CI) 0.77 (0.72-0.82) 0. 38 (0. 24-0. 52) 0.38 (0.03-0.72) 0.22 (0.04-0.39) 0.82 (0.74-0.91) 0.86 (0.81-0.92) 0.71 (0.53-0.90) 0.87 (0.80-0.94) - - - -

Sex group MSMO 126 (98) 76 (95) 9 (90) 34 (100) 6 (8) 10 (13) 0 0 1 (1) <0.001 0.062 0.022

MSMW 2 (2) 1 (1) 0 0 3 (4) 0 1 (4) 0 1 (1)

MSWO 0 3 (4) 0 0 16 (23) 29 (38) 7 (27) 9 (36) 22 (29)

Female 0 0 1 (10) 0 46 (65) 38 (49) 18 (69) 16 (64) 51 (68)

Age in years Median (IQR) 39 (31-45) 39 (29-45) 33 (24-42) 40 (35-45) 24 (21-27) 24 (21-28) 25 (22-28) 24 (21-27) 23 (21-32) <0.001 0.126 0.708

Ethnicitya Dutch 90 (71) 57 (71) 8 (89) 26 (79) 49 (69) 58 (76) 17 (65) 12 (48) 57 (76) 0.228 0.627 0.065

Other 37 (29) 23 (29) 1 (11) 7 (21) 22 (31) 18 (24) 9 (35) 13 (52) 18 (24)

Residenceb Amsterdam 99 (79) 64 (85) 9 (90) 24 (75) 56 (81) 51 (69) 18 (69) 16 (67) 59 (82) 0.212 0.494 0.192

Outside 
Amsterdam

27 (21) 11 (15) 1 (10) 8 (25) 13 (19) 23 (31) 8 (31) 8 (33) 13 (18)

Number of sexual partners in 
past 6 monthsc

Median (IQR) 7 (3-18) 6 (3-10) 5 (3-15) 15 (10-21) 2 (2-5) 3 (2-5) 2 (1-3) 2 (1-5) 3 (2-4) <0.001 0.001 0.656

Notified for STI No 103 (80) 61 (76) 9 (90) 28 (82) 41 (58) 58 (75) 14 (54) 15 (60) 55 (73) 0.005 0.782 0.059

Yes 25 (20) 19 (24) 1 (10) 6 (18) 30 (42) 19 (25) 12 (46) 10 (40) 20 (27)

STI-related complaints No 62 (48) 43 (54) 3 (30) 10 (29) 42 (59) 36 (47) 15 (58) 9 (36) 32 (43) 0.085 0.073 0.149

Yes 66 (52) 37 (46) 7 (70) 24 (71) 29 (41) 41 (53) 11 (42) 16 (64) 43 (57)

HIVd Negative 73 (59) 50 (64) 8 (80) 4 (13) 69 (97) 70 (93) 25 (100) 25 (100) 74 (99) <0.001 <0.001 0.342

Positive 50 (41) 28 (36) 2 (20) 28 (88) 2 (3) 5 (7) 0 0 1 (1)

Neisseria gonorrhoeae Negative 106 (83) 66 (83) 8 (80) 28 (82) 63 (89) 71 (92) 25 (96) 19 (76) 74 (99) 0.002 0.991 0.005

Positive 22 (17) 14 (18) 2 (20) 6 (18) 8 (11) 6 (8) 1 (4) 6 (24) 1 (1)

Table 2. Demographic and clinical characteristics of participants by cluster based on MLST of 
Chlamydia trachomatis, STI outpatient clinic, Amsterdam, July 2008–May 2010.
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Residual 
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ptotal pI to 
IV

pV to 
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D 0 80 (100) 10 (100) 0 10 (14) 0 0 0 15 (20)

E 0 0 0 0 0 77 (100) 26 (100) 0 9 (12)

F 0 0 0 0 58 (82) 0 0 0 3 (4)

G 86 (67) 0 0 0 0 0 0 0 16 (21)

H 0 0 0 0 0 0 0 0 2 (3)

I 0 0 0 0 0 0 0 25 (100) 6 (8)

J 42 (33) 0 0 0 3 (4) 0 0 0 11 (15)

K 0 0 0 0 0 0 0 0 11 (15)

L2 0 0 0 3 (9) 0 0 0 0 0

L2b 0 0 0 31 (91) 0 0 0 0 0

Simpson’s diversity index D (95% CI) 0.77 (0.72-0.82) 0. 38 (0. 24-0. 52) 0.38 (0.03-0.72) 0.22 (0.04-0.39) 0.82 (0.74-0.91) 0.86 (0.81-0.92) 0.71 (0.53-0.90) 0.87 (0.80-0.94) - - - -

Sex group MSMO 126 (98) 76 (95) 9 (90) 34 (100) 6 (8) 10 (13) 0 0 1 (1) <0.001 0.062 0.022

MSMW 2 (2) 1 (1) 0 0 3 (4) 0 1 (4) 0 1 (1)

MSWO 0 3 (4) 0 0 16 (23) 29 (38) 7 (27) 9 (36) 22 (29)

Female 0 0 1 (10) 0 46 (65) 38 (49) 18 (69) 16 (64) 51 (68)

Age in years Median (IQR) 39 (31-45) 39 (29-45) 33 (24-42) 40 (35-45) 24 (21-27) 24 (21-28) 25 (22-28) 24 (21-27) 23 (21-32) <0.001 0.126 0.708

Ethnicitya Dutch 90 (71) 57 (71) 8 (89) 26 (79) 49 (69) 58 (76) 17 (65) 12 (48) 57 (76) 0.228 0.627 0.065

Other 37 (29) 23 (29) 1 (11) 7 (21) 22 (31) 18 (24) 9 (35) 13 (52) 18 (24)

Residenceb Amsterdam 99 (79) 64 (85) 9 (90) 24 (75) 56 (81) 51 (69) 18 (69) 16 (67) 59 (82) 0.212 0.494 0.192

Outside 
Amsterdam

27 (21) 11 (15) 1 (10) 8 (25) 13 (19) 23 (31) 8 (31) 8 (33) 13 (18)

Number of sexual partners in 
past 6 monthsc

Median (IQR) 7 (3-18) 6 (3-10) 5 (3-15) 15 (10-21) 2 (2-5) 3 (2-5) 2 (1-3) 2 (1-5) 3 (2-4) <0.001 0.001 0.656

Notified for STI No 103 (80) 61 (76) 9 (90) 28 (82) 41 (58) 58 (75) 14 (54) 15 (60) 55 (73) 0.005 0.782 0.059

Yes 25 (20) 19 (24) 1 (10) 6 (18) 30 (42) 19 (25) 12 (46) 10 (40) 20 (27)

STI-related complaints No 62 (48) 43 (54) 3 (30) 10 (29) 42 (59) 36 (47) 15 (58) 9 (36) 32 (43) 0.085 0.073 0.149

Yes 66 (52) 37 (46) 7 (70) 24 (71) 29 (41) 41 (53) 11 (42) 16 (64) 43 (57)

HIVd Negative 73 (59) 50 (64) 8 (80) 4 (13) 69 (97) 70 (93) 25 (100) 25 (100) 74 (99) <0.001 <0.001 0.342

Positive 50 (41) 28 (36) 2 (20) 28 (88) 2 (3) 5 (7) 0 0 1 (1)

Neisseria gonorrhoeae Negative 106 (83) 66 (83) 8 (80) 28 (82) 63 (89) 71 (92) 25 (96) 19 (76) 74 (99) 0.002 0.991 0.005

Positive 22 (17) 14 (18) 2 (20) 6 (18) 8 (11) 6 (8) 1 (4) 6 (24) 1 (1)

MLST: multilocus sequence typing; MSM: men who have sex with men; MSMO: men who have sex with men only; 
MSMW: men who have sex with men and women; MSWO: men who have sex with women only; STI: sexually 
transmitted infections; IQR: interquartile range. 
ptotal represents the p-value for the analyses over all clusters and the residual group; pI to IV over MSM-associated clusters, 
i.e. clusters I–IV and pV to VIII+R over heterosexual-associated clusters, i.e. clusters V–VIII and the residual group. 
aData were missing for 1 sample from cluster I, 1 from cluster III, 1 from cluster IV and 1 from cluster VI. 
bData were missing for 2 samples from cluster I, 5 from cluster II, 2 from cluster IV, 2 from cluster V, 3 from cluster VI, 1 
from cluster VIII and 3 from the residual group. 
cData were missing for 3 samples from cluster I and 3 from cluster II.
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we found differences in C. trachomatis 
genovar distributions among infected 
MSM and heterosexuals.5,15 MSM were 
mainly infected by genovars D, G, J, and 
L2b, whereas heterosexuals were mainly 
infected by genovars D, E, F, and I. On a 
cluster level however, we found very distinct 
circulating strains for the 2 sexual risk 
groups. Thus MLST provided more solid 
proof of independent transmission and 
circulation, since it was genetically more 
discriminating than using ompA typing 
alone.11,16,17 For example, 2 clusters of 
MSM-associated samples were identified, all 
of which had a genovar D ompA type, but 
these differed clearly from the heterosexual 
genovar D infections. The same was true for 
genovar G and J, showing separate clusters 
for MSM and heterosexuals. Differences in 
genovar distributions between the 2 sexual 
risk groups were described previously.2-7 
This is also in concordance with the 
findings of Christerson et al. (2012), 
describing differences in the distribution 
of C. trachomatis strains between MSM 
and women in both Sweden and the 
Netherlands.12 Therefore, we think that 
distinct transmission of C. trachomatis 
strains is not unique for Amsterdam.

Recent full genome studies revealed 
that ompA is more mobile, due to 
recombination, than previously thought.18 
Using 5 extra genomic targets next to 
ompA, we were able to show that samples 
with identical ompA types can belong to 
different clusters, even if these clusters are 
associated with the same risk groups, such 
as the genovar D clusters among MSM and 
the genovar E clusters among heterosexuals 

(Figure 1, Figure 2, Table 2, Table S1). The 
opposite also occurs as different genovars 
can clearly belong to the same cluster. 
Among MSM, a cluster was indentified, 
showing a probable recombination event 
between a genovar G and a genovar J 
type. Among heterosexuals, we identified 
a cluster being largely of a genovar F type, 
but which recombined with a genovar 
J type ompA and two distinct genovar 
D types. High resolution MLST is able 
to discern close relationships in spite of 
recombination events, while ompA typing 
does not. Therefore it is a very useful tool 
for epidemiological studies. Previously 
described MLST schemes use housekeeping 
genes and canonical SNPs since they seek 
to answer evolutionary questions, such as 
establishing Chlamydia relationships at 
the genus level.19,20 Our modified MLST 
scheme however, makes use of genes that 
are under immune pressure or have variable 
repeat regions. This enables to demonstrate 
detailed genetic differences between C. 
trachomatis strains that are involved in 
transmission chains in human hosts in a 
short time frame of only a few years.

The thus identified genetic diversity of 
the MSM-associated chlamydial population 
was very low, compared to that of the 
heterosexual-associated strains. Nearly all 
samples from MSM were found in just 4 
homogeneous clusters, pointing to clonal 
outbreaks. The variation in types found 
among heterosexuals was much larger. Not 
only were the large heterosexual-associated 
clusters more heterogeneous, there were 
also numerous small clusters and singletons. 
These differences might be explained by 
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host-related factors, such as differences in 
transmission networks and population size, 
as well as by pathogen-related factors, such 
as differences in tissue tropism.

Clear epidemiological differences 
between C. trachomatis-infected MSM 
and heterosexuals were observed already at 
intake in Amsterdam. Infected MSM were 
often in their late thirties and reported a 
median of 8 sexual partners in the past 6 
months, whereas infected heterosexuals 
were mostly in their early twenties and 
reported just 1 or 2 partners. We found 
that exchange of strains between MSM and 
heterosexuals was rare, which was supported 
by the inclusion of only 8 bisexual men 
in our study. The statistical analyses of 
MSM-associated clusters revealed that a 
subpopulation existed, consisting primarily 
of HIV-infected men with higher sexual risk 
behavior, in which LGV circulated.10 Men 
in the 3 non-LGV MSM-associated clusters 
however did not differ in their demographic 
or sexual behavior characteristics. This 
suggests that the non-LGV C. trachomatis 
strains were not circulating in separate 
subpopulations of MSM in Amsterdam. The 
existence of a broad behavioral transmission 
network may well explain the lower diversity 
within chlamydial strains found among 
MSM. Differences in being notified for STI 
and in ethnicity between clusters associated 
with heterosexuals suggest the existence 
of subpopulations among heterosexuals. 
Together with the lower number of partners 
for heterosexuals, this may have led to the 
higher genetic diversity of the chlamydial 
strains. Also for other infections a clear 
separation of pathogen types has been 

reported for MSM versus heterosexuals, 
notably for all hepatitis viruses (HAV, HBV, 
and HCV) and N. gonorrhoeae.21-25

Recently, an alternative explanation for 
the different distributions of genotypes 
has been put forward. Jeffrey et al. (2010) 
suggested that this difference could be 
explained by pathogen-related factors, such 
as tissue tropism.26 For LGV, we found a 
clear preference for proctal tissue, as LGV 
was detected in only one urine sample in 
this study and all other LGV-infections 
were found in proctal samples. Strains from 
the other MSM-associated clusters clearly 
showed the ability to infect urethral tissue, 
but these strains may have adapted to favor 
infection of proctal tissue over cervical 
tissue. This could explain why only one 
sample coming from a woman was infected 
with an MSM-associated strain. We do not 
know whether MSM-associated strains can 
be found in proctal samples from women, 
as no such samples were available for the 
present study.

A weakness in our study is that the 
participants of this study were recruited 
in 2 consecutive time periods, MSM in 
the first and heterosexuals in the second 
period, but together a rather short period 
of less than 24 months. This might have 
influenced cluster formation, but previous 
studies demonstrated that the mutation rate 
of the C. trachomatis genome is very low.26 
In addition, sampling among MSM might 
have been biased towards urethral types. 
As only 11 proctal samples were excluded 
due to the presence of a concurrent urine 
sample, we assume this effect is minimal.

Another limitation is that all participants 
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were recruited at the STI outpatient clinic, 
which may have introduced bias towards 
higher risk behavior and may not be 
representative for the generalC. trachomatis-
infected population. This applies to 
MSM in Amsterdam and even more to 
heterosexuals. In addition, many patients 
with asymptomatic infections and those 
who visited their general practitioner were 
obviously not included in the present study.

Despite these limitations, we are 
confident that the distinct C. trachomatis 
transmission patterns among MSM and 
heterosexuals in Amsterdam are true and 
reliable. Our typing data show a more 
clonal character for strains circulating 
among MSM and ongoing diversifying 
transmission of strains circulating 
among heterosexuals. We do not know 
presently whether this is a global or a local 
phenomenon, although similar findings 
have been found for sets of samples from 
Sweden, the Netherlands and the United 
States.12 These findings on C. trachomatis 
distribution and transmission patterns 
therefore need to be confirmed in a more 
global setting by MLST typing and cluster 
analysis of samples from both MSM 
and heterosexuals in countries where C. 
trachomatis infection is highly prevalent. 
This would contribute to a large worldwide 
database (mlstdb.bmc.uu.se), and would 
improve insight into the global variation 
found within and between C. trachomatis 
strains. Finally, the effect of mixing patterns 
of the hosts versus pathogen-related factors 
on the distribution of chlamydial strains 
needs to be clarified. This knowledge 
will contribute to a better understanding 

of chlamydial transmission and help 
to improve screening and prevention 
programs.
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4.1 Suplementary Data
 

Supplementary table 1. MLST-data of 
the 526 samples collected at the STI 
outpatient clinic, Amsterdam, July 2008–
May 2010. Coding is according to the 
Chlamydia trachomatis MLST database 
(mlstdb.bmc.uu.se). The samples are 
sorted by cluster and sequence type.

Supplementary table 1can be viewed and 
downloaded from plosone.org
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4.2

Chlamydia trachomatis strains show 
specific clustering for men who have 
sex with men compared to heterosexual 
populations in Sweden, the Netherlands, 
and the United States 
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Sylvia M. Bruisten, Resha Yass, Justin 
Hardick, Göran Bratt, Charlotte A. Gaydos, 
Servaas A. Morré, and Björn Herrmann 
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AbstrAct 
High-resolution genotyping of Chlamydia 
trachomatis improves the characterization 
of strains infecting different patient 
groups and sexual networks. In this study, 
multilocus sequence typing (MLST) and 
ompA sequence determination were used 
for an analysis of C. trachomatis strains 
from 203 men who have sex with men 
(MSM) from Sweden, the Netherlands, 
and the United States. The results obtained 
were compared with data from 153 
heterosexual women from Sweden and 
the Netherlands. The overlap in MLST/
ompA profiles between MSM from Sweden 
and the Netherlands was 68%, while the 
overlap between heterosexual populations 
from these countries was only 18%. The 
distribution of genotypes in MSM from 
the United States was less similar to that 
in MSM from the European countries, 
with 45% and 46% overlaps for MSM in 

Sweden and the Netherlands, respectively. 
Minimum-spanning-tree analysis of MLST/
ompA sequence types identified two large 
clusters that contained almost exclusively 
samples from MSM and comprised 74% 
of all MSM samples. Three other clusters 
were predominated by samples from women 
but also contained MSM specimens. 
Of 19 detected variants of the MLST 
target CT144, three variants were highly 
associated with MSM. Our study supports 
the hypotheses of both tissue tropism as well 
as epidemiological network structures as 
explanations for the linkage between specific 
genetic variants and sexual orientation.

 
IntroductIon 
Chlamydia trachomatis is one of the most 
common sexually transmitted diseases 
worldwide. If left untreated, serious sequelae 
may arise, such as ectopic pregnancy and 
infertility in women and epididymitis 
and proctitis in men. High-risk groups 
for Chlamydia infection are characterized 
by a large number of partners and an 
infrequent use of preventive measures, such 
as condom use. Among men who have 
sex with men (MSM), the transmission 
of infection is often via anal intercourse, 
but this practice has increased among 
heterosexual populations in recent years. 
More experimental sex behavior is being 
noted, and several transmission routes may 
occur for sexually transmitted diseases.

Genotyping is important for an 
understanding of the epidemiology of C. 
trachomatis. Until recently, genotyping 
has been performed by serotyping of 
the major outer membrane protein or 
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by analysis of the coding gene ompA.28 
The latter is now referred to as genovar 
determination. Genovars E, D, and 
F are highly prevalent in heterosexual 
populations worldwide,23,26,31,33 while 
genovars G, D, and J predominate in 
MSM populations.2,20,22,29,32 Since 2003, 
clonal outbreaks of invasive strains of C. 
trachomatis causing lymphogranuloma 
venereum (LGV) with severe proctitis have 
been described among MSM in Europe, 
often in combination with HIV and other 
sexually transmitted diseases. This led to an 
increase in the incidence of genovar L2b in 
the last decade.6,30 Another clonal outbreak 
occurred mainly in Sweden and was due 
to a new variant of C. trachomatis, leading 
to the generation of false-negative results 
by some molecular detection systems. This 
variant is a genovar E strain and has not 
been reported to occur in MSM.13,16,19

The occurrence of different genetic 
variants in specific risk groups might be due 
to behavioral reasons and limited exchange 
between hetero- and homosexual networks. 
An alternative explanation is tissue tropism, 
where different C. trachomatis genotypes 
propagate preferentially either in the 
urogenital or in the anorectal tract.3,15

Previously, we developed a high-
resolution multilocus sequence typing 
(MLST) system that was specifically 
designed for short-term epidemiology and 
outbreak investigations.18 This is in contrast 
to two conventional MLST schemes that are 
based on housekeeping genes and therefore 
are better suited to monitor evolutionary 
changes and slow genetic processes.8,27 
Our MLST system is based on the PCR 

amplification and DNA sequencing of five 
highly variable but stable genetic regions.21 
It has been applied to specimens from 
heterosexual populations in a number of 
studies and has shown up to a 5-fold-higher 
resolution than ompA genotyping, revealing 
a large diversity of clinical strains missed by 
ompA genovar typing.7,11,16,18 In a modified 
version, high resolution was retained but 
sensitivity was improved by targeting 
smaller parts of the polymorphic genetic 
regions.4

Larger studies investigating specimens 
from MSM using high-resolution 
genotyping have not been conducted. 
In this study, the objective was to better 
understand the role of sexual networks as an 
explanation for the different C. trachomatis 
genotypes in MSM and heterosexual 
populations and also to determine if tissue 
tropism could be an alternative explanation. 
MLST analysis was applied for MSM cases 
from three countries, and genetic variation 
data were compared to previously obtained 
MLST data for women.

 
MAterIAls And Methods 
Inclusion of patient samples 
Non-LGV chlamydia-positive samples from 
MSM were selected from three different 
countries: Sweden, the Netherlands, and 
the United States. From Sweden, 114 
anogenital samples (75 rectal swabs and 
39 urine specimens) were collected in 
2006 at the Venhälsan Gay Clinic at South 
General Hospital in Stockholm. From the 
Netherlands, 107 rectal swab samples were 
collected at the Public Health Service in 
Amsterdam in 2008 and 2009. The Dutch 
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samples were previously described by Quint 
et al.29 From the United States, 145 rectal 
swab samples from MSM were collected 
at Johns Hopkins University in Baltimore, 
MD, in 2010 and 2011, and samples from 
across the United States (Boston, New York, 
Washington, DC, Atlanta, San Francisco, 
and Los Angeles) were also collected.

Chlamydia-positive urogenital samples 
from 153 women from Sweden (n = 60) 
and the Netherlands (n = 93) were also 
included. From Sweden, 40 culture isolates 
were collected at the Örebro University 
Hospital in 2006. To minimize sampling 
bias, cases of the new variant were not 
included in the present study, since they 
represent a clonal outbreak.16 In addition, 
20 swab specimens were sampled in Uppsala 
in 2007. From the Netherlands, 70 culture 
isolates were collected between 2001 and 
2005,7 and 23 urogenital samples were 
collected at the Public Health Service in 
Amsterdam in 2008 and 2009.4 Full MLST 
data were available for these samples. 
The sexual orientation of the women was 
unknown, but it was assumed that the vast 
majority were heterosexual.

 
DNA extraction 
DNAs from all samples from Sweden 
and the United States were extracted by 
using the QIAamp DNA minikit or the 
MagAttract DNA M48 minikit (Qiagen, 
Hilden, Germany) on a BioRobot M48 
workstation (Qiagen), according to the 
manufacturer’s instructions. The preparation 
of the Dutch DNA samples was done by 
isopropanol precipitation, as described 
previously.4,29

 
Amplification of MLST regions 
With the exception of 44 Dutch specimens, 
the MLST target regions and ompA were 
amplified in Uppsala by using previously 
described primers.6,12,16,18 These primers are 
summarized in Table 1. The PCR reactions 
were carried out by using HotStar Taq DNA 
polymerase (Qiagen). Cycling conditions 
were as follows: an initial denaturation step 
at 95°C for 15 min, followed by 40 cycles 
at 94°C for 45 s, 60°C for 45 s, and 72°C 
for 90 s. The amplification was ended by 
an elongation step at 72°C for 10 min, 
followed by cooling at 4°C. The PCR 
products were verified by gel electrophoresis. 
In cases where no PCR product was 
detected, a second PCR step was carried out 
under the same cycling conditions but in a 
seminested fashion where one of the primers 
was exchanged, resulting in shorter products 
(Table 1). For 44 of the Dutch samples, 
the MLST target regions and ompA were 
amplified in Amsterdam by a nested PCR, 
generating the original full fragment length.

 
DNA sequencing 
In Uppsala, the PCR products were purified 
with exonuclease I (Fermentas, Burlington, 
Canada) and FastAP thermosensitive 
alkaline phosphatase (Fermentas), according 
to the manufacturer’s instructions. Purified 
PCR products and sequencing primers 
(Table 1) were mixed and sent to Macrogen 
(Seoul, South Korea) for sequencing. 
In Amsterdam, the MLST regions were 
sequenced as described previously.4 The 
data were analyzed and assembled by using 
BioEdit 7.0.9 (Ibis Therapeutics, Carlsbad, 



Region Primer Function(s) Sequence

hctB (step 1) hctB39F PCR, sequencing 5′-CTCGAAGACAATCCAGTAGCAT-3′
hctB794R PCR, sequencing 5′-CACCAGAAGCAGCTACACGT-3′

hctB (step 2) CT046NR3 PCR, sequencing 5′-CCCCAAATATGCAACAGGAT-3′
CT046NF PCR, sequencing 5′-AACTCCAGCTTTTACTGCTA-3′

CT058 (step 1) CT222F PCR, sequencing 5′-CTTTTCTGAGGCTGAGTATGATTT-3′
CT1678R PCR, sequencing 5′-CCGATTCTTACTGGGAGGGT-3′
CT811F Sequencing 5′-CGATAAGACAGATGCCGTTTTT-3′
CT1022R Sequencing 5′-TAAGCACAGCAGGGAATGCA-3′

CT058 (step 2) CT058NF PCR, sequencing 5′-AGGTGGCTGCGTTAAGATAACT-3′
CT1678R PCR, sequencing 5′-CCGATTCTTACTGGGAGGGT-3′

CT144 (step 1) CT144:248F PCR, sequencing 5′-ATGATTAACGTGATTTGGTTTCCTT-3′
CT144:1046R PCR, sequencing 5′-GCGCACCAAAACATAGGTACT-3′

CT144 (step 2) CT144:248F PCR, sequencing 5′-ATGATTAACGTGATTTGGTTTCCTT-3′
CT144NR PCR, sequencing 5′-CCTAAACATACGGCTATTCC-3′

CT172 CT172:268F PCR, sequencing 5′-CCGTAGTAATGGGTGAGGGA-3′
CT172:610R PCR, sequencing 5′-CGTCATTGCTTGCTCGGCTT-3′

pbpB1(step 1) pbpB1F PCR, sequencing 5′-TATATGAAAAGAAAACGACGCACC-3′
pbpB823R PCR, sequencing 5′-CAGCATAGATCGCTTGCCTAT-3′

pbpB1(step 2) CT682NF PCR, sequencing 5′-TCATCACTTTGCGTATATGGCA-3′
pbpB823R PCR, sequencing 5′-CAGCATAGATCGCTTGCCTAT-3′

pbpB2(step 1) pbpB1455F PCR, sequencing 5′-GGTCTCGTTTTTGATGTTCTATTC-3′
pbpB2366R PCR, sequencing 5′-TGGTCAGAAAGATGCTGCACA-3′

pbpB2(step 2) pbpB1455F PCR, sequencing 5′-GGTCTCGTTTTTGATGTTCTATTC-3′
pbpB2333R PCR, sequencing 5′-GCAGATACTAACTTAAAAATAGAC-3′

ompA (step 1) 118F PCR, sequencing 5′-ATTGCTACAGGACATCTTGTC-3′
1163R PCR, sequencing 5′-CGGAATTGTGCATTTACGTGAG-3′
ctr200F Sequencing 5′-TTAGG5*GCTTCTTTCCAATAYGCTCAATC-3′b

ctr254R Sequencing 5′-GCCAYTCATGGTARTCAATAGAGGCATC-3′
ompA (step 2) MOMP87 PCR, sequencing 5′-TGAACCAAGCCTTATGATCGACGGA-3′

RVS1059 PCR, sequencing 5′-GCAATACCGCAAGATTTTCTAGATTTCATC-3′

Table 1. Primers for the MLST system and ompA.a

a “Step 1” indicates primers that were used in the first PCR step. In cases where no PCR products were 
detected, the “step 2” primers were used in an inner PCR step, resulting in slightly shorter products.

b 5* indicates inosine.
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CA) and DNA Baser v2.80.0 (Heracle-
Software, Lilienthal, Germany). All novel 
mutations were reamplified and resequenced 
to ensure their authenticity.

 
Statistics, similarity, and cluster analyses 
Differences between groups were tested 
univariately by using Pearson’s χ2 test and 
Fisher’s exact test, when appropriate. A p 
value of <0.05 was considered statistically 
significant. Analyses were performed with 
the SPSS package, version 19.0 (SPSS Inc., 
Chicago, IL).

The obtained sequences were checked 
against the Uppsala Chlamydia trachomatis 
MLST database (http://mlstdb.bmc.uu.se/) 
and were given an allele number for each 
region. Samples resulting in a complete 
MLST profile were included in this study 
and were assigned a sequence type (ST). 
These STs were used to calculate the percent 
similarity (PS) as a measure of similarity 
between every group. For this, the following 
formula was used: 

 
where S is the total number of STs in groups 
i and j combined, pik is the percentage of 
ST k in group i, and pjk is the percentage of 
ST k in group j. The discriminatory power 
was determined for MLST with 6 target 
regions (MLST-6) and was described as 
Simpson’s discriminatory index with a 95% 
confidence interval (CI).

Minimum-spanning trees were generated 
by an analysis of the full MLST profiles. 

Cluster analysis was performed on the 
minimum-spanning trees, allowing single-
locus variance (SLV); i.e., strains that differ 
in only one target region cluster together. 
All cluster analyses were performed by 
using BioNumerics 6.6 (Applied Maths, 
Sint-Martens-Latem, Belgium) under the 
categorical coefficient of similarity and the 
priority rule of the highest number of SLVs.

 
Phylogenetic analyses 
DNA sequences from all CT144 variants 
(674 bp or 683 bp) were analyzed by 
using a gamma-distributed (γ = 0.35) 
Tamura 3-parameter model from which a 
boot-strapped (2,000 replicates) neighbor-
joining tree was drawn. The tree was rooted 
by using the murine Chlamydia CT144 
homologue TC0421 (Chlamydia muridarum 
[GenBank accession number AE002160]) as 
an outgroup. All phylogenetic analyses were 
performed by using MEGA 5 software.

 
results 
Study population and samples 

In total, 366 anogenital samples from 
men who have sex with men (MSM) 
were included, of which 114 originated 
from Sweden, 107 originated from the 
Netherlands, and 145 originated from the 
United States. Of the included samples, 
203 (55%) were successfully genotyped by 
MLST and ompA sequencing, and these 
samples were obtained in equal numbers 
for the three countries: 67 samples (46 
rectal swabs and 21 urine specimens) 
from Sweden, 69 rectal samples from 
the Netherlands, and 67 rectal samples 
from the United States. For the groups 
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of heterosexual women, 153 fully typed 
samples were included, of which 60 
originated from Sweden and 93 originated 
from the Netherlands.4,7,16

 
Distribution of ompA genovars 
The distribution of identified genovars 
per country and per gender is shown in 
Figure 1. Within the 203 MSM samples, we 
identified the following 8 ompA genovars: 
genovars B, D, E, F, G, I, J, and K. The 
most predominant genovars were genovars 
G (37%), D (27%), and J (18%), whereas 
genovars E and F were uncommon (7% 

and 5%, respectively). For genovars B, I, 
and K, only 12 cases were identified among 
MSM, and genovar H was lacking in all 
3 countries. The genovar distributions for 
Sweden and the Netherlands were almost 
identical among the MSM samples (Table 
2 and Figure 1). Significant differences 
were noticed for the American distribution 
compared to the distributions for both 
Sweden (p = 0.003) and the Netherlands 
(p = 0.026), as genovars D and G were 
less prevalent and genovar J was more 
prevalent in the United States. Interestingly, 
all samples of genovars B and I were of 

Figure 1. Genovar distribution given as percentages per group. The vertical bars give the distributions 
of the groups per country, with the following color coding: magenta, Swedish MSM (n = 67); 
salmon, Dutch MSM (n = 69); pink, American MSM (n = 67); green, Swedish heterosexual women 
(n = 60); light green, Dutch heterosexual women (n = 93). The horizontal lines give the average 
distributions per risk group, with the following color coding: red, MSM (n = 203); dark green, 
heterosexual women (n = 153).
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American origin, while genovar K was not 
seen among the Swedish samples.

For the 153 samples from heterosexual 
women, 9 different genovars were found, 
belonging to genovars B and D to K (Figure 
1 and Table 2). The most predominant 
genovars were genovars D (16%), E (29%), 
F (13%), and G (12%). The genovar 
distributions among women between 
the 2 countries were also significantly 
different (p = 0.040). Notable were the 
high prevalence of genovar E samples from 
Sweden compared to the samples from 
the Netherlands (42% versus 20%) and 
the higher prevalence of genovar H and I 
samples in the Netherlands than in Sweden.

 
Overlap of MLST sequence types 
To characterize the C. trachomatis sequence 
types (STs) in the different MSM and 
heterosexual groups, we analyzed the full 
MLST profiles, including an allele type for 
ompA(MLST-6) (Table 2). The overlaps of 
STs between the MSM populations were 
45% between Sweden and the United 
States, 46% between the Netherlands 
and the United States, and 68% between 
Sweden and the Netherlands. Most 
specimens (65%) had a genotype that 
occurred in all three MSM populations. 
The American MSM had more unique STs 
(46%) than did Dutch (13%) and Swedish 
(30%) MSM.

Between the heterosexual populations in 
the Netherlands and Sweden, this overlap 
in STs was much lower (18%) than that 
between the MSM populations.

 
Cluster analysis of MSM populations 

A minimum-spanning tree was drawn for all 
203 samples collected from MSM. The tree 
showed 4 STs that were highly prevalent, 
with 14, 34, 39, and 39 samples per ST, 
comprising 62% of the total samples (Figure 
2a). When clustering with single-locus 
variance (SLV) was allowed, 3 clusters 
appeared, 2 of which were very large and 
contained 74% of all samples. Cluster I (n 
= 43) was centered on the large genovar 
D ST and consisted solely of genovar D 
samples. Cluster II (n = 107) contained 
mainly the other three highly abundant 
STs and presented both genovar G and J 
samples. Cluster III (n = 10) was much 
more heterogeneous and was comprised of 
genovar F samples. Although the range in 
calendar time between the collections of 
some samples was quite long (5 years), these 
distributions were very similar for the three 
different countries. Samples from the three 
countries contributed equally to all major 
STs and clusters, although the samples 
from the United States were more often 
singletons. This was reflected by the large 
number of STs found among this MSM 
group as well (n = 33) (Table 2).

 
Cluster analysis of heterosexual 
populations 
The distribution of the 153 samples from 
Swedish and Dutch heterosexual women 
was much more diverse (Figure 2b). Two 
STs of moderate size (n = 11 and 12) were 
present, one of genovar E and the other of 
genovar F. The other samples contributed to 
27 small STs (n = 2 to 5) and 64 singletons, 
resulting in a total of 93 unique STs (Table 
2). When clustering with SLV was allowed, 



101Chapter 4.2 •  

Po
pu

la
ti

on
C

ol
le

ct
io

n 
ye

ar
N

o.
 o

f 
sa

m
pl

es
N

o.
 o

f o
m

pA
 

ge
no

va
rs

a
N

o.
 o

f o
m

pA
 

ge
no

ty
pe

sb
N

o.
 o

f S
Ts

 
(M

LS
T-

5)
c

N
o.

 o
f S

Ts
 

(M
LS

T-
6)

d

M
LS

T-
6/

om
pA

 
ge

no
ty

pe
 

ra
ti

oe

Si
m

ps
on

's
 

di
ve

rs
it

y 
in

de
x 

(M
LS

T-
6)

 (9
5%

 
C

I)

M
SM

 g
ro

up
s

Sw
ed

en
20

06
67

5
10

19
21

0.
88

 (0
.8

3–
0.

92
)

N
et

he
rla

nd
s

20
08

–2
00

9
69

6
6

15
16

0.
85

 (0
.8

1–
0.

89
)

U
ni

te
d 

St
at

es
20

10
67

8
14

30
33

0.
93

 (0
.9

0–
0.

97
)

Al
l M

SM
20

3
8

17
53

57
3.

4

H
et

er
os

ex
ua

l 
gr

ou
ps

Sw
ed

en
20

07
60

9
14

40
41

0.
98

 (0
.9

6–
1.

00
)

N
et

he
rla

nd
s

20
01

–2
00

5,
20

08
–2

00
9

93
9

23
59

61
0.

98
 (0

.9
8–

0.
99

)

Al
l h

et
er

os
ex

ua
l 

in
di

vi
du

al
s

15
3

9
26

86
93

3.
6

To
ta

l
35

6
9

33
12

9
14

0
4.

2

Ta
bl

e 2
. N

um
be

rs
 o

f s
am

pl
es

 in
 d

iff
er

en
t g

ro
up

s a
nd

 n
um

be
rs

 o
f o

bt
ai

ne
d 

ge
no

va
rs

 a
nd

 se
qu

en
ce

 
ty

pe
s.f

a 
D

efi
ne

d 
by

 co
nv

en
tio

na
l g

en
ov

ar
 d

esi
gn

at
io

ns
. 

b 
N

um
be

r o
f u

ni
qu

e o
m

pA
 se

qu
en

ce
 v

ar
ia

nt
s f

ou
nd

. 
c I

nc
lu

de
s fi

ve
 ta

rg
et

 re
gi

on
s i

n 
M

LS
T

 (o
m

pA
 ex

clu
de

d)
. 

d 
In

clu
de

s s
ix

 ta
rg

et
 re

gi
on

s i
n 

M
LS

T
 (o

m
pA

 in
clu

de
d)

. 
e R

at
io

 o
f M

LS
T-

6 
ST

s a
nd

 d
esi

gn
at

ed
 o

m
pA

 g
en

ot
yp

es.
 

M
SM

, m
en

 w
ho

 h
av

e s
ex

 w
ith

 m
en

; S
T,

 se
qu

en
ce

 ty
pe

; M
LS

T,
 m

ul
til

oc
us

 se
qu

en
ce

 ty
pi

ng
.



102

3 large clusters appeared, containing 40% 
of all samples. The clusters (clusters IV to 
VI) consisted of samples with genovar E 
(n = 26), genovars D and F (n = 24), and 
genovars I and J (n = 11). The samples from 
heterosexual populations were genetically 
much more diverse and clusters were more 
heterogeneous than those of MSM, where 
the two main clusters were dominated 
by just one or a few large STs. As a result 
of this diversity, the two Chlamydia 
populations from heterosexual populations 
in Sweden and the Netherlands were less 
overlapping.

 
Comparison of clusters of C. trachomatis 
strains of MSM and heterosexual 
populations 
To investigate whether chlamydial clusters 
differ between MSM and heterosexual 
populations, we generated a minimum-
spanning tree containing all 356 samples 
(Figure 2c). Clusters were assigned to allow 
single-locus variance and sexual orientation 
to superimpose over the STs. In total, 5 
large clusters appeared, containing 67% 
of all samples. When these clusters were 
analyzed, cluster III from the MSM group 
(Figure 2a) proved to be the same as cluster 
IV from the heterosexual group (Figure 
2b). The other 4 clusters turned out to be 
clusters I and II from the MSM groups 
(Figure 2a) and clusters V and VI, which 
were assigned to the heterosexual groups 
(Figure 2b). About one-third of the samples 
from the MSM group that could not be 
assigned to a cluster now clustered with 
clusters V and VI from the heterosexual 
group.

When the distribution of the MSM and 
heterosexual samples over these clusters 
was analyzed, a clear separation was 
apparent. Two clusters were found almost 
exclusively among MSM and comprised 
74% of all MSM specimens. The remaining 
MSM samples were distributed evenly 
over the other clusters that we identified 
in the minimum-spanning tree for 
heterosexual populations. The samples from 
heterosexual populations were almost all in 
heterogeneous clusters, and only one sample 
turned up in an MSM cluster (cluster II) 
(Figure 2c).

 
Analysis of the CT144 region 
CT144 is an open reading frame coding 
for a hypothetical 285-amino-acid protein. 
In our study, 19 different CT144 variants 
(allele types) were detected in the 356 
specimens. Interestingly, three of these 
variants were strongly associated with 
MSM. Thus, clusters I and II (Figure 2a) 
almost completely shared a single variant, 
CT144-5, while being discordant at all five 
other loci. A variant containing just one 
single-nucleotide polymorphism (SNP) 
(CT144-13) comprised the remaining six 
samples, and a third variant (CT144-31), 
again containing just one SNP, was found 
in a single MSM sample. These three 
CT144 variants were seen in only five 
samples outside the two MSM-associated 
clusters, belonging to samples from one 
woman and four MSM. These 3 variants 
were therefore highly linked to the MSM 
population and comprised 154 (76%) 
individuals of this group, while only 2 (1%) 
of the heterosexual individuals had any of 



Figure 2. Minimum-spanning tree of 203 samples from MSM from Sweden, the Netherlands, and 
the United States (a); 153 samples from heterosexual women from Sweden and the Netherlands 
(b); and 356 samples from MSM and heterosexual women from Sweden, the Netherlands, and the 
United States (c). The sphere sizes indicate the numbers of samples in each sphere, branches show 
single-locus variants (SLV), and halos indicate clusters based on SLVs. The color coding for panels a 
and b is as follows: blue, Sweden; orange, Netherlands; red, United States. The color coding for panel 
c is as follows: pink, MSM; green, heterosexual women.
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these variants (p < 0.001). In a phylogenetic 
analysis performed on all 19 CT144 
variants, these 3 MSM-linked variants 
were located in a significant monophyletic 
cluster (bootstrap support = 98), together 
with variant CT144-17, which was more 
distantly located (Figure 3). Variant CT144-
17 was detected in one genovar E sample 
from a Swedish woman.

 
dIscussIon 
The development of a high-resolution 
genotyping method enables the improved 
characterization and understanding of the 
transmission of C. trachomatis infections. In 
this study, certain MLST profiles strongly 
predominated in MSM, while other 
profiles were found mainly in heterosexual 

women. These findings indicated that the 
transmission of C. trachomatis between 
groups of different sexual orientations is 
very limited. Some of our results, however, 
might support the hypothesis of tissue 
tropism, in which certain genetic variants 
of C. trachomatis would be associated with 
different types of epithelial cells. Both 
hypotheses are discussed here.

Our study certainly confirms previously 
reported findings that genovars D, G, and 
J are much more common among MSM 
than among heterosexual populations and 
also that genovar E, the predominating 
genovar in most heterosexual populations 
around the world, is only rarely found in 
MSM. The collection period for Swedish 
heterosexual populations included the 

Figure 3. Consensus neighbor-joining tree of CT144 variants (674 bp or 683 bp). For all 19 variants, 
the numbers of samples per type are shown (n = 1 to 149). The 3 CT144 variants associated with 
MSM are given in boldface type. Bootstrap supports of ≥70% are given. The tree is rooted by 
using murine Chlamydia CT144 homologue TC0421 (Chlamydia muridarum [GenBank accession 
number AE002160]) as an outgroup.
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year 2006, when the incidence of the new 
variant of C. trachomatis peaked.13,16 The 
inclusion of this new variant would result 
in a proportion of 60% genovar E samples, 
but here, we found a proportion of 40% 
among Swedish heterosexual populations, 
which is a representative figure for Sweden 
in other years and also similar to data from 
reports from other countries.17,24,25,31,33 
The small overlap in genovar distribution 
for heterosexual populations in Sweden 
and the Netherlands can be explained by 
the large diversity found for samples from 
heterosexual populations. However, there 
was also a selection bias for the Dutch 
group, which was selected to represent all 
different genovars in a study of associations 
with clinical symptoms.7

For the characterization of C. 
trachomatis strains from MSM, the MLST 
system provided a 3- to 4-fold-higher 
discriminating capacity than conventional 
ompA sequencing (Table 2), and this is 
in accordance with the application of 
MLST to other study groups with different 
selection criteria.4,7,11,14,16,18 The addition 
of ompA to the five MLST targets increased 
the resolution but only marginally (Table 2).

The use of MLST instead of genovars 
also resulted in the detection of genetic 
variants that were unique to specific study 
groups (countries), and here also, there was 
more variation for heterosexual women 
than for MSM. Comparisons between 
the three countries showed that between 
45% and 68% of the MSM specimens had 
overlapping ST profiles. This percentage is 
considerably higher than what was noted 
for heterosexual women in Sweden and 

the Netherlands (18%) and even higher 
than what was reported in a Norwegian 
study of specimens from youths including 
geographic subpopulations that were 
collected in the same year.11 The large 
overlap between data for MSM from 
different countries probably reflects that this 
group has larger numbers of partners and 
more internationalized sexual networks than 
heterosexual populations.9

The analysis of MLST variants identified 
two clusters (clusters I and II) (Figure 2c) 
that were found almost exclusively in MSM 
and comprised 74% of all specimens from 
this group. The proportions of chlamydia 
samples derived from each country were 
equally distributed, although the difference 
in collection dates was up to 5 years. This 
indicates that specific MLST variants were 
associated with infections in MSM over 
time and space in a stable way.

Previous investigations of possible 
tissue tropism focused on associations with 
different ompA genovars, but other genes 
may be linked to infections of specific 
tissues. Since some MLST variants were 
found almost exclusively in the rectum 
of MSM, it may be argued that there is a 
tropism of certain chlamydia strains for 
epithelial cells in the rectum, while other 
strains are more adapted to the infection 
of genital or conjunctival epithelial cells. 
A recent genome sequencing study of 
C. trachomatis strains linked certain 
polymorphisms in open reading frames 
CT144, CT154, and CT326 with rectal 
tropism in genovar G isolates but did not 
find a linkage for genovar E and J strains.15 
Thus, the reported linkage between CT144 
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and MSM may be restricted to genovar G 
by recombination linkage. Our analyses 
strengthen data from previous reports and 
showed that 3 CT144 variants were found 
exclusively in C. trachomatis strains from 
MSM. The predominating allele 5 was not 
restricted to genovar G (n = 63) but was 
also frequently found in genovar D (n = 49) 
and J (n = 37) strains from MSM. Thus, 
the association between CT144 variants 
and MSM is independent of genovar G. 
Furthermore, these 3 variants clustered 
with a fourth variant, CT144-17 (Figure 3), 
that was derived from a Swedish woman. 
In previous MLST studies, this specific 
CT144-17 type has been found almost 
exclusively in LGV strains from MSM6 and 
only in 2 non-MSM specimens (genovar 
E, from a man and a woman in our study) 
out of 971 specimens in our database. 
On the other hand, the predominating 
MSM-linked variant, CT144-5, was 
previously found in 46 of 75 trachoma 
cases comprising genovars A and B in an 
unpublished study. This illustrates the 
complexity of genetic Chlamydia type 
linkage to tissue tropism.

Another explanation for the association 
of certain MLST profiles with sexual 
orientation may be the limited contacts 
between MSM and the heterosexual 
population. Such an interpretation may also 
be supported by data from previous studies 
based on ompA. Genovar E predominates 
among heterosexual populations and 
comprises about 40% of the strains in 
most populations.23,26,31,33 Although fewer 
studies are available, genovar E is also the 
most common genovar in rectal samples 

from women, and there was no difference 
between rectal and urogenital specimens 
in women.1,3,10 In contrast, genovar E 
is uncommon in MSM and typically 
comprises 4% to 10% of the strains, and 
no difference was seen previously when 
rectal and urethral/urine specimens were 
compared.2,20,22,29,32 The striking difference 
in genovar E distributions between MSM 
and heterosexual populations could be 
explained by a low level of interrelationship 
between the two groups rather than tissue 
tropism. Data on differences in genovar 
distributions between specimens from the 
rectum and urine/urethra from the same 
individual are very limited, However, in a 
previous study comprising 120 rectal and 97 
urine/urethral samples from 203 MSM in 
Sweden, we could not find any difference in 
genovar distributions.20

There are limitations in our study, and 
the first is that the inclusion of samples was 
done mainly retrospectively, and there was a 
selection bias in the inclusion of specimens 
from heterosexual individuals. To minimize 
sampling bias, we excluded samples that 
were known to have LGV genovars or the 
new variant genovar E. These two types 
of samples were also typed previously 
with the presently used MLST method 
and found to be completely identical in 
all 6 regions per genovar and were thus 
designated clonal isolates.6,13,16,19 Another 
limitation is that the categorization of 
sexual orientation for the included persons 
may have been erroneous. A reanalysis of 
Swedish MSM with MLST profiles typical 
of heterosexual individuals showed in two 
cases that the individuals were actually 
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bisexual. It was also not known if all women 
were truly heterosexual. In addition, only 
55% of the tested samples resulted in 
complete MLST profiles, possibly leading 
to a biased population. The relatively low 
scores of complete MLST profiles could 
be explained by a retrospective analysis 
of previously tested specimens and low 
genome copy numbers, together with the 
fact that large gene sequences were chosen 
to be included for allele typing instead of 
shorter sequences.4 The use of shorter allelic 
regions in Amsterdam was shown improve 
the success rate of MLST typing to 80% 
to 90%, and the gender-based distribution 
differences then remained the same (data 
not shown). Also, the genovar distribution 
in our study is similar to those reported in 
previous studies,1,20,22,29,32 and therefore, it 
may be argued that the loss of chlamydia-
positive samples was rather random and not 
a cause for biased results.

A strength of our study is that we 
demonstrated that specific genetic variants 
were clearly linked to different sexual 
orientations, although the specimens 
included were collected retrospectively over 
several years and at different geographical 
sites, despite the selection bias in samples 
from heterosexual populations.

In summary, we have shown that specific 
genetic variants are highly associated with 
different sexual orientations, and this is 
even more convincing when using MLST 
than when using conventional ompA typing. 
The available data cannot yet determine 
if the hypothesis of tissue tropism or that 
of epidemiological network structures 
is the best explanation for the linkage 

between specific genetic variants and sexual 
orientation. New studies are therefore 
needed to shed light on this intriguing 
question.

references

1. Barnes RC, Rompalo AM, Stamm 
WE. 1987. Comparison of Chlamydia 
trachomatis serovars causing rectal and 
cervical infections. J. Infect. Dis. 156: 953– 
958. 

2. Bauwens JE, Lampe MF, 
Suchland RJ, Wong K, Stamm WE. 1995. 
Infection with Chlamydia trachomatis 
lymphogranuloma venereum serovar L1 in 
homosexual men with proctitis: molecular 
analysis of an unusual case cluster. Clin. 
Infect. Dis. 20: 576– 581. 

3. Bax CJ, et al. 2011. Analyses of 
multiple-site and concurrent Chlamydia 
trachomatis serovar infections, and serovar 
tissue tropism for urogenital versus rectal 
specimens in male and female patients. Sex. 
Transm. Infect. 87: 503– 507. 

4. Bom RJ, et al. 2011. Evaluation 
of high-resolution typing methods for 
Chlamydia trachomatis in samples from 
heterosexual couples. J. Clin. Microbiol. 49: 
2844– 2853. 

5. Bom R, et al. 2012. Genotyping 
of Chlamydia trachomatis strains from men 
who have sex with men and women in the 
Netherlands, Sweden and USA: evidence 
for tissue tropism or not? p 34–35. In 
Ouburg S, Morŕe S (ed), Proceedings of 
the 7th meeting of the European Society 
for Chlamydia Research, Amsterdam, 
Netherlands. VU University, Amsterdam, 
the Netherlands 

6. Christerson L, et al. 2010. Typing 
of lymphogranuloma venereum Chlamydia 



108

trachomatis strains. Emerg. Infect. Dis. 16: 
1777– 1779. 

7. Christerson L, de Vries HJ, 
Klint M, Herrmann B, Morre SA. 2011. 
Multilocus sequence typing of urogenital 
Chlamydia trachomatis from patients with 
different degrees of clinical symptoms. Sex. 
Transm. Dis. 38: 490– 494. 

8. Dean D, et al. 2009. Predicting 
phenotype and emerging strains among 
Chlamydia trachomatis infections. Emerg. 
Infect. Dis. 15: 1385– 1394. 

9. Fenton KA, Imrie J. 2005. 
Increasing rates of sexually transmitted 
diseases in homosexual men in Western 
Europe and the United States: why? Infect. 
Dis. Clin. North Am. 19: 311– 331. 

10. Geisler WM, Morrison SG, 
Bachmann LH. 2008. Absence of 
lymphogranuloma venereum strains 
among rectal Chlamydia trachomatis outer 
membrane protein A genotypes infecting 
women and men who have sex with men in 
Birmingham, Alabama. Sex. Transm. Dis. 
35: 856– 858. 

11. Gravningen K, et al. 2012. 
Multilocus sequence typing of genital 
Chlamydia trachomatis in Norway reveals 
multiple new sequence types and a large 
genetic diversity. PLoS One 7: e34452. 

12. Harding-Esch EM, et al. 2010. 
Multi-locus sequence typing: a useful tool 
for trachoma molecular epidemiology, p 
55– 58. In Stary A, et al. (ed), Chlamydial 
infections. Proceedings of the Twelfth 
International Symposium on Human 
Chlamydial Infections, San Francisco, CA. 
International Chlamydia Symposium, San 
Francisco, CA. 

13. Herrmann B, et al. 2008. 
Emergence and spread of Chlamydia 
trachomatis variant, Sweden. Emerg. Infect. 

Dis. 14: 1462– 1465. 

14. Ikryannikova LN, Shkarupeta 
MM, Shitikov EA, Il’ina EN, Govorun 
VM. 2010. Comparative evaluation of new 
typing schemes for urogenital Chlamydia 
trachomatis isolates. FEMS Immunol. Med. 
Microbiol. 59: 188– 196. 

15. Jeffrey BM, et al. 2010. Genome 
sequencing of recent clinical Chlamydia 
trachomatis strains identifies loci associated 
with tissue tropism and regions of apparent 
recombination. Infect. Immun. 78: 2544– 
2553. 

16. Jurstrand M, et al. 2010. 
Characterisation of Chlamydia trachomatis 
by ompA sequencing and multilocus 
sequence typing in a Swedish county before 
and after identification of the new variant. 
Sex. Transm. Infect. 86: 56– 60. 

17. Jurstrand M, et al. 2001. 
Characterization of Chlamydia trachomatis 
omp1 genotypes among sexually 
transmitted disease patients in Sweden. J. 
Clin. Microbiol. 39: 3915– 3919. 

18. Klint M, et al. 2007. High-
resolution genotyping of Chlamydia 
trachomatis strains by multilocus sequence 
analysis. J. Clin. Microbiol. 45: 1410– 
1414. 

19. Klint M, et al. 2011. Prevalence 
trends in Sweden for the new variant of 
Chlamydia trachomatis. Clin. Microbiol. 
Infect. 17: 683– 689. 

20. Klint M, et al. 2006. 
Lymphogranuloma venereum prevalence 
in Sweden among men who have sex with 
men and characterization of Chlamydia 
trachomatis ompA genotypes. J. Clin. 
Microbiol. 44: 4066– 4071. 

21. Labiran C, et al. 2012. 
Genotyping markers used for multi locus 



109Chapter 4.2 •  

VNTR analysis with ompA (MLVA-ompA) 
and multi sequence typing retain stability in 
Chlamydia trachomatis. Front. Cell. Infect. 
Microbiol. 2: 68. 

22. Li JH, et al. 2011. Prevalence of 
anorectal Chlamydia trachomatis infection 
and its genotype distribution among men 
who have sex with men in Shenzhen, China. 
Jpn. J. Infect. Dis. 64:143– 146. 

23. Lysen M, et al. 2004. 
Characterization of ompA genotypes 
by sequence analysis of DNA from all 
detected cases of Chlamydia trachomatis 
infections during 1 year of contact tracing 
in a Swedish county. J. Clin. Microbiol. 42: 
1641– 1647. 

24. Machado AC, et al. 2010. 
Distribution of Chlamydia trachomatis 
genovars among youths and adults in Brazil. 
J. Med. Microbiol. 60: 472– 476. 

25. Morre SA, et al. 1998. Serotyping 
and genotyping of genital Chlamydia 
trachomatis isolates reveal variants of 
serovars Ba, G, and J as confirmed by 
omp1 nucleotide sequence analysis. J. Clin. 
Microbiol. 36: 345– 351. 

26. Morre SA, et al. 2000. Urogenital 
Chlamydia trachomatis serovars in men 
and women with a symptomatic or 
asymptomatic infection: an association with 
clinical manifestations? J. Clin. Microbiol. 
38: 2292– 2296. 

27. Pannekoek Y, et al. 2008. Multi 
locus sequence typing of Chlamydiales: 
clonal groupings within the obligate 
intracellular bacteria Chlamydia 
trachomatis. BMC Microbiol. 8: 42. 
doi:10.1186/1471-2180-8-42. 

28. Pedersen LN, Herrmann B, Moller 
JK. 2009. Typing Chlamydia trachomatis: 
from egg yolk to nanotechnology. FEMS 
Immunol. Med. Microbiol. 55:120– 130. 

29. Quint KD, et al. 2011. Anal 
infections with concomitant Chlamydia 
trachomatis genotypes among men who 
have sex with men in Amsterdam, the 
Netherlands. BMC Infect. Dis. 11: 63. 
doi:10.1186/1471-2334-11-63. 

30. Spaargaren J, Fennema HS, Morre 
SA, de Vries HJ, Coutinho RA. 2005. New 
lymphogranuloma venereum Chlamydia 
trachomatis variant, Amsterdam. Emerg. 
Infect. Dis. 11: 1090– 1092. 

31. Suchland RJ, Eckert LO, Hawes 
SE, Stamm WE. 2003. Longitudinal 
assessment of infecting serovars of 
Chlamydia trachomatis in Seattle public 
health clinics: 1988-1996. Sex. Transm. Dis. 
30: 357– 361. 

32. Twin J, et al. 2011. Chlamydia 
trachomatis genotypes among men who 
have sex with men in Australia. Sex. Transm. 
Dis. 38: 279– 285. 

33. Yang B, et al. 2010. The prevalence 
and distribution of Chlamydia trachomatis 
genotypes among sexually transmitted 
disease clinic patients in Guangzhou, China, 
2005-2008. Jpn. J. Infect. Dis. 63: 342– 
345. 

 





111Chapter 4.3 •  

4.3

Multilocus sequence typing of Chlamydia 
trachomatis among men who have 
sex with men reveals co-circulating 
strains not associated with specific 
subpopulations 

 
Reinier J.M. Bom, Amy Matser, Sylvia M. 
Bruisten, Martijn S. van Rooijen, Titia 
Heijman, Servaas A. Morré, Henry J.C. de 
Vries, and Maarten F. Schim van der Loeff 

J Infect Dis. 2013; 208: 969-77

 
AbstrAct 
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.

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.

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 heterosexual-associated 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.

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.

 
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 



112

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 (ie, 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.

 
MAterIAls 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 
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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

 
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 (ie, western and southern 
European, North American, or Australian), 
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 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 
(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 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 (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 clinical samples.13,14 These loci 
were subsequently sequenced using M13 
primers. The sequences were checked against 
the C. trachomatis MLST database (available 
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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 
(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 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 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). 
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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 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 = 

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–LGV-
inducing clusters; and gray, the LGV-inducing cluster, according to Bom et al.14
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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)

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.
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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.

Variable Participants (n = 260)

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)

 At least 1 bisexual partner 5 (2)



Viable
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)

Table 2. 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.



Viable
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

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

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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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 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 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.

 
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 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); 
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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 (Table2). In addition, no 
significant differences 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 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 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 heterosexual-
associated 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 
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Variable

MSM-
Associated 
Infections 
(n = 210)

Heterosexual-
Associated 
Infections  

(n = 20) p

Demographic and lifestyle characteristics

Age, y 39 (30–45) 33 (29–38) 0.041

Self-defined ethnicity

Dutch 151 (72) 12 (60) 0.353

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) 0.147

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) 0.785

History of STI 83 (40) 7 (35) 0.692

Serology matching treated syphilis 63 (30) 4 (20) 0.347

Active syphilis 6 (3) 0 (0) 1.000

Gonorrhea 37 (18) 7 (35) 0.059

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

I 3 (23) 0 (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) 0.652

Safe only 48 (23) 3 (15)

Unsafe 111 (53) 11 (55)

Table 3. Characteristics of men who have sex with men (MSM), stratified by MSM-associated and 
heterosexual-associated infection clusters, in the study on sexual networks among MSM, sexually 
transmitted infections outpatient clinic, Amsterdam, July 2008–August 2009.
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Variable

MSM-
Associated 
Infections 
(n = 210)

Heterosexual-
Associated 
Infections  

(n = 20) p

Receptive anal intercoursec

No 42 (20) 2 (10) 0.295

Safe only 47 (23) 3 (15)

Unsafe 119 (57) 15 (75)

Fistingc 18 (9) 1 (5) 0.572

Group sexc 62 (30) 7 (35) 0.629

Sexual contact with women 8 (4) 3 (15) 0.025

Information on sex partners in the preceding 6 mo

HIV serostatus of sex partnersc

All HIV negative 17 (8) 0 (0) 0.379

Possibly 1 HIV infected 135 (65) 15 (75)

At least 1 HIV infected 56 (27) 5 (25)

Had a steady partnerd 153 (73) 11 (55) 0.084

Traceable casual partners, no.d 2 (0–5) 3 (2–5) 0.064

Anonymous casual partners, no.d 3 (1–10) 4 (1–20) 0.475

At least 1 Dutch partnerc 164 (79) 16 (80) 0.904

At least 1 Western, non-Dutch partnerc 66 (32) 7 (35) 0.765

At least 1 non-Western partnerc 92 (44) 11 (55) 0.355

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

62 (30) 10 (50) 0.064

At least 1 bisexual partner 4 (2) 1 (5) 0.368

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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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–
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 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 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. 
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 



125Chapter 4.3 •  

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 heterosexual-associated 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.
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AbstrAct 
The large Surinamese migrant population 
in the Netherlands is a major risk group for 
urogenital Chlamydia trachomatis infection. 
Suriname, a former Dutch colony, also 
has a high prevalence of C. trachomatis. 
Surinamese migrants travel extensively 
between the Netherlands and Suriname. 
Our objective was to assess whether the 
Surinamese migrants in the Netherlands 
form a bridge population facilitating 
transmission of C. trachomatis between 
Suriname and the Netherlands. If so, joint 
prevention campaigns involving both 
countries might be required.

Between March 2008 and July 2010, 
participants were recruited at clinics in 
Paramaribo, Suriname and in Amsterdam, 
the Netherlands. Participants were grouped 
as native Surinamese, native Dutch, 
Surinamese migrant, Dutch migrant, or 
Other, based on country of residence and 

country of birth of the participant and 
of their parents. Risk behavior, such as 
sexual mixing between ethnic groups, was 
recorded and C. trachomatis positive samples 
were typed through multilocus sequence 
typing (MLST). A minimum spanning 
tree of samples from 426 participants 
showed four MLST clusters. The MLST 
strain distribution of Surinamese migrants 
differed significantly from both the native 
Surinamese and Dutch populations, but 
was not an intermediate state between these 
two populations. Sexual mixing between 
the Surinamese migrants and the Dutch 
and Surinamese natives occurred frequently. 
Yet, the MLST cluster distribution did not 
differ significantly between participants who 
mixed and those who did not.

Sexual mixing occurred between 
Surinamese migrants in Amsterdam and 
the native populations of Suriname and 
the Netherlands. These migrants, however, 
did not seem to form an effective bridge 
population for C. trachomatis transmission 
between the native populations. Although 
our data do not seem to justify the need for 
joint campaigns to reduce the transmission 
of C. trachomatis strains between both 
countries, intensified preventive campaigns 
to decrease the C. trachomatis burden are 
required, both in Suriname and in the 
Netherlands.

 
IntroductIon 
Chlamydia trachomatis infections occur 
endemically among the general population 
of the Netherlands, but most infections 
are found in defined risk groups, such 
as adolescents and men who have sex 



130

with men (MSM).1 In addition, some 
ethnic minority groups are affected 
disproportionally by C. trachomatis 
infections.2 Migrants from Suriname 
constitute one of the largest ethnic minority 
groups in the Netherlands, and the highest 
prevalence of C. trachomatis has been 
reported in this population. In 2011, the C. 
trachomatis prevalence among clients of the 
Dutch sexually transmitted infection (STI) 
clinics was 18% for heterosexual Surinamese 
migrants compared with 11% for native 
Dutch heterosexuals.3

Suriname is a former colony of the 
Netherlands in the Caribbean region. It is a 
multi-ethnic society consisting of Creoles, 
Maroons, Hindustani, Javanese, Chinese, 
Caucasians, and indigenous Amerindians, 
as well as a mixed race population. 
Although considered an upper middle-
income country by World Bank standards, 
Suriname is an emerging economy in which 
reliable diagnostics to detect C. trachomatis 
infections and other STIs are still lacking 
for the majority of its inhabitants.4 The 
prevalence of C. trachomatis infections is 
high; one study demonstrated around 10% 
prevalence in a low-risk population (clients 
of a birth control clinic) and 21% in a high-
risk population (clients of an STI clinic).5

Since the independence of Suriname in 
1975, a large proportion of the Surinamese 
population migrated to the Netherlands 
and today almost as many people of 
Surinamese origin live in the Netherlands 
as in Suriname itself. Amsterdam has the 
largest number of Surinamese inhabitants 
outside of Suriname. As a result, traveling 
between the two countries is common. A 

study in 2008 found that more than half 
of the population of Surinamese descent 
living in the Netherlands had visited 
friends and relatives in Suriname during the 
preceding five years.6 Of these travelers, 9% 
reported unprotected sexual contact in both 
countries.2

Discordant sexual mixing is defined as 
sex between partners from two different 
groups (e.g. with different age or ethnicity).7 
A group characterized by a high degree of 
sexual mixing can act as a bridge population 
for STI transmission between seemingly 
unrelated groups. Surinamese migrants 
living in the Netherlands may thus be a 
bridge population for STI transmission 
between the native populations in Suriname 
and the Netherlands.6 If this is the case, 
it has implications for the design of 
effective preventive measures to reduce STI 
transmission. Joint campaigns involving 
both countries and a focus on travelers 
might be needed to reduce overall STI 
prevalence and to increase the impact of 
prevention.

We hypothesized that Surinamese 
migrants constitute a bridge population for 
the transmission of C. trachomatis between 
Suriname and the Netherlands. If this were 
the case, this would be reflected by:

 
1. A high degree of sexual mixing with 
native Surinamese and native Dutch 
partners, and

 
2. A distribution of C. trachomatis 
genotypes that is more similar to the native 
Surinamese or native Dutch population 
among the Surinamese migrants who report 
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sexual mixing with the native Surinamese 
or native Dutch population respectively, 
compared with those that do not report 
sexual mixing.

 
We collected C. trachomatis positive 
urogenital samples in the two capital cities: 
Paramaribo, Suriname; and Amsterdam, 
the Netherlands, and genotyped the C. 
trachomatis strains with a high-resolution 
multilocus sequence typing (MLST) 
method.8,9 This method was specifically 
designed to have a discriminatory power 
as required for molecular epidemiological 
analyses. It was epidemiologically validated 
on clinical samples to differentiate C. 
trachomatis strains on a population level in 
a previous study.8 These MLST data were 
used to compose a minimum spanning 
tree and elucidate C. trachomatis strain 
clusters. In a previous study, this approach 
successfully demonstrated the distinct 
transmission of C. trachomatis strains in 
MSM and heterosexuals.9 In this study, 
the distribution of clusters was related to 
predefined risk characteristics like sexual 
mixing between native and migrant 
populations in the two countries.

 
MAterIAls And Methods 
Study sites and population 
Participants were recruited at two sites in 
Paramaribo, Suriname and at one site in 
Amsterdam, the Netherlands:

 
1. The Dermatological Service in 
Paramaribo, an integrated outpatient clinic 
that offers free-of-charge examination 
and treatment of STIs and infectious skin 

diseases such as leprosy and leishmaniasis. 
Recruitment took place between March 
2008 and July 2010.

 
2. The Lobi Foundation, a center for birth 
control and sexual health in Paramaribo. 
Recruitment took place between July 2009 
and April 2010.

 
3. The STI Outpatient Clinic of the 
Public Health Service of Amsterdam, 
which is a low threshold clinic serving over 
30,000 clients annually. Individuals were 
prioritized based on a short questionnaire to 
estimate the risk of having an STI.10 Those 
considered at high-risk of an STI were 
eligible to participate. Recruitment took 
place between November 2009 and May 
2010. 
 
Exclusion criteria were: age younger than 
18 years, antibiotic use in the previous 7 
days, men having sex with men in the past 
6 months, and previous participation in 
this study. After written informed consent, 
participants were given a unique code 
to participate anonymously. Participants 
were interviewed about demographic 
characteristics, including place of birth, 
place of birth of both parents, ethnicity 
of sexual partners, number of sexual 
partners, and place of residence of their 
sexual partners. The ethics committees of 
the Ministry of Health of the Republic of 
Suriname (VG010-2007) and the Academic 
Medical Center, University of Amsterdam, 
the Netherlands (MEC07/127) approved 
the study. Part of the data collected in the 
Netherlands has been described previously 
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by Bom et al. (2013).9 Part of the data 
collected in Suriname has been described 
previously by Van der Helm et al. (2012).5

 
Sample collection 
In Paramaribo, urine samples from men 
and nurse-collected vaginal swabs were 
obtained, shipped and tested with the 
Aptima Chlamydia assay for the detection 
of C. trachomatis rRNA (Hologic Gen-
Probe Inc., San Diego, USA) at the Public 
Health Laboratory in Amsterdam. The 
urine samples were tested within 40 days, 
and the vaginal swabs within 50 days after 
collection. A more detailed description 
has been reported in a previous study.5 In 
Amsterdam, urine samples from men and 
nurse-collected vaginal or cervical swabs 
were tested with the Aptima assay at the 
Public Health Laboratory in Amsterdam. 
For each individual, only one C. trachomatis 
positive sample was selected. For female 
participants, vaginal samples were preferred; 
if vaginal samples were not available, 
cervical samples were selected. A more 
detailed description has been reported in a 
previous study.9

 
MLST 
Nucleic acids from C. trachomatis-positive 
clinical samples were extracted and tested 
for the presence of chlamydial DNA.11,12 
DNA isolates were amplified by a nested 
PCR and sequenced for the regions ompA, 
CT046 (hctB), CT058, CT144, CT172, 
and CT682 (pbpB).8,9 The sequences were 
checked against the Chlamydia trachomatis 
MLST database (mlstdb.bmc.uu.se). Only 
samples of which all 6 loci were successfully 

amplified, sequenced, and identified, and 
therefore had obtained a full sequence type 
(ST) or MLST profile, were included in 
the analyses. As ompA is part of the MLST 
scheme, genovars could be assigned for all 
included samples. A minimum spanning 
tree was generated using MLST profiles. As 
the number of STs was too large to be used 
in statistical analyses, cluster analysis was 
performed, allowing single locus variance 
using BioNumerics 7.0 (Applied Maths, 
Sint-Martens-Latem, Belgium). A cluster 
was defined as a group of STs differing by 
not more than 1 locus from another ST 
within that group. Only clusters of at least 
25 samples were included in the cluster 
analysis as these clusters were large enough 
for statistical analyses. The remaining 
samples were compiled in a residual group, 
which was used in the analyses as an 
additional cluster.

 
Statistical analysis 
Participants were classified into 5 groups 
based on country of residence of the 
participant, and country of birth of the 
participant, and of his or her parents (Figure 
1):

 
1. Native Surinamese group: Participants 
residing in Suriname; neither the 
participant, nor the parents were born in 
the Netherlands, and at least one was born 
in Suriname;

 
2. Native Dutch group: Participants 
residing in the Netherlands; neither the 
participant, nor the parents were born in 
Suriname, and at least one was born in the 
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Netherlands; 
3. Surinamese Migrant group: Participants 
residing in the Netherlands; the participant 
and/or his or her parents (one or both) were 
born in Suriname;

 
4. Dutch Migrant group: Participants 
residing in Suriname; the participant and/or 
his or her parents (one or both) were born 
in the Netherlands;

 
5. Other groups: A participant 
neither residing in Suriname nor in the 
Netherlands; or neither the participant nor 
his or her parents were born in Suriname or 

the Netherlands.
 

Sexual partners in the past 12 months were 
classified into three groups based on country 
of residence of the sexual partner, and the 
ethnicity of the sexual partner, as perceived 
by the participant:

 
1. Native Surinamese partner: sexual 
partner residing in Suriname and of 
perceived Surinamese ethnicity;

 
2. Native Dutch partner: sexual partner 
residing in the Netherlands and of perceived 
Dutch ethnicity; 

Figure 1. Algorithm for classification of participants into five groups (‘Native Surinamese,’ ‘Native 
Dutch,’ ‘Surinamese Migrant,’ ‘Dutch Migrant,’ and ‘Other’) based on country of residence of the 
participant and country of birth of the participant and his or her parents. Data were missing for 6 
of the 426 participants, therefore they were not included in the analyses. The category ‘Other’ was 
derived from three different routes in the algorithm (n = 33).
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3. Surinamese Migrant partner: sexual 
partner residing in the Netherlands and of 
perceived Surinamese ethnicity.

 
A partner of perceived Surinamese ethnicity 
was defined as a partner with a Creole, 
Hindustani, Javanese, Chinese, Maroon, 
Amerindian, or mixed race ethnicity. A 
partner of perceived Dutch ethnicity was 
defined as a partner with a Caucasian 
ethnicity. Differences between clusters were 
tested using Pearson’s χ2 tests for categorical 
data. Fisher’s exact tests were used when 
the expected cell count was less than one. 
For continuous data, Mann-Whitney U 
tests and Kruskal-Wallis tests were used. A 
p-value of <0.05 was considered statistically 
significant. Analyses were performed 
with SPSS package version 19.0 (SPSS 
Inc., Chicago, IL). To test whether the 
distribution of C. trachomatis clusters 
found within the Surinamese migrant 
population was an intermediate state 
between the distributions of the native 
Surinamese and native Dutch populations, 
a range of hypothetical intermediate cluster 
distributions was calculated. The proportion 
of every cluster within a hypothetical 
intermediate state (phyp_i) was calculated by:

 
where pSUR_i is the proportion of cluster i 
in the native Surinamese population, pNL_i 

is the proportion of cluster i in the native 
Dutch population and x ranges from 0% 
to 100% with a step size of 1%. With x = 
0%, the hypothetical distribution would 
be identical to the distribution found in 

the native Surinamese population, whereas 
x = 100% would result in a distribution 
identical to the one found among the 
native Dutch. To test whether these 
hypothetical intermediate distributions 
differed significantly from the distribution 
found among the Surinamese migrants, the 
proportions of each cluster were multiplied 
by the total number of Surinamese migrants 
and compared to the actual distribution 
of clusters found among the Surinamese 
migrants using Pearson’s χ2 tests. 
 
results 
Study population and specimens 
A total of 415 men and 1093 women 
participated in Paramaribo and 449 
men and 1051 women participated in 
Amsterdam. Of those, 95 (23%) men 
and 129 (12%) women in Paramaribo 
and 100 (22%) men and 204 (19%) 
women in Amsterdam tested positive for 
C. trachomatis. A total of 508 (96%) C. 
trachomatis positive samples were available 
for further testing, of which 219 originated 
from Paramaribo and 289 from Amsterdam. 
In 450 samples (89%), the presence of 
genomic DNA could be demonstrated by 
qPCR. Of these 450 samples, 426 (95%) 
could be completely typed by MLST, of 
which 170 originated from Paramaribo and 
256 originated from Amsterdam.

Table 1 shows general characteristics of 
the 426 C. trachomatis positive participants, 
with a complete MLST profile by city. 
The median age of the participants 
in Paramaribo was higher (25 years; 
interquartile range (IQR): 22–30 years) 
compared with those from Amsterdam 



Paramaribo 
(n=170)

Amsterdam 
(n=256)

pn (%) n (%)

Gender Male 65 (38) 86 (34) 0.33

Female 105 (62) 170 (66)

Age in years Median (mean; IQR) 25 (27.0; 22-30) 23 (24.9; 21-26) <0.001

Educationa Low 68 (41) 2 (1) <0.001

Medium 76 (46) 120 (48)

High 21 (13) 130 (52)

Ethnic groupb Native Surinamese 155 (92) - <0.001

Native Dutch - 166 (66)

Dutch migrant 2 (1) -

Surinamese migrant 4 (2) 60 (24)

Other 7 (4) 26 (10)

Number of sexual 
partners in the past 
12 monthsc

Median (mean; IQR) 1 (1.4; 1-2) 1 (2.0; 1-2) 0.011

ompA genovar B 3 (2) 2 (1) 0.59

D 31 (18) 29 (11)

E 55 (32) 101 (39)

F 33 (19) 52 (20)

G 9 (5) 16 (6)

H 2 (1) 2 (1)

I 22 (13) 31 (12)

J 10 (6) 13 (5)

K 5 (3) 10 (4)

MLST Cluster Cluster 1 43 (25) 62 (24) <0.001

Cluster 2 9 (5) 67 (26)

Cluster 3 37 (22) 25 (10)

Cluster 4 27 (16) 26 (10)

Residual group 54 (32) 76 (30)

Table 1. General characteristics of Chlamydia trachomatis-positive men and women included in 
Paramaribo, Suriname and Amsterdam, the Netherlands, 2008-10

a Data were missing for 5 participants recruited in Paramaribo and 4 in Amsterdam. 
b Data were missing for 2 participants recruited in Paramaribo and 4 in Amsterdam. 
c Data were missing for 5 participants recruited in Paramaribo and 1 in Amsterdam. 
IQR: interquartile range; MLST: multilocus sequence typing.
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(23 years; IQR: 21–26 years; p<0.001). 
In addition, participants from Paramaribo 
usually had received less education 
(p<0.001) and reported fewer sexual 
partners (p = 0.011).

 
Genovar distribution 
As ompA is part of the MLST scheme, 
genovars could be assigned for all typed 
samples. In both cities we found 9 different 
genovars, being B, and D through K. The 
genovar distribution found in Paramaribo 
and Amsterdam was not significantly 
different (p = 0.59) with genovars D, E, F 
and I being most common (Table 1).

 

MLST results 
Among the 170 MLST profiles from 
Paramaribo there were 65 different STs 
(Supplementary Table 1). Of these STs, 29 
had multiple representatives (n = 2–28) 
and 36 were found in only a single isolate 
(singleton). Among the 256 Amsterdam 
samples, 124 different STs were found 
(Supplementary Table 1). Multiple 
representatives were seen for 34 STs (n = 
2–28) and 90 singletons were found. In the 
total population of the 2 cities, we identified 
166 STs (n = 1–46) of which 106 were 
singletons.

From the MLST profiles of these 426 
samples, a minimum spanning tree was 

Figure 2. Minimum spanning tree of 426 Chlamydia trachomatis-positive samples from Amsterdam 
and Paramaribo, 2008–2010. Each circle represents one MLST type. Size of the circles is 
proportional to the number of identical MLST profiles. Bold lines connect types that differ by 
one single locus. Halos indicate clusters. Colors indicate city of sampling; green: samples from 
Paramaribo, Suriname (n = 170) and orange: samples from Amsterdam, the Netherlands (n = 256).
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generated (Figure 2, Figure 3). Within this 
minimum spanning tree, identical samples 
or samples differing by one locus were 
grouped together. If these groups contained 
25 or more samples, they were considered a 
cluster and this is indicated in the minimum 
spanning tree with a halo. A cluster 
supposedly represents one C. trachomatis 
strain type. In the minimum spanning tree 
generated from the 426 samples, we could 
identify four clusters (n = 53–105). Cluster 
1 included 105 individuals and consisted 
mainly of genovar F samples (77%), but 
also of genovar D (19%) and J (4%). 

Cluster 2 (n = 76) and cluster 3 (n = 62) 
included solely genovar E samples. Cluster 4 
(n = 53) consisted predominantly of genovar 
I (89%), but also of genovar J (11%). 
Among the residual samples (n = 130), 
all genovars were present, but genovars D 
(31%), G (19%), E (14%), K (12%) and J 
(10%) were most common.

In contrast to the genovar distribution, 
the distribution of samples in the MLST 
clusters was strongly associated with the 
city of sampling (p<0.001, Table 1; Figure 
2). Overall, 60% of samples were from 
Amsterdam, but 88% of samples in cluster 

Figure 3. Minimum spanning tree of 426 Chlamydia trachomatis-positive samples from Amsterdam 
and Paramaribo, 2008–2010. Each circle represents one MLST type. Size of the circles is 
proportional to the number of identical MLST profiles. Bold lines connect types that differ by 
one single locus. Halos indicate clusters. Colors indicate ethnic group; green: native Surinamese 
participants (n = 155); orange: native Dutch participants (n = 166); purple: Surinamese migrant 
participants (n = 64); and white: Dutch migrant participants (n = 2), other participants (n = 33) and 
participants with missing data (n = 6).
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2 were from Amsterdam, while 40% of 
samples in cluster 3 were from Amsterdam. 
No important deviations as expected from 
the overall sample distribution were found 
for cluster 1 (with 59% of the samples 
originating from Amsterdam), cluster 4 
(with 49%), and the residual group (with 
58%).

 
Demographic characteristics of the 
clusters 

Demographic characteristics were compared 
for the four large clusters and the residual 
group. Gender, age, and number of 
sexual partners in the past 12 months 
did not differ significantly between the 
clusters. However, significant differences 
in education (p = 0.003) and ethnic 
groups (p<0.001) were observed between 
the clusters (Supplementary Table 2). The 
participants in cluster 2 had received more 
education, whereas participants in clusters 
3 and 4 had received less education; these 
differences are largely due to the city of 
origin of the participants. Clusters 3 and 4 
had more native Surinamese participants 
than the other clusters and cluster 2 had 
more native Dutch participants. Cluster 4 
had more Surinamese migrant participants 
compared with the other clusters.

Because the distribution of C. trachomatis 
strains differed between the participants 
recruited in Amsterdam and Paramaribo, 
we also analyzed the data stratified by city 
of sampling (Supplementary Table 3). In the 
analysis for the samples from Paramaribo, 
no significant differences were found 
between the clusters and any of the variables 
tested (gender, age, education, number 

of sexual partners, or ethnic group). For 
the Amsterdam samples, no significant 
differences were found between the clusters 
and gender, age, education, or number 
of sexual partners, but a very significant 
difference was found for ethnic group 
(p<0.001): 73% of samples in cluster 4 
were from migrant Surinamese participants, 
while this group represented only 24% of 
the participants from Amsterdam (Figure 3, 
Supplementary Table 3).

When we analyzed the data stratified for 
three main ethnic groups, no significant 
differences were found between the clusters 
and any of the variables tested for the 
native Surinamese, the native Dutch, or the 
Surinamese migrants (Supplementary Table 
4).

 
Sexual mixing between the ethnic groups 

We hypothesized that Surinamese 
migrants constituted a bridge population 
for the transmission of C. trachomatis 
between Suriname and the Netherlands. 
To investigate whether this pattern of 
transmission of C. trachomatis strains 
occurred, we investigated the degree of 
sexual mixing between the three main ethnic 
groups, i.e. native Surinamese participants 
(n = 155), Surinamese migrant participants 
(n = 64), and native Dutch participants 
(n = 166; Figure 1). In this analysis, we 
excluded the Dutch migrant participants 
(n = 2) and the other participants (n = 
33), due to their low numbers and limited 
relevance in the model. In addition, 2 native 
Surinamese participants, 4 Surinamese 
migrant participants, and 16 native 
Dutch participants were excluded, as data 
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regarding their sexual partners were missing 
or incomplete.

Among the Surinamese migrant 
participants, we found that 13% (n = 
8/60) reported having had sex with a 
native Surinamese partner in the past 12 
months, and 13% (n = 20/153) of the 
native Surinamese participants reported 
having had sex with a Surinamese migrant 
partner (Figure 4). Among Surinamese 
migrant participants, 30% (n = 18/60) 
reported having had sex with a native Dutch 
partner in the past 12 months, and 27% (n 
= 40/150) of the native Dutch participants 
reported having had sex with a Surinamese 
migrant partner. Among the native 
Surinamese participants we found that 3% 
(n = 4/153) reported having had sex with a 
native Dutch partner in the past 12 months, 
and 1% (n = 2/150) of the native Dutch 
participants reported having had sex with a 

native Surinamese partner.
Clear differences were found in the 

distribution of the clusters, including 
the residual group, between the three 
main ethnic groups: native Surinamese, 
Surinamese migrants and native Dutch 
(Figure 5). Compared with the native 
Surinamese participants, samples from the 
Surinamese migrant participants more often 
belonged to clusters 2 and 4, and less often 
to cluster 3 and the residual group (p = 
0.002). Compared with the native Dutch 
participants, samples from the Surinamese 
migrant participants more often belonged 
to cluster 4 and less often to cluster 2 and 
the residual group (p<0.001). In addition, 
the distribution of the clusters found 
among the Surinamese migrants differed 
significantly from any intermediate state 
between the distribution found among 
the native Surinamese and native Dutch 

Figure 4. Venn diagrams of sexual mixing with native Surinamese partners (green circle), native Dutch partners 
(orange circle) and Surinamese migrant partners (purple circle) in the past 12 months. A. Native Surinamese 
participants (n = 153). B. Surinamese migrant participants (n = 60). C. Native Dutch participants (n = 150). 
Partner data were missing for 2 native Surinamese participants, 4 Surinamese migrant participants, and 16 native 
Dutch participants.
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(Supplementary Figure 1).
The distribution of C. trachomatis strains 

found among the Surinamese migrant 
participants did not differ significantly 
between those who reported sex with a 
native Surinamese partner and those who 
did not (p = 0.43; Table 2). In addition, no 
significant differences were found in the 
distribution of C. trachomatis strains found 
among the native Surinamese participants 
who reported sex with a Surinamese migrant 
partner and those who did not (p = 0.13). 
The same was observed for the Surinamese 
migrant participants: no significant 
differences were found in C. trachomatis 
strain distribution between participants 

who reported and those who did not report 
sex with native Dutch partners (p = 0.66). 
Also among native Dutch participants no 
significant differences were found in C. 
trachomatis strain distribution between those 
who reported sex with Surinamese migrant 
partners and those who did not (p = 0.34). 
 
dIscussIon 
In this study, we showed differences in 
the distribution of C. trachomatis strains 
between infected persons in Paramaribo 
and Amsterdam, and between Surinamese 
migrants and native Dutch participants 
within Amsterdam using the high-
resolution MLST genotyping technique. 

Figure 5. Distribution of the Chlamydia trachomatis clusters per ethnic group. Colors indicate the 
different clusters; dark green: cluster 1; light green: cluster 2; yellow: cluster 3; red: cluster 4; and 
purple: the residual group. These distribution of C. trachomatis strains differed significantly between 
the groups: native Surinamese participants – Surinamese migrant participants: p = 0.002; and 
Surinamese migrant participants – native Dutch participants: p<0.001.
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Cluster 1 Cluster 2 Cluster 3 Cluster 4
Residual 
group

pn (%) n (%) n (%) n (%) n (%)

Native Surinamese participants (n=153)
Sex with Surinamese migrant partner: Yes 5 (14) 0 (0) 3 (8) 7 (28) 5 (11) 0.13

No 32 (86) 9 (100) 33 (92) 18 (72) 41 (89)

Surinamese migrant participants (n=60)

Sex with native Surinamese partner: Yes 1 (7) 0 (0) 1 (20) 3 (16) 3 (25) 0.43

No 13 (93) 10 (100) 4 (80) 16 (84) 9 (75)

Surinamese migrant participants (n=60)

Sex with native Dutch partner: Yes 4 (29) 5 (50) 1 (20) 5 (26) 3 (25) 0.66

No 10 (71) 5 (50) 4 (80) 14 (74) 9 (75)

Native Dutch participants (n=150)

Sex with Surinamese migrant partner: Yes 10 (27) 10 (24) 7 (50) 1 (20) 12 (23) 0.34

No 27 (73) 31 (76) 7 (50) 4 (80) 41 (77)

Table 2.  Sexual mixing with other ethnic groups among participants, by Chlamydia trachomatis 
cluster, Paramaribo, Suriname and Amsterdam, the Netherlands, 2008-10

These differences would have been largely 
obscured if conventional ompA typing had 
been used. For example, cluster 2 infections 
were more prevalent in Amsterdam and 
cluster 3 infections were more prevalent 
in Paramaribo, but both clusters were 
composed of MLST sequence types with an 
identical ompA type, genovar E, which is the 
most prevalent genovar type worldwide.13

We hypothesized that the Surinamese 
migrant population residing in the 
Netherlands, who travel frequently 
between the two countries, acted as a 
bridge population for the transmission of 
C. trachomatis strains between inhabitants 
in Suriname and the Netherlands. We 
demonstrated that sexual mixing among 

Surinamese migrants occurred, both with 
native Surinamese and with native Dutch 
partners (13% and 30%). Sexual mixing 
between the native Dutch and native 
Surinamese groups occurred infrequently 
(1–3%). This indicates, based on reported 
sexual mixing, that Surinamese migrants 
potentially constituted a bridge population 
for STI between the Dutch and Surinamese 
populations. However, the distribution of C. 
trachomatis strains found in the Surinamese 
migrant population differed from both the 
native Surinamese and Dutch distributions, 
but was not an intermediate state between 
the native groups. This is most strikingly 
illustrated by the overrepresentation of 
Surinamese migrants in cluster 4, whereas 
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cluster 4 strains are less prevalent among 
the native Surinamese population and rare 
in the native Dutch population. Therefore 
we conclude that limited transmission of 
C. trachomatis strains occurred between 
the native Surinamese and Surinamese 
migrant populations, and between the 
native Dutch and Surinamese migrant 
populations. In addition, when we 
examined the distribution of C. trachomatis 
strains among the participants that reported 
sexual mixing and those who did not, 
no significant differences could be found 
between the two in the distribution of C. 
trachomatis clusters. Although the power 
to show differences between these groups 
was limited, transmission patterns that 
could be expected were not observed. For 
example, among native Dutch participants 
who mix with Surinamese migrants more 
cluster 4 strains were expected compared to 
those who do not mix, as these strains were 
highly prevalent among the Surinamese 
migrant participants. However, just 5 Dutch 
participants were diagnosed with a cluster 
4 strain and only 1 of them reported sex 
with Surinamese migrant partner past 12 
months. Consequently, the high prevalence 
among the Surinamese migrants compared 
with the native Dutch cannot be explained 
by sexual mixing with native Surinamese.

In fact, the opposite may be true; both 
the high prevalence and the divergent 
distribution of C. trachomatis strains among 
the Surinamese migrants might be explained 
by the absence of effective sexual mixing 
with the native Dutch and Surinamese 
populations. When subpopulations do not 
mix effectively, infections cannot spread 

to other risk populations, and differences 
in prevalence are sustained.14,15 Similar 
patterns can be found among African-
Americans where a higher prevalence in 
C. trachomatis infections is associated with 
socio-economic status and partnership 
structures.16,17 The differences in 
distribution of C. trachomatis strains can 
be explained assuming that the chlamydial 
populations in communities that do not 
mix are more susceptible to stochastic 
effects.

We were able to include a large number 
of participants from Suriname and the 
Netherlands, within a timespan of just 
over 2 years. Consequently we obtained an 
accurate representation of C. trachomatis 
strains circulating in both countries. 
Participants completed a questionnaire that 
was designed to study sexual networks, so 
detailed epidemiological data were available 
and these could be linked to high-resolution 
typing results of the pathogen. Together, 
these factors enabled us to study the 
determinants of the specific groups for the 
transmission of C. trachomatis. Although the 
data of the participants’ ethnic origin was 
precise (based on their own assessment), the 
data of their sexual partners was limited to 
‘perceived ethnicity’. Therefore the amount 
of sexual mixing between the groups may 
be overreported, especially for native Dutch 
and Surinamese migrant partners. The 
native Dutch partners were defined as a 
partner of a perceived Caucasian ethnicity 
living in the Netherlands. Likely, this 
group encompasses more than only the 
native Dutch, as Caucasian minorities also 
reside in Amsterdam. More biased are the 
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Surinamese migrant partners, as they were 
defined as a partner of a perceived Creole, 
Hindustani, Javanese, Chinese, Maroon, 
Amerindian, or ‘mixed race’ ethnicity living 
in the Netherlands. Whereas these ethnic 
groups are specific for native and migrant 
Suriname individuals, some of these 
ethnicities are not distinguishable for native 
Dutch participants, especially the ‘mixed 
race’ ethnicity. In addition, native Dutch 
individuals might be unaware of Surinamese 
ethnic groups and therefore underreport 
them.

Despite the limitations, these data 
provide a good view of the C. trachomatis 
strains circulating in Suriname and the 
Netherlands, and the limited transmission 
of these strains between the two countries. 
Although our data do not seem to justify 
the need for joint campaigns to reduce 
the transmission of C. trachomatis strains 
between both countries, intensified 
preventive campaigns to decrease the C. 
trachomatis burden are required, both 
in Suriname and in the Netherlands. 
Moreover, informing travelers about the 
risks of unprotected sex abroad is still 
relevant. In addition, the high prevalence 
of C. trachomatis within the Surinamese 
migrant population justifies further studies 
into risk factors and transmission networks 
of C. trachomatis within this group. This will 
enable more effective tailored prevention 
programs to reduce the C. trachomatis 
burden.
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5.1 Suplementary Data

Supplementary Figure 1. Test for intermediacy. Depicted are the p-values of the astrain distribution 
found among the Surinamese migrants compared with the distributions of the hypothetical 
intermediate states, using Pearson’s χ2 tests. These intermediate states ranged from 100% identical 
to the native Surinamese distribution to 100% identical to the native Dutch distribution. None of 
these intermediate states had a p-value of ≥0.05, therefore the distribution of C. trachomatis strains 
found among the Surinamese migrants was not an intermediate state between the distributions found 
among the native Surinamese and native Dutch populations.

Supplementary Table 1. MLST-data of the 426 samples collected in Paramaribo, Suriname and 
Amsterdam, the Netherlands, 2008-10. Coding is according to the Chlamydia trachomatis MLST 
database (mlstdb.bmc.uu.se). Samples S1001 to S1170 were collected in Paramaribo, and samples 
3003 to 3329 were collected in Amsterdam.

Supplementary Table 1 can be viewed and downloaded from plosone.org
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Cluster 1 
(n=105)

Cluster 2 
(n=76)

Cluster3 
(n=62)

Cluster 4 
(n=53)

Residual 
group 

(n=130) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 31 (30) 31 (41) 17 (27) 26 (49) 46 (35) 0.07

Female 74 (70) 45 (59) 45 (73) 27 (51) 84 (65)

Age in years Median 
(mean; 
IQR)

24 (24.6; 
21-26)

24 (24.4; 
21-26)

24 (26.8; 
22-30)

24 (26.2; 
21-29)

24 (26.8; 
21-29)

0.27

Educationa Low 14 (14) 3 (4) 17 (28) 12 (23) 24 (19) 0.003

Medium 53 (51) 34 (45) 25 (41) 28 (54) 56 (45)

High 36 (35) 39 (51) 19 (31) 12 (23) 45 (36)

Ethnic groupb Native 
Surinamese

38 (37) 9 (12) 36 (59) 25 (47) 47 (37) <0.001

Native 
Dutch

40 (39) 48 (64) 16 (26) 6 (11) 56 (44)

Dutch 
Migrant

1 (1) 0 (0) 0 (0) 0 (0) 1 (1)

Surinamese 
Migrant

15 (15) 11 (15) 5 (8) 20 (38) 13 (10)

Other 9 (9) 7 (9) 4 (7) 2 (4) 11 (9)

Number of sexual 
partners in the past 
12 monthsc

Median 
(mean; 
IQR)

1 (1.5; 1-2) 1 (2.5; 1-2) 1 (1.3; 
1-1)

1 (1.7; 
1-2)

1 (1.8; 
1-2)

0.13

Supplementary Table 2. Characteristics of Chlamydia trachomatis-positive participants, by C. 
trachomatis cluster, from Paramaribo, Suriname and Amsterdam, the Netherlands, 2008-10.

a Data were missing for 2 participants in Cluster 1, 1 participant in Cluster 3, 1 participant in Cluster 4 
and 5 participants in Residual group. 

b Data were missing for 2 participants in Cluster 1, 1 participant in Cluster 2, 1 participant in Cluster 3 
and 2 participants in Residual group. 

c Data were missing for 1 participant in Cluster 2, 2 participants in Cluster 3 and 3 participants in 
Residual group. 
IQR: interquartile range.
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Cluster 1 
(n=43)

Cluster 2 
(n=9)

Cluster 3 
(n=37)

Cluster 
4 (n=27)

Residual 
group 

(n=54) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 15 (35) 2 (22) 10 (27) 16 (59) 22 (41) 0.08

Female 28 (65) 7 (78) 27 (73) 11 (41) 32 (59)

Age in years Median (mean; 
IQR)

25 (26.7; 
22-31)

26 (30.1; 
25-30)

25 (27.5; 
23-31)

26 (27.5; 
21-33)

24 (26.2; 
21-28)

0.54

Educationa Low 14 (33) 2 (22) 17 (46) 12 (46) 23 (45) 0.19

Medium 19 (45) 5 (56) 15 (41) 10 (38) 27 (53)

High 9 (21) 2 (22) 5 (14) 4 (15) 1 (2)

Ethnic groupb Native 
Surinamese

38 (90) 9 (100) 36 (97) 25 (93) 47 (89) 0.99

Native Dutch - - - - -

Dutch Migrant 1 (2) 0 (0) 0 (0) 0 (0) 1 (2)

Surinamese 
Migrant

1 (2) 0 (0) 0 (0) 1 (4) 2 (4)

Other 2 (5) 0 (0) 1 (3) 1 (4) 3 (6)

Number of 
sexual partners 
in the past 12 
monthsc

Median (mean; 
IQR)

1 (1.4; 
1-1)

1 (1.4; 
1-2)

1 (1.2; 
1-1)

1 (1.3; 
1-2)

1 (1.6; 
1-2)

0.34

Supplementary Table 3A. Characteristics of Chlamydia trachomatis-positive participants, by C. 
trachomatis cluster, from Paramaribo, Suriname, 2008-10.

a Data were missing for 1 participant in Cluster 1, 1 participant in Cluster 4 and 3 participants in 
Residual group.
b Data were missing for 1 participant in Cluster 1 and 1 participant in Residual group.
c Data were missing for 2 participants in Cluster 3 and 3 participants in Residual group.
IQR: interquartile range.
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Cluster 1 
(n=62)

Cluster 2 
(n=67)

Cluster 
3 (n=25)

Cluster 
4 (n=26)

Residual 
group 

(n=76) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 16 (26) 29 (43) 7 (28) 10 (38) 24 (32) 0.26

Female 46 (74) 38 (57) 18 (72) 16 (62) 52 (68)

Age in years Median  
(mean; IQR)

22 (23.2; 
20-25)

23 (23.6; 
21-25)

24 (25.8; 
21-28)

24 (24.7; 
21-26)

23 (27.2; 
20-31)

0.34

Educationa Low 0 (0) 1 (1) 0 (0) 0 (0) 1 (1) 0.12

Medium 34 (56) 29 (43) 10 (42) 18 (69) 29 (39)

High 27 (44) 37 (55) 14 (58) 8 (31) 44 (59)

Ethnic groupb Native 
Surinamese

- - - - - <0.001

Native Dutch 40 (66) 48 (73) 16 (67) 6 (23) 56 (75)

Dutch 
Migrant

- - - - -

Surinamese 
Migrant

14 (23) 11 (17) 5 (21) 19 (73) 11 (15)

Other 7 (11) 7 (11) 3 (13) 1 (4) 8 (11)

Number of 
sexual partners 
in the past 12 
monthsc

Median (mean; 
IQR)

1 (1.5; 
1-2)

1 (2.7; 
1-2)

1 (1.4; 
1-2)

1 (2.2; 
1-2)

1 (2.0; 
1-2)

0.75

Supplementary Table 3B. Characteristics of Chlamydia trachomatis-positive participants, by C. 
trachomatis cluster, from Amsterdam, the Netherlands, 2009-10.

a Data were missing for 1 participant in Cluster 1, 1 participant in Cluster 3 and 2 participants in 
Residual group.
b Data were missing for 1 participant in Cluster 1, 1 participant in Cluster 2, 1 participant in Cluster 3 
and 1 participant in Residual group.
c Data were missing for 1 participant in Cluster 2.
IQR: interquartile range.
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Cluster 
1 (n=38)

Cluster 
2 (n=9)

Cluster 3 
(n=36)

Cluster 
4 (n=25)

Residual 
group 

(n=47) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 13 (34) 2 (22) 10 (28) 15 (60) 19 (40) 0.09

Female 25 (66) 7 (78) 26 (72) 10 (40) 28 (60)

Age in years Median 
(mean; 
IQR)

26 (27.5; 
24-31)

26 (30.1; 
25-30)

26 (27.7; 
23-32)

26 (27.4; 
21-33)

24 (25.9; 
21-28)

0.36

Educationa Low 12 (32) 2 (22) 16 (44) 12 (50) 21 (47) 0.31

Medium 19 (50) 5 (56) 15 (42) 9 (38) 23 (51)

High 7 (18) 2 (22) 5 (14) 3 (13) 1 (2)

Number of sexual 
partners in the past 
12 monthsb

Median 
(mean; 
IQR)

1 (1.4; 
1-1)

1 (1.4; 
1-2)

1 (1.2; 
1-1)

1 (1.3; 
1-2)

1 (1.6; 
1-2)

0.50

Supplementary Table 4A. Characteristics of Chlamydia trachomatis-positive native Surinamese 
participants, by C. trachomatis cluster, 2008-10.

a Data were missing for 1 participant in Cluster 4 and 2 participants in Residual group.
b Data were missing for 1 participant in Cluster 3.
IQR: interquartile range.

Cluster 
1 (n=40)

Cluster 
2 (n=48)

Cluster 3 
(n=16)

Cluster 
4 (n=6)

Residual 
group 

(n=56) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 9 (23) 18 (38) 4 (25) 3 (50) 18 (32) 0.47

Female 31 (78) 30 (63) 12 (75) 3 (50) 38 (68)

Age in years Median 
(mean; 
IQR)

22 (23.1; 
20-25)

22 (23.6; 
20-24)

24 (23.6; 
20-26)

20 (21.0; 
19-24)

24 
(28.3; 

21-31)

0.07

Education Low - - - - - 0.12

Medium 17 (43) 18 (38) 5 (31) 5 (83) 17 (30)

High 23 (58) 30 (63) 11 (69) 1 (17) 39 (70)

Number of sexual 
partners in the past 
12 months

Median 
(mean; 
IQR)

1 (1.5; 
1-2)

1 (2.0; 
1-2)

1 (1.3; 
1-2)

1 (1.8; 
1-3)

1 (2.1; 
1-2)

0.47

Supplementary Table 4B. Characteristics of Chlamydia trachomatis-positive native Dutch participants, 
by C. trachomatis cluster, 2009-10.

IQR: interquartile range.
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Cluster 1 
(n=15)

Cluster 2 
(n=11)

Cluster 3 
(n=5)

Cluster 4 
(n=20)

Residual 
group 

(n=13) p

n (%) n (%) n (%) n (%) n (%)

Gender Male 6 (40) 7 (64) 2 (40) 8 (40) 7 (54) 0.69

Female 9 (60) 4 (36) 3 (60) 12 (60) 6 (46)

Age in years Median 
(mean; 
IQR)

21 (20.7; 
19-25)

23 (22.4; 
20-24)

25 (28.4; 
21-38)

25 (25.9; 
22-29)

23 (25.5; 
19-29) 0.11

Educationa Low 0 (0) 0 (0) 0 (0) 0 (0) 2 (17) 0.38

Medium 12 (86) 7 (64) 4 (80) 13 (65) 8 (67)

High 2 (14) 4 (36) 1 (20) 7 (35) 2 (17)

Number of sexual 
partners in the past 
12 monthsb

Median 
(mean; 
IQR)

1 (1.8; 
1-2)

2 (1.7; 
1-2)

1 (1.4; 
1-2)

1 (2.3; 
1-3)

1 (1.7; 
1-2) 0.99

Supplementary Table 4C. Characteristics of Chlamydia trachomatis-positive Surinamese migrant 
participants, by C. trachomatis cluster, 2009-10.

a Data were missing for 1 participant in Cluster 1 and 1 participant in Residual group.
b Data were missing for 1 participant in Cluster 2.
IQR: interquartile range.
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5.2

Urogenital Chlamydia trachomatis 
infections among ethnic groups in 
Paramaribo, Suriname; determinants and 
ethnic sexual mixing patterns 
 

Jannie J. van der Helm, Reinier J.M. Bom, 
Antoon W. Grünberg, Sylvia M. Bruisten, 
Maarten F. Schim van der Loeff, Leslie O.A. 
Sabajo, and Henry J.C. de Vries

PLoS One. 2013; 8: e68698

 
AbstrAct 
Little is known about the epidemiology of 
urogenital Chlamydia trachomatis infection 
(chlamydia) in Suriname. Suriname is a 
society composed of many ethnic groups, 
such as Creoles, Maroons, Hindustani, 
Javanese, Chinese, Caucasians, and 
indigenous Amerindians. We estimated 
determinants for chlamydia, including the 
role of ethnicity, and identified transmission 
patterns and ethnic sexual networks among 
clients of two clinics in Paramaribo, 
Suriname.

Participants were recruited at two sites 
a sexually transmitted infections (STI) 
clinic and a family planning (FP) clinic 
in Paramaribo. Urine samples from men 
and nurse-collected vaginal swabs were 
obtained for nucleic acid amplification 
testing. Logistic regression analysis was 
used to identify determinants of chlamydia. 
Multilocus sequence typing (MLST) was 
performed to genotype C. trachomatis. To 
identify transmission patterns and sexual 

networks, a minimum spanning tree was 
created, using full MLST profiles. Clusters 
in the minimum spanning tree were 
compared for ethnic composition.

Between March 2008 and July 2010, 
415 men and 274 women were included 
at the STI clinic and 819 women at the 
FP clinic. Overall chlamydia prevalence 
was 15% (224/1508). Age, ethnicity, 
and recruitment site were significantly 
associated with chlamydia in multivariable 
analysis. Participants of Creole and Javanese 
ethnicity were more frequently infected 
with urogenital chlamydia. Although 
sexual mixing with other ethnic groups 
did differ significantly per ethnicity, this 
mixing was not independently significantly 
associated with chlamydia. We typed 170 
C. trachomatis-positive samples (76%) and 
identified three large C. trachomatis clusters. 
Although the proportion from various 
ethnic groups differed significantly between 
the clusters (p= 0.003), all five major ethnic 
groups were represented in all three clusters.

Chlamydia prevalence in Suriname is 
high and targeted prevention measures are 
required. Although ethnic sexual mixing 
differed between ethnic groups, differences 
in prevalence between ethnic groups could 
not be explained by sexual mixing.

 
IntroductIon 
Urogenital Chlamydia trachomatis infection, 
or chlamydia, is the most prevalent bacterial 
sexually transmitted infection (STI) 
worldwide.1 Left untreated, chlamydia 
can lead to complications like pelvic 
inflammatory disease, ectopic pregnancy, 
and infertility. To reduce complications 
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and transmission of chlamydia, active case 
finding and early treatment are critical 
strategies.2,3 Suriname is on the South 
American continent, but as a consequence 
of a shared colonial past it is more socio-
culturally connected to the Caribbean 
region. The prevalence of chlamydia in the 
general population in many countries of 
the Caribbean is unknown because testing 
facilities are lacking and routine screening 
is not available. A study in Guadeloupe 
among patients who were referred for a 
genital infection, showed a prevalence of 
17% among men and 10% among women.4 
A study in Barbados among the general 
population showed a prevalence of 11%,5 
and a study in Trinidad and Tobago among 
pregnant women showed a prevalence of 
21%.6 We previously found a prevalence 
of 21% among high-risk women and 9% 
among low-risk women in Suriname.7

The variety of ethnicities is distinctive 
for Surinamese society. The Surinamese 
population consists of Creoles and Maroons 
(both descendants of African diaspora due 
to the slave trade), Hindustani, Javanese, 
and Chinese (all descendants of labor 
immigrants from the former British Indies, 
Dutch Indies, and China, respectively), 
Caucasians (descendants of European 
colonialists), indigenous Amerindians, and 
people of mixed race. The five major groups 
are Hindustani (27.4%), Creole (17.7%), 
Maroon (14.7%), Javanese (14.6%), and 
mixed race (12.5%). These groups cannot 
be considered a ‘minority’ since they are 
comparable in size and integrated parts of 
the total population.8 Previous Surinamese 
studies on sexuality, however, have mainly 

focused on the Creoles, and rarely on other 
ethnicities9,10

The structure of sexual networks is 
important for STI transmission, but 
elucidating these transmission networks 
based on epidemiological and behavioral 
data alone is challenging. Combining 
epidemiological and behavioral data 
with molecular microbial genotyping 
techniques can provide more insight 
into the transmission patterns of C. 
trachomatis. Molecular typing can reveal the 
relatedness of bacterial strains that circulate 
among the population and may identify 
transmission networks at the pathogen 
level. Because of the low genetic variability 
of C. trachomatis, a typing tool with a 
high discriminatory resolution between 
strains is necessary to reveal network 
associations of C. trachomatis. Whereas 
suitable molecular techniques for Neisseria 
gonorrhoeae have been available for some 
time,11 high-resolution typing methods 
for C. trachomatis, such as multilocus 
sequence typing (MLST), have only been 
developed recently.12,13 Studies using high-
resolution typing of C. trachomatis strains 
have examined the relation between clinical 
symptoms,14 geographic location,15 and 
sexual risk group.16,17 The relation between 
ethno-demographic characteristics and C. 
trachomatis strains in sexual transmission 
networks of heterosexual populations has 
not yet been analyzed using high-resolution 
molecular pathogen typing.

Earlier we reported a high chlamydia 
prevalence among both low- and high-risk 
women.7 Here we report on the chlamydia 
prevalence among women as well as men. 
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The aim of our study among men and 
women at two clinics in Paramaribo, 
Suriname was to elucidate determinants 
for chlamydia, notably the role of ethnicity 
and ethnic sexual mixing, and to identify 
transmission patterns and sexual networks 
using molecular epidemiological network 
analyses.

 
Materials and methods 
Ethics Statement 
The study was approved by the ethics 
committee of the Ministry of Health of 
the Republic of Suriname (VG010-2007) 
and the ethics committee of the Academic 
Medical Center, University of Amsterdam, 
the Netherlands (MEC07/127). Patients 
participated anonymously and gave written 
informed consent.

 
Recruitment sites and population 
Participants were recruited at two sites in 
Paramaribo, Suriname:

1. The Dermatological Service, an 
integrated outpatient STI clinic, frequented 
by men and women, that offers free-of-
charge examination and treatment of STIs 
and infectious skin diseases such as leprosy 
and leishmaniasis,. All individuals who 
visited for an STI check-up were invited to 
participate in the study. These participants 
were considered to be a ‘high-risk’ 
population for chlamydia.

2. The Lobi Foundation, a family 
planning (FP) clinic frequented by women 
only. All consecutive women visiting the 
clinic were invited to participate in the 
study. As women do not primarily visit 
this clinic to be checked for STIs, these 

participants were considered to be a ‘low-
risk’ population for chlamydia.

Recruitment took place between March 
2008 and July 2010. Exclusion criteria 
were: age younger than 18 years and 
previous participation in the study. A nurse 
interviewed participants about demographic 
characteristics (including self-reported 
ethnicity) and sexual behavior.

 
Specimen collection and testing 
procedures 

Urine samples from males and nurse-
collected vaginal swabs from females were 
obtained for nucleic acid amplification 
test (NAAT) testing with the monospecific 
Aptima Chlamydia assay for the detection 
of C. trachomatis rRNA (Hologic Gen-
Probe Inc., San Diego, USA). Nurses 
were trained to collect the swabs before 
routine speculum examination was 
performed, as described before.7 The 
samples were collected according to the 
manufacturer’s instructions, stored in a 
fridge (at temperature between 2° and 7°C) 
and packed according to IATA rules for 
transport by plane to the Public Health 
Laboratory in Amsterdam for NAAT 
testing. Technicians performing NAAT 
did not receive any information about 
the participant. NAAT test results were 
forwarded to the two clinics in Suriname, 
where the chlamydia positive participants 
were treated within 1 to 8 weeks after the 
clinic visit with doxycycline (100 mg bid 
for 7 days at the FP clinic and 100 mg bid 
for 10 days at the STI clinic) or, in case of 
(probable) pregnancy, with a single 1000 
mg oral dose of azithromycin. Participants 
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who tested positive for urogenital chlamydia 
also received treatment to be used by their 
partner(s).

 
MLST 
Multilocus sequence typing (MLST) was 
used to genotype C. trachomatis. Details of 
this method were described previously.13 
In brief, DNA was extracted at the Public 
Health Laboratory Amsterdam from 
transport medium in which the swab or 
urine had been put, using isopropanol 
precipitation. All DNA isolates were tested 
for the presence of chlamydial DNA with 
the in-house pmpH qPCR as described 
previously.18,19 The DNA isolates were 
amplified by a nested PCR and sequenced 
for the regions ompA, CT046 (hctB), 
CT058, CT144, CT172 and CT682 
(pbpB). The sequences were checked 
against an in-house library and against the 
Chlamydia trachomatis MLST database 
(mlst.bmc.uu.se), and were given an allele 
number for each region. Only samples of 
which all alleles were successfully amplified, 
sequenced and identified, and therefore had 
obtained a full MLST profile (sequence 
type, ST), were included in the analyses. As 
ompA is part of the MLST scheme, genovars 
could be assigned for all included samples. 
A minimum spanning tree was generated 
using MLST profiles. Cluster analysis was 
performed allowing single locus variance 
using BioNumerics 7 (Applied Maths, 
Sint-Martens-Latem, Belgium). A cluster 
was defined as a group of STs differing by 
not more than one locus from another ST 
within that group, and had to include at 
least 10% of the total number of samples 

(i.e. at least 17 samples). Typing data of 
the study population are also reported in 
a paper comparing the distributions of 
C. trachomatis strains among residents of 
Paramaribo and residents of Amsterdam 
(Bom et al., submitted).

 
Statistical analysis 
The study population consisted of high-risk 
men and women recruited at the STI clinic 
and low-risk women recruited at the FP 
clinic. To examine whether epidemiological 
characteristics differed between these three 
study groups the χ2-test for independence 
was used. Prevalence was calculated as the 
number of positive tests in the study period 
divided by the total number of individuals 
tested in the study period.20 To assess 
determinants of chlamydia, we performed 
univariable logistic regression analysis 
and examined the effect of the following 
variables: age, education, ethnicity, different 
ethnic group of sexual partners (i.e. ethnic 
sexual mixing), study group (including 
sex and recruitment site), condom use, 
number of partners in the preceding month, 
number of partners in the preceding 12 
months, having had sex in exchange for 
money or goods, and (for men) having had 
sex with men (MSM). Age was divided 
into four categories. Because of small 
numbers we grouped Caucasian, Chinese, 
and Indigenous Amerindian ethnicities 
together in univariable and multivariable 
analyses. Ethnic sexual mixing was defined 
as having had sex with at least one partner 
of another ethnicity in the preceding 12 
months. Variables that were associated 
with chlamydia at P≤0.1 in the univariable 
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analysis were entered into a multivariable 
model. Higher chlamydia prevalence at 
younger age and, with a higher number 
of sexual partners has been established 
by various other studies21 and therefore 
these determinants were forced into the 
multivariable model. Ethnicity and ethnic 
group of the partner(s) were variables of 
specific interest and were also forced into 
the model. To avoid multicollinearity, 
we only included the variable ‘number of 
partners in the preceding 12 months’ in 
the model and not the variable ‘number 
of partners in the preceding month’. We 
considered P<0.05 as statistically significant. 
We checked for interactions between study 
group and all other variables in the final 
model and also checked for interactions 
between the number of partners in the 
preceding 12 months and ethnic sexual 
mixing.

To examine whether ethnic group was a 
determinant for ethnic sexual mixing, we 
performed a multivariable logistic regression 
analysis. Variables that were associated with 
ethnic sexual mixing at P≤0.1 in univariable 
analysis were entered into a multivariable 
model. The final model included number 
of partners in the preceding 12 months, sex 
in exchange for money or goods, and study 
group.

We compared the observed frequency of 
people who had sexual partners from their 
own ethnicity with the expected frequency 
(if partner selection from the population 
would have occurred at random with respect 
to ethnic background) by using the χ2 
goodness-of-fit test.22 The expected number 
of people with sexual partners from their 

own ethnicity was calculated by multiplying 
the total number of reported partners of an 
ethnicity by the proportion of individuals 
from each ethnicity in the study. In order 
to identify transmission patterns and sexual 
networks, a minimum spanning tree was 
made with different colors for different 
ethnicities and C. trachomatis clusters were 
compared in terms of ethnic composition 
using χ2-tests for independence. Analyses 
were performed with SPSS package version 
19.0 (SPSS Inc., Chicago, IL).

 
results 
Study population 
A total of, 415 men and 1093 women were 
included in the study. The response rate 
among men was 78.3%, among women 
visiting the STI clinic 83.0% and among 
women visiting the FP clinic 99.8%. The 
included and excluded men did not differ 
by age (p= 0.303) and ethnicity (p= 0.329). 
The included and excluded women visiting 
the STI clinic had a comparable age (p = 
0.238) but ethnicity did differ (p = 0.020). 
Demographics and sexual behavior of 
study participants are shown in Table 1. 
All epidemiological characteristics differed 
significantly between the three study groups. 
The overall median age was 29 years (IQR 
25–37) and the majority had a low (40.5%) 
or medium (42.9%) level of education. In 
total, 444 (29.4%) were of Creole ethnicity, 
289 (19.2%) of Hindustani ethnicity, 177 
(11.7%) of Javanese ethnicity, 277 (18.4%) 
were mixed race, and 258 (17.1%) were of 
Maroon ethnicity. Women visiting the STI 
clinic were younger compared with men 
from the same site and women visiting the 
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FP clinic (p<0.001). Women visiting the 
STI clinic reported higher risk behavior, 
such as >2 partners in the previous year 
(23.0%), and more frequently reported sex 
in exchange for money or goods (16.7%), 
compared with women visiting the FP clinic 
(6.1% and 0.7%, respectively).

 
Prevalence and determinants of 
chlamydia 
The prevalence of chlamydia was 18.6% 
(95% CI, 14.3–23.6%) among women 
visiting the STI clinic, 9.5% (95% CI, 
7.7–11.7%) among women visiting the FP 
clinic7 and 22.9% (95% CI, 19.0–27.1%) 
among male STI clinic visitors. The highest 
prevalence of chlamydia was found among 
Creole men visiting the STI clinic (30.1%) 
but this was not significantly higher than 
the prevalence among men from other 
ethnic groups which ranged between 15.2% 
and 21.4% (p = 0.123). Hindustani women 
had a slightly lower prevalence (6.3%) 
compared with women from other ethnic 
groups, which ranged between 10.9% and 
15.3% (p = 0.054). Univariable associations 
between epidemiological characteristics and 
chlamydia are shown in Table 2. Age, ethnic 
group, ethnic sexual mixing, study group 
and number of partners in the preceding 
12 months were significantly associated 
with chlamydia in univariable analysis. 
In multivariable analysis, chlamydia was 
significantly associated with ethnic group 
(OR, 1.76; 95% CI, 1.03–3.00 for Creoles, 
OR, 2.05; 95% CI, 1.09–3.84 for Javanese, 
both compared with Hindustani); age (OR, 
3.01; 95% CI, 1.93–4.71 for those aged 
<25 years, compared with those aged ≥35); 

and study group (OR, 2.30; 95% CI, 1.52–
3.49 for men visiting the STI clinic and 
OR, 1.91; 95% CI 1.24–2.94 for women 
visiting the STI clinic, both compared with 
women visiting the FP clinic), but not with 
ethnic sexual mixing (OR, 1.33; 95% CI, 
0.96–1.85) and number of partners in the 
preceding 12 months (OR, 1.39; 95% CI, 
0.92–2.11 for having >2 partners compared 
with having ≤1 partner) (Table 2).

The interactions between study group 
and all other variables in the final model 
and the interaction between the number of 
partners in the preceding 12 months and 
ethnic sexual mixing were not significant.

 
Sexual mixing among ethnic groups 
A total of 643 participants (43.6%) 
reported sexual mixing with other ethnic 
groups, and 790 (52.4%) did not report any 
sexual mixing. Ethnic sexual mixing differed 
between ethnic groups. Of the Hindustani 
65 (23.5%) reported sexual mixing. This 
was higher for individuals with Creole (n 
= 191; 44.3%), Javanese (n = 85; 49.4%), 
Maroon (n = 95; 38.6%), or mixed race 
(n = 170; 65.9%) ethnicity (p<0.001). In 
multivariable analysis, adjusting for number 
of partners in the preceding 12 months, 
sex in exchange for money or goods, and 
study group, ethnic sexual mixing was 
significantly associated with ethnic group 
(OR, 1.87; 95% CI, 1.30–2.70 for Creoles; 
OR, 3.34; 95% CI, 2.18–5.11 for Javanese; 
OR, 1.15; 95% CI, 0.75–1.76 for Maroon; 
OR, 4.88; 95% CI, 3.26–7.30 for mixed 
race; all compared with Hindustani). 
Table 3 shows the ethnic groups of the 
participants included in the study and the 



Table 1. Epidemiological characteristics of the study population by study group in Paramaribo, 
Suriname, 2008–2010.

a Numbers do not add up to the column total due to missing data, percentages do add up to 100%. 
Missing data: ethnic group n=6, ethnic sexual mixing n=75, condom use n=16, number of partners in the 
preceding month n=34, sex in exchange for money or goods n=22, men having sex with men n=3.  
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IQR, interquartile range; NA, not available; NAAT, nucleic acid amplification test; p-values based on 
men attending the STI clinic, women attending the STI clinic and women attending the family planning 
clinic. 
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observed and expected ethnic background of 
their partners. Of the Creole, Hindustani, 
Javanese and Maroon participants between 
60.5% and 77.9% reported to have had 
sex with a partner of their own ethnicity; 
for mixed race individuals this was 44.4%. 
Maroon individuals were more likely to 
have a partner with a Creole ethnicity 
(29.8%) compared with a partner 
with a Hindustani (3.1%) or Javanese 
ethnicity (3.9%). Likewise, only 1% of 
the Hindustani and Javanese individuals 
reported sex with a Maroon partner. The 
observed frequencies of only having sexual 
partners from participants’ own ethnicity 
were significantly higher than expected 
frequencies if partners had been selected 
from the population at random with respect 
to ethnicity (p<0.001 for all 5 major ethnic 
groups).

 
Genovar typing and MLST 
We were able to type 170 samples of 
the 224 C. trachomatis positive samples 
(75.9%). The strains belonged to nine 
ompA genovars, predominantly E (32.4%), 
F (19.4%), D (18.2%) and I (12.9%). 
Furthermore, J (5.9%), G (5.3%), K 
(2.9%), B (1.8%), and H (1.2%) were 
found.

Among the 170 fully typed samples, we 
identified 65 different MLST profiles of 
which 32 (49%) were novel when checked 
against the MLST database on January 
8, 2013. These novel MLST profiles were 
found in 52 (31%) of 170 samples. A 
minimum spanning tree was generated 
using MLST profiles (Figure 1) in which 
three large distinct clusters of C. trachomatis 
strains could be identified. Cluster 1 

Figure 1. Minimum spanning tree of 170 Chlamydia trachomatis positive samples in Paramaribo, 
Suriname 2008–2010. Each circle represents one MLST type. Size of the circles is proportional to 
the number of identical MLST profiles. Bold lines connect types that differ by one single locus. 
Halos indicate the three large distinct clusters (≥27 samples). Colors indicate ethnicity; blue 
– Creole, brown – mixed race, green – Javanese, yellow – Maroon, pink – Hindustani, white – 
Indigenous Amerindian, Caucasian and unknown.
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consisted of 27 samples (genovars I (81.5%) 
and J (18.5%)), cluster 2 consisted of 
34 samples (all genovar E) and cluster 
3 consisted of 36 samples (genovars D 
(23.5%) and F (76.5%)). There were 13 
smaller clusters (containing 2–10 samples) 
and 20 singletons.

Although all five major ethnic groups 
were represented in all three clusters, the 
proportion from various ethnic groups 
differed significantly between the three 
clusters (p = 0.003). Figure 2 shows the 
distribution of individuals in each cluster 
for each ethnic group. Individuals with 
Javanese ethnicity were mainly found in 
cluster 2 (53.8%). Of the Hindustani, 
35.1% belonged to cluster 1. Of the Creole 
and mixed race individuals 45.9% and 
55.9%, respectively, were found outside the 

three main clusters of C. trachomatis strains.
 

dIscussIon 
Prevalence of chlamydia in Suriname 
This is the first report on epidemiology of 
chlamydia in Suriname in both a high-
risk and a low-risk population. Previously, 
we described the high prevalence of 9% 
and 21% respectively among low-risk 
and high-risk Surinamese women;7 here 
we report a very high prevalence of 23% 
among high-risk Surinamese men. The 
high prevalence found in Suriname in our 
study can partly be attributed to the current 
lack of screening facilities in Suriname. 
The prevalence among women visiting the 
FP clinic was comparable to that reported 
by a recent study in the Caribbean region 
among women in the general population.5 

Figure 2. Distribution of individuals in Chlamydia trachomatis clusters within ethnic groups in 
Paramaribo, Suriname, 2008–2010. Colors indicate cluster: Blue – cluster 1; Green – cluster 2; 
Yellow – cluster 3; Pink – residual group.



NAAT positive
Univariable OR 
(95%CI)

P 
value

Multivariable 
Adjusted OR 
(95%CI)* P value

224 / 1508 (14.9)

n / N (%)

Study group Family planning clinic 
– women 

78 / 819 (9.5) 1 <0.001 1 <0.001

STI clinic – women 51 / 274 (18.6) 2.17 (1.48-3.19) 1.91 (1.24-2.94)

STI clinic – men 95 / 415 (22.9) 2.82 (2.03-3.91) 2.30 (1.52-3.49)

Age in years <25 90 / 398 (22.6) 3.36 (2.22-5.08) <0.001 3.01 (1.93-4.71) <0.001

25-29 71 / 381 (18.6) 2.63 (1.72-4.04) 2.60 (1.65-4.09)

30-34 27 / 279 (9.7) 1.23 (0.73-2.08) 1.26 (0.73-2.18)

>=35 36 / 450 (8.0) 1 1

Education Low 96 / 611 (15.7) 1 0.878

Medium 93 / 647 (14.4) 0.90 (0.66-1.23)

High 27 / 197 (13.7) 0.85 (0.54-1.35)

Unknown 8 / 53 (15.1) 0.95 (0.44-2.09)

Ethnic group Creole 87 / 444 (19.6) 3.11 (1.88-5.14) 0.001 1.76 (1.03-3.00) 0.027

Hindustani 21 / 289 (7.3) 1 1

Javanese 28 / 177 (15.8) 2.40 (1.32-4.37) 2.05 (1.09-3.84)

Maroon 36 / 258 (14.0) 2.07 (1.17-3.65) 0.96 (0.52-1.78)

Mixed 44 / 277 (15.9) 2.41 (1.39-4.17) 1.33 (0.72-2.35)

Othera 7 / 57 (12.3) 1.79 (0.72-4.43) 1.01 (0.38-2.67)

Ethnic sexual mixing Had only sexual 
partners from same 
ethnic group

88 / 790 (11.1) 1 <0.001 1 0.090

Had at least one sexual 
partner from another 
ethnic group

125 / 643 (19.4) 1.93 (1.43-2.59) 1.33 (0.96-1.85)

Condom use Always 45 / 281 (16.0) 1 0.529

Never or inconsistent 176 / 1211 (14.5) 0.89 (0.62-1.27)

Number of partners in the 
preceding month

0 8 / 72 (11.1) 1 <0.001

1 152 / 1154 (13.2) 1.21 (0.57-2.58)

>1 58 / 248 (23.4) 2.44 (1.11-5.39)

Number of partners in the 
preceding 12 months

≤1 104 / 918 (11.3) 1 <0.001 1 0.225

2  49 / 286 (17.1) 1.62 (1.12-2.34) 1.33 (0.88-2.01)

>2 71 / 304 (23.4) 2.39 (1.71-3.33) 1.39 (0.92-2.11)

Sex in exchange for money 
or goods

No 207 / 1424 (14.5) 1 0.166

Yes 13 / 62 (21.0) 1.56 (0.83-2.93)

Table 2. Univariable and multivariable logistic 
regression analyses of determinants associated 
with chlamydia among the study population 
included at two sites in Paramaribo, Suriname, 
2008–2010.



NAAT positive
Univariable OR 
(95%CI)

P 
value

Multivariable 
Adjusted OR 
(95%CI)* P value

224 / 1508 (14.9)

n / N (%)

Study group Family planning clinic 
– women 

78 / 819 (9.5) 1 <0.001 1 <0.001

STI clinic – women 51 / 274 (18.6) 2.17 (1.48-3.19) 1.91 (1.24-2.94)

STI clinic – men 95 / 415 (22.9) 2.82 (2.03-3.91) 2.30 (1.52-3.49)

Age in years <25 90 / 398 (22.6) 3.36 (2.22-5.08) <0.001 3.01 (1.93-4.71) <0.001

25-29 71 / 381 (18.6) 2.63 (1.72-4.04) 2.60 (1.65-4.09)

30-34 27 / 279 (9.7) 1.23 (0.73-2.08) 1.26 (0.73-2.18)

>=35 36 / 450 (8.0) 1 1

Education Low 96 / 611 (15.7) 1 0.878

Medium 93 / 647 (14.4) 0.90 (0.66-1.23)

High 27 / 197 (13.7) 0.85 (0.54-1.35)

Unknown 8 / 53 (15.1) 0.95 (0.44-2.09)

Ethnic group Creole 87 / 444 (19.6) 3.11 (1.88-5.14) 0.001 1.76 (1.03-3.00) 0.027

Hindustani 21 / 289 (7.3) 1 1

Javanese 28 / 177 (15.8) 2.40 (1.32-4.37) 2.05 (1.09-3.84)

Maroon 36 / 258 (14.0) 2.07 (1.17-3.65) 0.96 (0.52-1.78)

Mixed 44 / 277 (15.9) 2.41 (1.39-4.17) 1.33 (0.72-2.35)

Othera 7 / 57 (12.3) 1.79 (0.72-4.43) 1.01 (0.38-2.67)

Ethnic sexual mixing Had only sexual 
partners from same 
ethnic group

88 / 790 (11.1) 1 <0.001 1 0.090

Had at least one sexual 
partner from another 
ethnic group

125 / 643 (19.4) 1.93 (1.43-2.59) 1.33 (0.96-1.85)

Condom use Always 45 / 281 (16.0) 1 0.529

Never or inconsistent 176 / 1211 (14.5) 0.89 (0.62-1.27)

Number of partners in the 
preceding month

0 8 / 72 (11.1) 1 <0.001

1 152 / 1154 (13.2) 1.21 (0.57-2.58)

>1 58 / 248 (23.4) 2.44 (1.11-5.39)

Number of partners in the 
preceding 12 months

≤1 104 / 918 (11.3) 1 <0.001 1 0.225

2  49 / 286 (17.1) 1.62 (1.12-2.34) 1.33 (0.88-2.01)

>2 71 / 304 (23.4) 2.39 (1.71-3.33) 1.39 (0.92-2.11)

Sex in exchange for money 
or goods

No 207 / 1424 (14.5) 1 0.166

Yes 13 / 62 (21.0) 1.56 (0.83-2.93)

*ORs in the multivariable model are adjusted for 
all factors for which adjusted ORs are shown.   
a Other: Caucasian, Chinese, Indigenous. 
NAAT, nucleic acid amplification test; OR, odds 
ratio; 95%CI, 95% confidence interval.  
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Another study in the region among women 
who were referred for a genital infection, 
presumably a high-risk group for chlamydia, 
reported a prevalence of 11%,4 and among 
pregnant women a prevalence of 21% was 
found.6 Studies among STI clinic visitors 
in the Caribbean region are scarce, but 
a study in Jamaica from 1999, in which 
chlamydia was tested by direct fluorescence 
assay and culture (which are now considered 
obsolete diagnostics), reported a prevalence 
of 55%.23 The high prevalence found in 
low- or middle-income countries indicates 
the urgent need for reliable and affordable 
diagnostics, preferably a point-of-care 
test. The prevalence found among the STI 
clinic visitors is likely to be higher than 
the prevalence in the Surinamese general 
population. Furthermore, despite the high 
response rate, the included and excluded 
women visiting the STI clinic differed 
by ethnicity and the reported prevalence 
should be interpreted as the prevalence 
among those who were tested and might not 
reflect the ‘true’ prevalence. The response 
rate among the population attending the 
FP clinic was very high and the prevalence 
may be a reasonable reflection of the 
sexually active Surinamese population. The 
higher prevalence indicates that preventive 
measures focused on the sexually active 
population in general are urgently necessary. 
Our study showed that the younger age 
group was disproportionately affected by 
chlamydia, so targeting prevention at this 
group seems most cost-effective, especially 
since safe sex messages probably will be 
more effective at sexual debut.9 

Prevalence of chlamydia among ethnic 
groups 
The Creole and Javanese groups seemed 
more affected by chlamydia compared with 
the Hindustani. A study from Trinidad 
and Tobago performed in 2004 compared 
three ethnic groups (African, East Indian 
and mixed race) using univariable analysis 
and found that individuals of East Indian 
descent were less likely to be infected with 
chlamydia compared with those of African 
descent.6 Compared with Trinidad and 
Tobago, a society characterized by two 
dominant ethnic groups, Surinamese society 
is much more ethnically diverse. Since 
the prevalence in all but one ethnic group 
was above 12%, testing and treatment of 
all groups is required. The distribution of 
ethnic groups included in our study was 
approximating a correct representation of 
the actual Surinamese population according 
to the 2004 population census,8 although 
our study included more Creole and mixed 
race individuals and less people with 
Hindustani ethnicity.

 
Chlamydia and sexual mixing among 
ethnic groups 
Previously it was found that sexual mixing 
patterns could be important for dynamics 
of the spread of STI.24 Here we show 
that the frequency of having only sexual 
partners from participants’ own ethnicity 
was higher than expected if partners would 
have been selected regardless of ethnicity 
(i.e. assortative mixing). On the other hand, 
almost half of the study population reported 
ethnic sexual mixing, which showed that 
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bridges between the ethnic groups do 
exist. Ethnic sexual mixing differed per 
ethnic group and was highest for mixed 
race individuals followed by Javanese and 
Creoles. Nevertheless, this sexual mixing 
was not associated with chlamydia, which 
is in line with a study among immigrants in 
the Netherlands where ethnic sexual mixing 
was not associated with self-reported STI.25 
One study on ethnic mixing of Surinamese 
immigrants in the Netherlands showed 
that Hindu-Surinamese individuals were 
more likely to mix than Afro-Surinamese 
individuals,26 which is in contrast to our 
data derived from Suriname. In the Dutch 
study among Surinamese migrants, eight 
times more Afro-Surinamese individuals 
were included than Hindu-Surinamese 
individuals.26 Population size and the size 
of the ethnic group are of importance for 
the likelihood of ethnic sexual mixing and 
might explain the difference between the 
studies. Hindu-Surinamese migrants in the 
Netherlands might be more likely to meet 
individuals from different ethnicities, and 
therefore more likely engage in ethnic sexual 
mixing.

Besides the epidemiological 
characterization of ethnic sexual mixing, we 
used MLST typing to identify pathogen-
associated networks among participants 
with chlamydia. Previously ompA genovar 
typing has been used,27 but MLST was 
found to be more discriminative and 
provides more solid proof of independent 
circulation.17 Furthermore MLST is less 
affected by intragenic recombination of C. 
trachomatis, than typing based on only the 
ompA gene is.28 MLST revealed that all 

major ethnic groups were represented in 
all three clusters of C. trachomatis strains, 
which suggests that these strains circulate 
endemically among all ethnic groups. 
Although the distribution of clusters 
within each group varied, clear separate 
networks for C. trachomatis transmission 
by ethnicity could not be identified which 
can be explained by ethnic sexual mixing 
between the groups. The typing results were 
in agreement with the epidemiological data. 
In contrast, studies comparing non-mixing 
populations (heterosexuals and MSM) 
showed hardly any overlap in chlamydial 
strains.16,17 In our study we could not 
distinguish separate networks between 
MSM and heterosexuals as only 7 MSM 
were included of whom only one had 
chlamydia and the provided sample could 
not be typed by MLST.

By checking the MLST profiles in the 
international C. trachomatis database, 
32 (49%) novel strains were found. This 
database has existed since 2007 and 
comprises 459 profiles to date. It is most 
likely that many novel strains will be found. 
The database will expand and include an 
increasingly wide variety of C. trachomatis 
strains from different parts of the world. 
Combining the molecular data with 
epidemiological characteristics will provide 
more insight into global C. trachomatis 
transmission networks.

Several potential limitations should be 
mentioned. In our study differences in 
prevalence of chlamydia between ethnic 
groups were found, but we were not 
able to elucidate why these differences 
exist between ethnic groups. Therefore, 
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additional risk behavior data are necessary. 
For example, concurrency is an important 
factor in the spread of HIV/STI29 and 
is not uncommon among Surinamese 
individuals.26,30,31 Also, we did not have 
information on other partner characteristics 
besides ethnic group such as age, type of 
partner (regular or casual), or condom 
use with different partners. Mathematical 
transmission models could be of added 
value to better identify sexual networks. 
Participants were interviewed face to face 
by a research nurse. Therefore, they may 
have given socially desirable answers and 
response bias may have occurred. Such 
bias might have occurred for variables 
such as condom use and number of sexual 
partners and would probably have resulted 
in an underestimation of risk behavior. 
Furthermore, ethnicity of the partner was 
self-reported and misclassification cannot be 
excluded.

In conclusion, the prevalence of 
chlamydia in Suriname is very high, with 
10% in a low-risk population and up 
to 23% in a high-risk population. This 
prevalence is high overall in all ethnic 
groups (>7%), but higher in the Creole 
and Javanese groups compared with the 
Hindustani population. Although a high 
degree of sexual mixing occurs between the 
ethnic groups, having sex with a partner of 
the same ethnic group was more common 
than would be expected if partner selection 
occurred regardless of ethnic group. 
Nevertheless, based on the MLST typing 
analysis there is no sound evidence for 
separate ethnic sexual transmission networks 
and differences in prevalence of chlamydia 

between ethnic groups could not be 
explained by ethnic sexual mixing patterns. 
Prevention activities must rather be targeted 
at the whole community at risk, with a 
focus on the younger age groups. Adequate 
testing facilities and subsequent treatment 
are needed to reduce the disease burden of 
chlamydia in Suriname.
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High resolution typing reveals distinct 
Chlamydia trachomatis strains in an at-
risk population in Nanjing, China 
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AbstrAct 
We investigated Chlamydia trachomatis 
strains from Nanjing, China, and whether 
these strains differed from Amsterdam, 
the Netherlands. C. trachomatis type was 
determined with multilocus sequence 
typing. Most strains were specific to 
Nanjing, but some clustered with strains 
from Amsterdam. This demonstrates a 
geographical variation in C. trachomatis 
previously left undetected.

 
Introduction 
Chlamydia trachomatis infection is the most 
prevalent bacterial sexually transmitted 
infection (STI) worldwide. C. trachomatis 
infections are highly prevalent in China 
and have been on the increase over the 
past few decades. This has been attributed 
to recent political and socioeconomic 
developments.1,2 Molecular epidemiological 
studies were previously conducted in China 
and described that ompA genovars D, E, 
and F were the most prevalent types.2-6 
This ompA genovar distribution is similar to 
distributions found elsewhere in Asia and in 

the rest of the world.2,7-11 However, these 
studies made use of only 1 molecular target, 
the ompA gene, which was shown recently 
to lack the resolution needed for molecular 
epidemiological studies.12,13 The use of a 
multilocus sequence typing (MLST) system 
offers the possibility of discriminating 
between C. trachomatis strains in greater 
detail.

In the present study, a MLST method 
was applied, which was designed to 
differentiate C. trachomatis strains at a 
population level.12 The samples were 
derived from patients visiting a large STI 
clinic in Nanjing, China. We investigated to 
which degree C. trachomatis strains found 
among heterosexuals from Nanjing differed 
from strains found among heterosexuals in 
the city of Amsterdam, the Netherlands, 
which are geographically very distant. 
The Dutch samples were collected among 
heterosexuals at the STI clinic, as described 
in a previous study.14

 
Methods And MAterIAls 
The study was conducted among visitors of 
the Institute of Dermatology’s STI Clinic 
at the National Center for STI Control in 
Nanjing, China. The recruitment period 
ran from January 2010 through February 
2010 (pilot study) and from November 
2010 through September 2011. All C. 
trachomatis–infected visitors were eligible for 
inclusion. The comparison group consisted 
of heterosexual participants who visited the 
STI outpatient clinic of the Public Health 
Service in Amsterdam, the Netherlands, 
between November 2009 and May 2010. 
The Amsterdam participants have been 
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described in a previous study.14 Differences 
in demographic data between participants 
from the 2 countries were tested using 
Pearson [chi]2 test for categorical data and 
Mann-Whitney U test for continuous data. 
Analyses were performed with SPSS 19 
(SPSS Inc, Chicago, IL).

Visitors were routinely tested for STI 
according to standard procedures of the 
Nanjing STI Clinic. Dacron-tipped swab 
samples (Alere Medical, Shanghai, China) 
and dry ProbeTec swab samples (Becton, 
Dickinson and Company, Breda, the 
Netherlands) were taken consecutively from 
the vagina or urethra. The Dacron-tipped 
swab samples were tested for the presence 
of C. trachomatis, using the Clearview 
Chlamydia MF assay (Alere Medical). In 
case of a positive test result, the ProbeTec 
swab was sent to the Public Health 
Laboratory in Amsterdam, the Netherlands. 
Demographic data were obtained through 
structured questionnaires conducted by 
health care workers in Nanjing STI Clinic.

The ProbeTec swabs were eluted in 500 
µL phosphate-buffered saline, in which the 
nucleic acids were extracted by isopropanol 
precipitation and tested for the presence 
of genomic C. trachomatis DNA.15,16 
DNA isolates were amplified by a nested 
polymerase chain reaction and sequenced 
for the regions ompA, CT046 (hctB), 
CT058, CT144, CT172, and CT682 
(pbpB).12,14

The cleaned primer-to-primer sequences 
were checked against the C. trachomatis 
MLST database (mlstdb.bmc.uu.se). 
Samples were only included in the analyses 
when all alleles were successfully amplified, 

sequenced, and identified and therefore had 
obtained a full MLST profile. A minimum 
spanning tree was generated using MLST 
profiles. Cluster analysis was performed 
allowing single-locus variance through use 
of BioNumerics 7 (Applied Maths, Sint-
Martens-Latem, Belgium). A cluster was 
defined as a group of sequence types (STs) 
differing by not more than 1 locus from 
another ST within that group (single-locus 
variance) and had to include at least 5% of 
the total number of samples. The identified 
C. trachomatis clusters were compared 
with the Dutch samples obtained from 
heterosexual visitors of the STI outpatient 
clinic in Amsterdam.

 
results 
During the study period, 59 men and 
42 women were enrolled in Nanjing, 
contributing 101 samples. In 91 samples 
(90%), there was enough C. trachomatis 
DNA for genotyping by MLST. For 1 
sample, 2 sequence variants were detected 
in the fluorescent chromatograms of all 
amplified regions. We assumed that 2 strains 
were present in this sample, but because 
the individual MLST profiles could not 
be established, this sample was excluded. 
The remaining 90 samples were derived 
from 58 men and 32 women. Participant 
characteristics are shown in Table 1. The 
median age of the Chinese participants 
was 35 years. Most (67%; n = 58) of these 
participants were married or in a steady 
relationship. The median number of sexual 
partners in the previous 6 months was 
2. A total of 79% (n = 46) of the men 
reported having paid for sex with women 
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in the previous 6 months, and 28% (n = 
8) of the women reported having received 
money for sex in the previous 6 months. 
One man reported having had sex with 
another man in the previous 6 months. 
Significant demographical differences were 
seen between the Nanjing and Amsterdam 
populations (Table 1).

Because ompA is part of the MLST 
scheme, genovars could be assigned to all 
typed samples. Among the participants in 
the Nanjing area, we found 13 different 
ompA variants, belonging to 9 different 
genovars. The most common types were 
F (33%; n = 30), E (17%; n = 15), D 
(14%; n = 13), and J (13%; n = 12). The 
other types were genovar G (9%; n = 8), 

Nanjing Amsterdam P

Sex, n (%)

Male 58 (64) 86 (34) <0.001

Female 32 (36) 170 (66)

Age, y*

Median (IQR) 35 (30-42) 23 (21–27) <0.001

No. sexual partners in the past 
6 mo

Median (IQR) 2 (1–2) 2 (1–4) <0.001

Paid or received money for sex 
in the past 6 m*, n (%)

Yes 54 (62) 6 (2) <0.001

No 33 (38) 250 (98)

K (9%; n = 8), H (2%; n = 2), B (1%; n 
= 1), and I (1%; n = 1). Using all 6 loci 
from the MLST scheme, 34 different C. 
trachomatis STs could be determined, of 
which 24 were new to the publicly available 
C. trachomatis MLST database at the time 
of writing (mlstdb.bmc.uu.se). The number 
of samples per ST ranged from 1 to 19. 
In the minimum spanning tree generated 
for these 90 samples, 5 clusters could be 
distinguished (Figure. 1). Cluster 1 (n = 25) 
contained most of the genovar F samples, 
whereas cluster 2 (n = 15) and cluster 
3 (n = 12) consisted of genovar E and J 
samples, respectively. Cluster 4 (n = 11) 
and cluster 5 (n = 6) contained most of the 
genovar D and K samples. There were also 

Table 1. Characteristics of the C. trachomatis-positive participants from Nanjing, China, and 
Amsterdam, the Netherlands

* Data were missing for 3 participants from Nanjing. 
IQR indicates interquartile range.
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samples from 3 sexual couples, and within 
each couple, the 2 partners had identical 
sequences for all 6 loci.

We also obtained a minimum spanning 
tree using 90 samples from Nanjing, 
China, and 256 reference samples from 
Amsterdam, the Netherlands, and found 
large differences in the distribution of 
samples from the 2 cities (Figure 2). 
Clusters 1, 3, and 5 predominantly or fully 
comprised samples from Nanjing, whereas 
clusters 6, 8, 9, and 10 almost exclusively 

contained samples from Amsterdam. There 
were mixed clusters (clusters 2, 4, and 7) 
that contained C. trachomatis strains from 
both Nanjing and Amsterdam.

 
dIscussIon 
As in previous studies, we found that 
genovars D, E, and F were the most 
prevalent ompA genovars among C. 
trachomatis–infected participants in 
Nanjing, China. Although this genovar 
distribution did not differ between 

Figure 1. Minimum spanning tree of 90 C. trachomatis-positive samples from the Nanjing Area, 2010 
to 2011. Sizes of the node disks are proportional to the number of samples of each ST; branches 
show 1 locus difference; halos indicate clusters; and colors and letters indicate ompA genovar type.
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Chinese and Dutch samples, clusters of 
C. trachomatis strains associated with both 
countries were largely separated using 
high-resolution MLST. This demonstrates 
that a geographical variation in circulating 
C. trachomatis strains does exist and that 
previous studies using ompA genovar typing 
failed to detect this variation because of 
the low resolution of the typing method. 
Interestingly, although most MLST 
genotypes were unique to Nanjing, a few 
were identical to strains circulating in 
Amsterdam. Especially the large genovar E 
ST seems to be prevalent in both countries. 
Because sexual mixing between partners 
from the 2 places is unlikely, the occurrence 
of identical strains at 2 geographically 
distant locations shows the genomic stability 
of some C. trachomatis strains over a long 
period.

Because there were demographic 
differences between the participants from 
Nanjing and Amsterdam, the differences 

in genotype distribution may not be 
exclusively explained by geographical 
variation. However, it seems unlikely that 
these demographical differences alone could 
result in the observed variation. In addition, 
this study was conducted at a single clinic in 
Nanjing, and therefore, this study may not 
be representative for the distribution of C. 
trachomatis strains in the whole of China. 
Multicenter studies with inclusion sites 
across China could reveal a comprehensive 
picture of the strains circulating in China 
at large. A similar study on the prevalence 
of C. trachomatis was performed a decade 
ago.17 Also, a limitation is the use of the 
Clearview Chlamydia MF assay as the 
method of screening for C. trachomatis 
infections in Nanjing. Because this assay has 
a described low sensitivity, the distribution 
of C. trachomatis types might be biased 
toward strains with a higher bacterial load.18 
Previous studies using genovar typing, 
however, found no associations between 

Figure 2. Minimum spanning tree of 90 C. trachomatis-positive samples from the Nanjing Area, 2010 
to 2011, and 256 reference samples from Amsterdam Area, 2009 to 2010. Sizes of the node discs are 
proportional to the number of samples of each ST; branches show 1 locus difference; halos indicate 
clusters; and colors indicate city of sampling; Red: Nanjing (n = 90). Blue: Amsterdam (n = 256).
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genotype and bacterial load.19,20 An 
assumed higher bacterial load has probably 
positively influenced the sensitivity of the 
use of the collected dry swabs for MLST.

The findings of the distinct C. 
trachomatis cluster distribution and 
geographical variation for Nanjing, China, 
and Amsterdam, the Netherlands, need to 
be confirmed in a global setting by MLST 
typing and cluster analysis of C. trachomatis 
samples. This work was recently initiated 
through the publicly available C. trachomatis 
MLST database (mlstdb.bmc.uu.se), 
which includes MLST studies from various 
countries and risk groups. Enlarging this 
database will increase our knowledge on the 
worldwide distribution of C. trachomatis 
and uncover the effects of sexual mixing 
in a globalizing world, thus contributing 
to improved screening and prevention 
programs in the future.
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Chlamydia trachomatis infections are a 
large public health and economic burden. 
Typing methods that discriminate between 
clinically, biologically or epidemiologically 
different C. trachomatis strains, can improve 
screening and prevention interventions 
to decrease the burden caused by this 
pathogen. The studies in this thesis deal 
with the development and evaluation 
of such typing methods. In addition, 
transmission patterns of the different 
C. trachomatis strains discerned by the 
typing methods were investigated in large 
epidemiological studies. The implications of 
our findings are discussed in the context of 
recent literature.

 
As lymphogranuloma venereum (LGV) 
inducing C. trachomatis strains require 
a prolonged regimen of antibiotics 
compared to other C. trachomatis strains, 
distinction between LGV and non LGV-
inducing strains is critical for good clinical 
management and to prevent ongoing 
transmission. In Chapter 2, we evaluated 
the diagnostic performance of a newly 
developed real time PCR that discriminates 
between these strains based on a deletion 
in the pmpH gene. This new typing assay 
had the same sensitivity for LGV-inducing 
strains as reverse hybridisation or ompA 
sequencing techniques, for no LGV-
inducing strains were missed in the studies 
using this real time PCR. The sensitivity of 
the assay did not decrease in the presence of 

6. General discussion
a concomitant non LGV-inducing strain. In 
addition of being faster and less laborious 
than other typing methods, real-time PCR 
provides a score, the cycling threshold, 
which indicates the quality and reliability 
of the test result by indicating the amount 
of chlamydial genomic DNA within the 
sample.

 
As all amplification assays, including 
sequencing analysis, rely on the initial 
amount of DNA within the samples, the 
quantity of this initial amount of DNA 
is indicative for the success of the typing 
procedure. This real-time PCR was used 
throughout our studies as the genomic 
DNA quantification method. With it, 
we could anticipate the outcome of our 
typing-by-sequencing assays, either through 
the adaptation of the cycling conditions to 
the amount of genomic DNA, or through 
the exclusion of samples when a successful 
outcome was unlikely. This reduced 
the work load and costs of our studies 
considerably, as we did not have to check 
the success of amplification for every target 
region for sequencing for each sample by 
means of gel electrophoresis.

Another possible advantage of this real-
time PCR is that the bacterial load of a C. 
trachomatis infection can be estimated by 
adding a target for human genomic DNA 
to the assay. Since we used urine or swab 
samples, it should be noted that this load is 
not as precise as loads discerned from body 
fluids, such as plasma or serum. Therefore, 
estimated loads are likely to be influenced 
by differences between anatomical sites 
and may vary due to differences in urine 
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volume, secretions, menstrual cycle, or the 
number of bacteria swabbed. However, 
when obtained under similar sampling 
conditions or in cell cultures, results may be 
comparable.1

 
In Chapter 3, we investigated two high 
resolution typing methods for C. trachomatis 
with a degree of resolution needed for 
molecular epidemiological studies: the 
multilocus sequence typing (MLST) 
method published by Klint et al. and the 
multilocus variable number of tandem 
repeat (VNTR) analysis (MLVA) published 
by Pedersen et al.2,3 The MLST method 
included five variable regions (hctB, CT058, 
CT144, CT172, and pbpB) to which 
ompA was added, and the MLVA method 
combined ompA typing with analysing three 
highly variable single nucleotide repeats 
(CT1291, CT1299, and CT1335). Both 
methods were transformed into nested 
assays to increase the sensitivity needed for 
application on direct patient samples. Also, 
the target lengths of the sequence products 
were adjusted so that they could be analysed 
by sequencing in a single run. Both typing 
methods greatly increased the resolution of 
C. trachomatis typing compared to ompA 
sequencing alone and met guidelines set 
for molecular epidemiological studies.4 
Although the methods were comparable 
in resolution, the data of the MLVA 
method became ambiguous when repeat 
lengths increased, which made it difficult 
to interpret the results in a consistent 
manner. The adjusted MLST procedure was 
therefore selected as our method of choice 
for molecular epidemiological studies.

The data acquired by the MLST method 
were depicted in minimum spanning trees 
to visualise the chlamydial population 
structure. These minimum spanning trees 
showed that C. trachomatis strains were 
distributed over multiple clusters that varied 
in size and heterogeneity. Although these 
clusters were often congruent with ompA 
genovars, in many cases identical genovars 
were separated into distinct clusters, and 
some clusters were composed of multiple 
ompA genovars. This reshuffling of genovars 
is caused by horizontal genetic exchange 
of the ompA gene. The MLST method is 
able to unveil important information on 
the population structure of C. trachomatis, 
which was previously missed by ompA 
genotyping. By determining these clusters 
from the minimum spanning trees, a 
distinction could be made between the 
various C. trachomatis strains in a more 
realistic fashion, which is very useful for 
molecular epidemiological analyses.

Although the MLST performs well 
in terms of resolution and sensitivity, 
the choice of targets has been criticised.5 
While most MLST systems make use of 
canonical single-nucleotide polymorphisms 
(SNPs) in conserved housekeeping genes, 
our MLST system makes use of the most 
variable regions within the C. trachomatis 
genome. The use of housekeeping genes 
is preferred when sufficient diversity in a 
certain pathogenic genome is present. In 
case of highly conserved organisms like 
C. trachomatis, the use of genetic regions 
exhibiting higher diversity, such as genes 
under positive selection, is preferred over 
the inclusion of a larger number of low 
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polymorphic MLST loci.6 One should 
bear in mind that MLST was designed as 
a pragmatic typing technique that exploits 
population genetic analysis. In addition, the 
genetic population structure of an asexual 
organism is a result of clonal genetic transfer 
(mutation) that is spread by inheritance, 
as well as nonclonal genetic transfer 
(recombination), which is established 
through the horizontal exchange of genetic 
information. By selecting only diversity 
that has arisen from mutation, such as 
synonymous substitutions in housekeeping 
genes, the genetic population structure of 
the organism would be skewed towards a 
fully clonal paradigm. Recent studies, using 
the analysis of full genomes, have shown 
that horizontal gene transfer is also relatively 
common in C. trachomatis.7,8 Although 
mutation events happen more often during 
the natural history of C. trachomatis, the 
impact of recombination on the genome 
is larger due to the size of the recombined 
fragment.8 However, as more full genomes 
of C. trachomatis become available, the 
choice of targets for a typing system may be 
reconsidered to represent clonal and non-
clonal genetic variation in a more optimal 
manner. In the future, it may be feasible to 
sequence the full genome, as rapid advances 
in sequencing techniques may enable us to 
acquire the full genome sequence of clinical 
samples with the same sensitivity, at the 
same costs, and in the same time as MLST 
nowadays.9 This would allow the analysis 
to be done later on, with any desired 
resolution, based on the preferred amount 
of clonal and nonclonal genetic variation, 
and in addition of certain genes of interest, 

distribution proved to be much more 
apparent (Table 1). Among MSM, the 
majority of urogenital C. trachomatis strains 
belonged to two large clusters: one consisted 
fully of genovar D samples, and the other 
consisted of both genovars G and J. Also, an 
additional smaller cluster of genovar D type 
infections was found among MSM. The 
few residual samples were mainly genovars 
E and F, and were found in smaller clusters 
or as singletons. Finally, a cluster of LGV-
inducing types existed that were genetically 
more diverse than previously reported in 
Europe.11 A recent publication, however, 
reported on the circulation of a second 
LGV-inducing strain among MSM that 
resembles the L2 ompA type strain found in 
our study.12

The samples found among heterosexuals 
were located in multiple clusters of various 
sizes or as singletons within the minimum 
spanning trees. Two of the three largest 
clusters consisted fully of genovar E 
samples, while the third large cluster was 
composed of mainly genovar F samples, in 
addition to some samples with genovars D 
and J. In the remaining smaller clusters and 
singletons, all genovars were found.

When plotting the samples from 
heterosexuals and MSM in the same 
minimum spanning tree, there was very 
little overlap between the C. trachomatis 
samples from the sex groups. Almost no 
samples from heterosexuals were found 
in the MSM-associated clusters and the 
majority of genovar D, G, and J samples 
found in heterosexuals belonged to the 
multiple small clusters outside the MSM-
associated clusters. However, a small 
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proportion of samples from MSM, mainly 
genovars E and F, were dispersed evenly over 
the clusters associated with heterosexuals 
(Table 1).

C. trachomatis strains circulating among 
MSM proved to be much less diverse 
than among heterosexuals, where a more 
heterogeneous strain composition was 
found. Minimum spanning trees showed 
that most samples from MSM were 
found in just a few clusters. Within these 
clusters, most samples belonged to one or 
a few sequence types, with the remaining 
types closely related to them. Among 
heterosexuals many more clusters of various 
sizes and singletons were found. Within 
the clusters much more heterogeneity was 
observed: many more sequence types were 
present that could vary in up to 3 loci from 
the central sequence types (Table 1).

 
In Chapter 4 & 5, we used our MLST 

system to explore epidemiological 
differences for the various C. trachomatis 
strains within MSM and heterosexual 
populations. As was shown previously, 
MSM infected with LGV-inducing strains 
form a distinct subpopulation. These 
men were characterised by much higher 
sexual risk behaviour and higher rates of 
other STIs, including HIV, compared to 
other MSM.13,14 However, no associations 
were found between the urogenital strains 
and age, ethnicity, lifestyle, partner 
characteristics, or sexual behaviour among 
the MSM population in Amsterdam, the 
Netherlands. In addition, various men 
were infected with different C. trachomatis 
strains at different visits; with different 
strains at different anatomical locations 
at the same visit; or even with different 
strains at the same anatomical location at 
the same visit. The distribution of these 
urogenital strains found in the Netherlands 

MSM population Heterosexual population

Most predominant ompA genovars D, G, J E, F, D

Number and size of risk group-specific 
clusters

A few large clusters Multiple clusters of various size

Diversity within the risk group-specific 
clusters

Low High

Overlap with other risk group-specific 
clusters

A small proportion Absent

Subpopulations within risk group-specific 
clusters

No Ethnicity

Geographic variation within risk group-
specific clusters

No Yes

Table 1. Differences between MSM and heterosexuals in C. trachomatis genotypes and population 
structures.
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was very similar to the distribution found 
in Sweden and the United States, and the 
composition of strains did not seem to 
change over time. We therefore concluded 
that there was a co-occurrence of different 
C. trachomatis strains, endemic within the 
MSM population at large. However, when 
distinguishing MSM-associated strains from 
heterosexual-associated strains, we did find 
some associations. MSM who were younger 
and MSM who reported sex with women 
were more often infected with heterosexual-
associated strains. These strains were also 
more often found among MSM in the 
United States, compared to the Netherlands 
and Sweden (Table 1).

Among heterosexuals, differences in the 
composition of C. trachomatis strains were 
observed between different subpopulations 
within one country. Although native 
Dutch and Surinamese migrants in the 
Netherlands were both represented in all 
clusters, the proportion of each ethnic 
group differed significantly between the 
clusters. In Paramaribo, Suriname, the 
various ethnic groups also differed in the 
distribution of C. trachomatis strains. The 
same effect was seen when a comparison 
was made between various countries. 
The distribution of samples found in the 
Netherlands differed from the distributions 
found in Suriname (a country historically 
and culturally related to the Netherlands) 
and in Sweden (a country geographically 
close to the Netherlands). Here too, only 
the proportion of each country within each 
cluster differed. However, when the sample 
distribution found in the Netherlands was 
compared with the one found in China (a 

country both culturally and geographically 
distant to the Netherlands), clusters unique 
for one or the other country appeared, 
although also strains with identical MLST-
patterns circulated in both countries. This 
clearly shows that within the heterosexual 
population variation in the distribution 
of C. trachomatis strains existed between 
culturally and geographically distinct 
groups, and that this variation increased 
with cultural and geographical distance 
(Table 1).

Within the Netherlands and Suriname, 
as well as between both countries, sexual 
mixing between different groups occurred 
frequently. Within the Netherlands, high 
levels of mixing were seen between the 
native Dutch and the Surinamese migrant 
populations. These Surinamese migrants 
also mixed with the native Surinamese 
population, forming a possible STI 
transmission bridge between the native 
populations of the Netherlands and 
Suriname. However, no clear evidence 
was found that strains associated with the 
native Dutch population were transmitted 
via the Surinamese migrants to the native 
Surinamese population, or vice versa. 
The distribution of C. trachomatis strains 
found among the Surinamese migrant 
population differed from both the native 
Surinamese distribution as well as from 
the Dutch distribution, but did not form 
an intermediate reflection of the native 
groups. In addition, when we examined the 
distribution of C. trachomatis strains among 
the participants that reported sexual mixing 
and those who did not, no significant 
differences could be found between the two 
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in the distribution of C. trachomatis clusters. 
In Paramaribo, almost half of the study 
population reported sexual mixing with 
other ethnic groups. Nonetheless, significant 
distribution differences of C. trachomatis 
strains were found between various groups. 
We hypothesised that the distinction in 
the distribution of C. trachomatis strains 
between ethnic groups may be explained 
by the absence of effective sexual mixing 
between the groups. As a consequence, 
transmission of C. trachomatis to other 
populations is limited and the prevalence of 
the clusters found among ethnic groups will 
vary due to stochastic effects.

In the studies described, we found 
that the differences between MSM and 
heterosexuals in C. trachomatis genotypes 
and population structures were much more 
extensive than different distributions of 
ompA genovars alone. Now, we will address 
the possible underlying causes behind these 
differences and make suggestions for future 
research on how to discern them. Most 
notably, MSM and heterosexual populations 
harbour distinct C. trachomatis strains. This 
can be explained by the near absence of 
sexual mixing between the two risk groups, 
as only a few men reported sex with both 
men and women, resulting in two separate 
transmission networks in which the specific 
strains reside. However, when we compare 
the distribution of strains found among 
heterosexuals in the Netherlands with the 
one found among heterosexuals in China, 
the differences are much smaller, even 
though we can assume that no transmission 
occurs between these two geographically 
and culturally distinct sexual networks.

As an alternative, we opt for the 
possibility of differences in tissue tropism 
between the risk group-specific strains. 
Differences in tissue tropism clearly exist 
between the various clades of C. trachomatis 
and within these clades, differences in tissue 
tropism may have evolved as well. As the 
pathogens reside in different niches within 
the human body (male urethral, cervical, 
and rectal tissue) and make use of different 
transmission routes (between male urethra 
and cervix, or between male urethra and 
anus), specialisation towards these niches or 
transmission routes may have occurred.

In our studies, we found no differences 
for urogenital strains in occurrence 
between urethral and rectal samples in 
MSM, or between urethral samples in 
heterosexual males and cervical samples in 
heterosexual females. As the transmission 
of C. trachomatis depends on the infection 
of the male urethra in both urogenital 
and anogenital transmission, differences 
in tissue tropism in risk group-specific C. 
trachomatis strains are likely to be found in 
the affinity to infect cervical or rectal tissue. 
These differences can be demonstrated by 
typing the C. trachomatis-positive samples 
from women, who have been tested both 
urogenitally and rectally, and who were 
found positive at one or both sites. From 
these data, the preference of a strain for 
cervical or rectal tissue may be deduced 
from the disproportional distribution of the 
strain over the two anatomical locations. 
Recent literature showed that rectal C. 
trachomatis infections occur in women 
in absence of anal intercourse by auto-
inoculation via cervical secretions.15,16 
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If some C. trachomatis strains have an 
increased preference for rectal tissue, this 
will influence the likelihood of auto-
inoculation from cervix to rectum to 
occur. This is important for the testing 
procedures for C. trachomatis infections, as 
women are not routinely screened rectally 
in absence of a history of receptive anal 
intercourse and therefore these infections 
will remain undetected. The relation of a 
strain with a certain tissue can be reinforced 
by assessing the bacterial load of the strain 
and comparing this load with loads from 
other strains for each anatomical location. 
The bacterial load from a strain with a 
preference for a certain tissue will be higher 
on average, due to an increased proliferation 
in this specific tissue, although this will 
largely depend on the host’s immune 
response. Using bacterial loads also allows 
comparison between rectal samples from 
women and MSM, and urethral samples 
between heterosexual men and MSM.

These differences in tissue tropism may 
also be demonstrated in vitro, by assessing 
the ability of the MSM- and heterosexual-
associated C. trachomatis strains to replicate 
in male urethral, cervical, and rectal tissue. 
The properties of these various tissues may 
be simulated by using polarised epithelial 
cell lines that are derived from these 
anatomical sites. So far, most cell lines used 
for culture do not resemble the tissues in 
which C. trachomatis naturally resides: the 
cells used are derived from non-epithelial 
tissues, or the epithelial cells used are not 
polarised.17 However, an endocervical 
cell line, the A2EN cell line, has recently 
been generated that closely mimics the 

in vivo cellular response to C. trachomatis 
infections.18 With the generation of proper 
urethral and rectal cell lines, an assay may 
be developed that can assess the ability to 
replicate in the three tissues for wild-type, 
naturally circulating C. trachomatis strains. 
This system may also be used to elucidate 
the differences in clinical symptoms of 
the current L2b-outbreak among MSM 
compared with the symptoms seen in 
classical LGV cases. In the current outbreak 
LGV seems to be only expressed as proctitis, 
while genital ulcerations and the typical 
inguinal buboes are very rare.19-21

Another typical feature of MSM- and 
heterosexual-associated C. trachomatis 
strains is the difference in risk group-
associated cluster variation. The 
heterosexual-associated strains are numerous 
and the heterogeneity found indicates 
a slowly evolving endemic disease that 
has diversified over time by stochastic 
effects. The MSM-associated strains, 
however, appear to be much more clonal 
and homogeneously clustered, with the 
divergent types closely related to the few 
predominant strains. They may therefore 
have arisen from more recent clonal 
outbreaks similar to the L2b outbreak, as 
they show resemblance to its shape, but 
in a more advanced state. If this is true, 
phylogenetic analysis on full genomes of 
MSM-associated strains will reveal a more 
common origin of these strains, compared 
to heterosexual-associated strains. Of special 
interest would be strains from MSM found 
outside the Western countries, like China.22 
Analysis of these genomes may foster 
specific genomic adaptations towards MSM 
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transmission networks. Such an analysis has 
been performed recently on a few clinical 
anorectal and cervical isolates, and three 
genes were discovered that were highly 
associated with rectal tropism in samples 
with ompA genovar G.23 In our studies, we 
found that one of these genes, CT144, had 
a single variant that was present in the vast 
majority of samples derived from MSM, 
while being mostly absent in samples from 
heterosexuals. Interestingly, this allele was 
present in samples from nearly all MSM 
located in the two large MSM-associated 
clusters, as well as in samples from some 
MSM located in the heterosexual clusters.

The typical MSM- and heterosexual-
associated C. trachomatis clusters may 
also originate from network associated 
factors. Compared to heterosexuals, 
MSM in general, report higher numbers 
of partners. In addition, MSM mix more 
often with partners that differ in age, 
ethnicity, nationality, and lifestyle.24-26 
Therefore the sexual network structure of 
MSM is much more interconnected, giving 
rise to a large international transmission 
network. Evidence for this can be seen 
in the rapid clonal spread of L2b among 
MSM throughout the world.27 These highly 
interconnected networks may be more 
susceptible to reduction of types through 
genetic drift, because of an increased 
genetic flow through the network, which 
may lead to fixation of only a few types. 
In contrast, less interconnected networks 
typically found among heterosexuals may 
lead to a more heterogeneous C. trachomatis 
strain distribution. The reduced number 
of connections and non-random mixing 

of heterosexuals foster transmission 
networks that are smaller and have a 
more local spread. This can be seen from 
the so-called new variant C. trachomatis 
outbreak: the strain was highly prevalent 
among heterosexuals in Sweden, but it 
has failed to spread successfully to other 
countries.28 Within these transmission 
networks the genetic flow is reduced 
and isolated sub-networks may exist. 
Within these sub-networks, strains may 
diversify and be more easily fixated due 
to the reduced effective population size. 
Full genome analyses may elucidate these 
genetic population structures as well as 
the phylogenetic tree would show deeper 
branches than in case of clonal expansion. 
If the MSM population can only harbour 
a few types, then the more heterogeneous 
heterosexual-associated strains found 
among MSM must have originated from 
the heterosexual population, although the 
majority of these strains were transmitted 
between men. It is unlikely to be solely due 
to bisexuals, as MSM-associated strains 
were almost completely absent within the 
heterosexual population, even though men 
infected with these strains reported more 
often sex with women. However, younger 
age was also related to being infected 
with a heterosexual-associated strain. As 
approximately one quarter of the MSM 
have their sexual debut with a woman, they 
may have contracted the infection at this 
period and later on introduced it in the 
MSM sexual network.25

The effects of the structures of the 
different sexual networks on the C. 
trachomatis strain distributions may be 
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resolved through mathematical modelling. 
In models containing parameters that 
influence the shapes of the transmission 
networks (such as number of partnerships, 
concurrency and non-random mixing), 
the influence of each of these parameters 
on the networks can be assessed 
independently.29 This way, the different 
population structures for various risk 
populations can be simulated, resembling 
the ones found in observational research. 
Next, these mathematical models can be 
used to determine the parameters that 
could potentially lower the prevalence of 
C. trachomatis within specific risk groups 
when targeted with tailored intervention 
measures. Molecular typing would then 
allow monitoring of these predicted changes 
experimentally within the population. With 
these monitoring efforts in mind, baseline 
studies performed in different countries are 
now being performed and data aggregation 
with subsequent public dispersion is 
offered via the Chlamydia trachomatis 
MLST database (mlstdb.bmc.uu.se). This 
database includes, at the time of writing, 
2087 samples from various risk groups from 
16 different countries from 6 continents. 
Enlarging this database will increase our 
knowledge of the distribution patterns of C. 
trachomatis that can be used for monitoring 
the spread of the infection in various sexual 
networks.

To assess the structures of the 
transmission networks for C. trachomatis, 
detailed epidemiological studies are needed 
that describe the determinants involved 
in the spread of the infection through a 
population, such as mixing patterns. These 

mixing patterns can be investigated using 
molecular typing techniques to assess 
whether successful transmission occurs. As 
seen in our study of Surinamese migrants, 
transmission of strains can be absent in 
the presence of sexual mixing, creating a 
subpopulation that is isolated from the 
general population. In conclusion, sexual 
mixing as reported by infected individuals 
seems less accurate to reveal possible 
transmission networks than molecular 
genotyping analysis combined with 
epidemiological data as presented in this 
thesis. In this way, epidemiological studies 
may determine the possible transmission 
networks of C. trachomatis and reveal the 
determinants that are important for the 
spread of the infection within and between 
these networks. Molecular typing studies 
can assess which strains are present, which 
dynamics they are subjected to, and the 
degree of mixing between various networks. 
Mathematical modelling may find the 
most effective transmission interventions 
for specific populations that could reduce 
the burden of infection. Integrating 
molecular typing of C. trachomatis with 
epidemiological research and mathematical 
modelling into one interdisciplinary 
research effort, could lead to better targeted 
interventions for people at risk for infection, 
and to prevention strategies resulting in 
maximum effect.
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Chlamydia trachomatis infections are 
the most prevalent bacterial sexually 
transmitted infections (STI) worldwide. 
In the Netherlands, most infections are 
found among heterosexual adults under 
25 years in age, certain migrant groups 
and men who have sex with men (MSM). 
Among the latter, an outbreak of a more 
aggressive strain of C. trachomatis, which 
causes lymphogranuloma venereum (LGV), 
is seen since 2003. Although C. trachomatis 
infections are often asymptomatic, late 
complications, such as pelvic inflammatory 
disease, may occur. These can ultimately 
lead to infertility. In addition, C. trachomatis 
infections may facilitate the transmission 
of HIV. Due to the high prevalence, C. 
trachomatis infections are a large burden 
on society, from a public health perspective 
and from an economic perspective. A better 
understanding of the transmission of C. 
trachomatis may contribute to improved 
screening and prevention programs in the 
future and ultimately alleviate this burden. 
Through the use of various typing methods, 
better understanding can be achieved 
by discriminating between clinically, 
biologically or epidemiologically different C. 
trachomatis strains. By applying these typing 
methods in large epidemiological studies, 
the transmission patterns of these different 
C. trachomatis strains can be discerned. 
 
In Chapter 2, we evaluated the diagnostic 
performance of a newly developed 

Summary
pmpH real time PCR as a discrimination 
assay between LGV-inducing and non 
LGV-inducing C. trachomatis strains. 
The new typing assay had the same 
sensitivity for LGV-inducing strains as 
reverse hybridisation or ompA sequencing 
techniques, for no LGV-inducing strains 
were missed in the studies using this real 
time PCR. The sensitivity of the assay 
did not decrease in the presence of a 
concomitant non LGV-inducing strain. 
In addition, we investigated the non LGV 
genovar distribution in rectal samples from 
MSM and investigated the frequency of 
concomitant infections in men infected 
with LGV and non LGV-inducing strains. 
The genovars G, D, and J were the most 
frequent non-LGV genovars found, and 
in 6% of the LGV positive samples, a 
concomitant non-LGV genotype was 
detected.

 
In Chapter 3, we investigated which high 
resolution typing method was most suitable 
for molecular epidemiological analysis of 
C. trachomatis transmission patterns in 
sexual networks. We compared conventional 
ompA typing of C. trachomatis with the 
previously published multilocus sequence 
typing (MLST) and multilocus variable-
number tandem-repeat (VNTR) analysis 
(MLVA). These high resolution typing 
methods were adapted to be more suitable 
for clinical samples by using shorter target 
regions and nested PCR. MLST, MLVA, 
and a combination of MLST and MLVA 
had discriminatory indexes (D) ranging 
from 0.95 to 0.99, meeting the guidelines 
set for molecular epidemiological studies. 
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The discriminatory capacity of all MLST 
and MLVA methods is much higher than 
that of ompA genotyping (D = 0.78). 
Although the methods were comparable in 
resolution, the data of the MLVA method 
became ambiguous when the repeat lengths 
increased, which made it difficult to 
interpret the results in a consistent manner. 
Therefore the adjusted MLST procedure 
was selected as our method of choice for 
molecular epidemiological studies. 

 
In Chapter 4, differences in circulating 
C. trachomatis strains between MSM and 
heterosexuals were investigated using a 
modified MLST. Using ompA genovar 
typing, heterosexuals were mainly infected 
with genovars E, F, and D, while MSM 
had predominantly genovars D, G, and 
J infections. When MLST was applied, 
differences in C. trachomatis strain 
distribution proved to be much more 
apparent. Eight clusters, containing 10–128 
samples were identified of which 4 consisted 
of samples from MSM (90%–100%), with 
genovars D, G, J, and L2b. The other 4 
clusters consisted mainly of samples from 
heterosexuals (87%–100%) with genovars 
D, E, F, I, and J. Genetic diversity was 
much lower in the MSM clusters than in 
heterosexual clusters.

To study geographical variation, we 
investigated samples from MSM from 
the Netherlands, Sweden, and the United 
States, and samples from women from the 
Netherlands and Sweden. The distribution 
of urogenital strains found among MSM 
in the Netherlands was very similar to 
the distribution found among MSM in 

Sweden and the United States, while much 
more differences were seen between the 
distribution of strains found among women 
in the Netherlands and Sweden. Both 
tissue tropism as well as epidemiological 
network structures could explain the linkage 
between specific genetic variants and sexual 
orientation.

Finally, we assessed whether circulating 
C. trachomatis strains were linked to certain 
subpopulations of MSM, as characterised by 
demographics, sexual risk behaviour, sexual 
partnerships, and lifestyle. No associations 
were found between the urogenital strains 
and age, ethnicity, lifestyle, partner 
characteristics, or sexual behaviour among 
the MSM population in Amsterdam, the 
Netherlands. In addition, various men were 
infected with different C. trachomatis strains 
at different visits, or with different strains at 
different anatomical locations at the same 
visit. The distribution over the clusters did 
not seem to change over time. We therefore 
concluded that there was a co-occurrence 
of different C. trachomatis strains, endemic 
within the MSM population at large. 
However, when distinguishing MSM- from 
heterosexual-associated strains, we did find 
some associations. MSM who were younger 
and MSM who reported sex with women 
were more often infected with heterosexual-
associated strains.

 
In Chapter 5, we assessed whether 
Surinamese migrants in the Netherlands 
form a bridge population facilitating 
transmission of C. trachomatis between 
Suriname and the Netherlands. We 
investigated the sexual mixing with 
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native Surinamese and native Dutch 
partners and compared the distribution 
of C. trachomatis genotypes found among 
Surinamese migrants with those found 
among the native Surinamese or native 
Dutch population. Within the Netherlands, 
high levels of mixing were seen between the 
native Dutch and the Surinamese migrant 
populations. These Surinamese migrants 
also mixed with the native Surinamese 
population. However, no clear evidence 
was found that strains associated with the 
native Dutch population were transmitted 
via the Surinamese migrants to the native 
Surinamese population, or vice versa. The 
distribution of C. trachomatis strains found 
among the Surinamese migrant population 
differed from both the native Surinamese 
and Dutch distributions, but did not form 
an intermediate reflection of the native 
groups. In addition, when we examined the 
distribution of C. trachomatis strains among 
the participants that reported sexual mixing 
and those who did not, no significant 
differences could be found between the two 
in the distribution of C. trachomatis clusters.

In addition, we elucidated determinants 
for C. trachomatis infections in Suriname, 
such as ethnicity and ethnic sexual mixing, 
and identified transmission patterns 
and sexual networks using molecular 
epidemiological network analyses. Age, 
ethnicity, and recruitment site were 
significantly associated with C. trachomatis 
infections. Participants of Creole and 
Javanese ethnicity were more frequently 
infected with C. trachomatis. Although 
sexual mixing with other ethnic groups did 
differ significantly per ethnicity, this mixing 

was not an independent determinant of 
C. trachomatis infections. Although the 
proportion from various ethnic groups 
differed significantly between the three 
C. trachomatis clusters found among the 
participants, all major ethnic groups were 
represented in all clusters. Therefore, 
differences in prevalence between ethnic 
groups could not be explained by sexual 
mixing.

Finally, we investigated the effect of 
geographical distance on the distribution 
of C. trachomatis genotypes by comparing 
strains found among heterosexuals 
from Nanjing, China with those found 
in Amsterdam, the Netherlands. Most 
strains were specific to Nanjing, but some 
clustered with strains from Amsterdam. This 
demonstrates geographical variation in C. 
trachomatis previously left undetected. 

Interestingly, while many MLST 
genotypes were unique to Nanjing, a few 
were identical to strains circulating in 
Amsterdam.

 
In the general discussion of this thesis, we 
addressed the main findings of this thesis 
and made recommendations for future 
research, based on recent literature. We 
found that the MSM and heterosexual 
populations harbour distinct C. trachomatis 
strains. In addition, within the MSM-
associated C. trachomatis strains less 
variation was observed compared to the 
heterosexual-associated strains. Among 
heterosexuals, the distribution of strains 
varied between countries and between 
subgroups within one country. This 
variation was absent among MSM. These 
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differences could arise from biological 
differences between the risk group-
associated strains or can be accounted to 
differences in the transmission networks 
between the two risk populations. Future 
research should elucidate these differences 
and how these findings can be exploited 
to improve screening and prevention 
programs.
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Chlamydia is de meest voorkomende 
bacteriële seksueel overdraagbare 
aandoening (SOA) ter wereld. In Nederland 
komt deze aandoening vooral voor onder 
heteroseksuele volwassenen onder de 
25 jaar, bepaalde migrantengroepen en 
mannen die seks hebben met mannen 
(MSM). Onder deze laatste groep is er 
sinds 2003 ook een uitbraak gaande van 
een agressievere vorm van chlamydia, 
die lymphogranuloma venereum (LGV) 
veroorzaakt. Een infectie met Chlamydia 
trachomatis, de bacterie die chlamydia 
veroorzaakt, is vaak asymptomatisch, maar 
kan ook leiden tot late complicaties zoals 
pelvic inflammatory disease. Ook kan men 
door deze infectie vatbaarder zijn voor een 
HIV-infectie. Vanwege zijn hoge prevalentie 
is chlamydia een groot maatschappelijk 
probleem, zowel in economisch opzicht 
als voor de publieke gezondheid. Een 
verbeterd inzicht in de verspreiding van 
C. trachomatis zal leiden tot verbeterde 
screening- en preventieprogramma’s en zal 
dit maatschappelijke probleem daardoor 
verlichten. Dit inzicht kan verkregen 
worden door onderscheid te maken tussen 
klinisch, biologisch en epidemiologisch 
verschillende stammen met behulp van 
verschillende typeringsmethoden. Door 
deze methoden toe te passen binnen 
grote epidemiologische studies, kunnen 
de verspreidingspatronen van deze 
verschillende stammen worden bepaald.

 

Samenvatting
In hoofdstuk 2 werd een nieuw ontwikkelde 
diagnostische test, de pmpH real time 
PCR, geëvalueerd. Deze kan gebruikt 
worden om onderscheid te maken tussen C. 
trachomatis stammen die LGV veroorzaken 
en urogenitale stammen die dat niet doen. 
Deze nieuwe test had dezelfde sensitiviteit 
als andere gangbare testen en geen van de 
LGV-stammen werd gemist. Ook werd de 
verdeling van genovars (subtypes van C. 
trachomatis) onder de urogenitale stammen 
onderzocht die waren gevonden in rectum 
monsters van MSM. Daarnaast werd 
bekeken hoe vaak er meerdere LGV- en 
urogenitale stammen voorkomen in deze 
samples. Onder de urogenitale stammen 
werden de genovars G, D en J het vaakst 
gevonden. In 6% van de LGV gevallen werd 
er ook een urogenitale stam aangetroffen.

 
In hoofdstuk 3 werd onderzocht welke 
van de hoge resolutie typeringsmethoden 
het meest geschikt is voor de moleculair 
epidemiologische analyse van transmissie 
patronen van C. trachomatis in seksuele 
netwerken. De conventionele ompA 
typering van C. trachomatis werd vergeleken 
met twee gepubliceerde hoge resolutie 
typeringsmethoden: multilocus sequence 
typing (MLST) en multilocus variable-
number tandem-repeat (VNTR) analysis 
(MLVA). Deze methoden zijn aangepast 
door gebruik te maken van kortere 
doelregio’s en genestelde amplificaties, 
zodat ze meer geschikt zijn voor klinische 
monsters. De MLST, MLVA en een 
combinatie van beide technieken hadden 
alle drie een discriminatory index (D) tussen 
0,95 en 0,99. Dit komt overeen met de 
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richtlijnen voor moleculair epidemiologische 
studies. Het onderscheidend vermogen van 
deze hoge resolutie typeringsmethoden is 
veel groter dan dat van ompA genotypering 
(D=0,78). Hoewel de gebruikte methoden 
een gelijkwaardige resolutie hadden, werden 
de MLVA data onzekerder naarmate de 
lengte van de repeteerstukjes toenam. 
Hierdoor werd het moeilijk om de data op 
een juiste manier te interpreteren. Om deze 
reden werd ervoor gekozen om de verdere 
moleculair epidemiologische studies te doen 
met de aangepaste MLST methode.

 
In Hoofdstuk 4 werd gekeken naar de met 
de MLST methode gevonden verschillen in 
C. trachomatis stammen die voorkomen bij 
MSM en bij heteroseksuelen. Met behulp 
van ompA genovar typering werden onder 
heteroseksuelen voornamelijk infecties met 
genovars E, F en D gevonden, terwijl MSM 
hoofdzakelijk infecties met genovars D, G 
en J hadden. De verschillen werden veel 
duidelijker wanneer MLST werd gebruikt. 
Er werden acht verschillende clusters 
gevonden, die elk uit 10 tot 128 monsters 
bestonden. Vier van deze clusters bestonden 
voor 90% tot 100% uit monsters van MSM 
en behoorden tot de genovars D, G, J en 
L2b. De andere vier clusters bestonden 
voornamelijk (87%-100%) uit monsters 
van heteroseksuelen, waarbij de genovars D, 
E, F, I en J werden gevonden. De clusters 
die bij MSM voorkwamen waren genetisch 
veel minder divers dan de heteroseksuele 
clusters.

Om de geografische variatie te 
onderzoeken werden monsters onderzocht 
van MSM uit Nederland, Zweden en 

de Verenigde Staten. Daarnaast werden 
monsters van vrouwen uit Nederland 
en Zweden bekeken. De verdeling van 
urogenitale stammen die werd gevonden 
onder de MSM uit Nederland leek sterk 
op de verdeling van monsters die gevonden 
werd onder de MSM uit Zweden en de 
Verenigde Staten. Tussen de vrouwen uit 
Nederland en Zweden waren de verschillen 
veel groter. Deze relatie tussen seksuele 
oriëntatie en specifieke genetische varianten 
zou zowel kunnen worden verklaard door 
weefsel tropisme als door epidemiologische 
netwerkstructuren.

Als laatste werd bepaald of de 
verschillende C. trachomatis stammen 
gekoppeld waren aan specifieke 
subpopulaties binnen de MSM. Hiervoor 
werd gekeken naar verschillen in 
demografie, seksueel risico gedrag, seksuele 
partnerschappen en levenswijze van mannen 
die tot verschillende clusters behoorden. 
Er werden geen associaties gevonden 
tussen bepaalde urogenitale stammen en 
leeftijd, etniciteit, levenswijze, partner 
eigenschappen of seksueel gedrag. Ook 
werden er verschillende C. trachomatis 
stammen gevonden bij dezelfde mannen 
tijdens afzonderlijke consulten en werden 
er verschillende stammen gevonden op 
verschillende anatomische locaties bij 
dezelfde mannen tijdens één consult. De 
verdeling van de verschillende clusters 
leek ook niet te veranderen gedurende 
de tijd. Daarom werd geconcludeerd 
dat er meerdere C. trachomatis stammen 
endemisch voorkomen binnen de totale 
MSM populatie. Er werden wel associaties 
gevonden als er onderscheid werd gemaakt 



197Samenvatting •  

tussen stammen die geassocieerd waren 
met MSM en met heteroseksuelen. MSM 
die geïnfecteerd waren met een stam die 
geassocieerd was met heteroseksuelen waren 
vaker jonger en gaven vaker aan seks te 
hebben gehad met een vrouw.

 
In Hoofdstuk 5 werd onderzocht of 
Surinaamse migranten een brugpopulatie 
vormen in verspreiding van chlamydia 
tussen Suriname en Nederland. De mate 
van seksueel contact werd onderzocht 
van deze groep met de autochtone 
bevolking van Suriname en Nederland. 
Ook werd de verdeling van C. trachomatis 
stammen binnen deze migrantengroep 
vergeleken met die van Surinaamse en 
Nederlandse autochtone bevolking. In 
Nederland werd veel seksueel contact tussen 
Surinaamse migranten en de Nederlandse 
autochtone bevolking gerapporteerd. 
Ook was er veel seksueel contact tussen 
Surinaamse migranten en de Surinaamse 
autochtone bevolking. Er werd echter 
geen bewijs gevonden dat stammen die 
veel voorkwamen in Nederland werden 
verspreid via Surinaamse migranten naar 
de Surinaamse autochtone bevolking of 
vice versa. De verdeling van C. trachomatis 
stammen die werd gevonden onder de 
Surinaamse migranten verschilde van 
zowel de verdeling van stammen onder 
de Surinaamse als onder de Nederlandse 
autochtone bevolking. Deze verdeling was 
geen tussenvorm van de onderverdeling van 
beide autochtone bevolkingen. Ook werden 
er geen verschillen gevonden in de verdeling 
van C. trachomatis onder deelnemers die 
aangaven seksueel contact te hebben gehad 

met iemand van een andere bevolkingsgroep 
en deelnemers die aangaven dat niet te 
hebben gehad.

Tevens werden de determinanten bepaald 
voor chlamydia in Suriname, zoals etniciteit 
en het hebben van seksueel contact met 
iemand van een andere etnische afkomst. 
Ook werden verspreidingspatronen 
en seksuele netwerken blootgelegd 
door gebruik te maken van moleculair 
epidemiologische netwerkanalyses. Leeftijd, 
etniciteit en plaats van werving verschilden 
significant tussen mensen die wel en 
geen chlamydia hadden. Deelnemers van 
Creoolse en Javaanse afkomst bleken vaker 
besmet. Hoewel seksueel contact met 
iemand van een andere etnische afkomst 
significant verschilde per etniciteit, was 
dit geen onafhankelijke determinant voor 
chlamydia. Hoewel de proporties van 
de verschillende bevolkingsgroepen per 
cluster verschilden, werden alle belangrijke 
bevolkingsgroepen gevonden in elk 
van de drie C. trachomatis clusters. Het 
verschil in chlamydia prevalentie tussen de 
verschillende groepen kon derhalve niet 
verklaard worden door seksueel contact met 
mensen van een andere etnische afkomst.

Tenslotte werd het effect van geografische 
afstand onderzocht op de verdeling van C. 
trachomatis genotypen. Dit werd gedaan 
door stammen die gevonden werden bij 
heteroseksuelen uit Nanjing (China) te 
vergelijken met die van heteroseksuelen 
uit Amsterdam. De meeste van deze 
stammen waren karakteristiek voor Nanjing, 
maar sommige clusterden met stammen 
uit Nederland. Dit toont aan dat er 
geografische variatie binnen C. trachomatis 
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bestaat welke voorheen niet kon worden 
aangetoond.

 
In de algehele discussie van dit proefschrift 
werden de belangrijkste bevindingen 
besproken, en werden, gebaseerd op 
recente literatuur, aanbevelingen gedaan 
voor toekomstig onderzoek. MSM en 
heteroseksuelen hebben elk hun eigen 
specifieke C. trachomatis stammen. 
Stammen die geassocieerd waren met MSM 
vertoonden minder variatie vergeleken 
met stammen die geassocieerd waren 
met heteroseksuelen. Bij heteroseksuelen 
varieerde de verdeling van stammen tussen 
landen en binnen bevolkingsgroepen in een 
land. Deze variatie was afwezig bij MSM. 
Deze verschillen zouden zowel verklaard 
kunnen worden door biologische verschillen 
tussen de C. trachomatis stammen die bij 
de twee risicogroepen voorkomen, als door 
verschillen tussen de verspreidingsnetwerken 
van deze risicogroepen. Toekomstig 
onderzoek zou zich moeten richten op 
het ontrafelen van de oorzaak van deze 
verschillen. Daarnaast zal gekeken moeten 
worden hoe deze bevindingen kunnen 
leiden tot verbeterde screening- en 
preventieprogramma’s.
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Na vijf jaar bezig te zijn geweest met 
het opzetten van testen, het doen van 
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jullie vergeten te noemen. Bij deze mijn 
welgemeende excuses; jullie inbreng is niet 
minder gewaardeerd.
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je zoveel moeite hebt gedaan om me je 
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bij het schrijven. Henry, bedankt dat je me 
met zoveel enthousiasme als promovendus 
hebt overgenomen en altijd tijd vrij wou 
maken. Roel, ondanks dat je niet zo lang 
mijn promotor bent geweest, wil ik je 
hier toch graag voor bedanken. Je grote 
kennis en scherpe analyses waren altijd zeer 
inspirerend.

 
Sahare, m’n lieve stagiair, Nadia, mijn 
analist en paranimf, en Michelle, m’n 

Dankwoord
andere lieve stagiair, heel erg bedankt voor 
jullie tomeloze inzet, jullie fantastische werk 
en jullie lieve zorgen. Ik ben altijd erg trots 
op mijn team geweest. Ook wil ik de andere 
dames van de afdeling Moleculair bedanken. 
Debby, Raissa, Meriem, Mirjam, Deeqa, 
Rosa, Jane, Hester en alle stagiairs, het was 
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Douwe, Gerard, René, Rinus, Alje, Edis en 
alle anderen van het Streeklaboratorium, 
bedankt voor de gezelligheid en de 
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M’n collega’s van de afdeling Onderzoek 
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Misschien heb ik wel het meeste van jullie 
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Ronald, Nico, Maria, Bart, Daniela, Rosa, 
Sofie, Nienke, Gerben Rienk, Ineke en alle 
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wil ik nog Will, het warme hart van de 
afdeling, en Udi noemen; dankzij jullie ben 
ik binnen gekomen bij de GGD. Bedankt 
daarvoor, ik ben dat nooit vergeten.
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bedankt voor al het werk dat jullie bewust 
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het is een mooi stuk geworden. Ted en 
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uw gedegen werk is dit één van mijn meest 
succesvolle projecten geweest.

 
Clare, it has been so nice to have you over. 
Keep up the good work. Ian Clarke and 

Pete Marsh, thank you for all the interest 
you’ve shown in my work. Nick Thomson 
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to all my wild ideas.

 
Fuquan Long and Qianqiu Wang, thank 
you for letting me participate in a Chinese 
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experience. Long, thanks for coming over!

 
Sweet Houda, thank you for approaching 
me and coming over. I won’t forget your 
cookies. Adnene Hammami, thank you for 
all your effort in our collaboration.
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Zonder jullie bereidwilligheid en 
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alle verpleegkundigen, analisten en andere 
professionals, die betrokken zijn geweest bij 
deze onderzoeken. Zonder jullie gedegen 
werk achter de schermen was er geen 
onderzoek geweest.

 
Al mijn vrienden, bedankt voor alle steun, 
afleiding en chaos. Ik heb hier zoveel van 
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dan ik misschien heb laten zien. Ik wil een 
paar van jullie noemen bij naam voor jullie 
hulp bij mijn proefschrift. Sue, bedankt 
voor je prachtige omslag; Frederique, 
bedankt voor je fantastische lay-out, 
Chelsea, bedankt voor alle tijd die je hebt 
gestoken in het redigeren van m’n Engelse 
teksten; Malu en Gabrielle, bedankt voor 
het redigeren van m’n Nederlandse teksten; 
Martijn, bedankt voor je hulp bij de 
sponsorverzoeken; en Daniel, bedankt dat 
je m’n paranimf wilt zijn. Het is erg fijn om 
geholpen te worden door zulke enthousiaste 
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M’n lieve ouders, bedankt dat jullie allebei 
er altijd voor me zijn en waren. Jullie 
liefde, vertrouwen en geduld zijn oneindig. 
Bedankt dat ik altijd mijn eigen keuzes 
heb mogen maken en jullie me vervolgens 
altijd steunden, zonder ook maar iets van 
verwachtingen uit te spreken. Alleen dankzij 
jullie heb ik de dingen kunnen bereiken die 
ik heb willen bereiken.

 
Maar het allerliefste wil ik mijn lieve 
vriendin bedanken. Sanne, dank je voor je 
onuitputtelijke liefde, interesse en aandacht. 
Dank je dat je al zo lang er altijd voor me 
bent.
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