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Populärvetenskaplig sammanfattning 
 

Multilokus sekvenstypning (MLST) av Chlamydia trachomatis stammar från 
män som har sex med män (MSM) i Nederländerna, Sverige och USA. 
Resha Yass 
 
Chlamydia trachomatis är en intracellulär bakterie som är patogen för människor och kan 
orsaka urogenital klamydiainfektion, trakom och Lymphogranuloma venereum (LGV). 
Trakom orsakas av klamydiainfektion i ögat som leder till ärrbildning och i värsta fall leder 
detta till att den drabbade blir helt blind. Denna typ av infektion har haft störst spridning i 
utvecklingsländer där hygien och tillgången till antibiotika är dålig. LGV är en invasiv 
klamydiainfektion som sprids till lymfkörtlarna och leder till stora obehag för den 
drabbade. Denna typ av infektion är relativt ovanlig i Sverige och drabbar framförallt män 
som har sex med män (MSM). Den klamydiainfektion som behandlas i denna studie är 
dock urogenital infektion och är den mest omtalade av de tre.  
 
Klamydia är en av de vanligaste könssjukdomarna som vi känner till idag och den sprids 
relativt snabbt då man kan bära på infektionen länge ovetandes. Det finns allvarliga 
komplikationer som påföljd om man inte får en diagnos i tid. Hos kvinnor kan en långvarig 
infektion resultera i bland annat äggledarinflammation, utomkvedshavandeskap och i värsta 
fall sterilitet. Män i sin tur kan i enstaka fall få epididymit som är en så kallad bitestikel-
inflammation.  
 
Enligt svensk lag är alla som misstänker sig ha blivit smittade av klamydia tvungna att testa 
sig. Om man visar sig vara klamydiapositiv så är man även skyldig att genomgå 
smittspårning och uppge tidigare sexpartners. År 2006 upptäcktes en klamydiamutant i 
Sverige som inte kunde detekteras med två av tre diagnostikmetoder som då användes. 
Detta resulterade i många falskt negativa resultat och synliggjorde de problem som finns i 
rutindiagnostiken för Chlamydia trachomatis.  
 
I denna studie används en metod som heter Multilokus sekvenstypning (MLST) som 
använder sig av fem målregioner som har utvecklats för Chlamydia trachomatis av Klint et 
al 2007. Dessa fem målregioner genotypas genom att man först sekvenserar dem och sedan 
jämför sekvenserna mot en MLST-databas (http://mlstdb.bmc.uu.se/). Målet med projektet 
är att jämföra klamydiastammar från män som har sex med män (MSM) i Sverige, 
Nederländerna och USA. Detta är av intresse då MSM är en minoritet i dessa länder och 
tenderar som grupp att ingå i internationellt sexuellt utbyte i större utsträckning än den 
heterosexuella populationen.   
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Abbreviations 

 
 

HIV        Human Immunodeficiency Virus 
 
MOMP       Major Outer Membrane Protein 
 
MSM        Men who have Sex with Men 
 
PID        Pelvic Inflammatory Disease  
 
STI        Sexually Transmitted Infection 
 
WHO        World Health Organization 
 
 
 

Explanations 

 
Amplicon Fragment of DNA that has been 

synthetically amplified. 
 
Epidemiology  Study of health characteristics of 

the society 
 
Genovar  Subgroups of C. trachomatis 

distinguished by sequence typing 
the ompA gene. 

 
ompA        Gene that codes for MOMP 
 
 
Serovar Subgroups of C. trachomatis 

distinguished by antibodies 
binding to MOMP. 
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1. Introduction 
Chlamydia trachomatis (C. trachomatis) is an obligate intracellular bacterium responsible for 
causing urogenital infections, trachoma in the eyes, and lymphomagranuloma venereum 
(LGV) in the urogenital/rectal area.  In the US 1.2 million people were diagnosed with 
urogenital chlamydia in 20091 and in Sweden chlamydia is one of the most common sexually 
transmitted infections where as many as 37,000 people were tested positive in 20102. In 1988 
the Swedish government introduced the Communicable Disease Act which obligated 
chlamydia infected citizens to notify former and current sexual partners when subjected to 
partner notification2. This is a way to reduce the spread of the infection since the symptoms 
are usually very subtle and more than half of those infected experience no discomfort. If the 
infection is not far gone, a week of antibiotics is usually enough.  
 
In order to understand the epidemiology of C. trachomatis, it is of interest to genotype strains 
from both heterosexual groups as well as men who have sex with men (MSM). These two 
groups generally differ in their sexual behavior and are therefore interesting to study separate 
and in comparison to each other. MSM as a group run a high risk of contracting sexually 
transmitted infections (STI) due to high reports of unprotected sex and multiple sex partners3.  
 
There are several studies made based on the genotyping of ompA, the gene coding for the 
major outer membrane protein (MOMP)4,5,6,7. This however has shown to give a limited 
insight of C. trachomatis. A variant of the Multilocus sequence typing (MLST) system 
designed by Klint et al 2007 has showed that the method gives a higher resolution in 
comparison to ompA genotyping5,8 . 
 

2. Background 
C. trachomatis was first isolated by professor Tang in 1957 who believed that his findings 
were of viral origin9. It took about nine years until it was rightfully classified as a 
bacterium10. This intracellular bacterium can be found in the urethra, the cervix, the rectum as 
well as the throat and eyes. Trachoma is the disease caused by the bacterium when it infects 
the eyes; it can cause blindness but can be prevented if caught early. This is a problem in 
third world countries where conditions and hygiene are bad and treatment is unavailable11. In 
addition there is a more invasive type of C. trachomatis called Lymphogranuloma venereum 
(LGV), which attacks the lymphatic system12.  
 
The main concern with urogenital chlamydia infection is that about 70% of the infected 
women and almost 50% of the infected men experience no discomfort13 and carry on the 
infection to their next partner. However people who experience discomfort from chlamydia 
infection have lower abdominal pain, high fever and discomfort, which are caused by 
inflammation of the urogenital tract and the reproductive organs. In some cases symptoms 
can be described as a burning sensation while peeing or discharge from the urethra14. If the 
infection is left untreated it may cause salpingitis in women and inflammation of the 
epididymis in men. In more severe cases such as chronic infection, the bacteria can cause 
fibrosis and scars on the fallopian tubes which could lead to infertility15. 
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2.1 Taxonomy of Chlamydia 
C. trachomatis belongs to the genus Chlamydia along with Chlamydia suis and Chlamydia 
muridarum. C. suis has been identified to cause infection in swine and C. muridarum in mice 
and hamsters. They in turn belong to the family Chlamydiaceae in the order Chlamydiales 
(Figure 1)16. This however is the revised taxonomy that was suggested in 199917 and is today 
still being discussed.  

 
Figure 1. Taxonomy of Chlamydiales 
The figure shows the taxonomy of Chlamydiales exactly as presented by Everett et al 200116(as suggested in 
1999). 
 
The family, Chlamydiaceae, is a gram negative bacterium that parasitizes on eukaryotic cells.  
C. trachomatis and Chlamydophila pneumonaiae are the two species that are identified as 
pathogenic to humans. Chlamydophila psittaci is identified as a pathogen to birds but could 
harm humans by affecting our respiratory system.  
 
Through traditional serology C. trachomatis has been divided into 14 serovars. Some 
literature suggest that there are up to 18 serovars18  but there are no clear terminology to what 
the genetic difference is between some of them. The basic outline is that there are 14 serovars 
and they have in turn been divided into three groupings consisting of two biovars, Trachoma 
and LGV (Table 1).  
 
Table 1. Subdivision of C. trachomatis 
Disease Biovar Serovar  
Trachoma Trachoma  A,B,C 
Urogenital/Anorectal Trachoma D,E,F,G,H,I,J,K 
LGV LGV L1,L2,L3 
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2.2 Life cycle 
The life cycle of Chlamydia lasts for at least 2-3 days (Figure 2). The Elementary Body (EB) 
is metabolically inactive, infectious and has a diameter of approximately 0.3 µm. When EB 
enters the host cell it separates into so called reticulate bodies (RBs). The RBs are 
metabolically active and multiply by proliferation, they continue to multiply until the 
infectious cycle is over, normally 2-3 days depending on the strain. The RBs then 
differentiate back into EBs which then travels in the extracellular medium to find a new host 
cell to infect. There are also rare cases in which chlamydia is persistent and where the life 
cycle differs. In the persistent cases the RBs never differentiates back to EBs it just stays as 
partially inactive nondividing PBs19. 
 
 
 

 
Figure 2. Life cycle of Chlamydia. 

The figure shows the life cycle of chlamydia which takes about 2-3days 20 

2.3 Ocular trachoma 
Trachoma is the infection of the eye caused by C. trachomatis serovar A-C and is according 
to the World Health Organization (WHO) one of the oldest known infectious diseases found 
in humans.  It is caused by C. trachomatis and is spread by contact with infected people. 
When the infection is left untreated it can cause scarring of the eyelid resulting in the eyelid 
turning inwards and causing blindness. Statistics state that trachoma is responsible for 
approximately 3% of the blindness in the world. The infection is more common in less 
developed countries most likely due to lack of medical attention. Children but also women 
are more likely to be infected perhaps due to the fact that they are in close contact to each 
other21.  
 



 6 

2.4 Urogenital/rectal Chlamydia 
The strains from the servoar D-K are mainly responsible for urogenital infections of C. 
trachomatis (Table 1). It is possible for urogenital strains to infect the eyes but that is 
unrelated to trachoma22. Treatment can terminate the infection but the main issue is that 
urogenital chlamydia can be symptomless and cause irreversible tissue damage23. However 
most symptoms addressed in women manifest such as abdominal pain, pain while having 
intercourse and cases of intermenstrual bleeding while men experience pain and swelling of 
the testicles24. Another reason why it is necessary to treat urogenital chlamydia is because the 
infection causes tissue damage and enables other sexually transmitted infections to root such 
as HIV 25.  
 

2.5 Lymphogranuloma venereum (LGV) 
LGV is an invasive type of chlamydia and is caused by C. trachomatis genovar L1, L2 and 
L3. This type of infection is more common in the tropics and affects the lymphatic system, 
usually by swelling of the regional lymph nodes12. The first stages of the infection is usually 
a scar on in the infected area (genital or rectal) and this scar is sometimes very small and can 
stay undetected.  If the infection is situated in the genitalia the symptoms are one sided 
swelling of the lymph system. If an LGV infection is situated in the rectal area there is less 
risk of swelling of the lymph system, thus harder to detect26.  
 

2.6 Treatment 
A patient who is diagnosed with C. trachomatis in an early stage is treated with antibiotics 
like tetracycline, azithromycin or erythromycin. If however the infection has caused 
complications such as pelvic inflammatory disease (PID) in women and epididymitis in men 
the treatment is conducted differently and the patient needs to be further examined so that an 
individual treatment plan can be made27. 
 

2.8 Early subtyping of C. trachomatis 
The most common way to subtype C. trachomatis used to be by using antibodies that bind to 
the major outer membrane protein (MOMP) using a dotELISA method which was conducted 
by Barnes et al in 198528. The dot-ELISA serotyping system is a modified version of a solid-
phase enzyme immunoassay. In this system monoclonal antibodies were used to effectively 
serotype C. trachomatis28.  The method turned out to be very laborious, time-consuming and 
expensive and was abandoned with a few exceptions.  A more appropriate method is to 
genotype ompA, the gene that codes for MOMP. This is done by polymerase chain reaction 
(PCR) amplification followed by DNA sequencing7. The ompA sequence is then compared to 
other ompA sequences in a data search bank (http://blast.ncbi.nlm.nih.gov/Blast.cgi) called 
Basic Local Alignment Search Tool that looks through different databases29. Today it is not 
considered important to serotype C. trachomatis based on MOMP. In order to achieve a high 
epidemiological resolution this needs to be done together with new methods such as the 
MLST system7. 
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Table 2. Analysis of ompA 
Groups Serovars 
B-complex B,D,E,L1 och L2 
C-complex A,C,H, I,J,K,L3 
Intermediate complex F and G 
 
ompA differs from other genomic regions in C. trachomatis both in phylogeny and rate of 
evolution. This is based on the analysis of ompA (Table 2) which differs from analysis made 
on the rest of the genome when looking at tissue tropism and pathobiological profiles from C. 
trachomatis30. The reason for this is the high variability due to recombination within the 
gene31.  

2.9 New variant of Chlamydia (nvCT) 
In 2006 a new variant of C. trachomatis, (nvCT), was discovered in Sweden.  It has a 
deletion in the cryptic plasmid and two of three detection systems commonly used by the 
Swedish diagnostic laboratories were unable to detect it. The diagnostic methods that failed 
to diagnose nvCT were Abbott m2000 (Abbott) and Amplicor/COBAS Amplicor/TaqMan 48 
(Roche). These detection systems used nucleic acid amplification test (NAAT) which 
amplified a specific region in the cryptic plasmid of C. trachomatis. The difference between 
other C. trachomatis strains and the new variant is that it has a 377-base pair deletion 
mutation in the same region where the primers for NAAT are supposed to attach. Since the 
primers could not attach to the target region the test came back false negative32,33,5. The 
reason why the cryptic plasmid was used is that it is easy to test since each C. trachomatis 
cell has about 4-8 copies. The problem with it on the other hand is that no one knows what 
the function of the cryptic plasmid is and how it affects the bacterium. There was also a third 
detection system, the Probe Tech system, from Becton Dickinson (BD) which also used 
NAAT to amplify a region of the cryptic plasmid but it was situated in a different location 
from where the deletion mutation had occurred so it was still able to detect the infection.  
 
The nvCT appears to have originated in Sweden but with limited spread to other countries. 
Norway is one of the countries where nvCT has spread34 probably due to the great migration 
flow of Swedish adolescents to Norway last decade.  
 
Former diagnostic systems have been improved and systems today amplify two target regions 
in the cryptic plasmid. We also have another system that is designed to amplify one target 
region in the chromosome and one in the cryptic plasmid.  
 

3 Multilocus Sequence Typing (MLST) 
Conventional MLST systems are based on PCR amplification of housekeeping genes, which 
encode basic cell functions which are relatively stable.   
 
The MLST system used in this study was designed for C. trachomatis by Klint et al35 .  It is 
based on the PCR amplification and the DNA sequencing of five regions defined as target 
regions with the addition of ompA. The regions selected are not only housekeeping genes but 
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also variable regions hctB (histone-like protein gene) and pbpB (penicillin binding protein 
gene) are known genes and CT058, CT144 and CT172 are three hypothetical genes, so-called 
open reading frames35.  
 
There are several applications when this method is useful. 
 

1. By differentiating strains of C. trachomatis one can observe and map sexual 
networks36. This could also work as a way to trace the infection for partner 
notification.  

 
2. By differentiating strains of C. trachomatis one can observe if the disease is 

remaining uncured or if it is a new infection.  
 
3. New strains can be detected, sequenced and profiled. The MLST system has brought 

to light that the nvCT has a unique MLST profile5. LGV found in Europe has a unique 
MLST profile that is different from LGV strains found in the USA. 12 

 
4. The method has the potential to reveal the association between different strains and 

the organs/tissues they are found in7. 
 
5. It is a useful tool to understand the epidemiology of trachoma and has a higher 

discriminatory capacity compared to ompA36. 
 

6. The MLST system helped reveal that there is no correlation between MLST profiles 
and symptomatology15. 

 
7. For investigation of sexual assaults where the victim has been infected with C. 

trachomatis. The MLST system can be helpful evidence if the accused MLST profile 
differs from the victims.  

 
Since Klint et al designed this MLST system in 2007, two other genotyping systems have 
emerged. Both of them are based on the original definition of MLST but their publications 
show that their resolution is equal to that of ompA typing37,38. 
 

3.1 The basic principles of traditional PCR 
In Polymerase Chain Reaction (PCR) regions of the DNA are amplified and the result is a 
higher concentration of DNA copies (fragments of DNA). It is important that there is enough 
DNA copies for later DNA sequencing. PCR is made up of three steps39; 
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• Denaturation - This occurs at high temperatures (usually around 94 ºC). The DNA 
unfolds at this stage from double stranded to single stranded DNA (Figure 3). No 
enzymatic reactions occur at this stage. 

 

 
Figure 3. Overview of the denaturation step.  
The figure shows how double stranded DNA unfolds 
into single stranded DNA 39. 

 
• Annealing - Lower temperature (usually around 50-65 ºC) so that the primers can 

attach to the single stranded DNA. During this process ionic bonds are formed and 
then broken both primer and DNA strands (Figure 4).  

 

 
Figure 4. Overview of the annealing step.  
The figure shows how the primers attach to the  
single stranded DNA39. 

 
 

• Elongation – The temperature rises (usually around 72 ºC) so that only strong ionic 
bonds will stay attached and the primers that have attached but have any mismatches 
will detach. The primers still attached become elongated with the help of the 
polymerase (Figure 5). The polymerase attaches nucleotides to the 3’-end of the 
primers and form double stranded DNA 

 
Figure 5. Overview of the elongation step.  

The figure shows how free nucleotides are added to  
the chain at the 3’end39. 
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Most PCR protocols are designed so that these three steps are repeated in 30 to 40 cycles. An 
inexpensive way to verify that the right region was amplified and that it has the right size is 
by gel-electrophoresis40. 

 

3.2 DNA sequencing theory 
There are several different ways to perform DNA sequencing but in this study we used a 
method called Sanger sequencing where we used fluorophore labeled nucleotides called 
dideoxynucloetides (ddNTPs) in a sequencing PCR. The ddNTPs are synthetically made and 
lack an -OH on the 3’carbon and are tagged with different fluorescent compounds. After PCR 
amplification there are multiple copies of the targeted regions. Each reaction is mixed with 
the same type of polymerase as previously used and one of the primers. In addition, each 
reaction contains dNTPs as in the amplification PCR but also a smaller amount of ddNTPs. 
ddNTPs are  added to a growing chain but since they have an alternation in their 3’carbon the 
structure will not allow other nucleotide to attach. This means that if a ddNTP attaches to a 
growing chain of nucleotides in PCR the chain will stop growing (Figure 6). The fragments 
are then separated by size in the Sequencing machine 3130 (Applied Biosystems) and the 
flourecent nucleotide is detected by the use of a crystal.40,41 
 

 
Figure 6. DNA sequencing detection.  
The bold nucleotides represent ddNTPs and the rest represent dNTPs. The colors represent each nucleotide40,41. 
 

3.3 Target regions and samples 
The target regions for MLST system (Figure 7a/7b) used in this study are hctB, CT058, 
CT144, CT172, pbpB. ompA is used as a complement since it is predominantly used in other 
C. trachomatis genotyping studies. By sequence determination of these regions one can make 
a profile and detect which strain of C. tracomatis an individual has been infected with.  
 



 11 

 
 
Figure 7a. Overview of the five target regions used in the MLST system. 
The figure shows the five target regions, the variants of them that have been found and their lengths. The grey 
areas represent repetitive elements 5. 

   
 
 
 
 
 
 
 
 
 
Figure 7b. C. trachomatis genome. The figure shows the five target regions used in the MLST system as well 
as the region for ompA in relation to the total chlamydia trachomatis genome (adapted from Stephens et al 
1998)43. 
 
In the present study the regions are sequenced as previously described by Klint et al 2007 
except for the pbpB region which is divided into two amplicons5. The bold lines and arrows 
represent the open reading frames. The grey segments (Figure 7a) in the hctB gene are 
repetitive elements. The gene has been found to exist in four length variants with repetitive 1-
4 elements. Another region found in different length variants is CT172.   
 
The sequences are differentiated by point mutations. It means that one variant of  
C. trachomatis differ from another by at least a single nucleotide mutation. This is why this 
method is so sensitive and why it is so important to be thorough when analyzing the 
sequences obtained.  All samples used in this study are clinical samples with varying quality.  
 

3.4 OmpA typing 
Earlier studies using ompA typing have shown that genovar E is the most common genovar in 
heterosexual strains8 and that genovar G and D are the most prominent in MSM strains35. 
This difference is of interest when looking at the results of the ompA typing for this study. 
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3.5  Multilocus VNTR analysis (MLVA) 
An equally high resolution genotyping method for C. trachomatis is Multilocus VNTR 
analysis (MLVA). This method also uses PCR amplification and DNA sequencing of three 
regions with variable number tandem repeats (VNTR) and with the addition of ompA43. 

4.  Aim of this study 
The main purpose of this study is to better understand epidemiology and in this case the 
spread of chlamydia infection among the MSM population. Studies made on risk taking 
among MSM have indicated that they run a higher risk of becoming infected by chlamydia3.   
 
The aim of this study is threefold:  
 

• To compare C. trachomatis strains from MSM in Sweden, USA and the Netherlands 
and identify the size of the overlap between them. 
 

• To compare C. trachomatis strains from heterosexual individuals with MSM and 
identify if there is an overlap between them. 

 
• To show if the MLST system gives a higher resolution in comparison to genotyping 

ompA. 

5. Results and analysis 
A total of 208 clinical specimens were both MLST and ompA genotyped, n=67 from the USA 
(Table 3), n=72 from Sweden (Table 4) and n=69 from the Netherlands (Table 5). The MSM 
population studied provided 58 MLST genotypes and 18 ompA genotypes which in this study 
gives the MLST system a 3.2 higher resolution than ompA genotyping. 
 

5.1 MLST typing 

5.1.1 MSM USA 
Out of the 145 clinical specimens obtained from USA only 67 gave full profiles and out of 
those 17 (25.4%) are new MLST profiles (Table 3). The most common MLST profile in 
MSM USA is profile number 108 (23.9%). In five samples two different MLST profiles were 
found (100 and 135). They only differ by a single point mutation in region CT172. 



 13 

 
Table 3. Distribution of MLST profiles in C. trachomatis detected in MSM from USA 

Isolates 

MLST 
profile 
number* % 

MLST profile 

hctB CT058 CT144 CT172 pbpB 
n=16 108 23,9 29 8 5 3 6 
n=7 53 10,4 20 21 5 3 6 
n=7 109 10,4 5 20 5 2 34 
n=5 100,135 7,5 10 5 12 7 and/or 4ª  18 
n=3 33 4,5 10 8 5 3 6 
n=3 NEW 4,5 45 19 7 2 10 
n=2 11 3 5 19 7 2 10 
n=2 148 3 5 19 7 2 4 
n=1 86 1,5 1 2 6 14 2 
n=1 NEW 1,5 1 2 7 2 53 
n=1 NEW 1,5 10 17 1 4 21 
n=1 NEW 1,5 10 2 22 4 8 
n=1 137 1,5 10 36 22 4 6 
n=1 136 1,5 10 5 12 3 18 
n=1 NEW 1,5 10 5 5 3 6 
n=1 NEW 1,5 10 6 22 4 8 
n=1 NEW 1,5 10 8 1 1 52 
n=1 NEW 1,5 10 8 1 7 18 
n=1 NEW 1,5 12 12 1 4 7 
n=1 NEW 1,5 29 44 5 3 6 
n=1 NEW 1,5 29 8 5 1 6 
n=1 NEW 1,5 42 8 5 3 6 
n=1 12 1,5 5 19 7 1 4 
n=1 NEW 1,5 5 19 7 1 53 
n=1 158 1,5 5 2 7 2 2 
n=1 NEW 1,5 5 43 7 1 33 
n=1 NEW 1,5 5 45 5 2 34 
n=1 63 1,5 7 19 7 2 1 
n=1 NEW 1,5 7 43 7 1 4 
n=1 NEW 1,5 7 7 9 3 8 
67   100           

    The numbers in the five different regions represent alleles in the local database. 
    *MLST profiles numbers (available at: http://mlstdb.bmc.uu.se/)  
   ª CT172 is unstable and could be interpreted as allele 7 and/or 4  
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5.1.2 MSM Sweden 
Out of the 72 MLST typed samples from MSM Sweden 11 (15.3%) were new MLST profiles 
(Table 4). The most prominent MLST profile in MSM Sweden were profile numbers 53 
(20.8%), 109 (20.8%) and 108 (16.7%).  
 

Table 4. Distribution of MLST profiles in C. trachomatis detected in MSM from Sweden 

Isolates 

MLST 
profile 
number* % 

MLST profile 
hctB CT058 CT144 CT172 pbpB 

n=15 53 20,8 20 21 5 3 6 
n=15 109 20,8 5 20 5 2 34 
n=12 108 16,7 29 8 5 3 6 
n=6 54 8,3 20 21 13 3 6 
n=3 33 4,2 10 8 5 3 6 
n=2 56 2,8 1 19 7 2 1 
n=2 52 2,8 20 8 5 3 6 
n=2 NEW 2,8 5 19 7 1 34 
n=1 172 1,4 1 2 7 2 2 
n=1 NEW 1,4 1 19 7 3 1 
n=1 NEW 1,4 10 4 1 4 7 
n=1 27 1,4 10 6 10 1 6 
n=1 35 1,4 10 8 1 4 23 
n=1 NEW 1,4 10 8 5 1 6 
n=1 NEW 1,4 10 8 6 14 2 
n=1 NEW 1,4 46 19 7 2 1 
n=1 NEW 1,4 5 19 5 2 10 
n=1 12 1,4 5 19 7 1 4 
n=1 NEW 1,4 5 2 5 2 4 
n=1 NEW 1,4 5 20 5 3 6 
n=1 NEW 1,4 5 20 7 2 34 
n=1 NEW 1,4 5 6 5 2 34 
n=1 63 1,4 7 19 7 2 1 
72  100      

    The numbers in the five different regions represent alleles in the local database. 
    *MLST profiles numbers (available at: http://mlstdb.bmc.uu.se/) 
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5.1.3 MSM Netherlands 
Out of 69 MLST typed samples from MSM Netherlands 5 (7.3%) were new MLST profiles 
(Table 5). The most prominent MLST profiles were profile numbers 53 (24.6%), 109 (24.6%) 
and 108 (17.4%).  
 

Table 5. Distribution of MLST profiles in C. trachomatis detected in MSM from the Netherlands 

Isolates 

MLST 
profile 
number* % 

MLST profile 
hctB CT058 CT144 CT172 pbpB 

n=17 53 24,6 20 21 5 3 6 
n=17 109 24,6 5 20 5 2 34 
n=12 108 17,4 29 8 5 3 6 
n=8 33 11,6 10 8 5 3 6 
n=4 56 5,8 1 19 7 2 1 
n=2 148 2,9 5 19 7 2 4 
n=1 3 1,4 1 2 6 2 2 
n=1 110 1,4 1 2 7 2 4 
n=1 133 1,4 10 7 9 1 8 
n=1 NEW 1,4 20 21 31 1 6 
n=1 NEW 1,4 29 21 5 3 6 
n=1 13 1,4 5 19 15 1 4 
n=1 NEW 1,4 5 2 7 2 4 
n=1 NEW 1,4 5 42 5 2 34 
n=1 NEW 1,4 51 20 5 2 34 
69   100           

                  The numbers in the five different regions represent alleles in the local database. 
                  *MLST profiles numbers (available at: http://mlstdb.bmc.uu.se/)  
 

5.1.4 Analysis of MLST results 
MLST profile number 108 dominates the MSM profiles (Figure 8). MLST profile number 53 
is found in MSM Sweden and MSM Netherlands at a higher degree than in MSM USA 
(Figure 8). This is expected since the biggest overlap seems to be between MSM Netherlands 
and MSM Sweden (Figure 9).  Both are in Europe and so one can say that there is a 
geographical explanation to this.  
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Figure 8.  Comparison of MLST profiles found in MSM Netherlands, MSM Sweden and MSM USA.  
The figure only shows some of the new and unique profiles found in the USA. The x-axis represents the MLST 
profile numbers and the y-axis represents the %(percentage).  
 
 

 
Figure 9. The Venn-diagram illustrates the number of overlapping and unique MLST profiles as well as 
the number of specimens in each region. The numbers represent the amount of samples.  
 

5.2 ompA typing 
Since ompA typing is predominantly the only way to communicate results with other 
scientists in the field it is vital to present. Genovar G (26.9%), J (22.4%) and D (20.9%) 
dominate in the MSM USA isolates (Table 6). The same follows for MSM Sweden (Table 6) 
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with G (44.4%), D (30.6%), J (13.9%) and MSM Netherlands (Table 6) with G (42%), D 
(27.5%), J (14.5%). MSM USA strains showed to have the largest spread of genovars with at 
least two isolates in each genovar except for genovar H. The most common genovar in all 
three MSM groups is genovar G (Figure 10). 
 

 
                      Table 6 ompA genovar MSM USA, Sweden and Netherlands 

Genovar 
MSM USA MSM Sweden MSM Netherlands 
# % # % # % 

B 2 3 0 0 0 0 
D 14 20,9 22 30,6 19 27,5 
E 6 9 6 8,3 5 7,2 
F 4 6 2 2,8 5 7,2 
G 18 26,9 32 44,4 29 42 
H 0  0 0 0 0 
I 5 7,5 0 0 0 0 
J 15 22,4 10 13,9 10 14,5 
K 3 4,5 0 0 1 1,4 
Totalt: 67 100  72  100 69 100 
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Figure 10. Comparison of C. trachomatis genovar distribution in MSM from Sweden, USA and the 
Netherlands with heterosexual populations.    
 
The distribution of ompA genotypes from this study were compared to ompA from 
heterosexual strains. These results were taken from the local database and from other studies 
on ompA typing. The comparison of the two groupings showed that serovar G (38%) 
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predominates the MSM samples while serovar E (33.2%) predominates in the heterosexual 
samples (Figure 10).  
 
There was no nvCT strain found among the MSM samples. Some of the samples turned out 
to be LGV which was revealed by DNA sequencing and those were excluded from the study. 
The reason for this is that this study was designed to only include urogenital strains.  

6. Discussion 

6.1 The MLST system - Comparison between MSM Sweden, the 
Netherlands and USA  
As shown in the results strains from MSM USA had more new MLST profiles (25.4%) 
compared to strains from MSM Sweden (15.3%) and MSM Netherlands (7.3%). This could 
be explained by looking at the geographical distance between the reference points. The more 
samples from different countries and continents we type the more strains we seem to find. 
Perhaps it is also safe to say that the further the populations are from each other the less 
likely it is for the strains to overlap. This contradicts an earlier belief that most MLST 
profiles already had been found. This study indicates that there are many more MLST 
profiles out there. In addition, a reason to why there were more new MLST profiles in the 
USA is because the local database is mostly comprised of MLST profiles from MSM strains 
found in Europe.  
 
MSM USA (35) and MSM Sweden (23) have more unique MLST types than MSM 
Netherlands (9). This could indicate that the Dutch are more international and are more likely 
to engage in foreign sexual networks. The Dutch and the Swedish samples are collected from 
Amsterdam respectively Stockholm can be considered rather gay-friendly cities, mainly 
because they are capital cities with a lot of tourist-traffic. The American samples were 
collected in Baltimore which in comparison to Amsterdam and Stockholm may seem as a less 
gay-friendly city. In this sense one could argue that the MSM population in Baltimore are 
less likely to engage in sexual relationships on an international level than the MSM 
population in Stockholm and Amsterdam.  
 
The great overlap between strains from MSM Sweden and MSM Netherlands could be 
explained by the fact that they are closer to each other than to the USA. For example it is 
closer for a Swede to go to the Netherlands and meet new sex partners than to go to the USA 
which requires more money and time. Hence, since the MSM population is a minority and 
there is a limitation on meeting new partners it is of epidemiological importance to study the 
MSM populations and be able to perhaps detect changes and new variants of C. trachomatis. 
One example of why it is important to study such networks is the LGV strains. A study made 
by Christerson et al 2010 MLST typed LGV strains from different parts of the world and 
found two strains for LGV in Europe but several LGV strains in the USA.12  
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6.2 OmpA typing - Comparison between MSM and heterosexual C. 
trachomatis strains 
As shown in the results (Figure 10) there is a difference between strains found in MSM and 
the ones found in the heterosexual population. Genovar G dominates the strains found in 
MSM while genovar E dominates the strains from the heterosexual population. The least 
difference is found in genovar D which is a little bit more common in MSM strains. This 
could indicate that there is some kind of tropism where genovar G strains are more likely to 
survive in the anal area which is why these strains are found in MSM. Another theory could 
simply be that because MSM only engage in sexual relationships with other MSM and the 
strains that once were introduced in to the homosexual community stayed there.   

6.3 Comparison between ompA typing and the MLST system 
In this study we have been able to show that the MLST system has 3.2 times higher 
resolution than ompA typing in this sample collection. If we only had used ompA typing to 
separate strains from each other we would have ended up with only 18 ompA genotypes 
compared to 58 MLST genotypes.  While ompA is less time consuming and inexpensive 
when compared to the MLST system it is also unfit for the job at hand. The main purpose of 
the study is to better understand sexual epidemiology and the spread of chlamydia infection 
in different sexual populations which I think has been fulfilled. In addition, the MLST system 
has showed to have the highest discriminatory capacity compared to ompA typing.  

6.4 Drawbacks 
As mentioned in the results, 67 out of 145 clinical samples collected from the USA could be 
completely profiled. This could have several explanations but two of the major reasons are 
bad storage of samples and the fact that we are dealing with clinical samples. 
 

1. Bad storage of samples. The samples collected have been taken through routine 
diagnostics and have then been sent to our lab. During that process the samples could 
have been frozen and thawed a couple of times and then left for storage in 4 ºC. This 
is not optimal temperature and hence jeopardizes the quality. Bad storage can lead to 
randomly broken DNA fragments. 

 
2. Clinical samples. In this project we worked with urine and rectal swabs which means 

that each sample also contains human DNA. If human DNA is present to a higher 
extent than C. trachomatis DNA this could interfere with the PCR amplification. 
Also, if the swab test is taken in a less infected area this will have an effect on the 
quality of the sample.  
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6.5 Future perspective  
The MLST system designed by Klint et al 2007 has been very useful in further defining the 
different C. trachomatis strains but is as mentioned very laborious and expensive. The MLST 
database has since been growing and today it contains 971 samples computing 220 profiles. 
Until recently the MLST system used in this study has just been used at Uppsala University 
hospital but with some alterations such as the introduction of nested primers. Scientists in the 
Netherlands who have designed these nested primers have helped add to the MLST database, 
which has resulted in a new database. This new MLST database contains all the samples in 
the database from Uppsala University hospital as well as the Dutch database. This new 
database contains 1716 samples, which gives a better picture of the genetic variation for the 
used target genes of C. trachomatis.  

 

 



 21 

7. Materials and methods 

7.1 Samples 
All samples were clinical specimens, urine and rectal swabs, taken from patients tested 
positive for chlamydia. The samples from Sweden (n=144) came from Venhälsan Gay Clinic 
(in South General Hospital) in Stockholm and were collected in the years 2006-2007. The 
samples from the USA (n=145) came from John Hopkins Hospital in Baltimore and were 
collected in 2011. Samples from the Netherlands (n=107) came from Health Service of 
Amsterdam and were collected in 2009. 
 

7.2 DNA isolation 
1 mL of each sample was centrifuged for 10 min at 13000 x g. The supernatant was then 
discarded and the pellet was dissolved by 180 µl G2 buffer and 20 µL protinase K. DNA 
extraction from 145 clinical urine and swab samples was performed by the MagAttrac DNA 
mini kit (Qiagen).The samples were then transferred to the BioRobot M48 (Qiagen) where 
the DNA was extracted.  
  

7.3 Amplification PCR 
The MLST targeted regions were amplified by PCR. Primers had previously been designed to 
sequence each of the target regions (Table 7).  
 
Each PCR reaction contained 0.4 µM forward and 0.4 µM reverse primer, 0.2 mM dNTPs, 
distilled water, 10x PCR buffer, 5 U/µL Hot Star Taq polymerase (Qiagen) and 0,5 mM 
MgCl2 and 5 µL C. trachomatis DNA was added to a total volume of 25 µL. The cyclic 
conditions for this PCR reaction were 95 ºC for 15min (adapted for Qiagen Hot Start Taq 
polymerase). The reaction was then continued by 40 cycles at 94 ºC for 45 s, 60 ºC for 45 s 
and 72 ºC for 90 s. After the 40 cycles there was an elongation period of 10 min at 72 ºC 
followed by cooling at 4 ºC for an indefinite time.   
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    Table 7. Primers for PCR and sequencing 
Region Primers Function Sequence 
hctB (1st PCR 
amplification) 

hctB39F 
hctB794R 
 

PCR, sequencing 5´-CTCGAAGACAATCCAGTAGCAT-3´  
5´-CACCAGAAGCAGCTACACGT-3´ 

hctB (nested PCR 
amplification) 

CT046NR3 
CT046NF 
 

PCR, sequencing 5´-CCCCAAATATGCAACAGGAT-3´ 
5´-AACTCCAGCTTTTACTGCTA-3´ 
 

CT058 (1st PCR 
amplification) 

CT811F 
CT1022R 
 
CT222F 
CT1678R 
 

Sequencing 
 
 
PCR, sequencing 

5´-CTTTTCTGAGGCTGAGTATGATTT-3´  
5´-CCGATTCTTACTGGGAGGGT-3´  
 
5´-CGATAAGACAGATGCCGTTTTT-3´ 
5´-TAAGCACAGCAGGGAATGCA-3´  
 

CT058 (nested PCR 
amplification) 

CT058NF 
CT1678R 
 

PCR, sequencing 5´-AGGTGGCTGCGTTAAGATAACT-3´ 
Se above 

CT144 (1st PCR 
amplification) 

CT144:248F 
CT144:1046R 
 

PCR, sequencing 5´-ATGATTAACGTGATTTGGTTTCCTT-3´  
5´-GCGCACCAAAACATAGGTACT-3´  
 

CT144 (nested PCR 
amplification) 

CT144:248F 
CT144NR 
 

PCR, sequencing Se above 
5´-CCTAAACATACGGCTATTCC-3´ 

CT172 (1st PCR 
amplification) 

CT172:268F 
CT172:610R 
 

PCR, sequencing 5´-CCGTAGTAATGGGTGAGGGA-3´  
5´-CGTCATTGCTTGCTCGGCTT-3´  
 

pbpB1 (1st PCR 
amplification) 

pbpB1F 
pbpB823R 
 

PCR, sequencing 5´-TATATGAAAAGAAAACGACGCACC-3´ 
5´-CAGCATAGATCGCTTGCCTAT-3´ 
 

pbpB1 (nested PCR 
amplification) 

CT682NF 
pbpB823R 
 

PCR, sequencing 5´-TCATCACTTTGCGTATATGGCA-3´ 
See above 
 

pbpB2 (1st PCR 
amplification) 
 

pbpB1455F 
pbpB2366R 
 

PCR, sequencing 5´-GGTCTCGTTTTTGATGTTCTATTC-3´ 
5´-TGGTCAGAAAGATGCTGCACA-3´ 
 

pbpB2 (nested PCR 
amplification) 
 

pbpB1455F 
pbpB2333R 
 

PCR, sequencing See above 
5’-GCAGATACTAACTTAAAAATAGAC-3’ 
 

ompA (1st PCR 
amplification) 

118F 
1163R 
 
ctr200F 
ctr254R 

PCR, sequencing 
 
 
Sequencing 

5´-ATTGCTACAGGACATCTTGTC-3´ 
5´-CGGAATTGTGCATTTACGTGAG-3´ 
 
5’-TTAGG5*GCTTCTTTCCAATAYGCTCAATC-3’ 
5’-GCCAYTCATGGTARTCAATAGAGGCATC-3’ 
 

ompA (nested PCR 

amplification) 

 

MOMP87 

RVS1059 

PCR, sequencing 5´-TGAACCAAGCCTTATGATCGACGGA -3´ 

5´-GCAATACCGCAAGATTTTCTAGATTTCATC -3´ 

 

         * Inosine – used so that any of the four nucleotides (ATGC) can match the primer in that position. 

  

7.3 Gel-electrophoresis 
To make sure that there was PCR product before continuing to the next step a 1% agarose gel 
was made by mixing a 5X TBE stock solution (1.1M Tris base, 900 mM Borate and 25 mM 
EDTA buffer with ph 8.3) with 900 ml distilled water into a 0,5X TBE buffer. Ethidium 
bromide (EtBr) was added to fix the DNA onto the gel. 5 µL of each PCR product was then 
added to the wells together with loading dye and subjected to a current to separate the DNA 
fragments in the PCR product. DNA is negatively charged and migrates to the positive pole 
separating the different fragments, smaller fragments move faster towards the positive pole. 
The obtained fragments are then visualized in UV light (Figure 11). 
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The PCR products that showed a weak band or no band at all were used in a second PCR step 
called nested PCR where different primers were used (Table 7). Nested PCR44 is a good 
addition to the method if the primers in the first step bind to unwanted locations in the DNA 
causing amplification of non-targeted regions since the specimens are clinical and the 
extraction is made from urine/rectal swabs there is other DNA present such as human DNA 
and other bacteria. Another positive indication is that with nested PCR there will be a higher 
copy content since this means another 40 cycles. 
 

 
Figure 11. Picture of Agarose gel (1%) showing bands under UV light. 
The band furthest to the right is a positive control and to the left of the positive control is a negative control. The 
rest of the bands identify that the PCR amplification was successful.   
 

7.4 DNA sequencing 
In the steps that follow only PCR products with enough of the right DNA copies (that showed 
band on the gel) were used. To be able to sequence the DNA the PCR product first had to be 
incorporated with fluorescent dideoxynucleotides (ddNTPs) through sequencing PCR. In this 
step the BigDye Terminatorv3.1 Cycle Sequencing Kit (Applied Biosystems) was used which 
also recommended ethanol purification as a next step. The sequencing PCR was carried out 
according to the protocol of BigDye Terminator v3.1 Cycle Sequence kit. Each reaction 
contained Bigdye mix, Bigdye buffer, 0.16 µM primer and distilled water. A master mix was 
made for each primer and region, adding up to a volume of 18 µL of master mix and 2 µL 
DNA from the previous amplification PCR. The cyclic conditions for sequencing PCR were 
95 °C for, 30 cycles 96 °C for 10 s, 55 °C for 5s and 60 °C for 90 s. When finished the PCR 
reaction was set to cool at 4 ºC for an indefinite time.   
 

7.4.1 Ethanol purification 
In order to remove unincorporated nucleotides and primers from the samples and most 
importantly fixate the DNA to a pellet ethanol was added. This was done in two steps where 
50 µL of 99.5% ethanol was first added to the samples and then centrifuged at 3000 x g for at 
least 30 min. Then the samples quickly have to be turned upside down, this due to the fact 
that the DNA pellets start to dissolve when the centrifuge has been stopped. The reason for 
centrifugation is to obtain and keep the DNA pellet in the bottom of the tube when ethanol is 
added and the plate is turned upside down to wash the wells of excess. Of course this is a 
risky procedure and there is a chance that the pellet also will be discarded. Still this is the 
cheapest way for purification and has proven to work for most cases. The purification step is 
important so that primers and excess nucleotides can be removed and samples are centrifuged 
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for another 30 s at 1900 x g in order to remove residual liquid. In the second step 70 µL of 
70% ethanol was added to the samples and centrifuged at 1650 x g for at least 30 min. The 
procedure of pouring out the liquid is then repeated. Residual ethanol was left to evaporate by 
incubating the samples in a dark room for 10 min. 20 µL Hi-Di Formamide was added to the 
samples and left to incubate for 15-30 min in a dark room, at room temperature. The samples 
were transferred to the Sequencing machine 3130 (Applied Biosystems). 
 

7.4.2 Enzymatic clean-up 
Plates were sent for sequencing to the Netherlands for sequencing, at Macrogen Europe. They 
have high application standards for DNA sequencing and therefore the PCR product had to 
be purified with enzymatic clean-up. The clean PCR products were then mixed with the 
sequencing primer and sent for DNA sequencing. This step is done to get rid of any excess 
material found the PCR product such as primers and unincorporated dNTPs. Each reaction 
contained 10 U Exonuclease I (Fermentas) and 1 U Alkaline Phosphatase (Fermentas). The 
products are incubated in (the PCR) at 37 °C for 15 min, 80 °C for 15 min and then 4 °C to 
cool down. 
 

7.4.3 DNA sequencing with Macrogen Europe 
Each reaction contains 5 µL cleaned PCR product and 2.5 µM primer which are distributed 
on a 96-well plate and thoroughly sealed to be sent to sequencing service company Macrogen 
Europe.   
 

7.5 Data analysis 
The bioinformatics software DNA baser v2.80.0 (Heracle BioSoft S.R.L) was used to analyze 
the sequences obtained (Figure 12). Apart from DNA sequence analysis this software also 
performs manual and automatic DNA assembly, automatic sample processing, contig edition 
and mutation deletion (http://www.dnabaser.com/).  

Figure 12. Chromatogram of the hctB-region for one of the samples. The figure shows a sequence of 
obtained from one of the samples in this study. The colors represent each nucleotide. 
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Figure 13. The alleles of CT172 in the MLST database. “Out” is the sequence compared to the other alleles 
and found to be identical to allele 4. 
 
The sequence is copied into BioEdit Sequence Alignment Editor 7.0.9.0. (Ibis Biosciences) 
for comparison to the FASTA database that contains all the unique sequences found by the 
MLST system (Figure 13). But first the sequence must be aligned with the alleles in the 
database by ClustalW alignment 46.  
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