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1. Summary  
Chlamydia trachomatis (C. trachomatis) is an obligate intracellular bacterium that causes one 
of the most common sexually transmitted diseases (STD) and trachoma, which is a severe eye 
infection that can lead to blindness. If the STD is not treated it can lead to serious 
complications, most often in young women. This has established C. trachomatis as of great 
concern for the public health. Information based on molecular epidemiology will increase the 
knowledge of how the disease is spread in the population and make treatment and prevention 
more effective. This information can be gathered using genotyping that is based on DNA 
sequencing of selected genomic regions. A new genotyping system has been developed at 
Uppsala University Hospital: the multilocus sequence typing method (MLST) based on five 
hypervariable regions in the genome. These five regions are what make up a so called MLST 
profile, based on different sequence variants.  
 
One aim of this project was to genotype strains of a new variant of C. trachomatis (nvCT), 
discovered in Sweden 2006, to determine whether they are of common origin. The second aim 
was to investigate if the MLST system could be used to increase the epidemiological 
knowledge of trachoma treated with antibiotic in a specific population of The Gambia and 
Senegal.  A single MLST profile was detected in ten nvCT specimens, indicating a common 
origin. Two dominating MLST profiles were found in 74 trachoma samples from The Gambia 
and Senegal. In general, profiles found in the respective countries were quite different, even 
though they share borders. In The Gambia, specific profiles were restricted to a certain 
village, while in Senegal profiles were widely distributed among the villages. In conclusion 
MLST is a highly discriminatory tool to use to gain epidemiological knowledge.    
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2. Introduction 

Chlamydia trachomatis (C. trachomatis) was first isolated in pure culture in 1957 (Mabey et 
al., 2003). This obligate parasite causes the sexually transmitted disease (STD) chlamydia, 
and trachoma, which is a severe eye infection. The fact that chlamydia is a widely spread STD 
and trachoma can result in blindness has established C. trachomatis to be of great medical 
concern worldwide. Usually neither sex shows any symptoms from chlamydia. Trachoma is 
the most frequent infectious reason for blindness, found in some developing countries (Talaro, 
2005). In 2006 a new variant of C. trachomatis (nvCT) was discovered in Sweden, which had 
not been detected due to a deletion (377 bp) in the sequence selected for amplification 
(Herrmann et. al, 2008). 

2.1 Cell Structure 
The gram-negative C. trachomatis is in need of host cells for its metabolism and growth 
(Talaro, 2005). This bacterium belongs to the phylum of Chlamydiae, the order of 
Chlamydiales, the family of Chlamydiacea and the genus of Chlamydia. Chlamydia has one 
of the smallest bacterial genomes known, which is very rich in both guanine and cytosine. 
The major outer membrane protein (MOMP), which is encoded by the ompA gene, is the main 
protein in the outer membrane. MOMP is the major structural protein in the cell wall,  
with surface antigen components responsible for serovar complexity (Holmes et al., 
1990). The ompA gene has a high DNA sequence variation that is concentrated to four regions 
encoding the variable domains (VD1-4). All but one of the VDs include amino acids found on 
the cell surface. Serotyping based on MOMP is done with antibodies targeting these Vds 
(Lysén et al., 2004). Due to the difficulty in preparing a substantial amount of purified 
bacteria for physiochemical studies, there is not much known about the structure or chemistry 
of chlamydial antigens (Holmes et al., 1990). 

2.2 Growth Cycle 
Chlamydia has a complex growth cycle in comparison to other microorganisms. Chlamydia 
has developed two highly specialized morphological units: the stable elementary body (EB) 
that can survive in the extra-cellular environment and spreads from cell to cell and host to 
host and the labile reticulate body (RB) which is metabolically active but not infective 
(Holmes et al., 1990). 

Chlamydia are obligate intracellular parasites because of their inability to synthesize 
high energy compounds, and therefore can not be cultured on artificial media. The attachment 
and penetration to target host cells initiates the growth cycle that involves specific receptors 
and phagocytosis. The bacteria remain within the phagocytic vesicle during the growth cycle 
and avoid phagolysosomal fusion. These are the two main virulence factors: induced 
phagocytosis and prevention of phagolysomal fusion (Holmes et al., 1990). 

The EB, which is the infectious particle, differentiates into the metabolically active RB about 
6-8 hrs after entrance into the host cell. At the RB stage the bacteria use the host cells to 
synthesize their own RNA, DNA, and protein, which occur within the phagosome. The RBs 
only re-differentiate back into the EBs if the conditions are favorable. After 48 to 72 hrs the 
cell ruptures and releases the infectious EB, initiating a new cycle. The release is due to a 
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chlamydial surface antigen that interferes with the phagolysomal fusion (Holmes et al., 1990). 
It is highly probable that there is a mechanism that controls the chlamydial infection, 
considering that hundreds of EBs are released from each inclusion while only a few cells in 
the proximity are infected. Lymphokines have an inhibitory effect on Chlamydia, and C. 
trachomatis is also affected by alpha, beta and gamma interferons. The developmental cycle 
is postponed by interferons, making the RB state persist longer. This is important to 
¨immunopathogenesis since it could lead to a persistent and unapparent infection. Infectivity 
can be counteracted with antibodies against MOMP, but these do not interfere with 
chlamydial attachment, ingestion, or inhibition of phagolysosomal fusion (Holmes et al., 
1990). 

2.3 Serovars 
C. trachomatis is found in humans and can be separated in 14 serovars (different antigenic 
properties), based on the specificity of MOMP epitopes. Trachoma is caused by serovars A, 
B, and C. Serovars D-K cause the sexually transmitted disease (STD), and serovars L1, L2 
and L3 are responsible for lympogranuloma venerum (LGV), an STD that infects lymph 
nodes (Bébéar and Barbeyrac, 2009). 

2.4 Trachoma 
Historically trachoma is a well known disease, first mentioned in the Ebers papyrus 1500 BC 
(Mabey et al., 2003). The name is derived from the Greek word for rough due to the 
consequences of active trachoma for the upper eyelid (Mabey et al., 2003). Trachoma used to 
be common in both Europe and North America in the 19th century. As these parts of the world 
became industrialized in the 20th century and living standards were improved, trachoma 
eventually disappeared but remains common in poor areas in less developed countries (Mabey 
et al., 2003). The World Health Organisation (WHO) estimates that active trachoma affects 
84 million people around the world, which is the leading cause of preventable blindness with 
8 million cases (3% of the world’s blindness) (WHO, 2009). 

Trachoma is endemic in the third world, especially in locations with hot and dry climates. 
Usually a C. trachomatis infection is asymptomatic and repeated infections occur, which 
shows that natural immunity is restricted. (Bébéar and Barbeyrac, 2009). Chlamydial 
infections range from mild, self-limited, acute, follicular conjunctivitis to chronic trachoma. 
The host’s previous exposure to trachoma and hypersensitivity determines the severity of the 
symptoms, and also re-infections and other bacterial infections make curing more difficult. 
The first symptom of trachoma is the inflammation of the eyelid that develops into 
trachomatous trichiasis (ingrowing eyelashes) and blindness due to corneal opacity (WHO, 
2009). Trachoma is mainly a childhood disease, while in adulthood scarring leads to impaired 
eyesight and blindness. If scars develop it may take between 25 to 30 years before the corneal 
epithelium is completely broken down (Holmes et al., 1990). 

The main reservoir of C. trachomatis infection is children (Edwards et al., 2008). Poor access 
to water and sanitation are the major factors causing many children to be infected. Bacteria 
can easily be transmitted from eye to eye by fingers, shared cloths, or flies that have come in 
contact with ocular discharge (Edwards et al., 2008). In addition, trachoma can also be spread 
through coughing or sneezing since C. trachomatis may be found in the nasopharynx and 
nasal discharge. Risk factors for active trachoma include young age, ocular discharge and 
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flies (Edwards et al., 2008). 

2.5 Genital Chlamydia 
STD caused by C. trachomatis is widespread among the general population targeting mostly 
young people between the ages of 16 and 24 years, probably due to frequent exposure to risk 
factors such as unprotected sex and multiple partners. Sexual transmission is the major way, 
but congenital transmission also occurs. Since most of the infections are asymptomatic they 
go undetected, and when not treated may lead to serious complications mostly in young 
women (Bébéar and Barbeyrac, 2009). Men usually suffer from non-specific urethritis and 
proctitis (inflammation of the rectum), while women have more severe symptoms such as 
chronic pain, ectopic pregnancy (when the fertilized egg is not located in the uterus), pelvic 
inflammatory disease (PID) and infertility (WHO, 2009). 

2.6 Lympogranuloma Venerum (LGV) 
C. trachomatis also causes LGV that only affects men. Until 2003 LGV was not common in 
industrialized countries, when it appeared as a genital ulcer with secondary lymphoid 
proliferation. In 2004 a group of homosexual men in Rotterdam, the majority being HIV 
positive, were diagnosed with proctitis (inflammation of the rectal mucosa) (Bébéar and 
Barbeyrac, 2009). Later findings in other European cities, North America and Australia 
indicated an outbreak of LGV within this specific group, dominated by serovar L2b (Bébéar 
and Barbeyrac, 2009). LGV is the exception when it comes to chlamydial infections, in the 
sense that it is not commonly found in the population (Bébéar and Barbeyrac, 2009). 

2.7 Treatment 
Both in vivo and in vitro C. trachomatis is affected by antibiotics, without appearance of 
resistance naturally. Since the end of the 1930´s antibiotics have been important in treating 
trachoma. Penicillin is active against the bacteria in vitro but not clinically efficient, because 
it can only inhibit the bacteria’s synthesis in the early phases of the growth cycle (Mabey and 
Solomon, 2003). 

A single oral dose of azithromycin, a semi-synthetic version of erythromycin, is effective but 
expensive (Mabey and Solomon, 2003). In a comparison between communities with C. 
trachomatis infection present, which either received mass administration of azithromycin and 
health education or neither of these, there was no significant difference in the reduction of 
infection (Edwards et al., 2008). Treatment with azithromycin reduces the infection, but can 
not eliminate the spreading of C. trachomatis and therefore the risk of re-infection is high 
(Edwards et al., 2008). 

In addition simple things such as facial cleanliness and environmental improvement as part of 
the SAFE (Surgery, Antibiotics, Facial Cleanliness and Environmental improvement) strategy 
will help reduce active trachoma in children (Edwards et al., 2008). There are no vaccines 
available against C. trachomatis, but surface antigens would be possible candidates. To be 
able to produce these antigens it is important to better understand attachment, enhanced 
uptake and inhibition of phagolysosomal fusion, where surface antigens take part (Holmes et 
al., 1990). 
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2.8 MultiLocus Sequencing Typing (MLST) 
The major outer membrane protein (MOMP), which is encoded by the ompA gene, is the basis 
for C. trachomatis serotypes. Genotyping based on ompA gene is preferred over serotyping 
using MOMP, since it is less complex to perform. DNA sequencing is preferred over other 
methods, such as restriction fragment length polymorphism, due to a higher resolution. 
However, when ompA genotyping is used on random populations it does not give much 
epidemiological information because of the limited resolution. At the Uppsala University 
Hospital another method of typing C.trachomatis has been used: the multilocus sequence 
typing method (MLST). MLST is based on five hypervariable regions within the genome: 
hctB, pbpB, ct058, ct144 and ct172 (table 1). The hctB and pbpB genes code for DNA- and 
penicillin-binding protein respectively, while the three latter genes are variable regions within 
the genome (Klint et. al, 2007). Only hctB and ct172 exist in more than one variant. Also, the 
hctB region contains repetitive elements. The so called MLST profile incorporates sequences 
of the five MLST regions gathered in the MLST database. 
 

 
MLST provides higher resolution in comparison to ompA genotyping considering that there 
are more points of reference. Therefore, MLST can give a more thorough representation of 
the epidemiology, which could be used to track the spread of the disease within the 
population. dvances in diagnostic techniques are important to simplify the detection, 
treatment and prevention of infections threatening the public health (Bébéar and Barbeyrac, 
2009). 

2.9 Investigation of chlamydia variance 
The nvCT samples that were positive for genital chlamydia were collected from Uppsala, 
Sweden. For women vaginal swabs were taken while urine samples were collected for men. 
The trachoma samples were obtained from villages in The Gambia and Senegal that qualified 
for mass azithromycin treatment due to the presence of C. trachomatis and the level of active 
disease among children aged 0-9 years. However, the treatment differed between the two 
countries. In The Gambia only the selected villages were exposed to treatment, while in 
Senegal all villages within the entire Bambey District (150 km east of Dakar) were treated. 
For a map of the region refer to fig 4. Twelve villages in Senegal were included and six 
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Gambian villages. The eyes of all children aged 0-9 and ocular swabs were collected from the 
right eye, and frozen at -20 ºC within ten hours of collection. All individuals in the selected 
villages were treated with azithromycin. A follow-up was made the following year where the 
children were once again examined and samples were once collected. It is important to note 
that the treatment coverage on an individual level was poor in The Gambia (especially in the 
village Njolfen), but good in Senegal. 

2.10 Aims 
The main aim for this investigation was to determine the suitability of MLST in investigating 
the molecular epidemiology responsible for trachoma and evaluating the effect of antibiotic 
treatment of trachoma. Another aim was to determine whether the nvCT present in Uppsala is 
of clonal distribution. 



3. Results  
3.1 Evaluation of genital chlamydia PCR products by MLST  
To determine whether the genital chlamydia samples from Uppsala were of clonal distribution 
MLST analysis was used. This leads to a MLST profile based on sequence variants of the 
certain regions for comparison. The amplified PCR products of the MLST regions were 
detected using agarose gel electrophoresis and a one sample from Uppsala is shown as an 
example of MLST amplification (Fig. 1). Figure 1 was assembled from different gel pictures 
representing the MLST regions, which are placed according to size and are sample specific. 
  

 
Figure 1:  Agarose gel of PCR amplicons from all MLST regions for sample 1732 from 
Uppsala. 1, hctB; 2, ct058; 3, ct144; 4, ct172; 5, pbpB1 and 6, pbpB2.  
 
The amplification and sequencing of ct058 and pbpB from the 10 nvCT samples from 
Uppsala was not successful, despite several repetitions of both amplification and sequencing. 
Possibly chemical components in the test system used to sample genital chlamydia from 
patients had interfered with the PCR and sequencing; although the samples had been purified 
there might have been some remainders. For assessment the PCR amplification and 
sequencing was repeated for four samples (1493, 1732, 1765 and 1806) where pure urine 
samples were available from the same patients (Figs. 2 and 3).  
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Figure 2: Agarose gel of PCR amplicons from pbpB2 from Uppsala. 1, Sample 1392; 2, 
Sample 1493; 3, Sample 1500; 4, Sample 1582; 5, Sample 1604; 6, Sample 1727; 7, Sample 
1732; 8, Sample 1761; 9, Sample 1765; 10, Sample 1806; 11, Negative control and 12, 
Positive control.  
 
 
The targeted amplifications in Figure 2 found around 1000 bp were not stronger than the bands 
around 250 bp, and in six cases out of ten samples the 1000 bp was not found. The strong 
bands at 250 bp are thought to be primer-dimers.  
 

 
Figure 3: Agarose gel of PCR amplicons from pbpB2 for the four pure urine samples. 1, 
Sample 1493; 2, Sample 1732; 3, Sample 1765; 4, Sample 1806 and 5, Negative control.  
 
In Figure 3 there are not as strong bands around 250 bp as in Figure 2, instead there are quite 
strong bands around 1000 bp. This indicates a more successful amplification from the urine 
samples.  
 
A complete MLST profile was obtained only from the four pure urine samples of nvCT (table 
2). The profile is based on numbering representing certain sequences in respective region, 
referred to as allele variants which are gathered in the chlamydia database 
(http://pubmlst.org/databases.shtml).  
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Table 2: MLST profiles for the nvCT samples.    
      
Sample ID hctB ct058 ct144 ct172 pbpB 

1493 21 19 1 2 1 
1732 21 19 1 2 1 
1765 21 19 1 2 1 
1806 21 19 1 2 1 
1392 21   2  
1500 21  1 2  
1582 21  1 2  
1604 21  1   
1727 21  1 2  
1761 21     2   

The numbering refers to different sequence variants for the MLST regions             
in the chlamydia database (http://pubmlst.org/databases.shtml).   

 
 
The pure urine samples turned out to have the same MLST profile (table 2). For the remaining 
samples the profiles lacked sequences in region ct058 and pbpB, but more importantly showed 
no inconsistency in the obtained sequence variants. The fact that no new profiles were 
detected might be an indication that the nvCT profile (table 2) could be more beneficial for 
Chlamydia, which needs to be more studied (Herrmann et al., 2008). 
 
3.2 MLST profiles of trachoma samples 
In total 138 trachoma samples from The Gambia and Senegal were received from the London 
School of Hygiene and Tropical Medicine, who determined the DNA template levels to range 
from above 100 down to 0 copies/capillary. Samples with a copy number below 100 
copies/capillary were excluded due to difficulties in amplifying the MLST regions, resulting 
in 60 samples being analyzed. Out of these 60 samples the MLST profile was successfully 
completed for 45 samples (Appendix table A1). In addition to the 60 samples there were 31 
other samples in the same study that had previously been analyzed with MLST by Karin 
Grannas, which represented 29 samples with completed profile (table 3).  
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Table 3. MLST profiles of samples from The Gambia and Senegal   
        
 No. of samples (%)         MLST profile1   
        

Profile 12 23 hctB ct058 ct144 ct172 pbpB 
1 25 (56%) 2 (7%) 39 9 8 3 27 
2 13 (29%) 6 (21%) 16 9 5 1 27 
3 3 (7%) 3 (10%) 16 9 5 12 27 
4 3 (7%) 3 (10%) 16 9 5 3 27 
5 1 (2%)  39 9 24 3 27 
6  4 (14%) 16 32 5 3 27 
7  2 (7%) 41 31 5 1 39 
8  2 (7%) 41 33 5 3 27 
9  1 (3%) 16 34 5 15 27 
10  1 (3%) 39 9 5 1 27 
11  1 (3%) 40 9 5 12 27 
12  1 (3%) 40 9 8 3 27 
13  1 (3%) 40 33 5 3 27 
14  1 (3%) 41 31 5 1 27 
15  1 (3%) 41 34 5 15 27 

        1 refers to the previous explanation of MLST and profiles 
        2 altogether 45 samples, this investigation (Appendix table A1). 
        3 altogether 31 samples, Karin Grannas (Grannas, 2008) 

The numbering in the profiles refers to different sequence variants for the MLST regions 
as in the chlamydia database (http://pubmlst.org/databases.shtml).  

 
 
Overall there were 15 profiles found with two profiles (1 & 2) clearly dominating comprising 
61% of the samples (36% and 25% respectively). The samples I analyzed were mainly from 
Senegal and the ones Karin analyzed were mainly from The Gambia. This is most likely the 
reason for the large difference in the number of profiles found between Karin and me. 
The MLST profiles found were categorized according to village and time of treatment (table 4 
and 5). The first antibiotic treatment is referred to as the baseline (BL) and the one a year later 
as the follow-up (FU); the dual treatment applied to all individuals within the study.  
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1refers to the previous explanation of MLST 

Table 4: The MLST profiles found in Gambian villages.    

 
 

             MLST profile1    
Village Sample2 Profile No.3 hctB ct058 ct144 ct172 pbpB 

        
Njolfen BL 6 16 32 5 3 27 

  7 41 31 5 1 39 
        
 FU 14 41 31 5 1 27 
  16 16 32 5 3 27 
  15 41 34 5 15 27 
  9 16 34 5 15 27 
              

Medina Tallen BL 11 40 9 5 12 27 
        
              

Bajana BL 13 40 33 5 3 27 
  8 41 33 5 3 27 
              

Medina Kaif BL 12 16 9 5 1 27 
  10 39 9 5 1 27 
        
 FU 2 16 9 5 1 27 
  1 39 9 8 3 27 
  12 40 9 8 3 27 
  4 16 9 5 3 27 
         

2Baseline (BL) treatment is the intial antibiotic treatment received, while the Follow-up 
(FU) treatment was given a year later 
3refers to the previous explanation of profiles 
 The numbering refers to different sequence variants for the MLST regions as in the     
chlamydia database (http://pubmlst.org/databases.shtml). 
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Table 5: The MLST profiles found in Senegalese villages.    

 
 

             MLST profile1    
Village Sample2 Profile No.3 hctB ct058 ct144 ct172 pbpB 

Mbarydiame BL 2 16 9 5 1 27 
        
              

Keur Leye FU 2 16 9 5 1 27 
        
              

Gandal BL 4 16 9 5 3 27 
  3 16 9 5 12 27 
        
        
 FU 3 16 9 5 12 27 
  1 39 9 8 3 27 
        
              

Ndioudof BL 4 16 9 5 3 27 
  2 16 9 5 1 27 
        
 FU 2 16 9 5 1 27 
              

Ndiarno 1 BL 1 39 9 8 3 27 
        
 FU 1 39 9 8 3 27 
              

Ndiarno 2 FU 1 39 9 8 3 27 
              

Ndianga Fall FU 1 39 9 8 3 27 
        

1refers to the previous explanation of MLST 
2Baseline (BL) treatment is the intial antibiotic treatment received, while the Follow-up 
(FU) treatment was given a year later 
3refers to the previous explanation of profiles 

   The numbering refers to different sequence variants for the MLST regions as in the  
   chlamydia database (http://pubmlst.org/databases.shtml).   

 
  
Comparing table 4 and 5 there is an obvious difference in the profile distribution. In the 
Gambia the profiles are village specific, the same profile is not found in more than one 
village. This is not the case in Senegal where all villages share profiles, except for Gandal 
which is the only village with profiles that are not found in anywhere else in Senegal. The 
cause of this significant difference could be due to the different antibiotic treatment, which 
indicates that the way of treatment is a major factor in disease control.  In The Gambia there 
was only treatment of the selected villages and in Senegal an entire district was treated.   
 
The final goal of this study was to compare the MLST profiles of the patients at both time 
points of treatment. This comparison can help show advantages and disadvantages with the 
way of executing the antibiotic treatment in the Gambia and Senegal. The samples I analyzed 
only included three individuals in The Gambia with completed MLST profiles available at 
both baseline (BL) and follow-up (FU) (table 6).  
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Table 6: Three sets of MLST profiles at BL and FU treatment, in The Gambia  
                  MLST profile1   
Village Patient  Sample2 hctB ct058 ct144 ct172 pbpB 
Njolfen 1 BL 41 31 5 1 39 

  FU 41 31 5 1 273

        
Medina 

Kaif 2 BL 39 9 5 1 27 
  FU 163 9 5 1 27 

        
Medina 

Kaif 3 BL 16 9 5 1 27 
  FU 16 9 5 1 27 

1refers to a previous explanation of MLST and profiles 
2refers to a previous explanation of BL and FU  
 3sequence change (single point mutation) in the region. The numbering in refers to different 
sequence variants for the MLST regions as in the chlamydia database 
(http://pubmlst.org/databases.shtml). 
 
In this set of profiles there were not many differences. There was a change in the pbpB region 
(patient 1) and one in the hctB region (patient 2). When aligning the sequence variants where 
a change was noted, the difference was at position 1510 (C/A) for pbpB and 432 (C/T) for 
hctB. In the last patient the profiles were the same.  
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4. Discussion  
4.1 Genital Chlamydia profile   
The hypothesis that the chemical components in the ProbeTec CT (Becton Dickson) test 
system disturbed the PCR amplification and sequencing of the MLST regions seems plausible 
based on the comparison of the gels in fig. 2 and 3. The only difference between these 
analyses was the assay. The fact that a single profile was detected among the Uppsala samples 
could mean that nvCT is more advantageous than the wild type. To better understand if this is 
the case this study need not only to extend the number of samples, but also locations where 
the individuals reside in.  
 
4.2 MLST profiles of trachoma samples 
To understand the molecular epidemiology of trachoma it is of great importance to have an 
overall picture of what profiles are present in different villages and countries, since The 
Gambia borders to Senegal all around, except the coast (Fig. 4).  

 
Figure 4: The first map of The Gambia points out the locations of the selected villages 
treated. The lower map of Senegal shows the Bambey district (Diourbel region) that was 
treated and the position of The Gambia (Wikipedia, 2009).  
 
In The Gambia three out of four villages, Njolfen, Medina Tallen, and Bajana, had profiles 
specific to them (table 4), which was not observed at all in Senegal (table 5). Of all the 
Gambian villages represented, Bajana is the only village that is located in the centre of the 
country and not relatively close to the Senegalese border. Therefore, it was expected that 
Njolfen and Medina Tallen would have a similar profile distribution as that of Medina Kaif 
that mirrors the distribution in the Senegalese villages. However it is interesting that the 
profiles at baseline were not the same as at follow-up treatment. Assuming the initial 
treatment was successful it is not quite clear how this occurred, if no external profile has 
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entered the village. Especially Njolfen and Bajana are of interest with specific sequence 
variants only in the ct058 region not found in any other village. Aligning these variants (31, 
32, 33 and 34) to the one most commonly found (variant 9) in this region, there are 1-4 base 
differences (position 224, 412, 693 and 855) indicating that they were derived from variant 9.     
 
Since the antibiotic treatment had covered an entire district in Senegal it was thought that the 
more common profile would be eliminated. Therefore the restriction of profiles to certain 
villages was expected in Senegal and not in The Gambia, where only certain villages were 
treated.  In addition the treatment in The Gambia was not as successful in reaching every 
individual as in Senegal. However, better treatment could have led to wiping out of unique 
profiles due to superior treatment and compliance of certain individuals that host them. It may 
also be the case that some strains are more persistent when the treatment coverage is poor, as 
observed in The Gambia. However, since C. trachomatis is not known to be resistant to 
antibiotics it is not understood why some strains persisted. The profiles that dominate over a 
larger area could be more virulent. The different levels of antibiotic treatment coverage most 
likely are the source for the varying restrictiveness of the obtained profiles in The Gambia and 
Senegal. 
 
4.3 Evaluation of Antibiotic Treatment    
Table 6 identifies the intention with the Gambia and Senegal study: comparing baseline 
samples with respective follow-up profile to enable analysis of epidemiological processes 
responsible for trachoma. Since there was poor coverage in The Gambia, another infection 
could easily have been acquired from a nearby village or an untreated individual. In the case 
of the first patient it is certain that the re-infection originated within Njolfen, since those 
profiles are not present outside the village (table 4) either in The Gambia or Senegal. The 
second patient had a profile specific to Medina Kaif (table 8) at baseline, but at follow-up a 
more common profile found in Medina Kaif and Senegal. Keeping in mind that Medina Kaif 
borders to Senegal, the second patient could easily have been re-infected by a Senegalese 
visitor, as a resident of Medina Kaif. The third patient also residing in Medina Kaif, had a 
common profile found across borders at both baseline and follow-up. Therefore, patient 3 
could have faced a similar situation as patient 2. Even though Senegal had good antibiotic 
treatment coverage over an entire district, the profiles were not only spread within the 
country, but also across borders (tables 4 and 5).  
 
At this initial stage of comparing the two countries, the results of the antibiotic treatment only 
seemed to differ in the elimination of restricted profiles, and not in the presence of C. 
trachomatis. Considering the different approaches of treatment it was believed that The 
Gambia would have a higher level of trachoma at follow-up, realizing that drug treatment 
alone can not eradicate trachoma, only reduce the spreading. Simple things such as facial 
cleanliness and environmental improvement, in particular regarding the children, combined 
with antibiotic treatment have the greatest effects in reducing of trachoma. Since children are 
the main reservoir for C. trachomatis treatment and hygiene should focus on them (Edwards 
et al., 2008).  
 
4.4 Future Improvements  
Once the study is completed it would be interesting to investigate whether or not there are any 
relationships between a certain profile/profiles or sequence variants in a MLST region and 
specific clinical signs. It would also be interesting to perform similar studies in other parts of 
the world where trachoma is endemic, and compare MLST profiles with the ones obtained in 
the present study, to distinguish any possible changes in the profiles. 
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6. Materials and Methods  
6.1 Patient Samples 
Samples positive for genital chlamydia were obtained from Akademiska Sjukhuset of 
Uppsala, collected from residents of the city.  The samples had been obtained by the ProbeTec 
CT (Becton Dickson) and used to amplify DNA for testing of C. trachomatis. The MagAttract 
DNA mini kit (QIAGEN) was used to purify DNA from these samples. For certain samples 
urine from the patient was also available (Herrmann et al., 2008).  
 
Trachoma samples were received from the London School of Hygiene and Tropical Medicine 
collected from villages in The Gambia and Senegal where all children aged 0-9 years could be 
included. The villages were selected based on that C. trachomatis infections were present and 
that the level of active disease would qualify the village for mass azithromycin treatment. This 
resulted in six villages selected in The Gambia and twelve in Senegal. The eyes of all children 
aged 0-9 years were examined and treated, and a record was kept of all members of the 
household who had stayed in the village the night before the examination (the de facto 
population). The diagnosis was based on the WHO simplified grading system. After the 
examination ocular swabs were collected from each patient’s right eye, which was the 
baseline. The samples were stored in a cool box and frozen at -20 ºC within ten hours of 
collection. Then individuals in the villages were treated with appropriate dosage of 
azithromycin according to height, except children less than six months old and pregnant 
women were given 1% tetracycline topical treatment instead. A follow-up was made the 
following year where children aged 0-9 years were once again examined and the de facto 
population again was recorded.    
 
The treatment coverage differed between The Gambia and Senegal; in The Gambia only the 
individuals in the selected villages were treated while in Senegal the entire Bambey district 
(150 km east of Dakar) covering 850 villages were treated. Also the success of treating and 
compliance of every individual in the villages differed, in The Gambia it was poor but good in 
Senegal. The coverage was especially poor in Njolfen (The Gambia).  
 
6. 2 PCR amplification  
PCR amplification of the MLST regions was performed using the Expand High Fidelity kit 
supplied by Roche (Applied Science). Two master mixes were made for each sample, and the 
sample (5 μL) was first added to the first master mix prior to the addition of the second one. 
The first master mix (11 μL) contained: H2O (7 μL), dNTP (0.2 mM, 2.5 μL) and forward and 
reverse primers each (0.4 μM, 0.75 μL). The second master mix (9 μL) contained: H2O (6.125 
μL), buffer (15 mM, 2.5 μL) and Ex-Hi-Fi-polymerase (1.3 U/reaction, 0.375 μL).  In each 
PCR reaction a negative (water) and positive control were included; samples that previously 
had been successfully amplified were used. Since magnesium chloride (1.5 mM) was included 
in the polymerase solution there was no need to add any to master mix 1, which otherwise 
would have been proper procedure.   
 
The primer pairs (forward and reverse) and their sequences used to amplify and sequence 
respective MLST region are shown in table 7. The primer pairs used for amplification were 
also used for sequencing, except for the ct058 region where additional primers were used to 
be able to sequence the large region (1499 bp). Since the pbpB region is quite large (2377 bp) 
it was split up into two separate amplifications to avoid lower sensitivity. This means that the 
sequence was not determined between the two amplified pbpB targets.   
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Table 7: Primer pairs used for PCR amplification and sequencing 
Region Primer Sequence     
ct058 CT222F1 5´-CTTTTCTGAGGCTGAGTATGATTT-3´ 
 CT811F2 5‘-CGATAAGACAGATGCCGTTTTT-3’ 
 CT1022R2 5’-TAAGCACAGCAGGGAATGCA-3’ 
 CT1678R1 5´-CCGATTCTTACTGGGAGGGT-3´ 
      
ct144 CT248F 5´-ATGATTAACGTGATTTGGTTTCCTT-3´ 
 CT1046R 5´-GCGCACCAAAACATAGGTACT-3´ 
      
ct172 Four268F 5´-CCGTAGTAATGGGTGAGGGA-3´ 
 Four610R 5´-CGTCATTGCTTGCTCGGCTT-3´ 
      
hctB (ct046) 39F 5´-CTCGAAGACAATCCAGTAGCAT-3´ 
 794R 5´-CACCAGAAGCAGCTACACGT-3´ 
      
pbpB1 1F 5´-TATATGAAAAGAAAACGACGCACC-3´ 
 823R 5´-CAGCATAGATCGCTTGCCTAT-3´ 
      
pbpB2 1455F 5´-GGTCTCGTTTTTGATGTTCTATTC-3´ 
  2366R 5´-TGGTCAGAAAGATGCTGCACA-3´ 

1 Primer used for both amplification and sequencing.  
2 Primer used only for sequencing. 
 
MLST amplification conditions were 94°C 2 min, 10 x (94°C 15 sec, 60°C 30 sec, 72°C 1 
min), 30 x (°C 15 sec, 60°C 30 sec, 72°C 1 min increased by 5 sec each cycle), 72°C 7 min, 
4°C hold. 
 
6.3 Gel Electrophoresis 
Agarose gels (1% w/v) containing 0.5xTBE pH 8.3 (1.2 mM EDTA Titriplex, 44.5 mM boric 
acid and 44.6 mm Tris) and 10 μg/ml ethidium bromide were used to analyze PCR products. 
Electrophoresis was performed at 5 Vcm-1 for 45 min.  
 
6.4 Sequencing   
The obtained PCR products (5 μL) were purified using the ExoSapIt kit (1 part Exonuclease + 
2 parts Fast Alkaline Phosphatase (1,5 μL) (Amersham Bioscience) to get rid of excess 
primers and degrade dNTP, and incubated in a PCR machine for 15 min at 37 ºC, followed by 
inactivation for another 15 min at 85 ºC.  
 
Purified PCR products (2 μL) were sequenced using the Big Dye Terminator v 3.1 Cycle 
Sequencing (5X) kit (Applied Biosystems). Two primers were used in separate mixes in order 
to obtain a forward and reverse sequence, to obtain a higher accuracy.  Each primer mix (18 
μL) contained: H2O (13.8 μL), Bigdye Mix (1 μL), BigDye Buffer (3.5 μL) and primer (10 
μM, 0.32 μL). The sequencing PCR conditions were 95°C 90 sec, 30 x (96°C 10 sec, 55°C 
5sec, 60°C 90 sec), 4°C hold. The same forward and reverse primers used for the 
amplification PCR were also used for the sequencing PCR (table 7). For ct058 an additional 
forward and reverse primer was added due to the fragment size (1499 bp), to enable 
sequencing.  
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After amplification the DNA was precipitated with ethanol (99.5% and 70%) to prepare the 
samples for sequencing, according to Big Dye standard method.  The pellets were dissolved in 
20 μl Hi-Di formamide (Applied Biosystems) and incubated for 30 min at room temperature.  
The samples were then transferred to a 96 well plate and the sequencing was performed with 
an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems) based on the chain termination 
method (developed by Fredrick Sanger) (“Condensed manual for ABI 3130”)  
 
6.5 Analysis of Sequences 
ContigExpress, which is a part of Vector NTIAdvance 10.3.0 (Invitrogen) was used to 
assemble the forward and reverse fragments from the raw chromatograms produced by the 
sequencer, into overlapping sequences. These consesus sequences, also known as contigs, 
were edited to remove any incompatibilities, and further analysed using BioEdit 7.0.9 
Sequence Alignment Editor (Ibis Therapeutics). Bioedit was also used to align the assembled 
fragments to the database of Chlamydia variants (http://pubmlst.org/databases.shtml)for each 
MLST region to determine the genotype. The aligning was repeated for each region to 
complete the MLST profile for each sample.  
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9. Appendix 
Table A1: The 46 complete MSLT profiles of 60 
trachoma samples  

No. hctB ct058 ct144 ct172 pbpb   
21 new1 9 5 12 27  1hctB: perhaps a new point mutation  
23 16 9 5 1 272  2pbpB2: 300 bp missing in the beginning  
24 16 9 5 1 27   
26 16 9 5 1 27   
40 16 9 5 1 27   
15 16 9 5 1 27   
25 16 93 5 1 27  3CT058: 200 bp missing towards the end 
35 16 9 5 1 27   
42 16 9 5 1 27   

52 39 9 24(new)4 3 27  
4CT144: new point mutation in the beginning 
(verified) 

53 16 9 5 1 27   
59 16 9 5 3 275  5pbpB1: 400 bp missing in the end  
64 16 96 5 1 27  6CT058: 600 bp missing in the end 
69 16 9 5 3 277  7pbpB1: 200 bp missing in the end 
70 16 9 5 3 27   
71 16 9 5 1 27   
73 16 9 5 1 27   
74 39 9 8 3 27   
75 39 9 8 3 27   
80 39 9 8 3 27   
83 39 9 8 3 27   
84 39 9 8 3 27   
85 39 9 8 3 278  8pbpB1: not of great quality  
86 39 9 8 3 27   
88 39 9 8 3 27   
89 39 9 8 3 27  9CT058: 200 bp missing in the beginning 
90 39 9 8 3 27  10CT144: last 200 bp not good 
91 39 9 8 3 27  11pbpB1: 250 bp missing in the beginning  
95 39 9 8 3 27  11pbpB2: 200 bp missing in the beginning 
97 39 9 8 3 27   
98 16 9 5 1 27   

105 16 9 5 12 27  
12CT058: 300 bp missing in the beginning och 
370 bp i slutet 

106 16 99 510 12 2711  13CT144: last 200 bp not good 
112 39 912 813 3 27   

113 39 9 8 3 2714  
14pbpB2: 200 bp missing in the beginning and 
100 bp in the end  

115 39 9 8 3 27   
117 39 9 8 3 27   
119 39 9 8 3 27   
120 39 9 815 3 27  15CT144: last 200 bp not good 
121 39 9 815 3 27   
123 39 9 8 3 27   
125 39 9 8 3 27   
128 39 9 8 3 27   
132 39 9 8 3 27   
134 39 9 8 3 27   

19565A 16 9 5 12 27   
The numbering in refers to different sequence variants for the MLST regions as in the 
chlamydia database (http://pubmlst.org/databases.shtml). 
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 Table A2: The 14 trachoma samples with uncompleted 

MSLT profiles   
 No. hctB ct058 ct144 ct172 pbpb 
 16  5 3 
 

 43 
16  5 1 

 
27 55 

16   3 
 

 68 
  8  

 
 93 

  5   101 
   12   107 

39  8 12   108 
   12   109 
 9 8 3   111 

39  8    114 
  8 3 

 
 122 

  8 3 
 

 124 
     131 

    133 
 

The numbering in refers to different sequence variants for the MLST regions as in the 
chlamydia database (http://pubmlst.org/databases.shtml). 
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