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Summary  

 
Background 
 
Urogenital Chlamydia trachomatis infection, the most prevalent sexually transmitted disease 

(STD), has become a major public health problem worldwide. Although most infections 

remain asymptomatic, undetected and untreated infection results persistent transmission and 

can cause serious sequelae, including pelvic inflammatory disease ectopic pregnancy, tubal 

infertility and generates a global financial burden of billions of dollars annually. 

 
Objective 

To find out the prevalence of genital Chlamydia trachomatis infection in sexually active 

women (SAW) attending at Mymensingh Medical College Hospital and in commercial sex 

workers (CSW) of local region for prevention of complications and morbidity and to see the 

serovers (genotypes) prevailing in this region which was the first attempt in our country. 

Methods  

A cross sectional study was conducted among 150 women of reproductive age  of  which 110 

women were SAW from Out Patient Department of Gynaecology and Obstetrics, MMCH and 

40 women were CSW from the local region during the study period of July 2011 to June 

2012. Genital Chlamydia trachomatis  infection was detected by ICT, plasmid based PCR 

and serover (genotypes) was detected by OmpA based PCR and sequencing was performed. 

 

 

Results  

Out of 110 specimens from SAW, 30 (27%) were positive by plasmid based PCR, where as 

ICT were positive in 23 (20.9%) and  out of 40 specimens from CSW, 20 (50%) were 
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positive by plasmid based PCR and ICT were positive in 16 (40%) cases. OmpA based PCR 

could amplify only 2 specimens and were carried out among the ICT or plasmid based PCR 

positive 52 cases. Nucleotide sequencing of these 2 specimens  showed 100% homology with 

the standard D serover (genotype). The sensitivity and specificity of ICT were 74% and 98% 

respectively and the sensitivity and specificity of OmpA based PCR were 4% and 100% 

respectively taking plasmid based PCR as gold standard. 

Conclusion  

Analyzing the findings of the present study, it can be concluded that the prevalence rate of 

genital Chlamydia trachomatis infection is higher in CSW then SAW. And D serover 

(genotype) is prevailing in our country. 
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Introduction 

Genital infections by Chlamydia trachomatis are now recognized as highly prevalent sexually 

transmissible disease. In frequency, they surpass the classic sexually transmissible diseases 

such as syphilis and gonorrhea and thus constitute a serious public health problem (Santos et 

al. 2003). 

According to WHO global estimates in 1999, four major STDs among 15-49 years old people 

were syphilis, gonorrhea, Chlamydia and trichomoniasis and the total number of new cases of 

these curable STDs was about 340 million. Among these, chlamydial incidence was around 

92 million (27%) affecting more women (50 million) than men (42 million). The largest 

number of new cases (42.89 million) occurred in the region of south and southeast Asia 

which was about 46.6% of the total (WHO 2001). In 2008, reported cases of three common 

STDs in United States (US) were chlamydia 12,10,523 (0.4%), gonorrhea 3,36,742 (0.1%) 

and syphilis 46,277 (0.01%) respectively. Chlamydia was four time�s more common than 

gonorrhea, comprised the largest proportion of all STDs. It is estimated that the reported 

(diagnosed) cases are less than 10% of total cases (CDC 2008). Ramirez et al. (1999) found 

28.5% prevalence among the female sex workers in Dakar (Senegal). In India the prevalence 

of chlamydial infection among pregnant women is 17%.  

In Bangladesh, there are few prevalence reports on Chlamydia trachomatis infection.  Nessa 

et al. (2004) reported 43.5% prevalence of Chlamydial infection among hotel based sex 

workers (HBSWs) in Dhaka. Chlamydial antigen was detected by Immunochromatographic 

(ICT) test in symptomatic women attending at Mymensingh Medical College Hospital and  

58.3% cases was found to be positive ( Shamsuzzaman, Parveen and Hossain 2003). 

Chlamydia trachomatis antigens were detected in 45.3% cases by Direct Fluorescent 
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Antibody test by Mahmud et al (2012) and 30% by ICT by Khan et al (2011) from patients 

attending at Mymensingh Medical College Hospital.   

Chlamydia trachomatis is an obligate intracellular gram negative bacterium which have a 

unique growth cycle and are placed in their own family (Chlamydiae).  Among   three 

Chlamydia species Chlamydia trachomatis have serological variants of which serovars  A�C 

of C. trachomatis preferably colonise the eye and cause trachoma, serovars D�K preferably 

colonise the genital tract and cause genital infections and L1�L3 cause lymphogranuloma 

venereum. C. trachomatis strains have an extrachromosomal plasmid, which was sequenced 

to be a 7493-base pair plasmid. The plasmid of C. trachomatis is a favored target for DNA-

based diagnosis of C. trachomatis because there are approximately 7-10 copies of the plasmid 

present per chlamydial particle. The Chlamydia organism expresses a major outer membrane 

protein (MOMP) that is surface-exposed. It is coded by the Omp 1 gene and used for 

genotype determination of C. trachomatis (Levinson 2009; Microbewiki 2011; Fredlund et 

al.2004). 

Genital C. trachomatis infection is a sexually transmitted disease. Eighty percent of the 

women do not experience symptom. But those who develops symptoms after three weeks 

incubation period have dysuria, vaginal discharge, contact bleeding, poorly differentiated 

abdominal pain. Approximately 35-50% of non gonococcal urethritis is due to Chlamydia 

trachomatis. Upto 40% women with untreated chlamydial infection may develop PID and 

about 20% of these become infertile, 18% results in chronic pelvic pain. Women infected 

with Chlamydia trachomatis have 3-5 fold increased risk of acquiring HIV. Women infected 

by  C. trachomatis are prone to Invasive cervical cancer (Lanjouw et al.2010; CDC 2008; 

Smith et al. 2002).  

Several laboratory methods are used for the diagnosis of C. trachomatis, these include 

detection of intracytoplasmic inclusions, Culture in embryonated egg and Mc coy cell line, 
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detection of antigen by Immunochromatographic test (ICT) and Direct Fluorescence 

Antibody (DFA). Detection of antigen and antibody by Enzyme linked immunosorbent assay 

(ELISA). DNA hybridization techniques and DNA amplification by Polymerase chain 

reaction (PCR) are also used (Santos et al. 2003).   

Diagnosis of intracytoplasmic inclusions by giemsa staining is rapid, simple, less time 

consuming technique but less sensitive and nonspecific then other diagnostic techniques 

(Chakrabarty 2003). 

Cell culture is considered as the gold standard in the diagnosis of chlamydial infection and it 

is 100% specific but its sensitivity is as low as 50%. Cell culture is more laborious and more 

time consuming, requires highly skilled personnel and special setup (Dimitrakov.2002; 

chernesky.2005). 

DFA is a technique in which the molecule of interest is detected directly by an antibody 

labeled or tagged with a fluorochrome. Sensitivity of DFA is 80-90%and specificity (98-99) 

% relative to culture. It is relatively rapid method but costly instrument is needed 

(Dimitrakov.2002).  

The enzyme linked immunosorbent assays (ELISA) is based on immunochemical detection 

of LPS genus specific antigen. But ELISA has high false positive rate and low sensitivity. 

When compared with Culture only, the sensitivity is 83% and specificity 98% 

(Dimitrakov.2002). 

Immunochromatographic screening test which used monoclonal antibodies for detection of 

lipopolysaccharide antigen extracted from Chlamydia trachomatis. Among the various 

laboratory methods for diagnosing C. trachomatis, Immunochromatographic test is rapid, 

simple, less time consuming technique. The assay does not require specialized equipment or 

extensive training and takes less than 30 minutes. When compared to culture the sensitivity of 

ICT was 88.9% and the specificity was 99% (Dogan et al 2009; Young et. al 1991). 
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Chlamydia trachomatis can be identified by a molecular technique like PCR by using primers 

from endogenous plasmid, outer membrane protein and ribosomal DNA. Plasmid based 

amplification was found to be 10 to 1000 times more sensitive then others. Molecular genetic 

techniques are useful for the identification of microorganisms that are difficult, such as C. 

trachomatis, and for those that grow slowly. PCR is more sensitive test than cell culture; it 

has a high sensitivity and specificity when compared to other tests used for C. trchomatis 

diagnosis, such as direct immunofluorescence and ELISA, Which give some false-positive 

results. Diagnosis by PCR in different parts of the world showed sensitivity more than 90% 

and specificity approaching 100% (Mahony et al.1993; Santos C et al. 2003 ; Dimitrakov. 

2002). 

Currently, C. trachomatis is classified into 15 different serovars based on immunogenic 

epitope analysis of the major outer membrane protein (MOMP) with polyclonal and 

monoclonal antibodies. The MOMP is the principal immunodominant surface antigen of C. 

trachomatis, with antigenic determinants located across four symmetrically spaced variable 

domains (VDI to VDIV), which are flanked and interspaced by five constant domains. 

Variable domains are coded by the omp1 gene, and their nucleotide sequences exhibit distinct 

variations in different serovars. Subsequently, they have become widely used for the 

genotyping of C. trachomatis isolates. Genotypic characterization of C. trachomatis isolates 

not only can provide valuable insight into the C. trachomatis serovars circulating within a 

given community but also can improve understanding of their epidemiology, which may 

assist in developing strategies for improvement of sexually transmitted disease (STD) control 

(Gao et al. 2007). 

Previously two investigators in this department worked on lab diagnosis of Chlamydial 

infection. Mahmud et al (2012) worked by DFA and ELISA with variable sensitivity and 
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specificity, and in continuation Khan et al (2011) worked by ICT and PCR, found few strains 

were positive in ICT but negative by plasmid based PCR. So to overcome this limitation we 

decided to include OmpA based primers in addition to plasmid based primers in the PCR. 

Thereby a comparison can be done between these two types of primers and sequencing of the 

OmpA based amplified product for molecular epidemiology of prevailing strains.  
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Objectives: 

General objective: 

To find out the prevalence and genotypes of genital Chlamydia trachomatis infection in 

sexually active women (SAW) attending Mymensingh Medical College Hospital and 

commercial sex workers (CSW) of local region for prevention of complications and 

morbidity. 

 

Specific objectives: 

1. To detect genital Chlamydia trachomatis antigen by immunochromatographic test 

(ICT) from endocervical swab. 

2. To diagnose genital Chlamydia trachomatis infection by plasmid based PCR.   

3.  To compare between plasmid based and OmpA based PCR among the plasmid          

      based PCR positive specimens. 

4. To determine the prevailing genotypes of Chlamydia trachomatis by   neocleotide   

sequencing of the OmpA based amplified product. 

5. To determine the sensitivity and specificity of immunochromatographic test and 

polymerase chain reaction. 
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                                           Review of literature 
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Review of Literature 
 
Historical background of Chlamydia trachomatis  

Genital chlamydial infection is caused by the bacterium Chlamydia trachomatis. The Word 

'Chlamys' is Greek for �cloak draped around the shoulder�. This describes how the 

intracytoplasmic inclusions caused by the bacterium are �draped� around the infected cells 

nucleus (Clark n.d.). 

Trachoma, the chlamydial disease is among the human diseases recognized since antiquity, 

having been described in Ebers papyrus  (1500BC). The name trachoma was first used by 

Discorides in 60 AD and the stages of the disease were described by Galen a century later. 

From the Middle Eastern reservoir, it spread throughout Europe in many waves from the time 

of the crusades to Napolean. It also is the disease from which Chlamydia were first 

demonstrated ( Schachter and Alexander 1998). 

Science ancient times �trachoma has been known to humans and medical texts from Egypt, 

china, Rome, Greece, and Arabia all makes reference to trachoma (Wright et al. 2008). 

However, it was much later then the first suggestion of C. trachomatis infection in female 

and male genital tract was made. In 1907 Halberstaedler, Von Prowazec and Korper had first 

described the classical cytoplasmic inclusions, that bear their names (Hpk bodies), discovered 

in the conjunctival scrapings of orangutans inoculated with material from scraping of patients 

with trachoma (Dimitrakov 2002).   

In 1910 linder described inclusions in urethral epithelium in three of ten man with non-

gonococcal urethritis (NGU). In the same year Heymann reported to have seen the 

cytoplasmic inclusions (Previously described by Halberstaedler, Von Prowazec and Korper), 
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in cervical cells from mothers of infants with non-gonococcal opthalmia. This discovery was 

confirmed in 1911 by linder who detected similar cytoplasmic inclusion bodies in ophthalmia 

of newborns as well as in cervical and urethral cells from their parents (Bjartling 2009).  

Thus within few years the aetiology of trachoma, non-gonococcal ophthalmia, NGU and 

cervical infection in women had been established. 

In 1957 the first isolation of C. trachomatis was made from patients with trachoma by using 

embryonated hens eggs (Tang et al, 1957a; Tang et al, 1957b). 

Isolation of C. trachomatis from the cervix of a mother (of an infant with conjunctivitis 

neonatarum) was the frist isolation by Jones et al. This was a break through in Chlamydia 

research. It is now possible to identify the organism and inoculate it into animals to prove the 

causal connection in a variety of diseases. This group based study at the Institute of 

ophthalmology in London, did a number of grand breaking studies confirming the aetiology 

of NGU, associated cervicitis and inclusion conjunctivitis. However the isolation procedure 

was difficult and took several weeks to complete (Bjartling 2009). 

In 1965 a tissue culture method for feasible isolation of C. trachomatis was introduced by 

Gordon and Quan. They used an irradiated Cell culture of Mc Coy cells (originally thought to 

be human cells from synovial fluids but now recognised as epithelial cells from mice) making 

the procedure more sensitive.  

When Ripa and Mard in 1977 introduced cyclohexamide, a pre-treatment of Mc Coy Cells 

that removed the need for irradiation. They made Cell culture considerably more convenient 

and more sensitive. This method for cell culture is used routinely for the isolation of 

Chlamydia trachomatis today (Bjartling 20009).  
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Epidemiology 

Chlamydia trachomatis is now one of the most Prevalent bacteria found in classic sexually 

transmissible disease and as such constitutes a serious Public heath problem. World Heath 

Organization (WHO) estimated that 92 million new chlamydial infections occur worldwide 

annually affecting more women (50 Million) then men (42million).  And highest chlamydial 

infected population were in south and South-east Asia (43million) then sub-Saharan Africa 

(16million)(WHO 2001). 

Chlamydial genital tract infections have a world wide distribution. Among the Sexually 

Transmitted Diseases (STDs), C.trachomatis infection is the most prevalent disease today. 

World Health Organisation (WHO) published a report in 2001 provides estimates of the 

extent of the world's STD epidemics in 1999. WHO reported that, around 92  million (27%) 

among 340 million new curable STDs (syphilis, gonorrhea, Chlamydia and trichomoniasis) 

were due to chlamydial infections. Estimated new cases of Chlamydia infections (in millions) 

among adults in 1999  were  3.93 (4.2%) in North America, 5.22 (5.6%)  in Western Europe, 

3.15 (3.4%) in North Africa and middle Europe, 5.97 (6.5%) in Eastern Europe & central 

Asia,  15.89 (17.2%) in Sub-Saharan Africa, 42.89 (46.6%) in South and South East Asia, 5.3 

(5.7%) in East Asia and Pacific,  0.3 (0.3%) in Australia and New Zealand,  9.31 (10.1%) in 

Latin America and Caribbean. The largest number of new cases occurred in the region of 

South and Southeast Asia (WHO 2001).  

In Bangladesh, there are few prevalence reports on Chlamydia trachomatis infection.  Nessa 

et al. (2004) reported 43.5% prevalence of chlamydial infection among all sexually 

transmitted infection in Bangladesh. Chlamydia antigen was detected by 

Immunochromatographic (ICT) test in symptomatic women attending at Mymensingh 
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Medical College Hospital and 58.3% cases was found to be positive ( Shamsuzzaman, 

Parveen and Hossain 2003). Chlamydia trachomatis antigens were detected in 45.3% cases 

by Direct Fluorescent Antibody test  by Mahmud et al. (2012) and 30% by ICT by Khan et 

al.(2011) from patients attending at Mymensingh Medical College Hospital.   

Chlamydial genital infection is distributed worldwide affecting both genders but especially 

affects sexually active adolescents and younger adults in the 15 to 24 year-old age group. In 

the year 2000, 10,814 cases of  chlamydial genital infection were reported to the NJDHSS 

(New Jersey Department of Health and Senior Services) making it the most prevalent 

sexually transmitted disease in the State (NJDHSS 2003). 

In addition to gender disparities, there are also racial and ethnic disparities. Non white had a 

greater incidence than whites. In 2008, Chlamydia rates increased for all racial and ethnic 

groups. The rate of Chlamydia among blacks was 1,519.3 cases per 100,000 (1.5%) and 

among whites were173.6 cases per 100,000 (0.17%). The rate was over eight times higher in 

blacks than that of whites (CDC 2008). 

Chlamydia causes more than 250,000 cases of epididymitis and 250,000 to 500,000 cases of 

PID every year in the United States (US). Women infected with Chlamydia are up to five 

times more likely to become infected with HIV, if exposed (Wikimedia 2010).  

Age is the most important risk factor for chlamydial infection. The burden of Chlamydia 

appears higher among women especially those of younger age. Among women, highest age-

specific rates of reported Chlamydia in 2008 were 3,275.8 cases per 100,000 females (3.3%) 

among 15 to 19 years of age and 3,179.9 cases per 100,000 females (3.2%) among 20 to 24 

years of age. Among men, age-specific rates was highest in the 20 to 24 year old age group, 

1,056.1 cases per 100,000 males (1%),which was  substantially lower than the rates among 
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women. C. trachomatis infections both of the vision organ and urogenital tract affect mainly 

young people (CDC 2008). 

Approximately 35-50% non gonococcal urethritis is due to Chlamydia trachomatis. Up to 

40% women with untreated chlamydial infection will develop PID and about 20% of these 

become infertile, 18% results in chronic pelvic pain, women infected with Chlamydia 

trachomatis have 3-5 fold increase risk of acquiring HIV (CDC 2008).      

 

 

 

 

Habitat, Transmission and Reservoir of infection: 

Habitat: Human genital tract & eye. 

Transmission: C. trachomatis is transmitted during vaginal, anal or oral sex and can be 

passed from the infected mother to the newborn child during vaginal delivery.  

Incubation period: The incubation period  ranges from 1 to 5 weeks. 

Reservoir: Individuals with asymptomatic genital tract infections are an important reservoir 

of infection for others (The New Jersey Department of Health and Senior Services 2003). 

Microbiology of C. trachomatis 

Taxonomy 

Class: Chlamydiae, Order: Chlamydiales, family: Chlamydiaceae, species: C. trachomatis 

 (Mellissa�s Microbe  2005).  

Biovars of C. trachomatis � 3(three):   

Trachoma biovar- serovars A, B, Ba or C     
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 Urethritis biovar are - serovars D-K. 

Lymphogranuloma venereum (LGV) biovar are - serovars L1, L2, L2a, L2b and L3.    

 (Fredlund et al. 2004; Mayer 2009). 

General properties of Chlamydia trachomatis 

It is obligate intracellular bacteria. It is viewed as gram negative bacteria that lack 

mechanisms for the production of metabolic energy and cannot synthesize ATP. This defect 

restricts them to an intracellular existence, where the host cell furnishes energy-rich 

intermediates. They have rigid cell wall but do not have typical peptidoglycan layer and also 

lack muramic acid (Brooks, Butel and Morse 2004; Levison 2009) 

Structure & Chemical Composition: 

In Chlamydiae, the outer cell wall resembles the cell wall of gram-negative bacteria. It has a 

relatively high lipid content. It is rigid but does not contain a typical bacterial peptidoglycan. 

However, the chlamydial genome contains the genes needed for peptidoglycan synthesis. 

Penicillin-binding proteins occur in Chlamydiae, and chlamydial cell wall formation is 

inhibited by penicillins and other drugs that inhibit transpeptidation of bacterial 

peptidoglycan. Lysozyme has no effect on chlamydial cell walls. N-acetylmuramic acid 

appears to be absent from chlamydial cell walls. Both DNA and RNA are present in 

elementary and reticulate bodies. The reticulate bodies contain about four times as much 

RNA as DNA, whereas the elementary bodies contain about equal amount of RNA and DNA. 

In elementary bodies, most DNA is concentrated in the electron-dense central nucleoid. Most 

RNA exists in ribosomes. The circular genome of Chlamydiae (MW 7 x 108) is similar to that 

of bacterial chromosomes. (Brooks, Butel and Morse 2004). 

Multiple chlamydial genomes have been sequenced providing insight into the basic biology 

of the organisms. For example, Chlamydiae have a type III secretion system, which may 

allow them to inject effector proteins into host cells as part of the infectious process.  
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Elementary body (EB) 

EB is a small cell, dense spherical body with an electron dense nucleoid, 0.2 to 0.4 µm in 

diameter, which rivals mycoplasma for the designation �smallest of the prokaryotes.� It is the 

extracellular, metabolically inert, non-replicating, �spore like� infectious form of the 

organism, responsible for attaching to the target host cell promoting its entry. They possess 

an outer membrane that is extensively cross-linked by disulfide bonds. Because of the rigid 

outer membrane the EBs are resistant to harsh environmental conditions encountered when 

the Chlamydia are outside their eukaryotic host cell. The EB bind to receptors on host cells 

and initiate infection. It has a high affinity for host epithelial cells and rapidly enters into 

them. Most Chlamydia infects columnar epithelial cells but some can also infect 

macrophages (Mayer 2005). 

Reticulate bodies (RB) 

The RB of all species is larger and circular in shape (800-100 nm). As RBs are metabolically 

active their internal structure will reflect the stage of replication. Early in the cycle many 

ribosomes are seen. Later the DNA is reorganized into cores for the progeny EB. Glycogen 

production in the RBs of C. trachomatis is detected in the electron microscope about 18 h 

post-inoculation, and the inclusions are apparent at about 22 h. No glycogen production has 

been observed with the other three species. No peptidoglycan is demonstrable between the 

cytoplasmic membrane and cell wall, as seen in gram-negative bactera ( Smith 1998). 

Nucleic acid  

The molecular weight of the nucleic acid content of Chlamydiae has been estimated to be 660 

x 106. The four species can be separated on the basis of homology as the interspecies 

homology does not exceed 19%. Plasmid DNA is also found in most strains of C. 
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trachomatis, C. psittaci and C. pecorum, but the ovine strains of C. psittaci and human C. 

pneumoniae do not appear to have plasmids (Smith 1998). 

Protein 

A small number of proteins are thought to be important to the understanding of antigenicity, 

pathogenesis and for possible vaccine production. There are four outer-membrane proteins, of 

which the major one has species-specific epitopes. These outer-membrane proteins are rich in 

cysteine, and it is thought that the rigidity of chlamydial EBs is due to disulphide bonding 

between cysteine residues of these proteins. Chlamydiae have a heat shock protein, antibody 

to which cross-reacts with similar-sized proteins from unrelated micro-organisms and host 

cells, making the interpretation of serological response to chlamydial infections difficult 

(Smith 1998). 

Lipopolysaccharide 

Genus-specific chlamydial antigen may be obtained by the methods used for extraction of 

lipopolysaccharide (LPS) from gram-negative bacteria. This material has three epitopic sites, 

only one of which is specific for Chlamydiae. The LPS contains 2-keto-3-deoxyoctonic acid 

(KDO) and lipid A. These epitopes cross-react with mutants of Escherichia coli, Proteus 

mirabilis and Salmonella typhimurium and with LPS derived from Acinetobacter species 

(Smith 1998). 

Growth cycle 

Initially the organism must attach to the host cell. Specific  binding proteins have been 

sought, and a heparin sulphate-like ligand on the surface of the EBs may be a candidate. Not 

all species of Chlamydiae interact easily with their host cells. C. psittaci and the LGV biovar 

attach and saturate the host cell surface but C. trachomatis and C. pneumoniae are unlikely to 

do so. This appears to be due in part to the net negative charge of the organism and host cells, 
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causing repulsion at a  distance. To overcome this, the addition of a polycation, such as 

DEAE dextran, increases the adsorption of C.trachomatis, while centrifuging C. trachomatis 

or C. pneumoniae with their host cells allows hydrophilic bonds to be formed and increases 

the attachment of both species. These interactions, though successful in vitro, probably do not 

reflect the situation in  vivo (Smith 1998). 

Chlamydiae have a special preference for columnar epithelial cells. Once the Chlamydiae and 

host cell have come into contact, the organism enters the cell within a vesicle. Viable 

Chlamydiae entering the host cell cytoplasm inhibit fusion with lysosomal vesicles and so 

escape degradation.  

In the vesicles the EB loses its dense DNA core. The cell wall becomes less rigid due to 

breaking of the disulphide bonds; the particle increases in size and becomes an RB. The RBs 

have no cytochrome and lack the ability to produce ATP, which must be supplied by the host. 

In the vesicle the RB divides by binary fission to yield pleomorphic organisms. At 18-20 h 

the DNA condenses, disulphide bonds are formed in the outer-membrane proteins and new 

EBs are generated within the endosomal vesicle (Smith 1998). By 40 hours after infections 

the reticulate bodies reorganize into elementary bodies forming the characteristic inclusion. 

At 48 hours after infection, the release of EBs follows autolysis of the host cell, leading to 

cell death and the release of infectious EBs, to begin a new cycle (Hammerschlag 2010). 

The RB divides by binary fission resulting in 4-26 RBs within the vacuole in 8-12 hours. 

After 20 hours, if examined under electron microscope, a central condensation is noted within 

some of the particles and these are typical EBs resulting from the RBs. The inclusions within 

the cell increase in number and begin to displace the nucleus. After 48-60 hours 

approximately 100 or more EBs ruptures extracellularly to release the particles (Dimitrakov 

2002) 
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The need of Chlamydiae for specific amino acids may lead to an inhibition of growth which 

can be reversed on the addition of the essential amino acid. This obviously gives the 

opportunity for latency since an amino acid-starved infection may lie dormant for a period 

but reappear on the addition of the essential building block 

Growth and Metabolism 

Chlamydiae require an intracellular habitat, because they are unable to synthesize ATP and 

depend on the host cell for energy requirements. Chlamydiae grow in cultures of a variety of 

eukaryotic cells lines. Mc Coy cells treated with cyclohexamide commonly are used to isolate 

Chlamydiae; C pneumonia grows better in HL or HEp-2 cells. All types of Chlamydiae 

proliferate in embryonated eggs, particularly in the yolk sac.   

Some Chlamydiae have an endogenous metabolism like other bacteria. They can liberate CO2 

from glucose, pyruvate, and glutamate, they also contain dehydrogenases. Nevertheless, they 

require energy-rich intermediates from the host cell to carry out their biosynthetic activities. 

(Brooks, Butel and Morse 2004). 

The replication of Chlamydiae can be inhibited by many antibacterial drugs. Cell wall 

inhibitors such as penicillins and cephalosporins result in the production of morphologically 

defective forms but are not effective in clinical diseases. Inhibitors of protein synthesis 

(tetracycline, erythromycins) are effective in most clinical infections. C trachomatis strains 

synthesize folates and are susceptible to inhibition by sulfonamides. Amino-glycosides are 

non-inhibitory (Brooks, Butel and Morse 2004). 

Genome structure 

Chlamydia trachomatis has a genome that consists of 1,042,519 nucleotide base pairs and has 

approximately 894 likely protein coding sequences. C. trachomatis strains have an 
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extrachromosomal plasmid, which was sequenced to be a 7493-base pair plasmid. Because 

there is less than 1% nucleotide sequence variation, plasmids from human C. trachomatis 

isolates are considered to be very similar. All the isolates are about 7,500 nucleotides long 

and have eight open reading frames computer-predicted to code for proteins of more than 100 

amino acids, with short non-coding sequences between some of them. 

Interestingly, in their nucleotide sequence, chlamydial plasmids are more closely related than 

is the corresponding chromosomal DNA. The plasmid of C. trachomatis is a favored target 

for DNA-based diagnosis of C. trachomatis because there are approximately 7-10 copies of 

the plasmid present per chlamydial particle. Its sequence is highly conserved among different 

isolates of C. trachomatis. Some C. trachomatis strains lack these plasmids, and the 

consequences aid in detection of the plasmid free variant of C. trachomatis strain. Plaque 

purified C. trachomatis that do not contain the plasmids have unusual inclusion morphology, 

have no glycogen, and show no alteration in antibiotic sensitivity. However, the fact that 

existence of such strains shows that the plasmid is not essential for C. trachomatis survival 

(Wikipedia 2011). 

Antigenic structure  

Chlamydiae posses shared group (Genus) �specific antigens. They are heat stable major 

surface antigens a lipopolysaccharide (LPS) which harbours in its saccharide moiety a genus 

specific epitope composed of a linear trisaccharide of 3 deoxy-D-manno-octulopyranosonic 

acid (KDO) of the sequence kdo-(28)-kdo-(24)-kdo.  

Antibody to these genus-specific antigens can be detected by CF and immunofluorescence. 

Species-specific or serovar-specific antigen is mainly outer membrane proteins. Specific 

antigens can best be detected by immunofluorescence, particularly using monoclonal 
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antibodies. Specific antigens are shared by only a limited number of Chlamydiae, but a given 

organism may contain several specific antigens. There are at least 15 serovar of C 

trachomatis; these include A, B, Ba C-K, and L1-L3 (Brooks, Butel and Morse 2004). 

Virulence Factors  

There are numerous factors that contribute to the pathogenicity of Chlamydia trachomatis. 

Colonization of Chlamydia begins with attachment to sialic acid receptors on the eye, throat, 

or genitalia. It persists at body sites that are inaccessible to phagocytes, T-cells, and B-cells. 

It also exists as 15 different serotypes. These serotypes cause four major diseases in humans: 

endemic trachoma (caused by serotypes A and C), sexually transmitted disease and inclusion 

conjunctivitis (caused by serotypes D and K) and lymphogranuloma venereum (caused by 

serotypes L1, L2, and L3). Endemic trachoma leads to blindness, whereas inclusion 

conjunctivitis is associated with the sexually transmitted form and does not lead to blindness. 

Its unique cell wall structure is another virulence factor. Studies has shown that it contains an 

outer lipopolysaccharide membrane but it lacks peptidoglycan in its cell wall. This lack of 

peptidoglycan is shown by the inability to detect muramic acid and antibodies directed 

against it. It may, however, contain a carboxylated sugar other than muramic acid. The 

proposed structure consists of a major outer membrane protein cross-linked with disulfide 

bonds. It also contains cysteine-rich proteins (CRP) that may be the functional equivalent to 

peptidoglycan. This unique structure allows for intracellular division and extracellular 

survival (Clark n.d). 
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Immunological Response and Pathogenesis 

Chlamydia trachomatis (Ct) is an obligate intracellular bacteria, and it results to be the most 

common sexually transmitted disease that, other than being asymptomatic and therefore 

unrecognized and untreated, promotes an acute or chronic inflammation causing tissue 

damage, pelvic inflammatory disease (PID), infertility, and ectopic pregnancy (Mescellino et 

al.2011). 

Latest international estimates show that around 92 million new cases of Chlamydia infection 

occur every year (Agrawal et al. 2009). Most of Chlamydia goes undiagnosed, and its 

infection is often asymptomatic and can persist for long periods. Studies on the natural course 

of untreated C. trachomatis lower genital tract infections in women show spontaneous 

clearance rates of 30% in the first weeks to months, 50% in 1 year, 80% in 2 years, and 94% 

in 4 years ( Molano et al.2005). Although this is often the case, chlamydial infection induces 

an intense and chronic inflammation. 

The clearance of the microorganisms depends on both a normal immune response and an 

antibiotic treatment. However, some women are not able to clear the pathogen adequately and 

become asymptomatic. Repeated infections can be even more damaging for women, because 

they cause serious sequelae for the genital apparatus. 

The principal findings concerning Chlamydia trachomatis immunopathogenesis include the 

following points: 
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The Normal Immune Response to Infections 

The host immune response to infection and how this relates to disease is still not completely 

understood. The immune response to Ct in infected women is involved in both immunity and 

pathology. A strong adaptive immune response is able to develop and increase the chlamydial 

virulence and to worsen the clinical course of the illness. This response is a key mechanism 

involved in controlling or eliminating the infection having a double-edged nature which can 

be both protective and tissue damaging. (Mescellino et al.2011) 

Innate Immune System 

Innate immune system is a general, nonspecific system which is the first line of defense 

against pathogens. Ct infects the columnar epithelial cells of the endocervix of women. At the 

site of infection, an intense inflammation occurs attracting macrophages, neutrophils, 

dendritic cells (DCs), natural killer (NK) cells, T-lymphocytes, B cells, and so forth. After 

infection, epithelial cells produce various pro-inflammatory mediators including CCL5, 

CXCL16, CXCL 10, CXCL 1, IL-1á, IL-8, IL-12, IL-6, GM-CSF (granulocyte-macrophage 

colony stimulating factor), TNF (tumor necrosis factor), and GROa (growth-related 

oncogene) that induce and augment the cellular inflammatory response thus stimulating direct 

damage to the tissues and producing an increased expression of endothelial adhesion 

molecule that helps the attraction of immune cells (Darville and Hiltke 2010). Resident 

macrophages also contribute to early release of cytokines and chemokines. Both epithelial 

cells and circulating cells of the innate immune system possess receptors called pattern of 

recognitions (PRRs). The two most important families of PRRs are the Toll-like receptors 

(TLRs) and the nucleotide-binding oligomerization domain proteins (NODs). These receptors 
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recognize and bind particular molecular antigens of the pathogen (PAMPs�pathogen-

associated molecular patterns). PRRs of epithelial cells or of circulating cells are found in the 

extracellular, in the intracellular compartments (NOD), or bound to cell surface (TLR). 

Binding of NOD or TLR to PAMPs induces a series of reactions, which lead to the activation 

of the NF-KB (Nuclear factor) signal transduction cascade that binds to the nuclear DNA 

promoting and increasing the production of proinflammatory cytokines. Infected epithelial 

cells also release matrix metalloproteases (MMPs) that contribute to cell damage and scar 

formation (Mescellino et al.2011). 

Toll-Like Receptors (TLRs) and (Nucleotide - Binding 

Oligomerization Domains) NODs 

TLRs may be involved in the pathology of STIs (sexually transmitted infections). They act as 

pathogen-recognition receptors that enable cells to recognize chlamydial structural elements. 

In Chlamydia pathogenesis, TLR2 and TLR4 are mostly involved with TLR2 required for IL-

8 secretion. Activation of these receptors was dependent on live, replicating bacteria, because 

it has been demonstrated that the treatment of infected cells with antibiotics or UV eliminated 

the induction of IL-8 secretion suggesting that TLR2 is actively engaged in signaling from 

this intracellular location (Connell et al.2006). A dominant role for TLR2 compared with 

TLR4 has been confirmed at least in the recognition and response to Chlamydia muridarum 

in the murine genital tract (Darville et al.2001). TLR2 is recruited to intracellular Chlamydiae 

and is required for cellular activation (determined by IL-8 measurement) during infection. In 

human cells, TLR2 is the PRR for the C. trachomatis component peptidoglycan, and it is 

mainly expressed in the tubes and cervix. On the contrary, TLR4 is the PRR for Ct 
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components lipopolysaccharide (LPS) and heat shock protein, and it is mainly expressed in 

the tubes and endometrium and less or not at all in the endocervix ( Hartog et al. 2006).  

NOD proteins are intracellular PPRs. They include two subclasses (NOD1 and NOD2) and 

are able to recognize intracytoplasmic bacterial PAMPS such as LPS and peptidoglycans. 

Because Ct is an intracellular pathogen containing LPS and peptidoglycan, the role of 

intracellular NOD in recognition of C. trachomatis is crucial. Binding of an NOD to its 

PAMP also activates the NF-KB signal transduction cascade, which initiates the immune 

response (Mescellino et al.2011). 

 NAP (Natural Antimicrobial Peptides and Defensins) 

The immune innate system produces other key mediators such as the NAPs (natural 

antimicrobials peptides) and the defensins both playing an important role in the pathogen 

elimination. NAPs, which include secretory leukocyte protease inhibitors (SLPI) and elafin, 

are released at epithelial surfaces and disrupt the membranes of many microbial pathogens 

(Ganz 2004). SLPI and elafin are able to contrast the action of MMPs (metalloproteases), 

thus contributing to the prevention of the damage due to an over production of proteases by 

epithelial cells and neutrophils (Ganz 2004) 

 

Acquired Immune System 

The acquired (or adaptive) immune system is a specific system that develops after the first 

contact with a pathogen. Macrophages and both dendritic cells (plasmacytoid DCs and 
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myeloid DCs) are able to express on their surface bacterial antigens bound to major 

histocompatibility complex and to serve as antigen presenting cells (APC), which is critical 

for the activation of the adaptive immune system. Plasmacytoid dendritic cells (pDCs) were 

reported to be mainly recruited in women with inflammation in the genital tract or in those 

having fertility disorders ( Agrawal et al. 2009). The response to APC is stronger than innate 

immune response of epithelial or circulating cells, inducing a more marked inflammatory 

response. A Ct infection evokes a vigorous local and systemic acquired humoral and cell-

mediated response. 

Humoral Immunity 

In the humoral arm, B-lymphocytes are activated by APC and develop into plasma cells 

which are able to produce antibodies such as Immunoglobulins (Igs).The dominant 

immunoglobulin isotype found in the cervicovaginal fluid of the female genital tract is IgG 

rather than secretory IgA. These antibodies can neutralize the antigen or directly destroy the 

pathogen inactivating extracellular elementary bodies (EBs) (Darville and Hiltke 2010). It has 

been show that Ct-specific antibodies do not generally correlate with resolution of infection 

in individuals, but they are correlated with severe sequelae such as tubal infertility, ectopic 

pregnant, and PID. Moreover B-lymphocytes can serve as APCs for T-lymphocytes. As a 

consequence, although antibodies can help in clearance of infection, their major role is in the 

enhancement of Th1 activation (Hartog et al.2006). In female, the prevalence of IgG and IgA 

antibodies towards Ct-MOMP antigen (major outer membrane protein) is mainly found in 

subjects with primary chlamydial infections, whereas the presence of antibodies against Ct-

hsp60 and Ct-hsp10 is significantly higher in patients with recurrent or persistent infections. 
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The dominant Ct-hsp60 and Ct-hsp10 antibodies are found in all the situations, where major 

fertility disorders are reported (Mescellino et al.2011). 

Cell-Mediated Immunity 

In the cell-mediated arm, T-lymphocytes are activated by APCs (cells of innate immune 

system or B lymphocytes). Most T-lymphocytes are T-helper cells (Th). The Th cells can be 

subdivided in Th1 and Th2 subclasses both producing proinflammatory cytokines. The 

mononuclear cells produce IL-12 and induce the differentiation of naïve T-cell into T-helper1 

(Th1). Th1 cells secrete IL-12, IFN-ã, and IL-2 which support the cell-mediated system 

increasing the level of inflammatory processes, whereas Th2 subclass produces IL-4, IL-5, 

IL-6, and IL-10 which support the humoral system. The relative contributions of the two 

classes of Th-cells determine whether the cell-mediated or the humoral immunity is 

predominant. Th1-type responses (producing IFN-ã) play a role in the resolution of infection, 

whereas Th2-type responses involved in the humoral immunity is crucial for scarring 

(Stephens 2003). In fact, patients with severe scarring are found to show high levels of 

antichlamydial antibody. Holland et al. (1996) reported that patients with more severe 

diseases often produced Th2-type patterns of cytokines. Murine studies also support the 

hypothesis that Th1 cells are involved in protection, while Th2 cells are involved in 

persistence and disease (Darville et al.2001). NK cell production of interferon (IFN-ã) drives 

CD4T cells towards the Th1-IFN-ã producing phenotype then leading to protection of 

infection. T-cell production of IFN-ã may also inhibit intracellular chlamydial replication 

possibly inducing a persistent infection. In fact, IFN-ã has been shown to delay the cycle of 

Chlamydia so that the reticulate bodies persist longer and could result in persistent, 

unapparent infection and then contribute to immunopathogenesis ( Agrawal et al.2009). In 
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many studies, it has been reported that the resolution of genital chlamydial infection is 

dependent on the influx of IFN-ã producing CD4+ Th1 cells. These cells, that are essential 

for the host defense, may also cause collateral tissue damage and scarring. Production of IFN-

ã by peripheral blood mononuclear cells (PBMCs) stimulated with Ct-hsp60 strongly 

correlates with protection against ongoing Ct infections although there is no information 

regarding the development of late sequelae (Mescellino et al.2011). 

Ct-hsp60 

Chlamydia heat shock protein 60 (Ct-hsp60) has been investigated as a potential antigen 

responsible for induction of delayed type hypersensitivity-induced disease. Ct-hsp60 reveals 

a protective role for vaccination in guinea pig (Rank et al.1995). Detection of elevated titers 

of antibody to Ct-hsp60 has been found in the subjects with severe disease and mainly in 

chronic or repeated infections. Ct-hsp60 alone can activate endothelial cells and macrophages 

to produce adhesion factors and proinflammatory cytokines and to stimulate the secretion of 

TNF-á. TLRs bind to Ct-hsp60 and induce signals for the production of cytokines and 

chemokines that begin the inflammatory chronic response ((Stephens 2003). Ct-hsp60 is 

synthesized during infection and is released in the bloodstream. As a consequence, immune 

cells will produce anti-Ct-hsp60 antibodies (Mescellino et al.2011). 

Clinical presentation  

Genital Chlamydia trachomatis dangerous is because 75% of women and 50% of men who 

are infected are asymptomatic, thus are unaware that they are infected.  Prolonged exposure 

to the pathogen leads to infertility in both men and women.  Infection also subjects women to 

pelvic inflammatory disease as well as ectopic pregnancy. Research has shown that women 
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infected with Chlamydia have an increased risk for cervical cancer and HIV transmission 

(PNAS.org) In men, infections often begin in the urethra, with urethritis, and can progress to 

the upper genital tract, causing epididymitis and prostatitis. The bacterium can also attach to 

sperm, which decreases the sperms viability and motility, in turn reducing fertility.  This 

attachment to the sperm also increases the chances of transmission to women (Eley 2003) 

Symptoms in women include vaginal discharge, irritation of the pubic area, burning during 

urination, lower abdominal pain, painful intercourse, and vaginal bleeding.  Men�s symptoms 

usually include a clear, white, or yellow discharge from the urethra, burning sensation during 

urination, tenderness or pain in the testicles, and tingling or itching around the tip of the 

urethra.  If symptoms do occur, they usually appear within 1 to 3 weeks after exposure (CDC 

Factsheet).   

 

Infections in Women 

CERVICITIS 

The cervix is the most common site of infection for women. Women with chlamydial 

cervicitis generally are asymptomatic or report only nonspecific symptoms, such as vaginal 

discharge or postcoital spotting or bleeding. Two thirds of infected women have no signs or 

symptoms. Furthermore, because the incubation period for C. trachomatis is 6�14 days, 

women may not relate their subtle symptoms to a distant exposure. Secondary or related 

infections (trichomoniasis or gonorrhea) are generally the etiology for complaints in women 

with symptoms. On speculum exam, the Chlamydia-infected cervix may appear entirely 

normal or may have a mucopurulent discharge and eroded friable appearance. C.trachomatis 
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infects only columnar cells in the cervical squamocolumnar region or in the endocervix. In 

women with cervical ectopy and mucopurulent cervical discharge, C. trachomatis should be 

considered. The presence of leukocytes in endocervical samples studied under magnification 

is a better predictor of chlamydial infection, when other causes have been ruled out (Phillips 

2007). 

 

URETHRITIS/URETHRAL SYNDROME  

Women with chlamydial urethritis are generally asymptomatic. Those who have acute 

infections may complain of dysuria, slight discharge in urine, or urinary frequency. A woman 

with chlamydial urethritis/urethral syndrome will note that her symptoms are focused in the 

suprapubic area and start after she has finished voiding, which may help distinguish that 

infection from bacterial cystitis. Conventional urinalysis and culture testing will reveal sterile 

pyuria. Because only selective antibiotics will treat chlamydial infections, the symptoms will 

not resolve with typical antibiotic therapies for bacterial cystitis. The differential diagnosis 

includes infection with mycoplasma or ureaplasma, as well as urethral trauma and atrophic 

urethritis. Direct testing for C. trachomatis can be done on specimens obtained by urethral 

swabs or on urine from the first part of the stream. It is rare for chlamydial urethritis to exist 

independent of a cervical infection in a woman (Phillips 2007). 

BARTHOLINITIS 

The Bartholin�s gland and ducts are lined with columnar epithelium and are susceptible to 

infection with C. trachomatis. It has been estimated that 30% of Bartholin infections are 

abscesses initiated by chlamydial infection, although the absolute contribution is not known. 

Women with Bartholin�s abscesses complain of acute onset of vulvar pain and swelling, 

which becomes quite intense as the abscess expands. The symptoms, rapid course of 
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infection, and recommended treatments for chlamydial Bartholin�s abscesses are similar to 

that with gonococcal abscesses (Phillips 2007). 

SALPINGITIS 

Ascending infection from the lower genital tract occurs in approximately 10% of patients 

with cervicitis. Sperm has been implicated in the transport of C. trachomatis into the upper 

genital tract in women. Symptoms may appear at any time during a woman�s menstrual cycle, 

in contrast to gonococcal pelvic inflammatory disease (PID), which classically develops at 

the end of a woman�s menses. The clinical presentation of chlamydial salpingitis is much 

more subtle than gonococcal salpingitis, because the fallopian tubes may not be distended 

with chlamydial infection even though the endosalpinges may suffer profound architectural 

damage because of chlamydial heat-shock proteins. Women with significant upper tract 

infection may be asymptomatic or have only mild flu-like discomforts that they attribute to 

other causes ( Phillips 2007). 

Infections in Men 

CHLAMYDIAL URETHRITIS 

Nongonococcal urethritis is most commonly caused by C. trachomatis. The typical 

incubation period from exposure to infection is 1�2 weeks. Symptomatic men generally 

present with complaints of dysuria, urinary frequency, and urethral discharge. The discharge 

is greatest in the morning when it can be milked from the urethra. A diagnosis of 

nongonococcal urethritis is made when a Gram-stain of the discharge demonstrates five or 

more white blood cells per field on high power and there are no diplococci or first voided 

urine has positive leukocyte esterase and microscopic examination reveals 10 or more white 

blood cells per high power field. Urethritis is often asymptomatic therefore, infected men are 

a major reservoir for infection of their sexual partners (Phillips 2007). 
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PROSTATITIS 

The symptoms associated with prostatitis are perineal pain, back pain, and pain with urination 

or ejaculation. Acute prostatitis in young men can occur with C. trachomatis. The role of C. 

trachomatis in chronic prostatitis is not as clear. More than one-fourth of men with 

nonbacterial chronic prostatitis were found to have chlamydial antigens and 80% showed 

cures after treatment with doxycycline. More than one in five men with chronic prostatitis 

with inflammation seen on prostatic secretions had evidence of chlamydial infection. These 

results suggest that C. trachomatis may be one of the causative agents of chronic prostatitis 

(Ostaszewska et al.1998).  

EPIDIDYMITIS 

Tenderness with swelling in the testicle is a sign of epididymitis. Acute epididymitis 

commonly occurs in younger men. Other infectious etiologies for epididymitis include 

Neisseria gonorrhea and Escherichia coli. Chlamydial epididymitis has a milder course than 

other etiologies. Chronic epididymitis is defined as testicular pain persisting for at least 3 

months. Because of the indolent nature of chlamydial infections, a patient with chronic 

epididymitis can also have a scrotal mass. Male infertility may be associated with chlamydial 

infections because the inflammatory process may damage the epididymitis and the tubules. 

Men with fertility problems have been found by serology to have more likely had a previous 

infection of Chlamydia, but definitive proof is not yet been established (Ness et al.1997). 

Infections in Men & Women  

PROCTITIS 

Chlamydial proctitis can occur in women and MSM who practice receptive anal intercourse. 

C. trachomatis was found in specimens from 5% of rectums and 13% of cervixes of 115 

consecutive women presenting for examination. Rectal bleeding and microscopic evidence of 
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proctitis without diarrhea was commonly found. MSM are likely getting infected from 

unprotected anal intercourse. Chlamydial proctitis has been found in 15% of asymptomatic 

MSM. With symptomatic men and women, sigmoidoscopy and appropriate testing for 

infections organisms is required. Human immunodeficiency virus (HIV) antibody status 

should be established. If the patient is HIV-infected, uncommon pathogens need to be 

considered. With negative HIV tests, treatment for both gonorrhea and chlamydial infections 

is appropriate (Phillips 2007). 

REACTIVE ARTHRITIS/REITER�S SYNDROME 

Reactive arthritis is an inflammatory synovitis in which no viable organisms can be isolated 

from the joint and is precipitated by an immunological response to an infectious agent. 

Reiter�s syndrome is composed of a triad of conjunctivitis, urethritis, and arthritis. Often 

individuals will not manifest all elements of the triad. Men are approximately nine times 

more likely to develop Reiter�s syndrome than women are. Multiple joint involvement is 

common, usually affecting the knees or feet. Joint symptoms develop 2�4 weeks after 

urogenital infection, but 10% of affected individuals have no history of urethritis. 

Conjunctivitis and associated iritis and uveitis usually develop after the arthritis. A scaly skin 

rash (keratoderma blenorrhagica) on the palms or soles is also seen. Many organisms have 

been implicated in reactive arthritis and Reiter�s syndrome, including C. trachomatis. In 

genetically susceptible individuals, the immune system reacts to the infectious agent leading 

to the inflammatory response in the synovial surface ( Silveira et al.1993). Evidence of 

urogenital C. trachomatis was found in 36 to 61% of cases of Reiter�s syndrome and 

chlamydial inclusions may be found in the fibroblast-like synovial cells ( Hanada et al.2003). 

Chlamydial Infection in the Newborn 
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Neonatal chlamydial infection usually develops from vertical transmission. In one study, 6 

out of 10 infants who delivered vaginally to mothers with infections had serological evidence 

of infection. The clinical manifestations varied; 18% of exposed infants developed neonatal 

conjunctivitis and 16% had pneumonia. Sub clinical rectal and vaginal infections also 

occurred in the newborn. Although the most common method of transmission is thought to be 

direct contact as the fetus delivers through an infected cervix, there have been reported 

instances where neonatal infection occurred with cesarean section delivery, with and without 

ruptured membranes (Bell et al.1994). Chlamydial neonatal conjunctivitis has an incubation 

period of 10�14 days. The orbit of the eye swells and exudates are seen. C. trachomatis will 

be found in a high proportion of specimens. Because C. trachomatis can also be found in the 

nasopharynx, systemic treatment is required rather than a local ophthalmic solution. Twenty 

percent of untreated neonates will develop neonatal pneumonia without conjunctivitis. 

Pneumonia occurs between the 4th and 12th week of life, with the majority of newborns 

becoming symptomatic by the 8th week. They may present with failure to thrive, decreased 

appetite, and some lethargy (Jain et al.1999). 

Laboratory Diagnosis  

Cytology 

Cytology was used to detect chlamydial infections before more sensitive tests were 

developed. To make the diagnosis, specimens obtained from the genital tract were studied for 

the presence of inclusion bodies. Among the various laboratory methods for diagnosing C. 

trachomatis, iodine and Giemsa staining is rapid, simple, and less-time consuming technique 

when specimen can be preserved indefinitely. Demonstration of typical intracytoplasmic 

inclusions in direct smear can be useful in diagnosing of C. trachomatis infection. Iodine 
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staining detects glycogen and56 Giemsa staining detects typical intracytoplasmic inclusions 

of infected epithelial cells obtained from involved sites. Inclusion bodies are highly sensitive 

in conjunctival infection (exceeds 90%) whereas in genital infections it is relatively 

insensitive (Gordon et al. 1969; Joklik et al. 1992; Chernesky 2005)). 

Isolation in cell culture 

Cell Culture was considered the gold standard for diagnosis of genital C.trachomatis 

infection because its sensitivity and specificity were thought to be close to 100%. Problems 

associated with Cell culture isolation of Chlamydiae including technical complexity and long 

turnaround time and stringent requirements related to collection, transport and storage of 

specimens have driven the development of commercially available noncultural methods that 

have found widespread application in many routine laboratories. With the advent of antigen 

detection methods, it became clear that the sensitivity of culture was substantially lower than 

previously thought, most probably due to the presence of nonviable Chlamydiae that died 

during transport and processing. Culture for detection of Chlamydiae in clinical specimens is 

generally now performed in specialized laboratories (Black 1997). Culture is strongly 

recommended in treatment failures and in cases related to possible sexual assault for 

medicolegal reasons (Johnson et al.2002). 

Historically, Chlamydiae were cultivated in the yolk sac of embryonated eggs. The yolk sac 

method is still used for preparing antigens for the microimmunofluorescence test (MIF). For 

isolation of Chlamydiae from clinical specimens, appropriately collected and transported 

samples are inoculated onto preformed cell monolayers. A number of susceptible permanent 

cell lines, including McCoy, HeLa 229, HEp-2, HL, BGMK, Vero, and L Cells, have been 

used. Clinical samples are centrifuged onto monolayers to enhance infection. Strains of c. 

psittaci and LGV biovars are capable of serial growth on cell culture with out centrifugation. 
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Culture is incubated for 48 to 72 h in the presence of the host cell protein synthesis inhibitor 

cyclohexamide. McCoy and HeLa 229 cells are most commonly used for C. trachomatis. HL 

and HEp-2 cells seem to be more sensitive for recovery of the fastidious C. pneumoniae from 

clinical specimens. Visualization of cell culture grown Chlamydiae is achieved by 

immunostaining of inoculated cell monolayers for intracytoplasmic inclusions. A positive 

culture shows one or more typical intracellular inclusions ( Essig 2007). 

Serological tests 

Direct Fluorescence Antibody Test (DFA)   

The Presence of typical intracytoplasmic inclusions in epithelial cells of the conjunctiva, 

urethra, or cervix of infected patients can be demonstrated when air-dried smears are fixed on 

a slide with absolute methanol and stained with Giemsa. Cytological testing was particularly 

useful in diagnosing acute inclusion conjunctivitis of the newborn, but the more sensitive 

immunofluorescence procedures have largely replaced this method. DFAs use fluorescein 

isothiocyanate (FITC) conjugated monoclonal antibodies that are directed at a C. trachomatis 

specific epitope of the MOMP.  DFAs are based on detecting EBs in smears, although 

staining of inclusions can also succeed if intact infected host cells are collected. Checking for 

the presence of columnar cells allows assessment of the adequacy of the sample. The 

procedure offers rapid diagnosis, taking only 30 min to perform, making DFA tests useful 

especially for laboratories that test only a limited number of specimens. However this method 

requires an experienced microscopist who can distinguish between fluorescing chlamydial 

particles and nonspecific fluorescence. The DFA test has approximately 75 to 85% sensitivity 

and 98 to 99% specificity compared with culture and a lower sensitivity than NAATs. DFA 
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tests may be another alternative for testing endocervical swab from females or urethral swab 

from males when a NAAT in not available or not economical (Newhall et al.1999). 

Enzyme Immune Assay (EIA)  

EIA based tests for detection of C.trachomatis use either monoclonal or polyclonal antibodies 

to detect chlamydial LPS, which is more soluble than MOMP. Although they can 

theoretically detect all Chlamydiae, EIAs have not been well evaluated for the diagnosis of 

infections with C. pneumonia or C.psittaci. The performance characteristics of EIAs for 

laboratory diagnosis of C. trachomatis have been reviewed comprehensively elsewhere 

(Black 1997). Using cultures as reference standards, the sensitivities of EIAs applied to 

endocervical swabs were in a range from 62% to 72%. Although in single studies specificities 

of >99% have been reported (Newhall et al.1999). 

Compliment Fixation Test (CFT)  

The CF test is based on antibody reactivity to the chlamydial LPS antigen common to all 

members of the Chlamydiaceae. The CF test may be useful in diagnosing LGV in patients 

who present compatible clinical symptoms ( Essig 2007). 

Microimmunofluorescence Test (MIF) 

The MIF test developed by wang and grayston in the early 1970s is still considered the 

method of choice for serodiagnosis of chlamydial infections. With this procedure, species and 

serovar specific antibody responses in human chlamydial infection can be detected. The MIF 

test allows quantitative detection of IgM and IgG antibodies that may be helpful in 

distinguishing recent from past infection.  

The MIF is the diagnostic test of choice for C. trachomatis pneumonitis in infants because 

elevated levels of IgM antibodies are regularly associated with disease. A single IgM titer of 

> 32 may support the diagnosis of neonatal pneumonia caused by C. trachomatis. IgG 
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antibodies are less useful because infants may present with typical symptoms when they still 

have a high level of maternal IgG. In LGV infected individuals, a MIf IgG titer of > 128 

strongly supports the clinical diagnosis although invasive genital infection with C. 

trachomatis serovar D through K. such as pelvic inflammatory disease, salpingitis, or 

epididymitis, can also give rise to high serum titers of antichlamydial antibody. The MIF test 

may be useful in diagnosis of psittacosis and is the serological testing method of choice for 

diagnosis of acute C. pneumoniae infection. Criteria for acute infection of C. pneumoniae 

generally paired sera demonstrating at least a fourfold rise in titer and single serum samples 

with IgM titers of .16 and /or IgG titers of >512. However, single IgG titers of .512 should be 

interpreted with caution because elevated IgG titers may persist for several years in the 

absence of clinically apparent disease. IgG titers in the range of 1:16 to 1:356 are suggestive 

of past infection ( Essig 2007). 

Molecular diagnostic test 

NAAT (Nucleic Acid Amplification Test) 

The diagnosis of genital chlamydial infections evolved rapidly from the 1990s through 2006.  

Nucleic Acid Amplification Test (NAAT), such as polymerase chain reaction (PCR), 

transcription mediated amplification (TMA), and the DNA strand displacement amplification 

(SDA) now are the mainstays. NAAT for Chlamydia may be performed on swab specimens 

collected from the cervix (women) or urethra (men), on self-collected vaginal swabs, or on 

voided urine. Urine and self-collected swab testing facilitates the performance of screening 

tests in settings where genital examination is impractical. At present, the NAATs have 

regulatory approval only for testing urogenital specimens, although rapidly evolving research 

indicates that they may give reliable results on rectal specimens (Wikipedia 2011). 
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All the assays appear to be highly specific if problems with cross contamination of reactions 

are avoided. Clinical evaluations of the amplification methods have demonstrated higher 

sensitivity than culture and the other non-culture methods (microscopy, EIA, DFA and NAH) 

(Johnson et al. 2002). 

DNA hybridization probe 

Currently, there is only a single commercially available DNA probe for detection of C. 

trachomatis: the PACE 2 test. The PACE 2 test is probably the most commonly used test for 

C. trachomatis in public health laboratories in the United States. This test employs a 

chemiluminescent DNA probe. The probe hybridizes to a species-specific sequence of 

chlamydial 16S rRNA. Once the DNA-rRNA hybrid is formed, it is adsorbed onto a magnetic 

bead and the chemiluminescent response is detected quantitatively with a luminometer. Since 

actively dividing Chlamydiae contain up to 104 copies of 16S rRNA, the PACE 2 test should 

theoretically be more sensitive than antigen detection systems. In evaluations of analytical 

sensitivity with purified chlamydial organisms, the DNA probe is about 1 log unit more 

sensitive than EIAs and can detect approximately 103 chlamydial elementary bodies. The 

clinical sensitivity of PACE 2 is similar to the best EIAs. The overall sensitivity and 

specificity of PACE 2 are 85 and 98 to 99%, respectively. The sensitivity of PACE 2 relative 

to a DNA amplification standard has not yet been well evaluated but has been reported to be 

77 to 93% (Black 1997). 

Polymerase chain reaction (PCR) 

Introduction 

The polymerase chain reaction (PCR) is a technique widely used in molecular biology. It 

derives its name from one of its key components, a DNA polymerase used to amplify a piece 

of DNA by in vitro enzymatic replication. As PCR progresses, the DNA thus generated is 
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itself used as a template for replication. This sets in motion a chain reaction in which the 

DNA template is exponentially amplified. With PCR it is possible to amplify a single or few 

copies of a piece of DNA across several orders of magnitude, generating millions or more 

copies of the DNA piece. PCR can be extensively modified to perform a wide array of 

genetic manipulations. Almost all PCR applications employ a heat-stable DNA polymerase, 

such as Taq polymerase, an enzyme originally isolated from the bacterium Thermus 

aquaticus. This DNA polymerase enzymatically assembles a new DNA strand from DNA 

building blocks, the nucleotides, by using single-stranded DNA as a template and DNA 

oligonucleotides (also called DNA primers), which are required for initiation of DNA 

synthesis. The vast majority of PCR methods use thermal cycling, i.e., alternately heating and 

cooling the PCR sample to a defined series of temperature steps. These thermal cycling steps 

are necessary to physically separate the strands (at high temperatures) in a DNA double helix 

(DNA melting) used as template during DNA synthesis (at lower temperatures) by the DNA 

polymerase to selectively amplify the target DNA. The selectivity of PCR results from the 

use of primers that are complementary to the DNA region targeted for amplification under 

specific thermal cycling conditions. 

Description 

PCR is used to amplify specific regions of a DNA strand (the DNA target). This can be a 

single gene, a part of a gene, or a non-coding sequence. Most PCR methods typically amplify 

DNA fragments of up to 10 kilo base pairs (kb), although some techniques allow for 

amplification of fragments up to 40 kb in size. A basic PCR set up requires several 

components and reagents. These components include: DNA template that contains the DNA 

region (target) to be amplified. Two primers, which are complementary to the DNA regions 

at the 5' (five prime) or 3' (three prime) ends of the DNA region. Taq polymerase or another 
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DNA polymerase with a temperature optimum at around 70°C. Deoxynucleoside 

triphosphates (dNTPs; also very commonly and erroneously called deoxynucleotide 

triphosphates), the building blocks from which the DNA polymerases synthesizes a new 

DNA strand. Buffer solution, providing a suitable chemical environment for optimum activity 

and stability of the DNA polymerase. Divalent cations, magnesium or manganese ions; 

generally Mg2+ is used, but Mn2+ can be utilized for PCR-mediated DNA mutagenesis, as 

higher Mn2+ concentration increases the error rate during DNA synthesis. Monovalent cation 

potassium ions. The PCR is commonly carried out in a reaction volume of 10-200 ìl in small 

reaction tubes (0.2-0.5 ml volumes) in a thermal cycler. The thermal cycler heats and cools 

the reaction tubes to achieve the temperatures required at each step of the reaction. Many 

modern thermal cyclers make use of the Peltier effect which permits both heating and cooling 

of the block holding the PCR tubes simply by reversing the electric current. Thin-walled 

reaction tubes permit favorable thermal conductivity to allow for rapid thermal equilibration. 

Most thermal cyclers have heated lids to prevent condensation at the top of the reaction tube. 

Older thermocyclers lacking a heated lid require a layer of oil on top of the reaction mixture 

or a ball of wax inside the tube. 

The PCR usually consists of a series of 20 to 40 repeated temperature changes called cycles; 

each cycle typically consists of 2-3 discrete temperature steps. Most commonly PCR is 

carried out with cycles that have three temperature steps. The cycling is often preceded by a 

single temperature step (called hold) at a high temperature (>90°C), and followed by one hold 

at the end for final product extension or brief storage. The temperatures used and the length 

of time they are applied in each cycle depend on a variety of parameters. These include the 

enzyme used for DNA synthesis, the concentration of divalent ions and dNTPs in the 

reaction, and the melting temperature (Tm) of the primers.  
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Initialization step: This step consists of heating the reaction to a temperature of 94-96°C (or 

98°C if extremely thermostable polymerases are used), which is held for 1-9 minutes. It is 

only required for DNA polymerases that require heat activation by hot-start PCR. 

Denaturation step: This step is the first regular cycling event and consists of heating the 

reaction to 94-98°C for 20-30 seconds. It causes melting of DNA template and primers by 

disrupting the hydrogen bonds between complementary bases of the DNA strands, yielding 

single strands of DNA. Annealing step: The reaction temperature is lowered to 50-65°C for 

20-40 seconds allowing annealing of the primers to the single-stranded DNA template. 

Typically the annealing temperature is about 3-5 degrees Celsius below the Tm of the primers 

used. Stable DNA-DNA hydrogen bonds are only formed when the primer sequence very 

closely matches the template sequence. The polymerase binds to the primer-template hybrid 

and begins DNA synthesis. Extension/elongation step: The temperature at this step depends 

on the DNA polymerase used; Taq polymerase has its optimum activity temperature at 75-

80°C, and commonly a temperature of 72°C is used with this enzyme. At this step the DNA 

polymerase synthesizes a new DNA strand complementary to the DNA template strand by 

adding dNTPs that are complementary to the template in 5' to 3' direction, condensing the 5'-

phosphate group of the dNTPs with the 3'-hydroxyl group at the end of the nascent 

(extending) DNA strand. The extension time depends both on the DNA polymerase used and 

on the length of the DNA fragment to be amplified. As a rule-of-thumb, at its optimum 

temperature, the DNA polymerase will polymerize a thousand bases per minute. Under 

optimum conditions, i.e., if there are no limitations due to limiting substrates or reagents, at 

each extension step, the amount of DNA target is doubled, leading to exponential (geometric) 

amplification of the specific DNA fragment. Final elongation: This single step is occasionally 

performed at a temperature of 70-74°C for 5-15 minutes after the last PCR cycle to ensure 
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that any remaining single-stranded DNA is fully extended. Final hold: This step at 4-15°C for 

an indefinite time may be employed for short-term storage of the reaction. 

The PCR process can be divided into three stages: 

Exponential amplification: At every cycle, the amount of product is doubled (assuming 100% 

reaction efficiency). The reaction is very specific and precise. Leveling off stage: The reaction 

slows as the DNA polymerase loses activity and as consumption of reagents such as dNTPs 

and primers causes them to become limiting. Plateau: No more products accumulate due to 

exhaustion of reagents and enzyme. 

 

Uses of PCR 

The basis for PCR diagnostic applications in microbiology is the detection of infectious 

agents and the discrimination of non-pathogenic from pathogenic strains by virtue of specific 

genes.  PCR also allows early diagnosis of malignant diseases such as leukemia and 

lymphomas, which is currently the highest developed in cancer research and is already being 

used routinely. PCR assays can be performed directly on genomic DNA samples to detect 

translocation-specific malignant cells at a sensitivity which is at least 10,000 fold higher than 

other methods (Wikipedia). 

Selection of primers 

Oligonucleotide primers sequences (T1: 5'-CTA GGC GTT TGT ACT CCG TCA- 3' &  T2: 

5'-TCC TCA GGA GTT TAT GCA CT-3') derived from the common endogenous plasmid of 

C. trachomatis generating a species specific 517 bp amplified product with all the known 

serovars of C. trachomatis was used (George et al.2003).  

Limitations of PCR 
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Despite its huge popularity, PCR has certain limitations as a method for selectively cloning 

specific DNA sequences. In order to construct specific oligonucleotide primers that permit 

selective amplification of a particular DNA sequence, some prior sequence information is 

usually necessary.This normally means that the DNA region of interest has been partly 

characterized previously, often following prior cell-based DNA cloning.  However, a variety 

of approaches have been developed that reduce or even exclude the need for prior DNA 

sequence information concerning the target DNA.Previously uncharacterized DNA sequences 

can sometimes be cloned using PCR with degenerate oligonucleotides if they are members of 

a gene or repetitive DNA family at least one of whose members has previously been 

characterized.   In some cases, PCR can be used effectively without any prior sequence 

information concerning the target DNA to permit indiscriminate amplification of DNA 

sequences from a source of DNA that is present in extremely limited quantities.Therefore, 

although PCR can be applied to ensure whole genome amplification, it does not have the 

advantage of cell-based DNA cloning in offering a way of separating the individual DNA 

clone comprising a genomic DNA library.  

The amount of PCR product obtained in a single reaction is also much more limited than the 

amount that can be obtained using cell-based cloning where scale-up of the volumes of cell 

cultures is possible. The efficiency of a PCR reaction will vary from template to template and 

according to various factors that are required to optimize the reaction but typically only 

comparatively small amount of product are achieved.  

Although the theoretical yield of PCR is exponential, the actual yield of a PCR is much less 

indicating that the scheme is operating with less than its maximum potential.  For example, 

the amount of product at each cycle eventually levels off.  This plateau may be explained by 

the following phenomena.  First, some of the template may never be available due to strand 

breaks or failure of the DNA to dissociated from other macromolecules during purification 
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and the initial thermocycles.  Secondly, the amount of enzyme is finite and eventually activity 

may decrease.  Thirdly, as the concentration of the double-stranded product reaches high 

levels, competition increases between annealing of template (PCR product) to primer and 

reannealing of the complementary template strands. 

An obvious and many times great disadvantage of PCR as a DNA cloning method has been 

the size range of the DNA sequences that can be cloned.  Unlike cell-based DNA cloning 

where the size of cloned DNA sequences can approach 2 Mb, reported DNA sequences 

cloned by PCR have typically been in the 0.15 kb size range, often at the lower end of this 

scale.  Small fragments of DNA can usually be amplified easily by PCR, however it becomes 

increasingly more difficult to obtain efficient amplification as the desired product length 

increases. Barnes recognized a target length limitation to PCR amplification of DNA.  He 

used a combination of a high level of an exonuclease-free, N-terminal deletion mutant of Taq 

DNA polymerase, Klentaq1, with a very low level of a thermostable DNA polymerase 

exhibiting a 3'-exonuclease activity (Pfu, Vent, or Deep Vent) to conduct high fidelity long 

PCR. At least 35 kb of bacteriophage lambda can be amplified to high yields from 1 ng of 

lambda DNA template.  Use of this method yielded increased base-pair fidelity, the ability to 

use PCR products as primers, and the maximum yield of target fragment.  Other conditions 

have been identified for effective amplification of longer targets, including amplification of 

up to 22 kb of the beta-globin gene cluster from human genomic DNA and up to 42 kb from 

phage lambda DNA.  The conditions for these long PCRs included increased pH, addition of 

glycerol and dimethyl sulfoxide, decreased denaturation times, increased extension times, and 

the use of a secondary thermostable DNA polymerase that possesses a 3'-to 5'-exonuclease, 

or "proofreading," activity.  The "long PCR" protocol maintained the specificity required for 

targets in genomic DNA by using lower levels of polymerase and temperature and salt 

conditions for specific primer annealing.  The ability to amplify DNA sequences of 10-40 kb 
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will bring the speed and simplicity of PCR to genomic mapping and sequencing and facilitate 

studies in molecular genetics. Generally, the conditions for long range PCR involve a 

combination of modifications to standard conditions with a two-polymerase system.  This 

provides optimal levels of DNA polymerase and 3�to 5� exonuclease activity which serves as 

a proofreading mechanism (Bookmark Science article). 

DNA Sequencing 

History 

In 1976�1977, Allan Maxam and Walter Gilbert developed a DNA sequencing method based 

on chemical modification of DNA and subsequent cleavage at specific bases. The chain-

termination method developed by Sanger and coworkers in 1977 soon became the method of 

choice, owing to its relative ease and reliability. 

DNA sequencing is the determination of the precise sequence of nucleotides in a sample of 

DNA. The most popular method for doing this is called the dideoxy method or Sanger 

method (named after its inventor, Frederick Sanger, who was awarded the 1980 Nobel Prize 

in chemistry for this achievement.  

DNA is synthesizing from four deoxynucleotide triphosphates. The top formula shows one of 

them: deoxythymidine triphosphate (dTTP). Each new nucleotide is added to the 3-OH group 

of the last nucleotide added.  

The dideoxy method gets its name from the critical role played by synthetic nucleotides that 

lack the �OH at the 3 carbon atom (red arrow). A dideoxynucleotide (dideoxythymidine 

triphosphate-ddTTP-is the one shown here) can be added to the growing DNA strand but 

when it is, chain elongation stops because there is no 3 � OH for the next nucleotide to be 
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attached to. For this reason, the dideoxy method is also called the chin termination method 

(wikipedia) 

 

Principle of Sanger�s method 

This technique utilizes 2, 3-dideoxynucleotide triphosphates (ddNTPs), molecules that differ 

from deoxynucleotides by the having a hydrogen atom attached to the 3 carbon rather than 

OH group. These molecules terminate DNA chin elongation because they cannot from a 

phosphodiester bond with the next deoxynucleotide.  

This reaction is performed four times using a different ddNTP for each reaction. When these 

reactions are completed, a polyacrylamide gel electrophoresis (PAGE) is performed. One 

reaction is loaded into new lane for a total of four lanes. The gel is transferred to a 

nitrocellulose filter and autoradiography is performed so that only the bands with the 

radioactive label on the 5 end will appear. In PAGE, the shortest fragments will migrate the 

farthest; the bottom-most band indicates that its particular dideoxynucleotide was added first 

to the labeled primer. For example, the band that migrated the farthest was in the ddATP 

reaction mixture. Therefore, ddATP must have been added first to the primer, and its 

complementary base thymine must have been the base present on the 3` end of the sequenced 

strand. The reading can be continued in this fashion. If the bases are read from the bottom up, 

the 5`to 3` sequence of the strand complementary to the strand sequenced is read (Canfield, 

1999). 
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Figure-I: This figure shows the structure of a dideoxynucleotide (notice the H atom attached 

to the 3' carbon). Also depicted in this figure are the ingredients for a Sanger reaction. Notice 

the different lengths of labeled strands produced in this reaction. 

In automated DNA sequencing a cycle sequencing kit is used (e.g. Big dye termination cycle 

sequencing ready reaction kit). The kit contains AmpliTaq DNA Polymerase and both dNTP 

and labeled ddNTP, and sues dye termination cycle sequencing strategies. In this method 

only one strand of the desired DNA are copied with one primer and result in the linear 

increase of the number of copies of one strand of the gene. The growing chains are 

terminated when dye labeled termination (ddATP. ddGTP. ddCTP. ddTTP) are incorporated 
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as dideoxynucleotides has no hydroxyl group at the 3 end which forms the phosphodiester are 

remove d from the reaction mix with alcohol precipitation and the DNA fragments of 

different length, which ended on a fluorescent-labeled ddNTP, are separated according to 

their length through capillary electrophoresis, finally the nucleotide bases are detected in ABI 

prism 310 Genetic Analyzer machine by the laser detection system. 

 

Figure-II: This figure is a representation of an acrylamide sequencing gel. Notice that the 

sequence of the strand of DNA complementary to the sequenced strand is 5' to 3' 

ACGCCCGAGTAGCCCAGATT while the sequence of the sequenced strand, 5' to 3', is 

AATCTGGGCTACTCGGGCGT.  

This figure was taken with permission from 

<http://www.plattsburgh.edu/acadvp/artsci/biology/bio401/DNASeq.html> 
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Treatment 

CDC ALTERNATIVE RECOMMENDED TREATMENT FOR UNCOMPLICATED 

CHLAMYDIAL 

INFECTIONS IN NON-PREGNANT ADOLESCENTS AND ADULTS 

ALTERNATE REGIMENS: 

Erythromycin base 500 mg orally 4 times a day x 7 days 

Erythromycin ethylsuccinate 800 mg orally 4 times a day x 7 days 

Ofloxacin 300 mg orally twice a day x 7 days 

Levofloxacin 500 mg orally once a day x 7 days 

CDC RECOMMENDED TREATMENT FOR PREGNANT WOMEN 

RECOMMENDED REGIMENS: 

Erythromycin base 500 mg orally 4 times a day x 7 days 

or 

Amoxicillin 500 mg orally 3 times a day x 7 days 

ALTERNATE REGIMENS: 

Erythromycin base 250 mg orally 4 times a day x 14 days 

or 

Erythromycin ethylsuccinate 800 mg orally 4 times a day x 7 days 

or 

Erythromycin ethylsuccinate 400 mg orally 4 times a day x 14 days 

or 

Azithromycin 1 g orally single dose 
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CDC RECOMMENDED TREATMENT FOR CHILDREN 

CHILDREN < 45 kg 

Erythromycin  50 mg/kg/day orally divided into 4 doses for 14 days 

CHILDREN ≥ 45 kg and < 8 Years of Age 

Azithromycin 1 g orally single dose 

CHILDREN ≥ 8 Years of Age 

Azithromycin 1 g orally single dose 

or 

Doxycycline 100 mg orally twice a day x 7 days 

CDC RECOMMENDED TREATMENT FOR 

NEONATAL INFECTIONS 

Erythromycin* 50 mg/kg/day orally divided into 4 doses for 10-14 day 

 (CDC MMWR 2006) 
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CHLAMYDIA & HIV 

Symptomatic genital chlamydial infection has been shown to increase the amount of HIV in 

genital secretions, which may increase the likelihood of HIV transmission. Genital 

chlamydial infection also increases the susceptibility to HIV infection by increasing the 

number of target inflammatory cells in the genital area. It is not clear whether asymptomatic 

infection increases transmissibility of or susceptibility to HIV infection. Patient education 

about symptoms of infection and early empiric treatment of symptomatic individuals may be 

important to reduce HIV transmission. Because chlamydial infection is generally 

asymptomatic, the CDC recommends annual Chlamydia screening of all HIV-infected 

individuals, with more frequent screening indicated in some situations.54 Clinical 

manifestations of chlamydial infections among HIV-infected patients do not differ from those 

among non-HIV-infected patients. Further, treatment of chlamydial infection in HIV-infected 

individuals is the same as for non- HIV-infected persons and includes the standard CDC-

recommended therapies (California STD/HIV Prevention Training Center 2002). 

 

Counseling Messages 

Patients diagnosed with chlamydial infection should be informed about the nature of the 

infection, modes of transmission, and the potential for long-term complications. To minimize 

further transmission of infection and recurrent infection, patients treated for Chlamydia 

should be instructed to abstain from sexual intercourse for 7 days after the single dose 

therapy, or until completion of the 7-day regimen and until 7 days after all of their sex 

partners have been treated. A Chlamydia diagnosis is an important opportunity to conduct 

risk reduction counseling. In a randomized controlled trial of STD/HIV counseling 

techniques, patients receiving brief risk counseling had 20% fewer STDs than patients 
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receiving traditional didactic messages. Counseling should consist of reviewing the patient�s 

protective behaviors, supporting patient-initiated behavior change, enhancing the patient�s 

self perception of risk, identifying factors that affect risk behaviors, planning and acceptable 

and achievable risk reduction strategy, and providing referrals as indicated (CA PTC 2002). 

Prevention Strategies 

Given the high prevalence of asymptomatic chlamydial infection and the high cost for 

treatment of the sequelae, prevention is imperative. Effective prevention requires a multi-

pronged approach that includes counseling regarding abstinence and consistent and proper 

use of condoms, identify cation and treatment of asymptomatic infection among young 

sexually active women, treatment of male partners of infected women, and prompt 

recognition of clinical conditions such as cervicitis and urethritis (CA PTC 2002). 
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Materials and methods 

Type of study  

The study was observational cross sectional study. 

Place of study 

The study was carried out in the Department of Microbiology Mymensingh Medical College, 

Mymensingh. 

Period of study 

 The study was carried out from 1st July 2011 to 30th June 2012. 

Sampling technique 

Non probability purposive type of sampling. 

Data collection, recording and analysis 

A semistructured questionnaire was used for each of the cases. All the relevant information 

(history, clinical and laboratory findings) of every cases were systematically recorded in a 

pre-designed data sheet (Appendix I). The data were analyzed using computer based program 

statistical package for social science (SPSS) version 12.0 programs.  

Study population 

Symptomatic women attending at out patient department of Gynae & obs in Mymensingh 

Medical college Hospital and from the CSW of local region during the study Period. 
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Sample size determination 

A total of 150 endocervical swab samples were collected from OPD of Gynae and Obs of 

Mymensingh Medical College Hospital and CSW of the local region during the study period. 

Sample size was calculated by the following formula. 

2

2

d

pqz
n    (Appendix III). 

According to prevalence of Chlamydia trachomatis in Bangladesh minimum sample size 

should 374 using the prevalence of 58%. But in our study sample size was 150 due to 

limitation of budget, resource and time. 

Inclusion Criteria  

Suspected cases was selected on the basis of  

1. Excessive mucopurulent endocervical discharge. 

2. Per vaginal bleeding. 

3. Lower abdominal pain. 

4. Patient with dysuria and pyuria (less frequent Symptom).  

5.  Post coital or intermenstrual or breakthrough bleeding. 

6. Inflamed or friable cervix which may bleed on contact.  

Exclusion Criteria   

Women with recent (with in 7days) history of antibiotic treatment. 

Ethical implication 

The protocol was approved by Ethical review committee of Mymensingh Medical College 

Hospital. Informed written consent was taken from each patient after counseling the whole 

procedure in Bengali.  
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Specimen 

 Two endocervical swabs were collected from each patient. One was used to detect antigen by 

ICT and other was endogenous plasmid major outer membrane protein of C. trachomatis by 

PCR.  

 

Collection of specimen  

After taking the consent from the patient for per-vaginal examination, she was laid in 

lithotomy-dorsal position.  Sterile Casco�s self retaining bi-valve vaginal speculum was 

introduced and fixed. Speculum was introduced into vagina using proper lighting and 

environment (Black 1997).  

Three sterile cotton swabs were used for each patient.  By using a swab moistened with 

sterile saline, endocervix was cleansed for removing any excess mucus or inflammatory 

exudates.  Then it was discarded. Then using fresh sterile cotton wool swabs, the specimens 

were collected inserting it about 1 cm into the endocervical canal and were rubbed rotating it 

against the wall of endocervical canal vigorously. The swabs were withdrawn carefully 

avoiding contact with vaginal secretions and one of the swabs was  placed in a dry cotton 

plugged sterile tube for antigen detection by ICT and other was kept into Tris buffered media 

for detection of endogenous plasmid of C. trachomatis by PCR.  The speculum was removed.  

The sample was labeled with the patient name, ID number and date of collection. The 

specimen was transported to the department of Microbiology, Mymensingh Medical College 

immediately.  
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Storage and stability of the specimen 

Specimen was examined within a day of sample collection. The specimen was kept in 

refrigerator at (2-8ºC) until preparation for ICT.  Another specimen from the same individual 

was stored at -20ºc in 500µl Tris EDTA buffered (Appendix V) solution for PCR. 

 

Immunochromatographic test (ICT) to detect antigen of C. trachomatis (Batch 

number used for ICT kit was CH02371) 

Principle 

Immunochromatographic Test (ICT) utilizes a unique combination of monoclonal antibody 

against Chlamydial lipopolysaccharide to selectively identify Chlamydia trachomatis antigen 

in endocervical swab specimens with a high degree of sensitivity. A swab specimen from a 

patient was treated with extraction buffer R1 to extract the antigen. The extracted specimen 

was put to the sample well and it migrated through the absorbent area and along the 

membrane. If Chlamydia trachomatis antigen was present, the labeled antibody-dye 

conjugate binds to it forming an antibody-antigen complex. As the mixture flowed along the 

membrane, the antibody immobilized in the test region (T) of the membrane captures the 

complex, producing a visible rose-pink color band proportion to the amount of antigens. 

Absence of this pink colored band in the test region suggests a negative result. To serve as a 

procedural control, a pink colored band in the control region (C) was always appearing 

regardless the presence of Chlamydia trachomatis antigens.  

 

Reagent 

1. Test strip 
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2. Extraction buffer R1 

3. Positive control R2 

4. Extraction tube 

 

Assay procedure 

Procedural note 

All specimens or reagents were brought to room temperature (18-25°C) prior to testing and 

Foil pouch was not opened until ready to perform the test. 

Extraction 

Water bath was prepared and temperature was fixed at 80±2ºC.  Extraction tube was labeled 

with patient ID NO.  Extraction solution (R1) was put into the extraction tube up to the line 

(0.6ml). Cotton swab was suspended in the extraction tube and mixed with the solution. 

Extraction tube with cotton swab was kept in the water bath for 10-12 min. The extraction 

tube was taken out from the water bath. After cooling, cotton swab was spinned in the tube 

and was squeezed on the wall of the tube and was removed. The extract was kept at room 

temperature at least 5 minutes (may be kept until 3 hrs). When positive control was 

examined, five drops of positive control solution (R2) was added to the extraction tube. 

Assay 

Before starting the examination, test unit was kept at the room temperature.  Five drops of the 

sample extract was put to the sample window of the test unit. The test unit was kept for 15 

minutes. Results were read after 15 minutes.  Result was not interpreted after more than 15 

minutes. 

 

Interpretation of results 
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Positive 

At 15 minutes, two horizontal rose-pink color bands appear indicating a positive result and 

that the sample contains Chlamydia trachomatis antigen. 

Negative 

At 15 minutes, only one rose-pink color band was visible indicating the result was negative 

for Chlamydia trachomatis antigen. 

Invalid 

At 15 minutes, no bands appear, or a test band appears without a control band, disregard the 

result, indicating the test is invalid. It is recommended that the specimen be re-tested. The 

presence of a control band is necessary to validate proper test performance. 

Limitation of the test 

 A specimen swab which contains too much blood may cause weak false positive results. 

Therefore, bloody swabs were avoided. 

 

 

 

 

 

Polymerase Chain Reaction 

Specimens  

Endocervical swab was collected from each of patient aseptically for PCR. 

DNA extraction 
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Endocervical swab was suspended in 500 µl of Tris-EDTA buffer in Eppendrof tube.   The 

tube was spinned for 3 minutes at 12,000 rpm by micro-centrifuge and 300 µl of supernatant 

was discarded. Remaining portion was vortexed. The tube was kept in water bath (100ºC) for 

15 minutes.  Then the tube was centrifuged for 1 minute at 10,000 rpm. Supernatant was 

directly used for the Polymerase chain reaction amplification (Jenab et al. 2009). 

Preparation of reaction mixture 

Sterile micro-centrifuge tubes (1.5ml) (Eppendorf) were taken and the tubes were labeled 

with date and identification number. A total volume of 25 µl master mixture including 5 µl 

samples in a 0.2 ml PCR tube was put which included 10x buffer, primer mixture, Taq 

polymerase and nuclease free water. 

Composition of master mixture for each reaction 

 
10x buffer      2.5µl  

dNTP       2µl 

Primer mixture     1µl 

Taq polymerase     0.5µl 

Nuclease free water     14 µl 
20µl 

DNA template (sample)    5 µl 
25µl 

 

Primers used for PCR 

1. To detect the presence of Chlamydia trachomatis in endocervical specimen a PCR based 

technique will be used. Plasmid based primer will be used which will amplify a product of 

517 bp.  
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T1 : 5-CTA GGC GTT TGT ACT CCG TCA-3 

T2 : 5-TCC TCA GGA GTT TAT GCA CT-3      (George et al.2003). 

 

AMPLIFICATION: 

PCR was performed on 5µl of the extracted DNA sample in final reaction mixture of 25 µl. 

Amplification will carried out according to the following  thermal and cycling condition. 

Initial denaturation at 940C for 4 min, 

Followed by 40 cycles of an automated DNA thermal cycler and each cycle consists of- 

Denaturation at 940C for 30 sec, 

Annealing at 550C for 30 sec and 

Extension at 720C for 1 min 

The final stage was an extension cycle at 720C for 4 min 

 

 

 

 

 

2. To detect plasmid free variant of Chlamydia trachomatis three different primer pair was 

used for nested PCR and they are as follows: 

MOMP1: 

Primers are 

9CHOMP: 5'-GCI(CT)TG CCT GTI GGGAA (CT) CCI GCI GA(AG)CC-3' 

CHOMP371:5' TTA GAAIC(GT)GAATTGIGC(AG)TTIA(TC)GTGIGCIGC -3' 

The amplified a product of 1120 bp. 
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The amplified product of MOMP1 was used as DNA template for amplification by  MOMP2 

and MOMP3 primer pair. 

MOMP 2: 

Primers are 

29CHOMP: 5'-GGIGA(CT)CCTIG(CT)GA(CT)CCITG-3' 

CHOMP336:5'CAAG(AC)TTTTCTGGA(CT)TT(AC)A(AT)(CT)TTGTT-3 

They amplified a product of 930 bp. 

MOMP 3: 

Primers are 

29CHOMP: 5'-GGIGA (CT) CCTIG (CT) GA (CT) CCITG-3' 

TROMP 358: 5'-G(AT)GTCTCAA(CT)(AT)GTAACTGC(AG)T-3' 

They amplified a product of 990 bp (Kaltenboeck et al.1992). 

AMPLIFICATION 

PCR was performed using 5µl of the extracted DNA sample in final reaction mixture of 25µl 

with the primer MOMP1.Amplification was carried out according to the following thermal 

and cycling condition. 

Initial denaturation at 940C for 4 min, 

followed by 40 cycles of an automated DNA thermal cycler and each cycle consists of- 

Denaturation at 940C for 1 min, 

Annealing at 500C for 1 min and 

Extension at 720C for 2 min 

The final stage was an extension cycle at 720C for 4 min 

In 2nd round PCR (nested) it amplified secondary genus specific product. we used the 

amplified product of 1st round PCR as DNA template in final reaction mixture of 25 µl with 
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the primer MOMP2.Amplification was carried out according to the following thermal and 

cycling condition. 

Initial denaturation at 940C for 4 min, 

followed by 40 cycles of in an automated DNA thermal cycler and each cycle consists of- 

Denaturation at 940C for 1 min, 

Annealing at 470C for 1 min and 

Extension at 720C for 2 min 

The final stage was an extension cycle at 720C for 4 min 

In 3rd round PCR (nested) it amplified secondary group specific product. we used the 

amplified product of 1st round PCR as DNA template in final reaction mixture of 25 µl with 

the primer MOMP3.Amplification was carried out according to the following thermal and 

cycling condition. 

Initial denaturation at 940C for 4 min, 

followed by 40 cycles of an automated DNA thermal cycler and each cycle consists of- 

Denaturation at 940C for 1 min, 

Annealing at 500C for 1 min and 

Extension at 720C for 2 min 

The final stage was an extension cycle at 720C for 4 min 

Agarose gel electrophoresis 

The PCR products were analyzed after electrophoresis in 1.0% agarose gel to detect specific 

amplified product by comparing with standard molecular weight marker. 

Preparation of agarose gel 

One percent agarose gel was prepared by melting 3 gm agarose in 200 ml of diluted TBE 

buffer (1:4) using microwave woven. The agarose was allowed to cool about 500C and was 
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poured into gel electrophoresis unit with spacers and comb. After solidification of the gel, the 

comb was removed and wells were formed. During electrophoresis, gel was placed in a 

solution containing Tris- EDTA- borate buffer (TBE buffer) and ethidium bromide 

(0.5µg/ml) in the horizontal electrophoresis chamber. 

Loading and running of the amplified product 

Five µl of amplified product was mixed with 2.0 µl gel loading dye. The mixture was slowly 

loading into the well using disposable micropipette tips. Marker DNA of known size (100 bp 

ladder) was loaded in one well to determine the size of amplified PCR products. 

Electrophoresis was carried out at 100 volts for 35 minutes in 1% agarose gel, pertained with 

ethidium bromide in a submarine gel apparatus (Mupid 2 plus submarine electrophoresis, 

Japan).  

 

 

 

Staining and visualization of the gel 

The bands of the sample of the study was visualized by trans-illuminator. And the gel 

photographed by a digital camera and transferred data to computer for further documentation. 

 

Direct sequencing of OmpA primer based amplified PCR product: 

This part of the study was performed in Sapporo Medical University, Sapporo, Japan.   

Direct sequencing of PCR amplified cDNA 

DNA Sequencing was performed with the OmpA primer based amplified product under 

the supervision of Professor Nobumichi Kobayashi, Professor and Head,  Department of 

Hygiene, Sapporo Medical University, Sapporo, Japan.  
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Purification of PCR products 

For automated DNA sequencing, the PCR products were purified either using Promega PCR 

clean up system or gel clean up system from agarose gels using the Promega SV gel and PCR 

clean-up system, prior to cycle sequencing.  

Purification of PCR product by Promega gel cleans up system 

In case when faint nonspecific bands ware detected in PCR products in agarose gels, the band 

of expected size was purified from the gel by Promega gel clean up system (Promega 

Corporation, Madison, Wl, USA). For purification 25-35 ìl of the PCR product was loaded in 

1% agarose gel treated with ethidium bromide and electrophoresed at 100V for 25 minutes in 

TAE buffer containing ethidium bromide and observed for a bare minimum time on a UV 

Transilluminator. The DNA fragment of interest was quickly cut with a sharp knife and 

transferred into a preweighed 1.5 ml microcentrifuge tube membrane binding solution per 10 

mg of gel slice was added to the same tube. The tube was vortexed and incubated at 60-650 C 

until the slice is dissolved completely. Thereafter, 

Washing of DNA and final elution was performed as described for purification of PCR 

products.  

Cycle sequencing procedure 

The purified cDNA obtained as described previously was quantified by spectrophotometer 

(Nanodrop, ND 1000, Japan). For cycle sequencing reaction, 50-100ng of PCR product 

<1KB long, or 200ng of PCR product > 1Kb was added as template. The sequencing premix 

was obtained from Applied Biosystems, USA, and consisted of Big Dye Terminators with 

AmpliTaq FS polymerase. The terminators used ware dideoxynucleotides labeled with 

fluorescent dye dR110 (for guanosine), dR6G (adenosine), dTAMRA (for thymidine), and 



 79 

dROX (for cytosine). For cycle sequencing, the following components were added in a 0.2 ml 

PCR tube.  

Sample DNA 50-100 ng (or 200ng) 

Sequencing premix  8.0 ìl 

Primer  4 ìl 

Water  Make up to final reaction volume of 20 ìl  

Tubes ware placed on ice and loaded on to a thermal cycler (Epppendrof, Germany) when the 

block temperature was at 950C. The following conditions were used for sequencing: 960C for 

10 minutes and followed by 25 cycles of 960C for 15 sec, 500C for 5 sec and 600C for 4 

minute in each cycle and at last the holding temperature was 120C. Sequencing products were 

stored in ice for purification.  

 

 

Purification of amplified product for sequencing 

Cycle sequencing products 20 ìl were transferred in 1.5ml micro centrifuge tube containing 2 

ìl of 3M sodium acetate pH 5.2, 2 ìl of 125mM EDTA, and 50 ìl of 100% ethanol. The 

contents were thoroughly mixed by vortexing and incubated at room temperature for 15 

minutes. Tubes were centrifuged at 15,000 rpm for 15 minutes at 40C and the supernatant was 

removed with a fine tipped pipette tip. Pellets were rinsed with 70 ìl of 70% ethanol and 

centrifuged for 5 minutes at 15,000 rpm at 40C. The supernatant was removed by aspiration 

and tubes were in a vacuum drier for 5 minutes. Pellets were then resuspended with 16 ìl of 

Hi-Di Formamide (Applied Biosystem, USA) by vortexing for 30 seconds and incubated at 

970C for 2 minutes. Samples were then snap chilled on ice for 5 minutes. Tubes were stored 

at -200C until they were loaded in the automated DNA sequencer.  
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Capillary electrophoresis of purified extension products  

The purified cycle sequencing products were loaded onto sample tubes, sealed with septa and 

arranged on a 69 well tray. The tray was loaded on ABI PRISM 3100 automated sequencer 

(Applied Biosystem, USA) and samples injected into a 47cm x 50 ìl capillary (Applied 

Biosystem, USA) coated with POP-6 (Performance Optimized Polymer-6) polymer using 

electrokinetic injection at 320 volts/cm (15KV for the 47 cm capillary, current at this voltage 

5-8ìA) and electrophoresed using the Seq POP-6 RAPID E run module with the DT POP-6 

(BD set any primer) mobility file. The sample fluorescence spectra during electrophoresis 

was processed into base sequence data using the ABI PRISM 3100 Data collection Software 

and the raw sequencing data was analyzed using the ABI PRISM 3100 Data Sequencing 

Analysis Software (PE Applied Biosystems, USA). 

Sequencing and analysis  

CLUSTAL W (1.81) Multiple Sequence Alignments software was used to perform pair wise 

alignment and calculate sequence identity of amplified genes with different standard strains.  
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Results 

The present study was conducted on a total of 150 clinically suspected Chlamydia 

trachomatis infected cases among which 110 cases ware selected from out patient department 

(OPD) of Gynae & Obstetrics of Mymensingh Medical college Hospital designated as 

sexually active women (SAW) and 40 cases from commercial sex workers (CSW) of the 

local region. The findings of the study are described as follows in the form of tables, figures 

and texts. 

 

 

Table I: Distribution of the total respondents 

 

Category of the patients No. of patient 

CSW 40 (26.6) 

SAW 110 (73.3) 

Total 150 (100) 

                     

Figures in the parentheses indicate percentage 

 

This table shows, among suspected 150 cases 40 (26.6%) were CSW and 110 (73.3%) were 
SAW.  
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Table II: Overall prevalence of genital Chlamydia trachomatis infections: 

 

Category of the Patient No. Of Patient Positive  by either ICT 
or PCR 

 

CSW 40 22 (55) 

SAW 110 30 (27.2) 

Total 150 52 (34.6) 

 2  = 9.87 

     P<0.05 

                                

Figures in the parentheses indicate percentage  

 

 

Out of 150 cases, 22(55%) among CSW and 30 (27.2%) among SAW were positive by either 

ICT or PCR. Infection in CSW is highly significant. 
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Table III: Prevalence of genital Chlamydia trachomatis infection by ICT.  

ICT Results Type of Patients Total tested  

Positive Negative 

 

CSW 40(26.6) 16 (40) 24 (60) 

SAW 110(73.3) 23 (20.9) 87 (79) 

Total 150(100) 39 (26) 111 (74) 

 2  = 

5.83 

     
P<0.05 

                                  Figures in the parentheses indicate percentage 

 

Among the 40 specimens of CSW 16(40%) cases were positive and among the 110 

specimens of SAW 23(20.9%) cases were positive by ICT. The prevalence of genital 

Chlamydia trachomatis infection in CSW was significantly higher then that of SAW. 
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Table IV: Prevalence of genital Chlamydia trachomatis infection by PCR.  

 

PCR Results Types of 
Patients 

Total number of sample 
Tested 

Positive Negative  

  

CSW 40(26.6) 20 (50) 20 (50) 

SAW 110(73.3) 30 (27) 80 (73) 

Total 150(100) 50 (33) 100 (67) 

 2  = 

4.68 

P<0.05 

                                    Figures in the parentheses indicate percentage 

 

Among the 40 endocervical swab specimens from CSW, 20(50%) cases and among the 110 

endocervical swab specimens from SAW, 30(27%) cases showed positive result for 

Chlamydia trachomatis infection. The prevalence of genital Chlamydia trachomatis infection 

in CSW was significantly higher then that of SAW. 
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Table V: Age wise distribution of genital Chlamydia trachomatis infection among the 
CSW.  

Age 
Group(years) 

No. of 
suspected 

cases  

ICT positive PCR Positive No. of Positive 
Cases by either 

ICT or PCR  

 

 15-25 24 (60) 10(41.6) 9(37.5) 12(50) 

>25-35 9 (22.7) 4(44.4) 6(66.6) 6(66.6) 

>35-45 7 (17.5) 2(28.5) 4(57.1) 4(57.1) 

 2  

= 
0.750 

     
P>0.05 

                                         

Figures in the parentheses indicate percentage 

Majority of the suspected cases 24 (60%) belonged to the age group of 15-25 yrs and highest 

prevalence was 6(6/9, 66.6%) in age group of > 25-35 yrs. Among CSW mean age was 

27.38, SD 7.12. The prevalence of genital Chlamydia trachomatis infection was statistically 

insignificant for any age group.  
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Table VI: Age wise distribution of genital Chlamydia trachomatis infection among the 
SAW. 

Age group 
(Years) 

No. of 
suspected 

cases  

ICT 
Positive 

 

PCR Positive No. of 
Positive 
Cases by 

either ICT or 
PCR 

 

15-25 47 (42.72) 10(21.2) 14 (29.7) 14 (29.7) 

>25-35     45 (40.9) 10(22.2) 13 (28.8) 13 (28.8) 

>35-45 18 (16.36) 3(16.6) 3 (16.6) 3 (16.6) 

 2  = 

1.23 

P>0.05 

                                      

Figures in the parentheses indicate percentage 

 

Majority of the suspected cases 47 (47.72%) belonged to the age group of 15-25 yrs and 

highest prevalence was 14(29.7%) to the same age group. Among SAW mean age was 28.36, 

SD 6.28. The prevalence of genital Chlamydia trachomatis infection was statistically 

insignificant for any age group.  
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Figure-V: Distribution of the patients according to Symptoms. 

 

This figure shows out of the suspected 40 case of CSW 29 (72.5%) presented with excessive 

vaginal discharge, 35(87.5%) with lower abdominal pain. Among the suspected 110 cases of 

SAW 93 (84.5%) presented with excessive vaginal discharge followed by 70(63.6%) with 

lower abdominal pain. 
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Table VIII: Distribution of the cases according to Socio-economic 
condition: 

CSW SAW    

Socio-
economic 
condition 

No. Of 
suspected 

cases  

No. Of 
Positive 
Cases by 

either ICT 
or PCR 

No. Of 
suspected 

cases  

No. Of 
Positive 
Cases by 

either ICT 
or PCR 

CSW 

 2  = 5.80 

P<0.05 

*Low 32 (80) 22 (68.7) 76 (69) 22 (28.9) 

**Medium 6 (15) 2 (33.3) 26 (23.6) 7 (26.9) 

***High 2 (5) 0 (0) 8 (7.2) 1 (12.5) 

Total 40(100) 24 (60) 110(100) 30 (27.2) 

SAW 

 2  = 

0.989 

P>0.05 

                                   Figures in the parentheses indicate percentage 

Among CSW, suspected cases 32(80%) from low income group showed 22 (68.7%) positive. 

Out of 110 SAW, highest suspected cases 76 (69%) from low income group showed 

22(22.9%) positive. Low SEC is statistically significant for chlamydial infection in CSW, and 

insignificant in SAW. 

 
 
 The cases were classified into three groups on the basis of their monthly income from all 
possible sources as described by Islam (1992). 
 

* 1. Low income group- <3000 TK. / month 

** 2.Middle income group-3001-20,000 TK. /month 

*** 3.High income group->20,000 TK. /month 
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 Figure-
VI: Comparison of ICT and PCR for detection of Chlamydia trachomatis infection.  
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Table X: Comparison between Plasmid Based PCR and MOMP Based PCR for 
detection of Chlamydia trachomatis infection. 

 

Total no Plasmid based 
PCR positive 

         % MOMP Based 
PCR positive 

% 

N=150 50 33.33 2 1.33 
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Table XI: Sensitivity and Specificity of ICT considering plasmid based PCR as gold 
standard. 

Disease status 
Test result 

PCR positive PCR negative 
Total Sensitivity Specificity 

ICT positive 36 (a) 3( b) 39 

ICT negative 14 (c) 97(d) 97 

Total 50 100  

72  % 97   % 

 

  

 

The table showing sensitivity and specificity of ICT were 72% and 97% respectively taking 

plasmid based PCR as gold standard. 

a = True positive, b = False positive, c = False negative and d = True negative. 

 

Formula for sensitivity 

True Positive  

Sensitivity = True Positive + False Negative 

 

×100 

Formula for Specificity 

True Negative  

Specificity = True Negative + False Positive 

 

×100 
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Table XII: Sensitivity and Specificity of OmpA based PCR considering 

plasmid based PCR as gold standard. 

Disease status 

Test result 
PCR positive PCR negative 

Total Sensitivity Specificity 

MOMP 
positive 

2 (a) 0( b) 2 

MOMP 
negative 

 

48 (c) 
100(d) 148 

Total 50 100  

4    % 100   % 

 

The table showing sensitivity and specificity of OmpA based PCR were 4% and 100% 

respectively taking plasmid based PCR as gold standard. 

a = True positive, b = False positive, c = False negative and d = True negative. 

 

Formula for sensitivity 

True Positive  

Sensitivity = True Positive + False Negative 

 

×100 

 

Formula for Specificity 

True Negative  

Specificity = True Negative + False Positive 

 

×100 

 

 
 
 
 
CLUSTAL 2.1 Multiple Sequence Alignments 
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Sequence type explicitly set to DNA 
Sequence format is Pearson 
Sequence 1: 181C/91        888 bp 
Sequence 2: Chlamydia-34   782 bp 
Start of Pairwise alignments 
Aligning... 
 
Sequences (1:2) Aligned. Score: 100 
Guide tree file created:   [clustalw.dnd] 
 
There are 1 groups 
Start of Multiple Alignment 
 
Aligning... 
Group 1: Sequences:   2      Score:14858 
Alignment Score 5297 
 
CLUSTAL-Alignment file created  [clustalw.aln] 
 

 
clustalw.aln 
 
CLUSTAL 2.1 multiple sequence alignment 
 
 
181C/91           
TGCGATCCTTGCGCCACTTGGTGTGACGCTATCAGCATGCGTGTTGGTTACTACGGAGAC 
Chlamydia-34      ---------------------------------------------------------
--C 
                                                                             
* 
 
181C/91           
TTTGTTTTCGACCGTGTTTTGAAAACTGATGTGAATAAAGAATTTCAGATGGGTGCCAAG 
Chlamydia-34      
TTTGTTTTCGACCGTGTTTTGAAAACTGATGTGAATAAAGAATTTCAGATGGGTGCCAAG 
                  
************************************************************ 
 
181C/91           
CCTACAACTGATACAGGCAATAGTGCAGCTCCATCCACTCTTACAGCAAGAGAGAATCCT 
Chlamydia-34      
CCTACAACTGATACAGGCAATAGTGCAGCTCCATCCACTCTTACAGCAAGAGAGAATCCT 
                  
************************************************************ 
 
181C/91           
GCTTACGGCCGACATATGCAGGATGCTGAGATGTTTACAAATGCCGCTTGCATGGCATTG 
Chlamydia-34      
GCTTACGGCCGACATATGCAGGATGCTGAGATGTTTACAAATGCCGCTTGCATGGCATTG 
                  
************************************************************ 
 
181C/91           
AATATTTGGGATCGTTTTGATGTATTCTGTACATTAGGAGCCACCAGTGGATATCTTAAA 
Chlamydia-34      
AATATTTGGGATCGTTTTGATGTATTCTGTACATTAGGAGCCACCAGTGGATATCTTAAA 
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************************************************************ 
 
181C/91           
GGAAACTCTGCTTCTTTCAATTTAGTTGGATTGTTTGGAGATAATGAAAATCAAAAAACG 
Chlamydia-34      
GGAAACTCTGCTTCTTTCAATTTAGTTGGATTGTTTGGAGATAATGAAAATCAAAAAACG 
                  
************************************************************ 
 
181C/91           
GTCAAAGCGGAGTCTGTACCAAATATGAGCTTTGATCAATCTGTTGTTGAGTTGTATACA 
Chlamydia-34      
GTCAAAGCGGAGTCTGTACCAAATATGAGCTTTGATCAATCTGTTGTTGAGTTGTATACA 
                  
************************************************************ 
 
181C/91           
GATACTACTTTTGCGTGGAGCGTCGGCGCTCGCGCAGCTTTGTGGGAATGTGGATGTGCA 
Chlamydia-34      
GATACTACTTTTGCGTGGAGCGTCGGCGCTCGCGCAGCTTTGTGGGAATGTGGATGTGCA 
                  
************************************************************ 
 
181C/91           
ACTTTAGGAGCTTCATTCCAATATGCTCAATCTAAACCTAAAGTAGAAGAATTAAACGTT 
Chlamydia-34      
ACTTTAGGAGCTTCATTCCAATATGCTCAATCTAAACCTAAAGTAGAAGAATTAAACGTT 
                  
************************************************************ 
 
181C/91           
CTCTGCAATGCAGCAGAGTTTACTATTAATAAACCTAAAGGGTATGTAGGTAAGGAGTTT 
Chlamydia-34      
CTCTGCAATGCAGCAGAGTTTACTATTAATAAACCTAAAGGGTATGTAGGTAAGGAGTTT 
                  
************************************************************ 
 
181C/91           
CCTCTTGATCTTACAGCAGGAACAGATGCTGCGACAGGAACTAAGGATGCCTCTATTGAT 
Chlamydia-34      
CCTCTTGATCTTACAGCAGGAACAGATGCTGCGACAGGAACTAAGGATGCCTCTATTGAT 
                  
************************************************************ 
 
181C/91           
TACCATGAATGGCAAGCAAGTTTAGCTCTCTCTTACAGACTGAATATGTTCACTCCCTAC 
Chlamydia-34      
TACCATGAATGGCAAGCAAGTTTAGCTCTCTCTTACAGACTGAATATGTTCACTCCCTAC 
                  
************************************************************ 
 
181C/91           
ATTGGAGTTAAATGGTCTCGAGCAAGCTTTGATGCCGATACGATTCGTATAGCCCAGCCA 
Chlamydia-34      
ATTGGAGTTAAATGGTCTCGAGCAAGCTTTGATGCCGATACGATTCGTATAGCCCAGCCA 
                  
************************************************************ 
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181C/91           
AAATCAGCTACAGCTATTTTTGATACTACCACGCTTAACCCAACTATTGCTGGAACTGGC 
Chlamydia-34      
AAATCAGCTACAGCTATTTTTGATACTACCACGCTTAACCCAACTATTGCTGGAACTGGC 
                  
************************************************************ 
 
181C/91           GATGTGAAAACTGGCGCAGAGGGTCAGCTCGGAGACACAATGCAAATC 
Chlamydia-34      G----------------------------------------------- 
                  *                                                
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CLUSTAL 2.1 Multiple Sequence Alignments 
 
 
Sequence type explicitly set to DNA 
Sequence format is Pearson 
Sequence 1: 181C/91        888 bp 
Sequence 2: Chlamydia-27   783 bp 
Start of Pairwise alignments 
Aligning... 
 
Sequences (1:2) Aligned. Score: 100 
Guide tree file created:   [clustalw.dnd] 
 
There are 1 groups 
Start of Multiple Alignment 
 
Aligning... 
Group 1: Sequences:   2      Score:14877 
Alignment Score 5302 
 
CLUSTAL-Alignment file created  [clustalw.aln] 
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clustalw.aln 
 
CLUSTAL 2.1 multiple sequence alignment 
 
 
181C/91           
TGCGATCCTTGCGCCACTTGGTGTGACGCTATCAGCATGCGTGTTGGTTACTACGGAGAC 
Chlamydia-27      ---------------------------------------------------------
-AC 
                                                                            
** 
 
181C/91           
TTTGTTTTCGACCGTGTTTTGAAAACTGATGTGAATAAAGAATTTCAGATGGGTGCCAAG 
Chlamydia-27      
TTTGTTTTCGACCGTGTTTTGAAAACTGATGTGAATAAAGAATTTCAGATGGGTGCCAAG 
                  
************************************************************ 
 
181C/91           
CCTACAACTGATACAGGCAATAGTGCAGCTCCATCCACTCTTACAGCAAGAGAGAATCCT 
Chlamydia-27      
CCTACAACTGATACAGGCAATAGTGCAGCTCCATCCACTCTTACAGCAAGAGAGAATCCT 
                  
************************************************************ 
 
181C/91           
GCTTACGGCCGACATATGCAGGATGCTGAGATGTTTACAAATGCCGCTTGCATGGCATTG 
Chlamydia-27      
GCTTACGGCCGACATATGCAGGATGCTGAGATGTTTACAAATGCCGCTTGCATGGCATTG 
                  
************************************************************ 
 
181C/91           
AATATTTGGGATCGTTTTGATGTATTCTGTACATTAGGAGCCACCAGTGGATATCTTAAA 
Chlamydia-27      
AATATTTGGGATCGTTTTGATGTATTCTGTACATTAGGAGCCACCAGTGGATATCTTAAA 
                  
************************************************************ 
 
181C/91           
GGAAACTCTGCTTCTTTCAATTTAGTTGGATTGTTTGGAGATAATGAAAATCAAAAAACG 
Chlamydia-27      
GGAAACTCTGCTTCTTTCAATTTAGTTGGATTGTTTGGAGATAATGAAAATCAAAAAACG 
                  
************************************************************ 
 
181C/91           
GTCAAAGCGGAGTCTGTACCAAATATGAGCTTTGATCAATCTGTTGTTGAGTTGTATACA 
Chlamydia-27      
GTCAAAGCGGAGTCTGTACCAAATATGAGCTTTGATCAATCTGTTGTTGAGTTGTATACA 
                  
************************************************************ 
 
181C/91           
GATACTACTTTTGCGTGGAGCGTCGGCGCTCGCGCAGCTTTGTGGGAATGTGGATGTGCA 
Chlamydia-27      
GATACTACTTTTGCGTGGAGCGTCGGCGCTCGCGCAGCTTTGTGGGAATGTGGATGTGCA 
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************************************************************ 
 
181C/91           
ACTTTAGGAGCTTCATTCCAATATGCTCAATCTAAACCTAAAGTAGAAGAATTAAACGTT 
Chlamydia-27      
ACTTTAGGAGCTTCATTCCAATATGCTCAATCTAAACCTAAAGTAGAAGAATTAAACGTT 
                  
************************************************************ 
 
181C/91           
CTCTGCAATGCAGCAGAGTTTACTATTAATAAACCTAAAGGGTATGTAGGTAAGGAGTTT 
Chlamydia-27      
CTCTGCAATGCAGCAGAGTTTACTATTAATAAACCTAAAGGGTATGTAGGTAAGGAGTTT 
                  
************************************************************ 
 
181C/91           
CCTCTTGATCTTACAGCAGGAACAGATGCTGCGACAGGAACTAAGGATGCCTCTATTGAT 
Chlamydia-27      
CCTCTTGATCTTACAGCAGGAACAGATGCTGCGACAGGAACTAAGGATGCCTCTATTGAT 
                  
************************************************************ 
 
181C/91           
TACCATGAATGGCAAGCAAGTTTAGCTCTCTCTTACAGACTGAATATGTTCACTCCCTAC 
Chlamydia-27      
TACCATGAATGGCAAGCAAGTTTAGCTCTCTCTTACAGACTGAATATGTTCACTCCCTAC 
                  
************************************************************ 
 
181C/91           
ATTGGAGTTAAATGGTCTCGAGCAAGCTTTGATGCCGATACGATTCGTATAGCCCAGCCA 
Chlamydia-27      
ATTGGAGTTAAATGGTCTCGAGCAAGCTTTGATGCCGATACGATTCGTATAGCCCAGCCA 
                  
************************************************************ 
 
181C/91           
AAATCAGCTACAGCTATTTTTGATACTACCACGCTTAACCCAACTATTGCTGGAACTGGC 
Chlamydia-27      
AAATCAGCTACAGCTATTTTTGATACTACCACGCTTAACCCAACTATTGCTGGAACTGGC 
                  
************************************************************ 
 
181C/91           GATGTGAAAACTGGCGCAGAGGGTCAGCTCGGAGACACAATGCAAATC 
Chlamydia-27      G----------------------------------------------- 
                  *   
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Discussion 
 
Genital infections by Chlamydia trachomatis are now recognized as highly prevalent sexually 

transmissible disease. In frequency, they surpass the classic sexually transmissible diseases 

such as syphilis and gonorrhea, and thus constitute a serious public health problem (Santos et 

al.2003). 

In the present study 40 specimens were taken from commercial sex workers (CSW) of local 

region and 110 specimens were taken from sexually active women attending Mymensingh 

Medical College Hospital. In the present study, prevalence of genital Chlamydia trachomatis 

was 55% among CSW and 27.2% among SAW either by Immunochromatographic (ICT) or 

Polymerase chain reaction (PCR) (Table II). A study by Khan et al. (2011) in Bangladesh 

showed 41.4% Chlamydia trachomatis infection by either ICT or PCR among the SAW 

which is closer to this study. From India Singh et al. (2003) reported 28% prevalence, Jenab 

et al. (2009)) reported 18.9% prevalence in Iran and Qouqa et al. (2008) reported 20.2% 

prevalence  rate in Gaza which were  lower then our study. 

Out of 40 cases of CSW 40% showed ICT positive and out of 110 cases of SAW 20.9% 

showed ICT positive (Table III). Khan et al. (2011) in Mymensingh Medical Hospital 

reported 34% prevalence rate by ICT among symptomatic women. In another study at the 

same institute by Shamsuzzaman et al. (2003) observed 58% chlamydial infection using ICT 

kits among symptomatic female in Bangladesh which was higher than our result. In another 

study by Young et al. (1991) reported that clearview Chlamydia Kit showed a lower 

prevalence (8.8%) of chlamydial infection in U.K. 

 

In this study sensitivity and specificity of ICT was 72% and 98% respectively (Table XII) 

and here ICT was used as screening test preliminary laboratory technique to detect 
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Chlamydia trachomatis infection in patients within 30 minutes. The assay does not require 

specialized equipment or extensive training. However limitation of ICT is that it requires 

fresh specimen and test should be done within a day of sample collection. In the same 

institute Khan et al. (2011) reported 52.94% and 77.35% sensitivity and specificity 

respectively which were lower then our study. Studies by Young  et al.(1991) reported 88.9% 

sensitivity and 99% specificity of ICT which was closer to our study. Woolley et al. (1997) 

found 76.4% sensitivity and 99.4% specificity of ICT which coincides with our study.  

Among 40 CSW, this study detected 50% Chlamydia trachomatis infections by plasmid 

based PCR (Table IV).  Nessa et al. (2004) reported 43.5% prevalence by PCR among Hotel 

based sex workers (HBSW) in Dhaka which was closer to our study. Sturm- Ramirez et al. 

(2000) found the prevalence of cervical Chlamydia infection was 28.5% in Senegal, West 

Africa among female sex workers. The prevalence rate of chlamydial infection is more in 

high risk women because they have poor sex education and multiple sexual partners. 

Out of 110 SAW, this study found 27% Chlamydia trachomatis infections by plasmid based 

PCR (Table IV) which was similar to the study done by Khan et al.(2011) in Mymensingh 

Medical College Hospital, where they found 24.2% prevalence by plasmid based PCR. 

Another study in India, Joyee et al. (2007) reported 30.8% prevalence by plasmid based PCR 

which is closer to our study. Hashemi et al. (2007) found 7% prevalence in Iran which was 

lower then our study might be due to improved sex education. From Brazil Lima et al. (2011) 

reported 52.8% prevalence of chlamydial infection by PCR associated with low 

socioeconomic condition and high unemployment. 

In this study, among the 40 CSW majority respondents 60% belonged to the age group of 15-

25 years, 22.7% in the age group of >25-35 years and 17.5% in the age group of >35-45 years 
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(Table V), The youngest and oldest positive cases were in the age 18 and 38 years 

respectively. A study by Nessa et al. (2004) showed the higher number of genital CT 

infection in the age group 18-25years (82%) among Hotel based sex workers (HBSW) in 

Dhaka and the highest number of positive cases were in this group. Another study by 

Petrovey et al. (2009) showed high prevalence rate among the age group 18-29 years of 

Female sex workers in Hungary. Young age is more susceptible for chlamydial infection 

because they posses columnar epithelial cells in cervix. 

In this study, among 110 SAW majority respondents 42.72% belonged to the age group 15-25 

years followed by 40.9% belonged to the age group >25-35 years and 17.5% belonged to the 

age group >35-45 years (Table VI), The youngest and oldest positive cases were in the age 17 

and 38 years respectively. Another study by Agrawal et al. (2003) showed the peak incidence 

(70%) in the age group 21 to 25 years, the youngest and oldest patient was in the age 20 and 

55 years respectively. Martin et al. (1982); Frommell et al. (1979) have linked the female 

genital Chlamydia trachomatis (CT) infection in younger age group. Chernesky et al. (1986) 

reported the higher rate of positivity among men and women in the age group 20 to 30 years. 

Findings of the mentioned studies support our findings. The younger group is more sexually 

active than elders which in turn elevate the chance of spread of infection.  

In this study all the patients were symptomatic. Majority of the respondents, 72.5% among 

CSW and 84.5% among SAW had excessive vaginal discharge. A total of 87.5% and 63.6% 

had lower abdominal pain among CSW and SAW respectively (Table VIII). Nessa et al. 

(2004) showed major cases 49.6% had excessive vaginal discharge followed by 48.4% had 

lower abdominal pain among HBSW in Dhaka. Khan et al. (2011) in Mymensingh Medical 

College Hospital reported 75.71% lower abdominal pain which was closer to this study. 
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Out of the 40 respondents of CSW 68.7% and among the 110 respondents of SAW 28.9% 

were found positive from low socioeconomic group followed by 33.3% and 26.9% was 

medium socioeconomic group respectively. Schachter and Alexander (1998) also found 

increased frequency of genital Chlamydial infection in individuals of lower socioeconomic 

status. A study by Malenae, Joshi and Mathur (2006) showed the higher incidence of 

Chlamydia trachomatis infection in poor socioeconomic group. Agrawal et al. (2003) also 

showed higher incidence in unemployed and low income group also. Martin et al. (1982) 

have linked CT infection in lower socioeconomic status. Lower socioeconomic group may 

have poor sex education, poor personal hygiene and low social structure which may promote 

sexually transmitted diseases including Chlamydia. Due to insufficient sample size, only 

three patients were available from the high income group. So, no conclusive comment can be 

drawn regarding this group. 

In this study, only 3 specimens were found to be positive by ICT but negative by plasmid 

based PCR. A study done by Khan et al. (2011) found few strains that became ICT positive 

but negative by plasmid based PCR. This is possible theoretically because some Chlamydia 

trachomatis strain may not contain endogenous plasmid. So to overcome this limitation the 

study was designed to do OmpA based PCR in addition to plasmid based PCR to detect 

plasmid free variant Chlamydia trachomatis. And in this study we have done OmpA based 

PCR for those samples which became positive by either ICT or plasmid based PCR to find 

out if there is any plasmid free strains and also sequencing was done to determine the 

prevalence of serovar (genotype) in our study population. Among the 52 specimens which 

were positive by either ICT or plasmid based PCR only 2 of them could be amplified by 

OmpA based PCR. Though researchers found Mahony et al. (1993) reported that plasmid 

based PCR is 10 to 1000 times more sensitive. But in this study no plasmid free strains that is 

positive by ICT, negative by plasmid based PCR and positive in OmpA based PCR was 
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found. But we have done these three techniques for all specimens. From Netherland 

Roosendal et al. (1993) observed OmpA based PCR is 10-fold less sensitive then plasmid 

based PCR. 

In our study sensitivity and specificity of OmpA based PCR was 4% and 100% taking 

plasmid based PCR as gold standard (Table XII).The sensitivity and specificity of OmpA 

based PCR was low because Chlamydia trachomatis contains only one copy of OmpA gene. 

But the sensitivity of plasmid based PCR is 10 to 1000 times more then OmpA based PCR as 

because there are 7-10 copies of plasmid present in per chlamydial particle. 

After OmpA based PCR we did sequencing of PCR product to see the prevailing serover 

(genotype) in our region. This sequencing was done in Sapporo Medical University, Sapporo, 

Japan and found D serover (genotype)  is prevailing in our region which has 100% nucleotide 

sequence homology with the standard strain (181C/91), done by Multiple Sequence 

Alignments software. Many studies in aboard found D serover (genotype) is prevailing in 

there country. Such as Singh et al. (2003) from India reported D serover was prevailing in 

there country. Yamazaki et al. (2005) reported D serover was most frequent in Japan. In USA 

Geisler et al. (2008) observed most frequent serover was E followed by D. 
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Conclusion and recommendations 

Analyzing the findings of the present study, it can be concluded that the prevalence rate of 

genital Chlamydia trachomatis infection is higher in commercial sex workers (CSW) then in 

sexually active women (SAW). And ICT and plasmid based PCR may be the suitable method 

to find out the Prevalence of genital Chlamydia trachomatis infection. Besides this OmpA 

based amplification is not suitable for diagnosis of Chlamydia trachomatis infection, as its 

sensitivity is very low. But sequencing of gene encoding OmpA protein is necessary to search 

for the genotype prevailing and to compare with surrounding strain for epidemiological 

purpose. 

As 85% women remain asymptomatic after Chlamydia trachomatis infection, so routine 

Chlamydia screening of sexually active young women should be recommended to prevent 

consequences of untreated chlamydial infection by ICT and plasmid based PCR at different 

Medical Colleges. 
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Limitation 

 

Due to limitation of budget and resource the sample size could not be increased. If the sample 

size could be increased it would have better reflection on the prevalence of the infection.  
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 Photograph: Steps of preparing and processing of sample for PCR 
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                Photograph : Amplification Products (517 bp) by PCR from endogenous plasmid of C.  
trachomatis 
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          Figure: Amplification Products (930 bp) by PCR from OmpA gene of C. trachomatis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 123 

 
 
 
 
 
 
 

 
 
 
 

                 Photograph  : Photograph of Immunochromatographic (ICT) test kits 
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                           Photograph: Photograph of micro centrifuge 

 

 

 

 

 

 

 

 

 
 
 
 
 

Photograph: Photograph of Thermal cycler 
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                     Photograph: Photograph of Horizontal Electrophoresis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
                         Photograph: Documentation chamber with digital camera. 
 
 

 
 

 
 



 126 

              

                                          Appendices 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 127 

                                        Appendix-I 

 DATA  SHEET 

Questionnaire of specimen collection for study on chlamydia trachomatis genital infection: 

ID  no: Date:                           Reg. no: 

Name:                                                                Age:      yrs. 

Husbands/Father�s name: 

Particulars of the patient: 

Rural /Urban: 

Out patient /In  patient: 

Present  Address: 

Permanent  Address: 

Mobile   no: 

If  In  patient: 

Date   of  admission:                              Reg. no: 

Ward no:                 Unit  no:                 Bed no: 

Educational  Status: Illiterate / Primary / Secondary / Higher secodary and above 

Socio econmic status: 

Family  income per month: 

Family income per year: 

Parity:  0 /1-2 /3-4 / 5 and above 

Appearances:      Healthy / sick 

 Symptomatic /Asymptomatic 

Occupation  of  patient: 

Occupation  of  husband: 
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Gestational  age           weeks/   non  pregnant 

S /S  of illness: 

Lower abdominal pain / cervical discharge / dysuria / post coital or intermenstrual or 

breakthrough bleeding / inflamed or friable cervix which may bleed on concat / others: 

H/ O    contraceptive:  Barrier/ IUD/ Others/ None/ NA 

Recent history of treatment:  Tetra/Doxy /Erythro/ Levo/ Oloxa/ Azithro/ Clinda 

Specimen: Endocervical swab  and  Blood 

Tests done: 

Interpretation/Findings: 

Comments: 

                       
                      Appendix-II 
For Patients 

AeMwZµ�g m¤§wZcÎ 

GB m¤§wZc�Îi D�Ïk¨ Avcbv�K cÖ�qvRbxq Z_¨ cÖ̀ vb Kiv, �h Z_¨¸�jv Avcbv�K wm×v�� wb�Z mvnvh¨ Ki�e, 

Avcbvi m��vb/�ivMx GB M�elYvq AskMÖnb Ki�e wKbv bv? 

D�Ïk¨ I c×wZ 

UvBd�qW �ivM evsjv�`�k GKwU mvaviY mgm¨v| Avgvi M�elYvi D�×k¨ n�jv UvBd�qW �ivM wbY©q Kiv Ges �ivM 

wbY� ©qi mnRZg c×wZ �ei Kiv| G�Z cieZx©�Z mwVK, mjc mg�q Ges mnRZg c×wZ�Z UvBd�qW �ivM wbY©q K�i 

gvbz�li UvBd�qWRwbZ RwVjZv Kg�e| 
Avcwb hw` Avcbvi m��vb/�ivMx�K GB M�elYvq AskMÖnY Kiv�Z m¤§Z _v�Kb Zvn�j Avcbvi/Avcbvi �ivMxi Amȳ �Zv 

Ges wPwKrmv m¤úwK©Z wKQz cÖk� Kiv n�e Ges Zv bw_�Z msi¶Y Kiv n�e| M�elbvi Rb¨ 6 wgwj i³ �bqv n�e| 

M�elYvi SzuwK 

GB M�elYvq AskMÖn�Y �Kvb kvixwiK SzuwKi m¤¢vebv �bB| 

LiP 

M�elYvq AskMÖn�Yi Rb¨ Avcbvi m��vb/�ivMxi �ivM wbY�©qi �Kvb LiP bvB ev Avcbv�K Avw_©K mn�hvMxZv Kivi Rb¨ 

e¨e �̄v bvB| 

�MvcbxqZv 

M�elYv PjvKvjxb I cieZx©�Z cÖk� �_�K cÖvß Z_¨ I j¨ve�iUix �_�K cÖvß Z_¨ K�Vvifv�e �Mvcb ivLv n�e| 

M�elYvq AskMÖnY 

GB M�elYvq AskMÖnY m¤ú~Y© �¯̂�Qvg~jK| Avcwb M�elYvq AskMÖn�Y A¯̂xK�wZ Rvbv�Z cv�ib A_ev M�elYv PjvKxb 

�h�Kvb mg�q M�elYv �_�K Avcbvi m��vb/�ivMx�K cªZ¨vnvi K�i wb�Z cv�ib| GB di�g ¯v̂¶i Ki�j Avcbvi 

AvBbMZ �Kvb AwaKvi Le© n�e bv| Avcbvi m��vb/�ivMxi wPwKrmv h_vh_fv�e Pj�e| hw` Avcbvi �Kvb cÖk� _v�K, 

Avcwb wRÁvmv Ki�Z cv�ib, Avgiv Zvi DËi cÖ̀ vb Kivi h_vmva¨ �Póv Kie| 

m¤§wZ ¯̂xKv�ivw³ 

Avwg M�elYvq wb�qvwRZ wPwKrm�Ki mv�_ GB M�elYv wb�q Av�jvPbvq m��wó cÖKvk KiwQ| Avwg m¤§wZc�Îi kZ©̧ �jv 

c�owQ/Avi m¤§y�L cwVZ n�q�Q Ges �¯�̂Qvq Avgvi m��vb�K M�elYvq AskMÖnY Ki�Z m¤§wZ Ávcb KiwQ| 
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mv¶vrMÖnYKvixi ¯v̂¶i 

ZvwiL t 

Awffve�Ki ¯̂v¶i/e �×v½yjxi Qvc 

ZvwiL t 

 

                          

Appendix-III 

Formula for calculation of sample size 

2

2

d

pqz
n   

n = sample size 

z =    is the normal variety at 5 % level with 95 % confidence interval 

p = is the prevalence 

d = precision level or error level 

p =  0.58  

q = 1 - 0.58 = 0.42 

z           = 1.96 at 5% level 

d = 0.05  

Now, 

2

2

05.0

42.058.0)96.1( 
n  

    
0025.0

42.058.084.3 
  

 
     =374  
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Statistical analysis 

Data were expressed as mean   SD statistical significant of deference between two groups 

was evaluated by using Pearson�s Chi-Square  2  test. 

 

1. Formula for calculation of mean is: 

x =
n

x  

Where 

  =   summation 

x  =  mean of observations 

X =  individual of observations 

n  =  number of observation. 

 

 

 

 

 

2. Formula for calculation of standard deviation (SD) is: 

SD = iencevar = 
2

1

)(




n

xx
 

Where  

  =   summation 

X =  individual observation of a series 

x  =  mean of observations 
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n  =  number of observation 

n-1 = applicable for sample 
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3. Formula of Chi-Squire is 

 2   =  
E

EO
2

)( 
 

O =  Observed frequency 

E =  Expected frequency  

DF (Degree of freedom) = (c-1) (r-1) 

c  =  Column  

r  =  Raw 
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Appendix-V 

Tris-EDTA buffer: 

To make 1 litre TE buffer required: 

Tris (10mM)������.1.21gm 

EDTA (1mM)������0.372gm 

Distilled water������1 litre 

EDTA will not be soluble until pH reaches 8.0.  pH was checked with pH papers and then 

stored at 2-8ºC. 
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                                                      Appendix-VI 

 

Individual specimen wise distribution of  Chlamydia trachomatis infection among 15-25 age 
group of CSW. 

 

SL no. ID No. Age ICT Positive PCR Positive 

 1  25  18  +   + 

 2  27  18   +   + 

 3  30  24   _   + 

 4  31  25   +  _ 

 5  34  21   +   + 

 6  36  19   +   + 

 7  38  20   +  _ 

 8  42  22   +  _ 

 9  45  23   +   + 

 10  51  22   +   + 

 11 60 24  _  + 

 12 63 24  +  + 
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Individual specimen wise distribution of  Chlamydia trachomatis infection  among >25-35 age 
group of CSW. 

 

SL no. ID No. Age ICT Positive PCR Positive 

 1  29  26   +   + 

 2  35  30  _   + 

 3  40  27   +   + 

 4  44  32  _   + 

 5  54  34   +   + 

 6  58  32   +   + 

 7          

  

 

 

Individual specimen wise distribution of  Chlamydia trachomatis infection among >35-45 age 
group of CSW. 

 

SL no. ID No. Age ICT Positive PCR Positive 

 1  39  37  _   + 

 2  47  38   +   + 

 3  48  40 _    + 

 4  52  36   +   + 
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Individual specimen wise distribution of  Chlamydia trachomatis infection among  15-25 age 
group of SAW. 

 

SL no. ID No. Age ICT Positive PCR Positive 

 1  69  18   +   + 

 2  76  24   +   + 

 3  78  20   +   + 

 4  87  17   +   + 

 5  109  24   +   + 

 6  112  21  _   + 

 7  117  25 _    + 

 8  122  24  _   + 

 9  123  23  _   + 

 10  126  25   +   + 

 11  128  25   +   + 

 12  133  23   +   + 

 13  137  20   +   + 

 14  147  24   +   + 
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Individual specimen wise distribution of  Chlamydia trachomatis infection among >25-35 age 
group of SAW. 

SL no. ID No. Age ICT Positive PCR Positive 

 1  89  33  _   + 

 2  93  30   +   + 

 3  105  30   +   + 

 4  106  35  _   + 

 5  115  32   +   + 

 6  119  27  _   + 

 7  130  26   +   + 

 8  132  34   +   + 

 9  138  31   +   + 

 10  141  34   +   + 

 11  143  30   +   + 

 12  144  31   +   + 

 13  149  26   +   + 

  

  

Individual specimen wise distribution of  Chlamydia trachomatis infection among >35-45 age 
group of SAW. 

 

SL no. ID No. Age ICT Positive PCR Positive 

 1  67  38   +   + 

 2  79  42   +   + 

 3  85  36   +   + 
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Appendix-VII 

                         Thesis protocol 

                                    Title 

Molecular epidemiology of genital Chlamydia trachomatis infection by plasmid based 
PCR in high risk and sexually active women in community and genotyping of some 

representative strains. 
 

                                                         Investigator 
Dr. Syada Monira Hoque 

Thesis Part student of M. Phil (Microbiology) 
Department of Microbiology 

Mymensingh Medical College 
Session: 2009-2010 

 
 

                                                                 Guide 
Prof. Dr. Md. Akram Hossain 

Head of the Department of Microbiology 
Mymensingh Medical College 

Mymensingh. 
 

                                                             Co-Guide 
Dr. Shyamal Kumar Paul 

Assistant professor 
Department of Microbiology 

Mymensingh Medical College 
Mymensingh 
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To 
The Principal 
Mymensingh Medical College 
Mymensingh. 
 
Through: Proper channel. 
Subject: Application for approval of the thesis protocol. 
 
Sir 
With due respect, I am a student of M. Phil (Microbiology), Thesis Part humbly requests your 

permission to approve the protocol for my thesis title Molecular epidemiology of genital 

Chlamydia trachomatis infection by plasmid based PCR in high risk and sexually active 

women in community and genotyping of some representative strains. 

 
I therefore, pray and hope that you would be kind enough to approve my protocol and 
allow me to work in your institute to complete the thesis in due time. 
 
Obediently Yours 
 
(Dr. Syada Monira Hoque) 
Thesis Part student of M. Phil (Microbiology), 
Department of Microbiology 
Mymensingh Medical College 
Session: 2009-2010. 
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Circle the appropriate answer to each of the following 
(If not Applicable � N/A) 
1. Source of Population :    4. Are subjects clearly informed about 
(a)  III Subjects Yes No  (a)  Nature and purposes of 

study 
Yes No 

(b)  Non* III Subjects Yes No  (b)  Procedures to be followed 
including alternatives used 

Yes No 

(c)  Minors or persons under 
guardianship 

Yes No  (c)  Physical risks Yes No 

    (d)  Private questions Yes No 

2. Does the study involve :    (e)  Invasion of the Body Yes No 
(a)  Physical risks to the 

subjects 
Yes No  (f)  Benefits to be derived Yes No 

(b)  Social Risks: Yes No  (g)  Right to refuse to 
participate or to withdraw 
from study 

Yes No 

(c)  Psychological risks to 
subjects 

Yes No  (h)  Confidential handling of 
data 

Yes No 

(d)  Discomfort to subjects Yes No  (i)  Compensation 
Where there are risks or 
loss of working time or 
privacy is involved in any 
particular procedure 

Yes No 

(e)  Invasion of the body Yes No     

(f)  Invasion of Privacy Yes No  5. Will signed consent form/verbal consent 
be required : 

(g)  Disclosure of information 
damaging to subject or 
others 

Yes No  (a)  From Subjects Yes No 

    (b)  From parent or Guardia (if 
subjects are minors) 

Yes No 

3. Does the study involve :       
(a)  Use of records (Hospital, 

Medical, Death, Birth or 
others) 

Yes No  6. Will precautions be taken to 
protect anonymity of subjects 

Yes No 

(b)  Use of fetal issue or abortus Yes No     
(c)  Use of organs or body fluids Yes No     
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Abstract  

Chlamydia tracohmatis is now one of the most prevalent bacteria found in classic sexually 

transmissible disease and as such constitutes a serious public heath problem. World Heath 

Organization (WHO) estimated that 92 million new chlamydial infection occur worldwide 

annually affecting more women (50 million) then men (42 million).  And highest chlamydial 

infected population were in south and south-east Asia (43 million) then sub-saharan Africa 

(16 million). In India the prevalence of chlamydial infection among pregnant women is 17% 

and in Dhaka, Bangladesh prevalence among hotel based sex workers (HBSWs) is 43.5%. In 

women urogenital Chlamydia trachomatis infection can remain asymptomatic and can cause 

clinical manifestations including urethritis, cervicitis and pelvic inflammatory disease which 

if untreated may lead to serious complications including ectopic pregnancy and tubal 

infertility. The objective of this cross sectional study is to find out prevalence of genital 

C.trachomatis infection in women by detecting C.trachomatis antigen by 

Immunochromatographic tests (ICT) from endocervical swabs and to detect Chlamydia 

trachomatis by polymerase chain reaction (PCR) using endogenous plasmid based primers 

and for plasmid free strain using outer membrane protein A (OmpA) based primers from 

endocervical swab and sequencing of OmpA primer based amplified product for genotyping 

of the prevalent strains for early treatment and prevention of complications. Study will be 

carried out on symptomatic women attending at OPD of Gynae and obs of Mymensingh 

Medical college Hospital and from the commercial sex workers (CSW) of local region form 

July 2011 to June 2012. The collected specimen will be tested in the Department of 

Microbiology, Mymensingh Medical College.  

 


