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Summary 

Background 

Chlamydia trachomatis (C.trachomatis) is an obligate intracellular gram 

negative bacterium which is the most prevalent cause of bacterial sexually 

transmitted infections (STI). Although upto 94% of women with urogenital 

Chlamydial infections do not manifest obvious symptoms, the consequences 

of such untreated infection, including pelvic inflammatory disease, ectopic 

pregnancy, and infertility, generates a global financial burden of billions of 

dollars annually. Because most infected individuals are asymptomatic 

detection of the agent is required to establish a definitive diagnosis for 

treatment and prevention of transmission. So screening of population at risk 

must be a part of Chlamydial control and prevention. 

Objectives 

To find out Prevalence of genital Chlamydia trachomatis infection by 

Immunochromatographic test ( ICT) and  Polymerase chain reaction (PCR) 

in endocervical swab samples . 
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Methods 

A cross sectional study was conducted among the suspected cases of 

Chlamydia trachomatis patients who fulfilled the inclusion criteria of the 

study at the out patient department of Gynae & Obs. in Mymensingh 

Medical College Hospital during the study period of July 2009 to June 2010. 

Endocervical swab Samples  were taken from 70 suspected cases for ICT and 

PCR.  

Results  

Out of 70 samples, 17 (24.28%) showed PCR positive, where ICT were 

positive in 21 (30%).  In our study twelve ICT positive sample showed PCR 

negative. This may be due to the fact that these PCR negative strain may not 

contains endogenous plasmid ( Plasmid less). The sensitivity and specificity 

of ICT were 52.94% and 77.35% respectively. 

Conclusion 

Analyzing the findings of this study it may be concluded that ICT and PCR 

may be the suitable method to find out the Prevalence of genital Chlamydia 

trachomatis infection. 
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Introduction 

Chlamydia trachomatis (C.trachomatis) is an obligate intracellular gram 

negative bacterium which is the most prevalent cause of bacterial sexually 

transmitted infections (STI) (Hashemi et al. 2007).  

WHO reported that, 91.98 million (27%) among 340 million new curable 

STDs ( syphilis, gonorrhoea, 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 Southeast Asia, 5.3 (5.7%) in East Asia 

and Pacific. The largest number of new cases occurred in the region of South 

and Southeast Asia (WHO 2001; Saison  et al. 2007). 

 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 (NJDHSS 2003). 

A hospital-based study from Jordan reported a prevalence of 4.6% among 

symptomatic patients. The prevalence was highest in the sexually highly 

active age group of 16�29 year (Aswad  et al. 2004). The prevalence and 

heterogeneity of infections in a cohort of female sex workers in Senegal were 

determined by using endocervical- swab-based PCR DNA amplification 
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assays. The overall prevalence of cervical chlamydial infection was 28.5% 

(206 of 722), and most of these infections were asymptomatic (Ramirez et al. 

1999). 

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 Medical College Hospital and  58.3% 

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

Genital C. trachomatis infections may result in chronic cervicitis, pelvic 

inflammatory disease, and endometritis. Interest in genital C. trachomatis 

infection as a potential aetiologic factor for Invasive cervical cancer has been 

related to its asymptomatic nature, persistence if left untreated, and induction 

of metaplasia and chronic inflammation (Smith et al. 2002).  

In women, chlamydial infection of the lower genital tract occurs in the 

endocervix. It can cause odourless, mucoid vaginal discharge, typically with 

no external pruritus, although many women have minimal or no symptoms. 

An ascending infection can result in pelvic inflammatory disease (PID) 

(Miller 2006).  
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Although about 94% of women with urogenital Chlamydial infections do not 

manifest any obvious symptoms, the consequences of such untreated 

infection, including pelvic inflammatory disease, ectopic pregnancy, and 

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

Because most infected individuals are asymptomatic, detection of the agent 

is required to establish a definitive diagnosis for treatment and prevention of 

transmission. So screening of population at risk must be a part of Chlamydial 

infection control and prevention (Saison et al. 2007 ; Pramanik, Donde  & 

Maitra  2001; Watson et al.2002).  

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

these include different staining technique for the detection of 

intracytoplasmic inclusions, cell culture, Enzyme linked immunosorbent 

assay (ELISA), Immunochromatographic test (ICT), Direct Fluorescence 

Antibody (DFA),  DNA hybridization techniques and DNA amplification by 

Polymerase chain reaction (PCR) (Santos et al. 2003).   

Staining of cell with Giemsa reagent to detect Chlamydial infection provides 

a rapid laboratory diagnosis but its sensitivity is very low (Chun and Yin 

1998).  

Cell culture was long the gold standard test for detection of C. trachomatis 

infections with a specificity of 100%, but its sensitivity is as low as 50% and 
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is time consuming, technically cumbersome requiring high cost . Polymerase 

chain reaction (PCR) has been inroduced for diagnosis of C. trachomatis  

since last decade of 20th century and has been considered the gold standard 

for the diagnosis of Chlamydia trachomatis infection ( Shahi 1999; Young et 

al. 1991).  

Direct Fluorescence Antibody (DFA) test involving monoclonal antibodies 

has been presented as a rapid alternative method of detecting C. trachomatis 

infections. Several DFA assays are commercially available and use 

monoclonal antibodies directed against major outermembrane protein 

(MOMP) or LPS. The sensitivity of DFA is 68%-100% and specificity 82% -

100%  ( Lipkin et al. 1986; Tilton 1988 ; Shahi 1999).  

Detection of serum antibodies by ELISA used by some studies with a 

sensitivity of 83% and specificity 98%.  In genital secretions, antibody can 

be detected during active infections. But ELISA has high false positive rate 

and low sensitivity  (Jenab et al. 2009; Shahi  1999). 

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 (Dogan et al 2009). The assay does not require 

specialised equipment or extensive training and takes less than 30 minutes. 
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When compared to culture the sensitivity of ICT was 88.9% and the 

specificity was 99% (Young et. al 1991). 

Molecular genetic techniques are useful for the identification of 

microorganisms that are difficult to cultivate, 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, such as 

direct immunofluorescence and ELISA (Santos et al. 2003). DNA 

amplification techniques by PCR has sensitivities of greater than 90% and 

specificities approaching 100% (Shahi 1999). PCR has recently been 

introduced for detection of C. trachomatis. Studies in home and abroad have 

reported its higher sensitivity in comparison with culture, ELISA or DFA test 

(Pramanik, Donde & Maitra 2001).  

So keeping in mind the higher sensitivity and specificity of ICT and PCR the 

present study was conducted to diagnose genital Chlamydia trachomatis 

infection among sexually active (symptomatic and asymptomatic) women 

using endocervical swab as specimen. 

 

Objectives 

General objective 
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To find out the Prevalence of genital C. trachomatis infection in sexually 

active women attending Mymensingh Medical College Hospital. 

 Specific objectives: 

1. To diagnose genital Chlamydia trachomatis infection among sexually 

active women from endo-cervical swab by PCR. 

2. To diagnose genital Chlamydial infection  by detecting  antigen from 

endo-cervical swab by Immunochromatographic Test ( ICT ). 

3. To determine prevalence of genital C. trachomatis infection by ICT 

and PCR. 

4. To determine sensitivity and specificity of ICT. 
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Review of literature 

Historical background of Chlamydia trachomatis  

The description of trachoma is ancient, trachoma being one of the earliest of 

human diseases to be recognized as a distinct clinical entity. It was described 

in the Ebers Papyrus (1500 BC).  The name trachoma was first used by 

Discorides in 60 AD and the stages of the disease were described by Galen a 
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century later. From the Middle Eastern reservoir, it spread throughout 

Europe in many waves from the time of the crusades to Napolean (Schachter  

and Alexander 1998). 

Chlamydia trachomatis was first described by Halberstadter and Von 

Prowazek in 1907, as a characteristic intracytoplasmic inclusion in the 

conjunctival scrapings from a patient with trachoma (Hammerschlag 1981). 

In 1929-30, widespread outbreaks occurred of an atypical and often severe 

pneumonia, acquired from psittacine birds (budgerigars, parrots etc), which 

was termed psittacosis. These outbreaks stimulated research, and Levinthal 

Coles and Lillie independently described minute basophilic particles in 

Giemsa stained blood and tissue from the infected birds and human patients. 

Bedson and co-workers soon proved the aetiological relationship of these 

particles with psittacosis and went on to define the 

characteristic developmental cycle that now defines all members of the order 

Chlamydiales. Bedson referred to this agent (subsequently improperly 

referred to as Bedsoniae) as "an obligate intracellular parasite with bacterial 

affinities", a concept of great insight that was not generally accepted for 

another 30 years. In 1935, Chlamydia was thought to be a virus because it 

could only exist in living cells, since they use them for energy (Hardt ,Hays  

and Kruger 2005). 
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The trachoma "virus" was first isolated in the chick-embryo yolk sac in 

China in 1957 by T'ang and colleagues and reported in the Chinese Medical 

Journal to clearly isolate the agent of trachoma in yolk sac. The aetiological 

relationship of this organism with trachoma was proved in 1958 by the 

inoculation of human volunteers. Their aetiological role in inclusion 

conjunctivitis, and also in genital tract infection was confirmed by 

inoculating the eyes of volunteers and baboons (Collier 1990). 

It wasn�t until the 1960�s that Chlamydia was confirmed to be a bacteria, 

with the discovery that it contained both DNA and RNA, ribosomes, and cell 

walls � structures typical of bacteria (Hardt , Hays  and Kruger 2005). 

The term �Chlamydia� (Gr. Chlamus cloak) appeared in the literature in 

1945. That chlamydiae were not viruses became evident in 1965 with the 

advent of tissue culture techniques and of electron microscopy, when 

evidence for bacterial rRNA, ribosomes and cell wall structures in 

chlamydiae finally became overwhelming.  However chlamydiae were 

grouped with Rickettsia until the genus Chlamydia was validated by Page in 

1966. For years, Chlamydiales was the only bacterial order that had just one 

family and one genus (Chlamydiaceae and Chlamydia, respectively). In the 

1990s, with the introduction of new diagnostic methods, chlamydiae were 

described as emerging disease agents. DNA-DNA reassociation studies and 

subsequently gene sequencing lead to two new species in the late 90's, 
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Chlamydia pneumoniae and Chlamydia pecorum (both now placed into the 

genus Chlamydophila).  More than 40 chlamydial strains were deposited in 

the American Type Culture Collection, including type strains for all species 

and families. New environmental chlamydiae were also discovered across a 

wide range of animal phyla. The new molecular knowledge led to a new 

taxonomy of the order Chlamydiales, which split the former family 

Chlamydiaceae into two genera, Chlamydia and Chlamydophila (the name 

Chlamydophila, given by Hans Truper and Johannes Storz, means  'like 

chlamydia'), encompassing nine species, and added three new non 

Chlamydiaceae families, the Parachlamydiaceae, Waddliaceae and 

Simkaniaceae (Collier 1990).  

 

  

Epidemiology 

Chlamydia trachomatis is an obligate intracellular gram- negative bacterium. 

C trachomatis is the most prevalent cause of bacterial sexually transmitted 

infections (STI), with an estimated 100 million cases reported annually 

throughout the world (Hashemi et al. 2007). In 1999, World Health 

Organization (WHO) estimated that 92 million new chlamydial infections 

occur worldwide annually, with the largest proportion (43 million) of these 
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infections being contracted in South and South-east Asia, a region that is 

mostly resource limited with respect to infectious disease diagnosis and 

management (Saison F et al. 2007). Panchanadeswaran  et al. in 2006 from 

India reported that prevalence of STI was 22% in urban area and 8.3% in 

rural area. 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 and 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 (WHO 2001). 

Owing to a lack of a fully-functional STI surveillance system in India, 

Prevalence estimates for STI are varied. In random community based 

samples  study, Trichomonas Vaginalis was the most commonly found STI 

(5%), followed by Neisseria gonorrhoeae (3-4%), Chlamydia trachomatis 

and herpes simplex virus type 2 (HSV2) (1-1.4%) and Treponema pallidum 

(Syphilis) being the least prevalent about 0.3%  (Panchanadeswaran  2006). 

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 
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Health and Senior Services) making it the most prevalent sexually 

transmitted disease in the State (NJDHSS 2003). 

Chlamydia is the most frequently reported bacterial sexually transmitted 

disease in the United States. In 2008, 1,210,523 chlamydial infections were 

reported to CDC from 50 states and the District of Columbia. Under-

reporting is substantial because most people with chlamydia are not aware of 

their infections and do not seek testing. Also, testing is not often done if 

patients are treated for their symptoms. An estimated 2,291,000 non-

institutionalized U.S. civilians ages 14-39 are infected with C. trachomatis  

based on the U.S. National Health and Nutrition Examination Survey.  

Women are frequently re-infected if their sex partners are not treated (CDC 

2010). 

Approximately 4 million cases of chlamydial infection are reported per year 

in the United States, with an overall prevalence of 5%. At-risk groups       

(eg, sexually active adolescent girls) have a higher prevalence, with an 

incidence of 10%. A prevalence of chlamydia as high as 14% has been 

reported in African American females aged 18-26 years and 17% among 

females with a history of gonorrhea or chlamydia in the previous 12 months. 

In addition, approximately 100,000 neonates are exposed to chlamydia 

annually (Houry 2010). 
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Routine chlamydia screening of sexually active young women is 

recommended to prevent consequences of untreated chlamydial infection  

(eg, pelvic inflammatory disease, infertility, ectopic pregnancy, chronic 

pelvic pain). Fewer than half of young, sexually active females in the United 

States are screened for chlamydia, reports MMWR (Morbidity and Mortality 

Weekly Report).  Nationally, the annual screening rate increased from 25.3% 

in 2000 to 43.6% in 2006, and then decreased slightly to 41.6% in 2007 

(Houry 2010). 

 

 

 

Habitat, Transmission and Reservoir of infection 

Habitat  

Human genital tract and eye. 

Transmission  

By sexual contact and through perinatal exposure to the mother's infected 

cervix. 

Incubation period  

The incubation period ranges from 1 to 5 weeks. 

Reservoir 
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 Individuals with asymptomatic genital tract infections are an important 

reservoir of infection for others (The New Jersey Department of Health and 

Senior Services 2003). 
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 Microbiology of C. trachomatis 

 Taxonomy 

Phylum: Chlamydiae  

Kingdom: bacteria  

Class: Chlamydiae 

Order: Chlamydiales 

family: Chlamydiaceae 

genus: Chlamydia 

species: C. trachomatis 

domain: prokaryote,any unicellular microorganism that lack a nucleus. 

Division: gram negative 

(Mellissa�s Microbe  2005).  

General properties of Chlamydia trachomatis 

Gram negative, obligate intracellular bacteria. Do not grow in artificial 

media. Cell wall contains LPS but does not have a peptidoglycan layer. Their 

cell wall lack of muramic acid, possess ribosomes and synthesise their own 

proteins. Can not produce their own ATP; rely on cellular ATP for many of 

their metabolic actions. All three species (C. psittaci, C. trachomatis and C. 

pneumonia) share a common LPS antigen. Are not affected by ß-lactum 

antibiotics (Chakraborty 2003). 
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 Growth cycle 

The growth cycle of C. trachomatis is complicated, involving both an 

extracellular and intracellular form. The infectious particle, called the 

elementary body (EB) is rigid, metabolically inactive, and approximately 300 

mm in size, which is smaller than most bacteria. The elementary body 

becomes attached to the cell surface and is taken by phagocytosis into a 

vacuole called a phagosome. After approximately 12 hours the elementary 

body undergoes reorganization into the reproductive form, the reticulate 

body (RB). The reticulate bodies are larger in size, do not have a rigid 

membrane, are metabolically active, and are not stable in an extracellular 

environment. The reticulate bodies begin to undergrow binary division at 20 

hours. By 40 hours after infections the reticulate bodies reorganize into 

elementary bodies forming the characteristic inclusion. At no time is there 

and eclipse phase as with virus. Although host cell functions decline during 

infection, the Chlamydiae do not direct the cells metabolic function, but 

rather utilize the cellular pool of nutrients. At 48 hours after infection, the 

host cell lyses, leading to cell death and the release of infectious EBs, to 

begin the cycle a new (Hammerschlag 2010). 

The EB membrane proteins have highly cross-linked membrane proteins. 

The EBs have a high affinity for host cells and rapidly enter them. There may 

be multiple adhesions, receptors, and mechanisms of entry. Heparan sulfate-
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like proteoglycans on the surface of C. trachomatis are likely possibilities for 

mediating at least the initial interaction between EBs and host cells. Other 

potential adhesions include the major outer membrane protein (MOMP), 

glycosylated  MOMP, and other surface proteins. The mechanisms thought 

to mediate entry into the host cell also are varied. EBs are usually seen 

attached near the base of microvilli, where they are subsequently engulfed by 

the host cell. More than one mechanism appears to be functional: receptor � 

mediated endocytosis into clathrin-coated pits and pinocytosis via noncoated 

pits. Lysosomal fusion is inhibited by an unknown mechanism, creating a 

protected membrane-bound environment around the Chlamydiae. Shortly 

after entry into the host cell, the disulfide bonds of the EB membrane 

proteins are no longer cross-linked and the elementary body is reorganized 

into a large one called a reticulate body (RB) measuring about 0.5-1µm and 

devoid of an electron-dense nucleoid. Within the membrane-bound vacuole, 

the RB grows in size and divides repeatedly by binary fission. Eventually, 

the entire vacuole becomes filled with elementary bodies derived from 

reticulate bodies to form a cytoplasmic inclusion. 

The newly formed elementary bodies may be liberated from the host cell to 

infect new cells. The developmental cycle takes 24-48 hours (Brooks, Butel 

and Morse 2004). 

Growth and Metabolism 
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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 cycloheximide 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. 

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). 

Structure and Chemical composition 

In Chlamydiae , the outer cell wall resembles the cell wall of gram-negative 

bacteria.  It has relatively high lipid content. It is rigid but does not contain a 

typical bacterial peptidoglycan; perhaps it contains a tetrapeptide-linked 
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matrix. 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 amounts 

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 is similar to that of bacterial chromosomes (Brooks, 

Butel and Morse 2004). 

 

Genome Structure of Chlamydia trachomatis 

The sequences of both Chlamydia trachomatis and Chlamydia pneumoniae 

have been determined with the hope that a comparison between the two 

genomes will significantly enhance the understanding of both pathogens. 

Identification of genes particular to one or the other species could indicate 

mutually exclusive biological, virulence, and pathogenesis capabilities, while 

genes the two have in common will help researchers better understand the 

metabolic capabilities necessary for living in a human host. The genome of 
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Chlamydia trachomatis is 1,042,519 base pairs long with 894 predicted 

protein-coding sequences. The genome of Chlamydia pneumoniae is 

1,230,230 base pairs long with 1,073 open reading frames. 186 genes on the 

C. pneumoniae genome are not homologous to sequences on the C. 

trachomatis genome, and seventy genes on the C. trachomatis genome are 

unrepresented on the C. pneumoniae genome (Wikipedia). 

Nucleotide sequence  

The entire 1,658-bp PstI fragment of plasmid pCT161/18 was sequenced in 

both directions by using the dideoxy method. The complete C. trachomatis 

18,000-dalton cell-binding protein was located on this 1,658-bp fragment. 

The proposed translation initiation site is the amino acid methionine at 

nucleotides 159 to 161. The untranslated sequence 10 positions upstream of 

the ATG start codon containing a sequence AGGA represents a putative 

ribosome-binding site . Stop codons were found in all three reading frames 

preceding the start codon. No other significant open reading frames were 

found on this fragment. Codon usage of the chlanectin gene is strongly 

reflective of the low G+C content of C. trachomatis DNA (44%), with almost 

70% of codons favoring U or A in position 3. Amino acid sequence. The 

open reading frame of the recombinant gene was translated and, beginning at 

the initial methionine, comprises 162 amino acids, specifying a polypeptide 
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of Mr 18,314. The derived chlanectin sequence contains highly charged 

residues toward the carboxy-terminal end. The presence of two short clusters 

of positively charged arginines-one between amino acids 146 and 148 and 

other between amino acids 156 and 159-is striking. The sequence contains 

two cysteine residues that are adjacent to each other. There is a short 

hydrophobic region toward the amino-terminal end which is preceded by two 

positively charged amino acids. The protein has a homogeneous distribution 

of charged, polar, and hydrophobic residues without clustering of 

hydrophobic groups, although chlanectin exhibits 43% hydrophobicity 

overall. 

 

The location of the native binding protein on the outer membrane of C. 

trachomatis suggest the presence of a leader peptide . Most bacterial proteins 

inserted into the outer membrane have an amino-terminal extension with one 

or more basic residues, including one Arg or Lys. The presence of a 

hydrophobic region consisting of five amino acids preceded by a charged 

amino acid may represent a signal sequence although the characteristic 

hydrophobic core of 12 to 20 amino acids representing a typical signal 

sequence is lacking (Kaull, Roy, & Wenman  1987). 

Antigenic Structure  
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Three major groups of antigens have been identified: genus- specific antigen, 

species-specific antigens and serotype-specific antigens. 

The heat-stable genus-specific antigen common to all Chlamydia is LPS with 

an acidic polysaccharide as the antigenic determinant. The immunodominant 

group, 2-keto-3-deoxy-octanoic acid, is similar to but not identical with the 

LPS of Salmonella. The antigen, which is present throughout the 

developmental cycle, can be detected by the complement fixation test, SDS 

polyacrylamide gel electrophoresis, and by polyclonal or epitope specific 

monoclonal antibodies. 

Several species-specific antigens have been detected on or near the envelope 

surface. These protein antigens are shared by all members of a Chlamydial 

species. At least 18 species-specific antigens are present in C. trachomatis 

and 15 in C. Psittaci. 

Serotype - specific determinants are common only to certain isolates within a 

species. The C. trachomatis species responsible for human diseases is 

subdivided into two biologic variants (biovars): LGV and trachoma. Each 

biovar contains a number of serologically distinct types of serovars.  There 

are three serovvars of biovar LGV and trachoma. Each biovar contains a 

number of serologically distinct types of serovars. There are three serovars of 

biovar LGV (LGV1, LGV2, and LGV3) and 12 serovars of the trachoma 

biovar. Serovars A, B, Ba, and C have been isolated primarily from the eyes 
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of persons with trachoma in trachoma endemic areas. Isolation of these types 

from genital sites is rare. Serovars D through K have been isolated from the 

eyes of persons in areas where trachoma is nonendemic and most frequently 

from the genital tracts of adults. They also represent isolates obtained from 

the eyes and lungs of infants born to mothers with cervical infection. These 

serovars were originally identified by the micro-IF test. More recently, 

serovar specific monoclonal antibodies have been developed. There are 

conflicting reports concerning the chemical nature of the serovar antigen, but 

they are probably surface exposed, are part of the major outer membrane 

protein (MOMP) and seen to play a major role in the development of 

protective immunity (Joklik et al. 1992). 

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 
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with the sexually transmitted form and does not lead to reveal that 

Chlamydia, because of its cell wall, is able to inhibit phagolysosome fusion 

in phagocytes. The cell wall is proposed to be gram-negative in blindness. Its 

unique cell wall structure is another virulence factor. Studies has shown that 

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 

contain 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). 

Pathogenesis  

C. trachomatis replicates preferentially on mucosal surfaces within columnar 

or transitional epithelial cells. The organisms stimulate a brisk infiltration of 

polymorphonuclear cells, especially early in infection. Submucosal 

lymphocytic infiltration is also impressive, leading to lymphoid follicle 

formation and fibrotic changes (Joklik et al. 1992). 

Because of the inherent difficulties in acquiring human tissue samples for 

study, researchers have taken advantage of multiple animal models of 

chlamydial infection to examine the nature and timing of the inflammatory 
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response that occurs in the female genital tract after in vivo infection. Mouse 

and guinea pig models show that the response to primary chlamydial 

infection occurs within 1�2 days of infection and is characterized by mucosal 

infiltration with neutrophils and modest numbers of monocytes .Neutrophils 

are recruited in large numbers to the site of infection and are capable of 

killing accessible elementary bodies. Later, T cells accumulate at the site of 

chlamydial infection and play a critical role in controlling the infection. A 

consistent observation in the murine model is that tubal dilatation is a 

frequent end result of primary infection. Thus, the inflammatory process 

resulting from a single chlamydial insult may be sufficient to induce tubal 

damage and infertility. In contrast, in female guinea pigs, the host response 

to primary infection results in long-term tissue damage in a minority of 

infected animals. Analogous information on the proportion of women 

developing tubal damage after chlamydial infection is not available, but most 

infected women do not appear to develop clinical complications. Taking into 

consideration reported complication rates together with the high prevalence 

of genital tract C. trachomatis infection in women, it appears that the guinea 

pig model may more closely approximate human disease. In female animals 

and women, the multidimensional set of immune events that occurs at the 

time of infection ultimately results in an acquired immune response. 

Unfortunately, the adaptive response induced by infection is not effective in 
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preventing reinfection, and the host�s oviducts remain vulnerable to repeated 

inflammatory insult (Darville and Hiltke 2010). 

Endocervical epithelial cells released interleukin (IL) � 1a after infection, 

and the induced proinflammatory cytokine cascade could be inhibited by 

specific anti IL �1a antibodies. Thus, IL-1a, released on epithelial cell lysis, 

may act to amplify the inflammatory response by stimulating additional 

cytokine production. These findings formed the basis for Richard Stephens� 

�cellular paradigm of chlamydial pathogenesis�. Stephens theorized that �the 

inflammatory processes of chlamydial pathogenesis are elicited by infected 

host cells and are necessary and sufficient to account for chronic 

inflammation and the promotion of cellular proliferation, tissue remodeling 

and scarring the ultimate cause of disease sequelae�  (Darville and Hiltke 

2010). 

Immunity 

The cellular paradigm of chlamydia pathogenesis states that the host 

response to chlamydiae is initiated and sustained by epithelial cells that are 

the primary targets of chlamydial infection. Infected host epithelial cells act 

as first responders, initiating and propagating immune responses. They 

secrete chemokines that recruit inflammatory leukocytes to the site of 

infection and cytokines that induce and augment the cellular inflammatory 

response and these mediators induce direct damage to the tissues. At the time 
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of reinfection, host cell release of chemokines leads to recruitment of 

chlamydia specific immune cells that rapidly amplify the response. The 

release of proteases, clotting factors, and tissue growth factors from infected 

host cells and infiltrating inflammatory cells leads to tissue damage and 

eventual scarring�the hallmark of chlamydia induced oviduct disease. The 

cellular paradigm makes no distinction between damage induced by 

professional innate immune cells (neutrophils and monocytes) and adaptive 

lymphocyte populations but assumes that both cell populations contribute to 

pathogenesis. Chronic chlamydial infections are common and would lead to 

ongoing release of mediators that promote continued influx of inflammatory 

cells, damage to host epithelium, scarring, and ultimately, fibrosis and 

scarring. Because reinfection with chlamydiae is a frequent occurrence, 

repeated inflammatory responses may lead to repeated insult to the tissues 

and may promote tissue scarring. Studies using the murine model of C. 

trachomatis genital tract infection have established that resolution of genital 

chlamydial infection is dependent on an influx of interferon (IFN)-producing 

CD4+ Th1 cells. The immunological paradigm for pathogenesis is based on 

the premise that T cell responses that are essential to host defense may also 

cause collateral tissue damage. It was speculated that host T cell responses 

induced on primary infection to a species-specific antigen were increased 

with subsequent infections, promoting tissue damage and scarring. 
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Chlamydia heat shock protein 60 (Chsp60) has been investigated as a 

potential antigen responsible for induction of delayed type hypersensitivity 

induced disease. This molecule attracted attention as a candidate pathogenic 

antigen after studies in immune guinea pigs and monkeys suggested direct 

eye inoculation with this sensitizing antigen promoted heightened 

inflammation of the conjunctiva. However, residual Triton-X detergent 

contaminating the extracts proved to be the inducer of disease. Later studies 

conducted in the guinea pig model of trachoma revealed a protective role for 

vaccination with Chsp60, and although human studies have revealed 

detection of elevated titers of antibody to Chsp60 in those with more severe 

disease, this may simply reflect increased exposure to chlamydia through 

chronic or repeated infection. A recent large prospective study of women 

with PID did not reveal a correlation of increased antibody titers to Chsp 60 

with worse outcome. Furthermore, IFN-g production by peripheral blood T 

cells stimulated with Chsp60 predicts protection from incident infection in 

women at high risk of repeated infection. Despite the lack of evidence for a 

specific chlamydial pathogenic antigen that primes anamnestic T cell 

responses, in the presence of chronic or repeated infection, an ongoing or 

augmented memory T cell response might heighten disease development. 

Monkey and guinea pig models of repeated infection indicate that CD4 and 

CD8 T cells infiltrate more rapidly and in larger numbers than do neutrophils 
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during repeat oviduct infections, and this recurrent inflammatory reaction 

ultimately culminates in fibrosis and scarring. Of importance, because guinea 

pigs develop sufficient immunity after primary infection to significantly limit 

bacterial burden during a secondary vaginal infection, this indicates that very 

small amounts of chlamydiae may be sufficient to induce an enhanced T cell 

response in the oviduct that culminates in disease. Although CD4 and CD8 T 

cells have been observed in both of these models of repeated infection, with 

CD8 T cells being predominant in the monkey model, no data exist on the 

specific role of CD8 T cells in pathogenesis in humans. Because the ultimate 

goal of chlamydia control programs is to prevent reproductive tract 

complications, a more complete understanding of how C. trachomatis 

infection leads to sequelae is needed. The cellular paradigm of pathogenesis 

does not invoke professional innate or adaptive immune cells as being more 

or less responsible for disease development. Instead, the central player of 

pathogenesis is assumed to be the host epithelial cell that drives the 

inflammatory response through its recognition of chlamydia infection. 

Epithelial cells possess surface and intracellular innate immune receptors that 

enable them to recognize conserved chlamydial ligands and initiate 

inflammation. Thus, the infected epithelial cell serves as a key innate 

responder cell. Therefore, a determination of genetic polymorphisms that 

result in heightened innate inflammatory responses to chlamydia may serve 
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to identify persons at high risk of disease development and in need of 

increased levels of screening and treatment (Darville and Hiltke 2010). 

IL-1 receptor antagonist to the cultures completely eliminates tissue 

destruction induced by infection, indicating a direct role for this cytokine in 

pathogenesis. In vitro infection of Fallopian tube epithelium also results in 

the production of tumor necrosis factor (TNF) and increased expression of 

adhesion molecules on oviduct endothelial cells. This milieu could easily 

lead to activation and recruitment of first innate and, later, adaptive immune 

cells to effect resolution of infection. However, subsets of these responses 

may also induce collateral damage to genital tract tissue (Darville and Hiltke 

2010). Proinflammatory chemokines and cytokines have been documented in 

murine and guinea pig models of genital tract chlamydial infection. The up 

regulation of integrins in the murine genital tract is coincident with the onset 

of infection. Detection of the neutrophil chemokine macrophage 

inflammatory protein-2 (MIP-2), a chemokine analogous to IL-8 in humans, 

in genital tract secretions of infected mice coincides with a rapid influx of 

neutrophils into the lower genital tract (Darville and Hiltke 2010). 

Many patients with C. trachomatis infections show 

hyperimmunoglobulinemia with polyclonal activation and secretion of IgM, 

IgG and IgA in tears and serum. Although neutralizing antibody plays a 

protective role in experimental infection, antibodies are not totally protective 
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since disease persists as long as reinoculation continues. The antibody's role 

in vivo may be to limit the extent of Chlamydial multiplication rather than to 

effect a cure (Joklik et al. 1992). 

 

 

Clinical Syndromes 

Trachoma  

Chronic infection or repeated reinfection with C. trachomatis (biovar: 

trachoma) results in inflammation and follicle formation involving the entire 

conjunctiva. Scarring of the conjunctiva causes turning in of the eyelids and 

eventual scarring, ulceration and blood vessel formation in the cornea, 

resulting in blindness. The name trachoma comes from 'trakhus' meaning 

rough which characterizes the appearance of the conjunctiva. Inflammation 

in the tissue also interferes with the flow of tears which is an important 

antibacterial defense mechanisms. Thus, secondary bacterial infections occur  

(Mayer 2005). 

Inclusion conjunctivitis 

Inclusion conjunctivitis is caused by C. trachomatis (biovar: trachoma) 

associated with genital infections (serovars D - K). The infection is 
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characterized by a mucopurulent discharge, corneal infiltrates and occasional 

corneal vascularization. In chronic cases corneal scarring may occur. In 

neonates infection results from passage through an infected birth canal and 

becomes apparent after 5 - 12 days. Ear infection and rhinitis can accompany 

the ocular disease (Mayer 2005). 

Infant pneumonia 

Infants infected with C. trachomatis (biovar: trachoma; serovars: D - K) at 

birth can develop pneumonia. The children develop symptoms of wheezing 

and cough but not fever. The disease is often preceded by neonatal 

conjunctivitis. 

Ocular lymphogranuloma venereum  

Infection with the LGV serovars of C. trachomatis (biovar: LGV) can lead to 

oculoglandular conjunctivitis. In addition to the conjunctivitis, patients also 

have an associated lymphadenopathy. 

Urogenital infections 

In females, the infection is usually (80%) asymptomatic but symptoms can 

include cervicitis, urethritis, and salpingitis. Postpartum fever in infected 

mothers is common. Premature delivery and an increased rate of ectopic 

pregnancy due to salpingitis can occur.  In the United States, tubal pregnancy 

is the leading cause of first-trimester, pregnancy-related deaths. In males, the 
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infection is usually (75%) symptomatic. After a 3 week incubation period 

patients may develop urethral discharge, dysuria and pyuria. Approximately 

35 - 50% of non-gonococcal urethritis is due to C. trachomatis (biovar: 

trachoma). Post-gonococcal urethritis also occurs in men infected with both 

Neisseria gonorrhoeae and C. trachomatis. The symptoms of chlamydial 

infection occur after treatment for gonorrhea because the incubation time is 

longer. Up to 40% of women with untreated (undiagnosed) chlamydia will 

develop pelvic inflammatory diseases and about 20% of these women will 

become infertile. Many untreated cases (18%) result in chronic pelvic pain. 

Women infected with chlamydia have a 3 - 5 fold increased risk of acquiring 

HIV up to 75% of patients show symptoms such as urethral discharge, 

dysuria and pyuria 

Reiter's syndrome 

Reiter's syndrome is a triad of symptoms that include conjunctivitis, 

polyarthritis and genital inflammation. The disease is associated with HLA-

B27. Approximately 50 - 65% of patients have an acute C. trachomatis 

infection at the onset of arthritis and greater than 80% have serological 

evidence for C. trachomatis infection. Other infections (shigellosis or 

Yersinia enterocolitica) have also been associated with Reiter's syndrome. 

Lymphogranuloma venereum (C. trachomatis biovar: LGV) 
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The primary lesion of LGV is a small painless and inconspicuous vesicular 

lesion that appears at the site of infection, often the penis or vagina. The 

patient may also experience fever, headache and myalgia. The second stage 

of the disease presents as a marked inflammation of the draining lymph 

nodes. The enlarged nodes become painful 'buboes' that can eventually 

rupture and drain. Fever, headache and myalgia can accompany the 

inflammation of the lymph nodes. Proctitis is common in females; lymphatic 

drainage from the vagina is perianal. Proctitis in males results from anal 

intercourse or from lymphatic spread from the urethra. The course of the 

disease is variable but it can lead to genital ulcers or elephantiasis due to 

obstruction of the lymphatics (Mayer 2005). 

Laboratory Diagnosis  

There are several laboratory tests for diagnosis of C. trachomatis but the 

sensitivity of the tests will depend on the nature of the disease, the site of 

specimen collection and the quality of the specimen. Since chlamydia are 

intracellular parasites, swabs of the involved sites rather than exudate must 

be submitted for analysis. It is estimated that as many as 30% of the 

specimens submitted for analysis are inappropriate (Mayer 2005). 

Cytology 
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C. trachomatis infections of conjunctiva, urethra or cervix can be diagnosed 

by demonstrating typical intracytoplasmic inclusions on cytological 

examination. Giemsa stain was most frequently used in the past, but the more 

sensitive immunofluorescence techniques have now largely replaced Giemsa 

Stain. Staining of cell with Giemsa reagent to detect Chlamydial infection 

provides a rapid laboratory diagnosis. Among the various laboratory methods 

for diagnosing C. trachomatis, Giemsa staining is rapid, simple, less time 

consuming technique but this method is not as sensitive as other methods 

(Chakrabarty 2003). 

Culture 

Culture is the most specific method for diagnosis of C. trachomatis 

infections. Specimens are added to cultures of susceptible cells and the 

infected cells are examined for the presence of iodine-staining inclusion 

bodies. Iodine stains glycogen in the inclusion bodies. The presence of 

iodine-staining inclusion bodies is specific for C. trachomatis since the 

inclusion bodies of the other species of chlamydia do not contain glycogen 

and stain with iodine. 

Chlamydia being obligate intracellular parasites, cannot be cultured on 

bacteriologic media. However, they can be grown in yolk sac of 

embryonated egg and in number of cell culture monolayers. Successful 
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isolation has been done with monkey kidney, HeLa and Mc Coy cells.Mc 

Coy and HeLa cells are most commonly used. After incubation at 35î C for 

48-72 hours, the inoculated monolayer is stained with fluorescent antibodies 

(which can be genus or species specific) or with iodine, which detects 

C.trachomatis only (Chakrabarty 2003). 

Recently Culture was considered as gold standard test for detection of C. 

trachomatis. It has specificity of 100%, but its sensitivity is as low as 50%  

(Shahi 1999).  Cell culture was long the gold standard for diagnosis of C. 

trachomatis  infections because of its absolute specificity. However, due to 

its labor-intensive methodology, turnaround time, cost, and requirements for 

infrastructure and technical expertise, cell culture facilities were limited to 

specialized research laboratories only. Other nonculture tests, such as 

enzyme immunoassay (EIAs), serological tests, etc., lack the high sensitivity 

and specificity needed for accurate diagnosis of ongoing infection (George et 

al. 2003). 

Antigen detection 

Direct Fluorescence Antibody Test (DFA)   

The DFA technique adds the considerable advantage of chlamydia-specific 

antibody staining to direct examination of specimens and remains one of the 
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most useful diagnostic techniques available. With the use of monoclonal 

antibody reagents specific for the MOMP of C. trachomatis, the sensitivity 

of DFA is 80 to 90% and the specificity is 98 to 99% relative to culture when 

both are performed optimally. Like culture, the DFA test has very high 

specificity due to its dependence on visualization of the distinctive 

morphology and staining characteristics of chlamydial inclusions and 

elementary bodies. The DFA test is the only diagnostic test available that 

permits simultaneous assessment of specimen adequacy by visualization of 

cuboidal columnar epithelial cells. An inadequate specimen contains no 

columnar epithelial cells, excessive cervical mucus, or a predominance of 

squamous epithelial cells. The DFA test is relatively rapid (about 30 min) 

and does not require refrigeration of specimens during transport. The first 

antibody reagents commercially available for the DFA test were polyclonal 

and were relatively nonspecific in that they tended to cross-react with other 

bacteria. Several different monoclonal antibody reagent preparations that are 

directed against MOMP and LPS antigens are now commercially available. 

Antibodies to LPS react with all species ofChlamydia and exhibit inferior 

staining characteristics compared with those of antibodies to MOMP because 

of the uneven distribution of LPS on the surface of elementary bodies. 

Monoclonal antibodies to the species-specific epitope of MOMP are thus the 

preferred reagent for detection of C.trachomatis infections by the DFA test. 
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A test kit system for the DFA test that employs anti-MOMP monoclonal 

antibody and includes positive and negative control slides is commercially 

available. Monoclonal and polyclonal fluorescence-labeled antibody reagents 

are also commercially available for use in the DFA test. Although the DFA 

staining method is rapid, microscopic evaluation of each specimen is 

laborious and requires highly trained and experienced personnel. The 

presence of 10 elementary bodies or more is generally accepted for the test to 

be positive for clinical diagnostic purposes. Lowering this cutoff point or 

performing centrifugation of specimens has been found to modestly increase 

the sensitivity. Laboratories that reduce the positive cutoff to <10 elementary 

bodies should consider the possible accompanying reduction in specificity 

and positive predictive value of the test. Although the DFA test is still used 

in many laboratories as a primary diagnostic test for C. trachomatis, the 

labor and skill required to perform the test limit its use to low volumes of 

specimens. As it has lost favor as a primary diagnostic test, the DFA test has 

become popular as a confirmation test for positive results of other nonculture 

C. trachomatis tests (Black 1997).  

Immunochromatographic Test (ICT) 

C.trachomatis was researched for lipopolysaccarid antigen (LPS) by 

immunochromatographic method. Immunochromatographic screening test 
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which used monoclonal antibodies for detection of lipopolysaccharide 

antigen extracted from Chlamydiae. Among the various laboratory methods 

for diagnosing C. trachomatis, Immunochromatographic method is rapid, 

simple, less time consuming technique (Yilmaz B 2009). The assay does not 

require specialized equipment or extensive training and takes less than 30 

minutes from sample to results. Based on culture the sensitivity of ICT was 

88.9% and the specificity was 99% (Young  et. al 1991). 

ELISA 

Diagnostic tests based on immunochemical detection of LPS genus-specific 

antigen were developed during the late 1980s, and this technology has 

produced the greatest number of commercial tests available today. In direct 

EIAs, enzyme-labeled antibodies that recognize all species of Chlamydia 

bind to LPS extracted from elementary bodies in the specimen. In indirect 

EIAs, a primary anti-LPS antibody (usually murine IgG) is used as the 

detector reagent, followed by a secondary enzyme-linked, usually anti-

murine IgG antibody. LPS is used with this technology since it is more 

abundant and more soluble than MOMP. The enzyme component of 

specifically bound antibodies converts a colorless substrate to a colored 

product that is detected by a spectrophotometric reader. Alternatively, the 

conjugated enzyme may convert a fluorescence-generating substrate to a 

signal detected by a fluorescence reader. Total processing time for manual 



 LII 

EIAs is 3 to 4 hours. A disadvantage of the EIA is that antibodies to LPS 

may cross-react with the LPS of other gram-negative bacteria to produce 

false-positive results. To improve the specificity, some manufacturers have 

developed blocking assays that are used to verify positive EIA results. The 

blocking test is performed by repeating initially positive EIAs in the presence 

of monoclonal antibodies specific for chlamydial LPS. The monoclonal 

antibody competitively inhibits, or blocks, the LPS epitope bound by the 

detector antibody; thus, a reduced signal with the use of blocking antibody is 

interpreted as verification of the initial positive test result. The first-

developed and most extensively evaluated commercial EIA is 

Chlamydiazyme. Another widely used and more recently developed EIA for 

C. trachomatis is the Microtrak EIA (Black 1997).  

ELISA has high false positive rate and low sensitivity. When compared with 

Culture only, the sensitivity is 83% and specificity 98%.  The amplified 

DNA tests Polymerase chain reaction and ligase chain reaction are more 

sensitive than tissue culture and EIA  (Shahi  1999). 

Rapid or �point-of-care� tests 

Rapid tests, also called �point-of-care� or �near-to-patient� tests, for C. 

trachomatis employ EIA technology in formats based primarily on 

membrane capture or latex immunodiffusion. Rapid tests are performed in 
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physician�s offices, do not require sophisticated equipment, and can be 

completed in about 30 min. Results are read visually and are thus qualitative. 

Like the traditional laboratory-performed EIAs, the rapid tests use antibodies 

against LPS that detect all chlamydial species and are subject to the same 

potential for false-positive results due to cross-reactivity with LPS from 

other microorganisms. Sensitivities of rapid tests relative to culture range 

from 52 to 85% for endocervical swabs and specificities are over 95%. Since 

the rapid tests are designed to be performed by nonlaboratory personnel, 

quality assurance is essential. Because laboratory-performed tests for C. 

trachomatis are readily available and superior in performance, rapid tests 

offer an advantage only when results are required immediately for patient 

management. However, rapid tests should not be used in a low-prevalence 

population or for asymptomatic individuals due to the potential for false-

positive results. The results of a rapid test should always be considered 

presumptive and, if positive, should be confirmed by a laboratory performed 

test (Black 1997). 

Serology  

Serologic tests are generally not useful in the diagnosis of genital tract 

infections caused by C. trachomatis. This is because antibodies elicited by C. 

trachomatis infection are long lived and a positive antibody test will not 



 LIV 

distinguish a previous from a current infection. The use of convalescent-

phase serum specimens can be helpful, since a fourfold increase in antibody 

titer is predictive of an active infection; however, it can take up to 1 month or 

longer for antibody titers to rise, and the delay is not appropriate to the time 

frame necessary for therapy and management of patients. The presence of 

IgM antibodies is an unreliable marker of acute infection in adolescents and 

adults since IgM is often not present, presumably because the person has 

been infected previously with C. trachomatis or possibly with another 

chlamydial species such as C. pneumoniae and is generating an anemnestic 

response to the most recent exposure. In spite of test manufacturers� claims, 

no currently available serologic test of a single serum specimen will provide 

conclusive evidence of current infection with C. trachomatis (Black 1997). 

Serologic tests that have been developed for detection of antibodies to C. 

trachomatis for diagnostic purposes are the CF test, the MIF test, and tests 

based on EIAs. 

CFT 

The CF test remains the most commonly used serologic test in public health 

laboratories for the diagnosis of psittacosis and LGV. The CF test detects 

complement-fixing antibodies that recognize the genus-specific LPS antigen 

and is not specific for any one chlamydial species. The CF test is technically 

demanding and can be performed in a test tube or microtiter plate format. 
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The test tube system is thought to be more accurate, but the microtiter system 

is easier for screening large numbers of serum samples. Reagents should be 

standardized and positive results should be confirmed in the test tube system. 

Historically, high quality antigen for the CF test is produced in embryonated 

hen eggs infected with C. psittaci. Infected egg yolk is extracted with an 

organic solvent to enrich for the carbohydrate-containing LPS antigen called 

group antigen (Black 1997). 

MIF test 

The MIF test, developed in the early 1970s as a tool for epidemiologic 

research on chlamydial infections, is the most sensitive of the serologic tests 

for Chlamydia species and the only serologic test that detects species and 

serovar-specific responses. The MIF test is also sensitive for the detection of 

IgM, although this isotype is usually not present in patients with genital tract 

infections unless they represent the first exposure of the individual. The 

primary disadvantages are that the MIF is quite laborious and antigens are 

costly and available only on a limited basis. For these reasons, the MIF test is 

performed in only a few research laboratories. The species and serovar 

specificity of the MIF test is believed to be due to antibodies that react with 

species- and serovar-specific epitopes in chlamydial MOMP. The 15 

serovars of C. trachomatis were originally described by their reactivity in the 

MIF test. More recent methods for serotyping C. trachomatis strains have 
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confirmed the original 15 serovars and established the existence of several 

new serovariants. The antigens for MIF consist of formalin-fixed elementary 

bodies grown in an egg yolk sac or in cell culture and then suspended in a 1 

to 3% suspension of yolk sac in saline. At present, MIF antigens for research 

are commercially available only from the Washington Research Foundation 

(Seattle, Wash.). The antigens are dotted with a special pen tip onto a 

microscope slide in a specific pattern, one dot per serovar or serovar pool. 

Serovars that are antigenically related can be pooled to simplify the MIF test. 

The four commonly used serovar pools are [L1, L2, and L3], [B, E, and D], 

[C, H, I, and J], and [G, F, and K]. Each dotted slide contains all serovars to 

be tested. Slides are fixed with acetone and can be stored frozen at this stage. 

Serial dilutions of patient serum are placed on the antigen dots and incubated 

for 30 min to 1 h. The slides are then washed, dried, and stained with a 

fluorescein-conjugated anti-human class-specific Ig. The titer of the 

conjugate must be predetermined with a positive reference serum standard to 

determine the optimal concentration for use. The slides are then washed, 

dried, and read by visualization under a UV-illuminated microscope. End 

point titers are read as the highest dilution showing an even distribution of 

bright-applegreen-fluorescing elementary bodies. The serovar-specific 

response is determined on the basis of which antigen yields the highest 

positive end point dilution. The MIF test primarily detects serovar-specific 
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responses, but if the antigen includes chlamydial reticulate bodies, 

chlamydial genus reactivity will also be detected (Black 1997). 

ELISA for Chlamydial antibodies 

Serological diagnosis of chlamydial infections in the past has relied heavily 

on the CF and MIF tests. The lack of sensitivity of the CF test and the 

difficulty in performing the MIF test have fostered the search for new 

serological tests for the measurement of chlamydial antibodies. A simple, 

rapid enzyme-linked immunosorbent assay (ELISA) has been developed for 

the measurement of IgG and IgM antibodies to C. trachomatis. Wells of 

microtiter plates were coated with renografin-purified elementary bodies 

(serotype L2) grown in cycloheximide-treated McCoy cells, and serum 

antibody was detected with peroxidase-labeled goat antihuman IgG and IgM 

antibody (Mahony 1983). 

Nucleic acid detection method   

Three tests based on nucleic acid probes are available. These tests are 

sensitive and specific and may replace culture as the method of choice. 

 

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 
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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). 

 

 

Nucleic acid amplification tests 
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The most widely known of the DNA amplification technologies is PCR. 

 Another nucleic acid amplification technology used for the diagnosis of C. 

trachomatis infection is LCR. 

LCR 

The LCR test for C. trachomatis was FDA approved for diagnostic use in the 

United States in late 1995. Unlike PCR, the technology is not readily 

available for �home brew� applications. In the LCR test, four synthetic 

oligonucleotide probes (two per DNA strand) anneal at specific target sites 

on the cryptic plasmid. Each pair of probes hybridize close together on the 

target DNA template, with only a 1- to 2-nucleotide gap in between. Once 

the probes are annealed, the gap is filled by DNA polymerase and closed by 

the ligase enzyme. This two-step process of closing the gap between 

annealed probes makes the LCR, in theory, more specific than PCR 

technology. The ligated probe pairs anneal to each other and, upon 

denaturation, form the template for successive reaction cycles, thus 

producing a logarithmic amplification of the target sequence. Like PCR, the 

LCR product is made in a thermocycler. The LCR product is detected in an 

automated instrument (LCx) that uses an immunocolorimetric bead capture 

system. The LCx instrument is designed to minimize the risk of carryover 

contamination by use of a sharp probe that pierces the caps of tubes 

containing the LCR product, thereby avoiding the need for opening reaction 
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tubes and pipetting DNA products into secondary vessels. At the end of the 

LCR assay, amplified products are inactivated by the automatic addition of a 

chelated metal complex and an oxidizing agent. Early evaluations of the 

performance of LCR are promising, with an overall sensitivity and 

specificity of 94 and 99 to 100%, respectively. Unlike the EIAs and DNA 

probe test, both PCR and LCR appear to be highly sensitive and specific for 

detection of C. trachomatis (Black 1997). 
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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 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 
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(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 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 
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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 
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synthesis, the concentration of divalent ions and dNTPs in the reaction, and 

the melting temperature (Tm) of the primers.  

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 
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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 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. 
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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 

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 
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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 

extemely 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 

clones 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 
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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 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 
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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 phaga 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 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). 
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Prevention and control of Chlamydial infection 

Chlamydia is a completely preventable disease, this should be the focus of 

health care and research facilities. Prevention strategies include personal 

strategies, community-based strategies, and health-care provider strategies 

(Clark n.d). 

Personal Strategies 

Personally, it is important to see a health care provider regularly. Because 

chlamydia is markedly asymptomatic, routine visits to a health care facility 

may be the only way for detection. It is also essential to refer sexual partners 

for testing and treatment if one has been diagnosed with chlamydia. Other 

behavioral changes include using condoms during sex, delaying the age of 

first intercourse, monogamy, discussing sexual history with partners, and 

educating yourself about sexually transmitted diseases and sharing this 

information with friends. 

Community-Based Strategies 

Community-based strategies include public awareness, HIV and STD risk 

reduction programs, school involvement, and targeting out-of-school 

adolescents through vocational training centers, detention centers, and 

recreation programs. Schools can provide rates of the disease, its adverse 

symptoms and consequences, information on treatment for sex partners, and 
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where and how to obtain care. Role playing in health classes can also be used 

to stress how to tell a partner of infection and how to find care for the 

infection. 

Role of Health Care Providers 

Health care providers need to be more aware and recognize symptoms of 

Chlamydia. Because most chlamydia infections look like a bladder infection, 

this is difficult. Similarly, providers should arrange for treatment of sex 

partners, counsel patients on the risk of STDs, and screen at-risk patients. 

Wisconsin's Control Program 

Wisconsin currently has a control program organized by Madison's 

Laboratory of Hygiene, Milwaukee's Bureau of Laboratories, and Planned 

Parenthood Inc. This program features selective screening, low-cost and 

high-volume testing, notification and treatment of infected partners, 

education of health care providers, and epidemiological methods to identify 

at-risk groups. It emphasizes coordinating private facilities and public 

programs to control the disease. This includes case reporting and notification 

of infected partners by private facilities to the public sector. The program is 

also working to identify the most effective methods of sampling and 

detecting chlamydial infection (Clark n.d ). 
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Social issues of Chlamydia 

Chlamydia is a socially transmitted disease. Thus, medical intervention 

cannot be the only solution to control infection rates. Social factors, 

including behavioral changes and consistent access to quality health care, 

need to be included to eradicate this preventable disease. Because Chlamydia 

often shows no symptoms, it is likely to be left untreated. Complications in 

men can lead to fever, testicular pain and swelling, and inflammation of the 

epididymis. Subsequent scarring of the epididymis can lead to infertility. In 

women, complication include post-partum fever, ectopic pregnancy 

(pregnancy outside of the uterus), and pelvic inflammatory disease (PID). 

PID is an infection of the fallopian tubes, ovaries, and/or uterus that is 

characterized by lower abdominal pain, painful sex, increased pain during 

menstruation, irregular menstruation, fever, and chills. Scarring from PID 

may cause infertility. Statistics show that one chlamydial infection can lead 

to a 12% chance of infertility, two Chlamydia infections can lead to a 40% 

chance of infertility, and three Chlamydial infections can lead to an 80% 

chance of infertility. In addition, transmission from mother to infant during 

labor can cause trachoma for the infant. Scarring from this disease can 

ultimately lead to blindness. Numerous risk groups and behaviors have been 

associated with Chlamydia. Risk factors include age (40% of adolescent 

women are currently infected), inner city living, low socioeconomic status, 
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African-American descent, and co-infection with either N. gonorrhoeae or 

Trichomonas. Behavioral risks include unprotected sex with an infected 

partner and multiple partners. 

Finally, decreased access to quality, consistent care can be a factor in 

preventing and treating Chlamydia. Often, cost can be a problem. However, 

most places are free or offer low-cost services to diagnose and treat the 

disease. Statistics show that women not tested for Chlamydia are twice as 

likely to develop PID. Information on STDs can be obtained from hotlines, 

Planned Parenthood Inc., community health agencies, or a counselor or 

family physician. Issues of confidentiality and respectful care also need to be 

addressed. Many health care facilities may be legally bound to report 

untreated cases or notify partners. However, it is essential that individuals 

take this responsibility since most facilities do not follow through with case 

reporting. Many doctors may see Chlamydia as the right punishment for 

casual/immoral sex. This is an issue especially for lower classes, minorities, 

and homosexuals. In addition, women may be labeled "promiscuous." 

Women internalize these feelings of guilt and thus do not seek further 

treatment or notify partners. Because of current views of women by the 

health care system, symptoms of Chlamydia are often misdiagnosed or 

overlooked. One woman experienced abdominal pain for nine months. It was 

not until her husband was diagnosed with chlamydia did she receive proper 
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treatment. Issues of sexism, racism, and classism need to be eradicated to 

ensure quality, unbiased medical care. 

Chlamydia can be eradicated if behavioral modifications are implemented. 

By adopting strategies outlined above, not only will chlamydia rates begin to 

fall, but also rates of other sexually transmitted diseases. These modifications 

are essential in the current epidemic of the most severe sexually transmitted 

disease, AIDS. Unnecessary costs for sexually transmitted diseases can be 

eliminated if people begin taking responsibility for their actions. Thus, time 

and money being spent on completely preventable diseases, such as 

chlamydia, can be more efficiently allocated for infallible diseases and social 

problems (Clark n.d). 

Treatment of Chlamydial infection  

The treatment of C. trachomatis infection depends on the site of the 

infection, the age of the patient, and whether the infection is complicated or 

uncomplicated. Treatment also differs during pregnancy. 

Uncomplicated infection 

For uncomplicated genitourinary chlamydial infection, the CDC 

recommends 1 g azithromycin (Zithromax) orally in a single dose,or 100 mg 

doxycycline (Vibramycin) orally twice per day for seven days. These 

regimens have similar cure rates and adverse effect profiles, although a 
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benefit of azithromycin is that physicians can administer the dose in the 

office. If patients vomit the dose of azithromycin within one to two hours of 

taking the medication, an alternative treatment should be considered. Follow-

up of patients with urethritis is necessary only if symptoms persist or recur 

after completion of the antibiotic course. If symptoms suggest recurrent or 

persistent urethritis, the CDC recommends treatment with 2 g metronidazole 

(Flagyl) orally in a single dose plus 500 mg erythromycin base orally four 

times per day for seven days, or 800 mg erythromycin ethylsuccinate orally 

four times per day for seven days. This recommendation is to provide 

treatment for other bacterial causes of urethritis. Patients should be advised 

to abstain from sexual intercourse for seven days after treatment initiation. In 

addition, physicians should obtain exposure information for the preceding 60 

days and consider screening for other STDs such as human 

immunodeficiency virus (HIV). The CDC does not recommend repeat testing 

for chlamydia after completion of the antibiotic course unless the patient has 

persistent symptoms or is pregnant. Because reinfection is a common 

problem, the CDC recommends that women with chlamydial infection 

should be rescreened three to four months after antibiotic completion. 

Women who present within 12 months after the initial infection and have not 

been screened should be reassessed for infection regardless of whether the 

patient believes her sex partner was treated or not. 
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Pelvic inflammatory disease 

PID usually can be treated on an outpatient basis. Hospitalization is required 

if a patient is pregnant; has severe illness, nausea and vomiting, or high 

fever; has tubo-ovarian abscess; is unable to follow or tolerate the outpatient 

oral regimen; or has disease that has been unresponsive to oral therapy. 

Hospitalization also is indicated if surgical emergencies cannot be excluded. 

Treatment during pregnancy 

Doxycycline and ofloxacin (Floxin) are contraindicated during pregnancy; 

therefore, the CDC recommends erythromycin base or amoxicillin for the 

treatment of chlamydial infection in pregnant women Amoxicillin is more 

effective and tends to have fewer side effects than erythromycin in the 

treatment of antenatal chlamydial infection, and thus is better tolerated. 

Preliminary data suggest that azithromycin is a safe and effective alternative. 

Testing for cure is indicated in patients who are pregnant and should be 

performed three weeks after completion of treatment. If risk of reexposure is 

high, screening should be repeated throughout the pregnancy (Miller 2006). 
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Materials and methods 

Study population  

Women attending at out patient department of Gynae and Obstetrics in 

Mymensingh Medical College Hospital during the study period. 

Study period   
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 From July 2009 to June 2010. 

Sample size 

 A total of 70 endocervical swab samples were collected from OPD of Gynae 

and Obs of Mymensingh Medical College Hospital during the study period. 

Sample size was calculated by the following formula. 

d
z pq

n 2

2

  

According to prevalence of Chlamydia trachomatis in Bangladesh minimum 

sample size should 374 using the prevalence of 58%. But in our study sample 

size is 70 due to limitation of resources (Appendix � V ). 

 

Study place 

Department of Microbiology, Mymensingh Medical College. 

Type of study 

Cross sectional study. 

Inclusion criteria 

Suspected cases was  selected on the basis of 

1. Excessive vaginal discharge 
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2. Lower abdominal pain 

3. Intermenstrual bleeding 

4. Patient with dysuria (Less frequent symptom)  

5. Asymptomatic 

Exclusion criteria 

Women with recent (within 7 days) history of antibiotic treatment. 

 

 

 

Data collection, recording and analysis 

A questionnaire was used for each patient. All the relevant information and 

data were systematically recorded in pre-designed data sheet (Appendix- I). 

The data were analyzed in computer using microsoft excel . 

Specimen 

Two endocervical swabs were collected from each of the patients.  One was 

used for detection of Chlamydial antigen by Immuno-chromatographic Test 

(ICT) and other was used to detect  endogenous plasmid of C. trachomatis 

by PCR. 

Collection of specimen 

After taking the consent from the patient for per-vaginal examination, she 

was lied in lithotomy-dorsal position.  Sterile Cusco�s self retaining bi-valve 
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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 

labelled with the patient name, ID number and date of collection. The 

specimen was transported to the department of Microbiology, Mymensingh 

Medical College immediately.  

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 store at -20°C in 500µl Tris EDTA 

buffered solution for PCR. 
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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, 
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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 appear regardless the presence of Chlamydia 

trachomatis antigens.  

 

Reagent 

1. Test strip 

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 
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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 spined 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 interpret after more than 15 minutes. 

Interpretation of results 

Negative 

At 15 minutes, only one rose-pink color band was visible indicating the 

result was negative for Chlamydia trichomatis antigen. 

Positive 

At 15 minutes, two horizontal rose-pink color bands appear indicating a 

positive result and that the sample contains 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 
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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 was avoided. 

PCR 

DNA extraction 

Specimens 

Endocervical swab was collected from each of patient aseptically for PCR. 

Endocervical swab was suspended in 500 µl of Tris-EDTA buffer in 

Eppendorf tube.  The tube was spinned for 3 minutes at 12000 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 sample in a 0.2 ml PCR tube was put which 

included 10x buffer, primer mixture, Taq polymerase and nuclease free 

water. 
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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 

One pair of oligonucleotide primers derived from the common endogenous 

plasmid of C. trachomatis was selected which will amplify a specific product 

of 517 bp. The sequences from 5' to 3' of these oligonucleotide primers were 

as follows: 

 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 

The prepared PCR tubes were placed in the thermal cycle. Amplification was 

carried out according to the following thermal and cycling condition: 

94ºC (Initialization)   4 minute,  
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94ºC (Denaturation)   30 seconds  

55ºC (Annealing)   30 seconds  40 cycles 

72ºC (Extension)   1 minute  

72ºC (Final extension)  4 minutes (Jenab et al 2009) 

 

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 2.0 gm agarose in 200 ml 

of diluted TBE Buffer using a microwave woven. The melted agarose was 

allowed to cool to about 50ºC and 20 µl ethidium bromide was mixed and 

shaked and was poured into gel tray and combs were placed. After 

solidification of the gel, the comb was removed. During electrophoresis, the 

gel was placed in a Horizontal electrophoresis apparatus containing TBE 

buffer and ethidium bromide. 

Loading and electrophoresis of the sample 

Five µl of amplified PCR product was mixed with 2.0 µl of loading buffer. 

The mixture was slowly loaded into the well using disposable micropipette 

tips. Hundred bp molecular weight marker was loaded in one well to 

determine the size of the amplified PCR products. Electrophoresis was 

carried out at 100 volts for 35 minutes. 
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Visualization of the gel  

The amplified products of the study samples (517 bp) were visualyzed by 

trans-illuminator. And the gel was photographed by a digital camera and 

transferred data to computer for further documentation. 
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Results 
The present study was conducted on a total of 70 clinically suspected 

Chlamydia trachomatis infected cases from Out Patient Department (OPD) 

of Gynae & Obstetrics of Mymensingh Medical College Hospital. 

 Age range of this study population was 15- 45 yrs.  Majority of the 

respondents 24 (34.2%) belonged to the age group of 15-25 yrs (Table-1). 

Out of 70 respondents highest number 54 (77.14%) of cases from low 

income group and lowest number 03 (4.28%) in high income group (Table -

2). 

Out of 70 cases 56 were symptomatic and 14 were asymptomatic. Of these 

56 symptomatic cases 19 were ICT positive and 17 were PCR positive. Out 

of 14 asymptomatic cases 2 were ICT positive, none were PCR positive. 

(Table-3) 

 Table-4 shows distribution of patient according to clinical presentation. 28 

(40%) presented with Excessive vaginal discharge, 53(75.71%) with lower 

abdominal pain, 04 (5.71%) with intermenstrual bleeding and 26 (37.14%) 

presented with dysuria and asymptomatic cases 14 (20%). 
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                 Table: 1 Distribution of suspected cases according to age 
 
 

 
 
 
 
 
 
 

Age Group Number of Patients Percentage 

15-25 24 34.2% 

26-35 23 32.9% 

36-45 23 32.9% 

Total 70 100% 
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Figure. 1 Age distribution of cases 
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Table: 2 Distribution of cases according to Scio-economic condition                      
(SEC)  
 

SEC Number of Patients Percentage 

High 03 4.28% 

Medium 13 18.57% 

Low 54 77.14% 

Total 70 100% 

 
 
 
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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Table: 3 Distribution of patient according to their clinical presentation. 
 

ICT Positive PCR Positive Symptom Number of 

Patient No. Percentage No. Percentage 

Symptomatic 56 19 34% 17 30.36% 

Asymptomatic 14 02 14.2% 00 00% 

Total 70 21 48.2% 17 30.36 
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                   Table: 4 Distribution according to symptoms  
 

Symptom No Percentage 

Excessive vaginal discharge 28 40% 

Lower abdominal pain 53 75.71% 

Intermenstrual bleeding 04 5.71% 

Dysuria 26 37.14% 

Asymptomatic 14 20% 
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Table: 5 Number of positive cases by different diagnostic methods(n=70) 
 

Methods Positive cases Percentage 

ICT 21 30% 

PCR 17 24.28% 

Either ICT or PCR 29 41.4% 

 
 
 
 
 
 
 
 

                     Table: 6  Sensitivity and Specificity of ICT 
Test result Disease positive  

(PCR positive) 

Disease negative  

(PCR negative) 

Sensitivity Specificity 

ICT 

positive 

09 12 

ICT 

negative 

08 41 

Total 17 53 

 

52.94% 

 

 

77.35% 
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Formula for sensitivity 

True Positive  

Sensitivity  = True Positive + False Negative 

 

× 100 

                    =      52.94% 

 
 

 

9 × 100 
                  = 

9 + 8 
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Formula for Specificity 

 

True Negative  

Specificity    = True Negative + False Positive 

 

× 100 

                     =      77.35% 

 

 

 

 

 

 

Table-5 shows the number of positive cases by different diagnostic methods. 

Out of 70 respondents 21 (30%) were ICT positive and 17 (24.28%) were 

PCR positive and  29 ( 41.4%) were either by ICT or PCR positive. 

The sensitivity and specificity of ICT when compared with the gold standard 

PCR (Table-6). The sensitivity and specificity were 52.94% and 77.35% 

respectively. 

 
 

 

41 × 100 
                  = 

41 + 12 
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 Figure. 4 Amplification Products (517 bp) by PCR  
                from endogenous Plasmid of C. trachomatis 
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Discussion 

Chlamydia trachomatis is an obligate intracellular gram negative bacterium 

which is the most prevalent cause of bacterial sexually transmitted infections 

(STI) (Hashemi et al. 2007).  WHO reported that, 91.98 million (27%) 

among 340 million new curable STDs (syphilis, gonorrhoea, chlamydia and 

trichomoniasis) were due to Chlamydial infections (Saison et al. 2007). 

In the present study prevalence of genital Chlamydia trachomatis was 41.4 

% either by Immunochromatographic (ICT) or Polymerase chain reaction 

(PCR). Studies done in home and abroad found similar or some variation of 

prevalence. A Study by Dowe  et al. (1999)  in Jamaica reported that 

prevalence of  C. trachomatis infection was 47 % using Direct Flurescence 

Antibody test and culture in Mc Coy cell line. In another study in India  by 

Joyee et al. (2007) reported seropositivity for Ig M 34.1% as well as for Ig A 

40.9%. A study by Mahmud et al. in Bangladesh showed 45.3% Chlamydia 

trachomatis infection by Direct flurescence Antibody test. The result is very 

close to our study. George et al. (2003) in India found 32.2%  prevalence of 

genital  C. trachomatis  infection by plasmid based PCR among sexually 

transmitted diseases (STD).  Santos et al. (2003) in Brazil showed 20.7% 

prevalence of genital  C. trachomatis  infection by PCR. Sturm- Ramirez et 

al. in Senegal (1999)  reported that prevalence of  C. trachomatis infection 
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was 28.5% by endocervical swab based PCR. Another study from 

Netherlands reported 28.8% prevalence rate of C. trachomatis (Morre et al. 

2002).  The study results which showed the lower prevalence rate than our 

study possibly due to inclusion of asymptomatic cases in their studies.    

In our study majority of the respondents 24 (34.2%) belonged to the age 

group of 15-25 yrs and 32.9% among the age group 26-35 yrs and 36-45yrs. 

The youngest and oldest positive cases were in the age 18 and 30 years 

respectively. 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 (NJDHSS 2003). Aswad et al.         

(2004) reported the prevalence was highest in the sexually highly active age 

group of 16�29 year.  More than 13.5% of women <25years old have lower 

genital tract infection, reducing to <4.9% in women over 25 ( Watson et al. 

2002). A study by Shamsuzzaman et al. (2003) showed the higher number of 

genital CT infection in the age group 20-30 years (82.3%) and 31-40 years 

(46.1%) respectively. The highest number of positive cases were 32.7%, 

found in the younger age group (< 30 years) followed by 24.3% (30-39 

years). The youngest and oldest positive cases were in the age 18 and 45 

years respectively.  All the studies mentioned above except few were very 

close to our findings. The younger group is more sexually active than elders 

which in turn elevate the chance of spread of infection.  
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Out of 70 respondents highest number 54 (77.14%) of cases were from low 

socioeconomic group and lowest number 03 (4.28%) in high socioeconomic 

group . Sachacher and Alexander (1998) also found increased frequency of 

genital Chlamydial infection in individuals of lower socioeconomic status. A 

stydy 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 and social structure which may promote sexually transmitted 

diseases including Chlamydia. Due to insufficient sample size, only three 

patient was available from the high income group. So, no conclusive 

comment can be drawn regarding this group. 

Out of 70 cases 56 were symptomatic and 14 were asymptomatic. Of these 

56 symptomatic cases 19 (34%)  were ICT positive and  17 ( 24.28%)  were 

PCR positive.  Out of 14 asymptomatic cases 2 (14.29%) were ICT positive 

and none were PCR positive. An Indian study among symptomatic and 

asymptomatic women found 26.4% symptomatic and 15.1% asymptomatic 

positive cases for C. trachomatis ( Maenie,Joshi and Mathur 2006 ). Another 

study from Iran reported 18.9%  C. trachomatis infection in symptomatic 
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and 27.2% in asymptomatic women. The result of our study correlate with 

the Indian study.  

In our study we diagnose genital Chlamydia trachomatis infection by two 

methods ICT and PCR. In our study, among 56 symptomatic cases, we 

detected 24.28%  Chlamydial infection by PCR. Out of 14 asymptomatic 

cases none were PCR positive. In another study in India by Joyee et al.             

( 2007) PCR analysis showed 30.8%. Santos et al. (2003)   reported 20.7% 

prevalence of genital Chlamydia trachomatis infection by PCR in Brazil 

which is very close to our study.  Sturm- Ramirez et al. (2000) found the 

prevalence of cervical Chlamydia infection was 28.5% in Senegal, West 

Africa by PCR. In another study by George et al.  (2003) found 32.2% 

Chlamydia positive by PCR from endo cervical swab in India.  Findings of 

this study were very close to our result. One pair of oligonucleotide primers 

derived from the conserved region of common endogenous plasmid of 

C.trachomatis was used to get a product of 517bp. The sequences of these 

oligonucleotide primers were as follows:T1: 5'-CTA GGC GTT TGT ACT 

CCG TCA- 3', T2: 5'-TCC TCA GGA GTT TAT GCA CT-3'.      

In our study, we found 21 (30%) were ICT positive among 70 study cases . 

Out of 70 cases 56 were symptomatic and 14 were asymptomatic. Of these 

56 symptomatic cases 19 (34%) were ICT positive and out of 14 

asymptomatic cases 2 (14.29%) were ICT positive using Clearview 
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Chlamydia Kits.  In another study at the same institute by  Shamsuzzaman et 

al. (2003) showed 58%  Chlamydial infection using Hexagon Chlamydial 

Test Kits  found among symptomatic female in Bangladesh by ICT  which is 

higher than our result. The higher detection rate in their study may be 

explained by the reason that their study was conducted on symptomatic cases 

only after selection by clinical examination rather than random selection.  In 

another study by Young et al. (1991) reported that clearview Chlamydia Kit 

showed a lower prevalence (8.8%) of Chlamydial infection.  Isibor et al. 

(2003) showed 13.3% of chlamydial infection in endocervical specimen 

using Hexagon Chlamydial Rapid Test Kits at Nigeria. Genus specific 

monoclonal antibody against Chlamydial lipopolysaccharide was used for 

ICT. The study result showed the lower prevalence rate than our study 

possibly due to including asymptomatic cases in their study. The advantage 

of rapid antigen detection by ICT for receiving immediate effective 

treatment. 

The sensitivity of ICT was 88.9% and the specificity was 99%.  

Immunochromatographic test is rapid, simple, less time consuming 

technique. The assay does not require specialised equipment or extensive 

training and takes less than 30 minutes. However limitation of ICT is that it 

require fresh specimen and test should be done within a day of sample 

collection. The sensitivity and specificity for plasmid based PCR in genital 
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specimen were 100% and 98% respectively (Young  et. al 1991; Dogan et al 

2009; George et al. 2003). PCR has been successfully used in different parts 

of the world with high sensitivity and specificity. In our study twelve ICT 

positive sample showed PCR negative. This may be due to the fact that these 

PCR negative strain may not contains endogenous plasmid (Plasmid less) 

and the primer for PCR amplification were designed based on plasmid DNA. 

This discrimination may be overcomed by using both endogenous plasmid 

based primer and ompA based primer in multiplex PCR. 

In our country with constraints of resources and skilled manpower, PCR has 

very limited use. Therefore, PCR can be used as a diagnostic tool with very 

high sensitivity and specificity, especially in the tertiary health care centers. 
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Conclusion 

Analyzing the findings of the present study it may be concluded that ICT and 

PCR may be the suitable method to find out the Prevalence of genital 

Chlamydia trachomatis infection. The rate of genital Chlamydial infection is 

very high in Bangladesh. Because most infected individuals are 

asymptomatic, detection of the agent is required to establish a definitive 

diagnosis for treatment and to prevent transmission. Screening of Chlamydial 

infection should be done on routine basis by suitable test in sexually active 

symptomatic and asymptomatic women. The sensitivity and specificity for 

plasmid based PCR in genital specimen were 100% and 98% respectively. 

PCR can be used as a diagnostic tool with very high sensitivity and 

specificity. So it is strongly recommended to take necessary steps for setup 

and start PCR in the different Medical Colleges. 
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