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       Introduction



      



(9)
BACKGROUND 


Infertility  is  defined  as  the  inability  of  sexually  active  couples  to  achieve 
 pregnancy in the absence of any means of contraceptive measures within one year (1) 
 .They  are  classified  into  two  types  of  infertility  –primary  infertility  and  secondary 
 infertility . Primary infertility is defined as the couples who have never conceived and 
 secondary  infertility  is  defined  as  the  inability  of  the  mother  to  become  pregnant 


following the birth of a child , although not necessary a live birth (2) .       
 The  etiology  of  infertility  is  multi-factorial  according  to  the  studies  of  World 


health organisation(WHO). It includes female factors, male factors  and a combination 
 of    both  male  and  female  factors.  In  some  cases  the    etiology  is  unknown (1).The 
 number  of  infertile  couples  world-wide  was  found  to  be  60-80  million  couples.  The 
 prevalence  rate  is  estimated  as  8-12%  world  wide  and  noted  to  vary  across  different 
 regions  of  the  world.  The  overall  prevalence  of  primary  infertility  is  between  3.9% 


and 16.8% in   India (3). 


The factors associated with female infertility are ovulatory disorders (25%), 
 tubal pathologies  (22%), endometriosis (15%) , followed by pelvic adhesion (11%) 
 and hyperprolactinemia (7%) ( 4) . The preventable causes of infertility world- wide is 
 the sexually transmitted  infection (STD) because they are responsible for most cases 
 of pelvic inflammatory diseases (PID) (5). The causative agent for pelvic inflammatory 


diseases is  polymicrobial infection of the upper genital tract. Recurrent episodes of      
[1] 



(10)PID leads to tubal factor infertility. The ratio of infertility increases for every episodes 
 of      PID  .  It  has  been  estimated  to  be  25%  for  the  first  episode  ;  50%  following  the 
 second episode and 75% following the third episode (6) . 


      The  most  common  bacterial  sexually  transmitted  infection  is Chlamydia 
 trachomatis and it is being frequently reported (7) .The  total number of new cases of 
 Chlamydia  trachomatis  world  wide  was  105.7  million  according  to  WHO (8).  It  has 
 been  estimated  that  women  less  than  25  yr,  infected  with Chlamydia  trachomatis 
 having lower genital tract infection is more than 13.5% and women of 25 yr and above 
 to be only 4.4%  (9) .


      The  prevalence  of  Chlamydia  trachomatis infection  in  India  in  gynaecology 
 OPD  is  23%  and  in  STD  patients  is  9.9% (5)   . Women  with  cervical Chlamydial 
 infection  who  develop  PID  is  estimated  to  be  15-40%.  Among  them  20%  women 
 become infertile, 18% develop chronic pelvic pain and 9% have tubal pregnancy (5)  .  
        The main problem in diagnosing and treating Chlamydial diseases is that 
 they  are  mostly  asymptomatic.  It  is  estimated  that  70-80%  of  women  and  50%  men 
 are  asymptomatic (5)  . Therefore  their  sexual  partners  are  capable  of  acquiring  the 
 infection.  Screening  of  Chlamydia  trachomatis  reduces  the  transmission  and  its 
 sequelae. 


      Chlamydia  trachomatis is  an  obligate  intra-cellular  organism.  Initially  ,the 
diagnosis of Chlamydial infection is by culture ,rapid antigen  detection  methods  and 
antibody   testing. Conventionally cell culture methods are difficult to standardize ,  



(11)expensive  and  vary  in  sensitivity  between  60-80% (10) .  Antigen  detection  tests  like 
 DFA-direct  fluorescent  antibody  (DFA)  assay    require  expertise  and  suitable  
 laboratories to work out. The over all sensitivity is low as 60% (11) . Recently NAAT 
 provide  an  improved  sensitivity  for Chlamydia  trachomatis diagnosis (12) .  Screening 
 by  PCR  assays  provide  the  highest  sensitivity.  PCR  assay  can  be  performed  on 
 endocervical swab specimens also.  Real time  PCR are being used in the detection of 
 Chlamydial infection  ,  which  is  more  easier  to  perform  .  It  can  be  performed  in  a 
 closed-tube format with  less contamination and faster results (13). 


       Only  seven  Indian  studies  thus  far  in  the  sub-continent  addressing 
 Chlamydial infection  in  the  infertile  and  sub-infertile  population.  The  prevalence 
 ranged from 9% in Indore in central region of India to 68% in Amristar using EIA. A 
 study from Kolkata in the Eastern  region of  India  reported an lower  prevalence of 
 2.5% using PCR (14) . The same study reported a sero –prevalance of the pathogen of 
 15% while testing with ELISA  suggesting  the influential role of the diagnostic tools 
 and the genetic  make up of the different population on the Indian subcontinent. PCR 
 remains  the  currently  the  gold  standard  test  for  the  identification  of  the  bacteria  in 
 human subjects.  
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(13)       
AIM AND OBJECTIVES 


AIM : 


       To assess the prevalence of Chlamydia trachomatis infections among women 
 with infertility. 


Objectives: 


1.  To  detect  the  presence  of Chlamydial genes  in  the  endocervical  samples  of 
 patients with infertility using  real time PCR. 


2.  To  compare  the  molecular  findings  with  the  hystero-salphinography  findings 
 for fallopian tube abnormalities and ultra sonography . 


3.  To screen for other microorganisms by routine conventional culture  


[4] 
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(15)      
REVIEW OF LITERATURE  



DISCOVERY:


The  discovery  of Chlamydial  infection  was  unintentional  when  three 
 scientists decided to travel to the island of Java to investigate the pathogen that caused 
 syphilis during the year 1903.The scientists were Neisser, Ludwig  Halberstaedter and 
 Von Prowazek . Four years later in the year 1907 two of the scientists –Von Prowazek 
 and  Halberstaedter  collected  the  scrapings  from  the  eye  of  the  people  who  were 
 infected  with  trachoma  and  infected  the  eyes  of  the  orang-utans.  The  eyes  of  orang-
 utans  also  got  infected  which  showed  the  spreading  of  the  diseases  within  the 
 individuals. However the spread of the diseases to the new born was not understood at 
 that time.  


      Chlamydia was defined as a ―virus‖ during the year 1935 as it was thought 
 that Chlamydial infection could only persists in living cells. Later around 1966, it was 
 recognized to be a ―bacteria‖. The term ―Chlamydia” appeared in the literature during 
 the year 1945. It was first cultured in the year 1956 by Tang-Fei-Fan (non recognized 
 as  bacteria).  Later  it  was  discovered  that Chlamydia contains  both  RNA  and  DNA 
 concluding it to be a gram negative bacteria without peptidoglycan layer. This lead to 
 the  study  of  the  distribution,  pathogenesis  ,diagnosis  and  treatment  of Chlamydia 
 trachomatis.  Genetic data for over 350 Chlamydial lineages had been reported-2006.


[5] 



(16)      
NOMENCLATURE 


       
 Order: Chlamydiales  (Storz and Page 1971).   


Family: Chlamydiaceae ( Rake 1957) 
 Genus: Chlamydia (Evera et al 1999) 


Species : Chlamydia trachomatis  (Busacca 1935) 


Synonyms:  The  term  “  Chlamydia‖  is  also  named  by  the  following  names       
 1.Miyagawanella –Brumpt -1938 


 2.Rickettsiaformis- Zhdanov and Korenblit -1950 
  3. Prowazekia – Coles-1953 


 4.  Bedsonia- Meyer -1953 
  5. Rakei- Levanditi et al-1964 


Etymology:   In Greek ‗Chlamys‘ means ‗cloak‘ meaning   short  mantle. 


      In Greek ‗ trachoma‘ means ‗roughness‘.  


       


       


[6] 
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      PHYLOGENETICS 


       The Chylamydiae form a unique group that is separated from other bacteria by the 
 presence of several conserved  proteins. Genome sequencing indicates that 4% in the 
 Chylamydiaceae  are  most  similar  to  chloroplast  ,plant  and  cyanobacterial  genes. 


Cavalier-smith  has  postulated  that  the Chlamydiae fall  into  the  clade  Planctobacteria  
 in  the  larger clade  Gracilicutes. 


       
MORPHOLOGY 


        Chlamydia trachomatis is an obligate, aerobic, intracellular parasite of eukaryotic 
 cells.  It  is  a  gram  negative  bacteria.  It  is  coccoid  or  rod  shape.  It  has  a  cytoplasmic 
 membrane and outer membrane which is similar to gram-negative bacteria but it lacks 
 the  peptidoglycan  cell-wall.  The Chlamydiales  differ  from  the  other  main  order  of 
 intra cellular bacteria in that, the growth is associated with a biphasic developmental 
 cycle. Chlamydia  has  two  morphological  forms  the  elementary  body  (EB)  and  the  
 reticulate body (RB) (15). 


 ELEMENTARY BODY: 


     Elementary body is a small round, electron dense, infectious form of the  
[7] 



(18)organism(16).  They  are    extra-cellular  ,metabolically  inert  forms.  The  nucleoid  is 
 highly compacted due to the condensation of nuclear material by the bacterial histone 
 like protein Hct-A and Hct-B (17) . 


  Structural rigidity is due to 


1. The highly cross-linked nature of the outer membrane complex. They have little or 
 no peptidoglycan layer in the cell wall.   


  2.Inter  and  intra  molecular  cysteine  bonds  between  the  cysteine  rich  protein  of  the 
 outer envelope. 


   3.Hexagonally  arranged  protein  layer  at  the  inner  surface  of  the  outer  membrane 
 complex (18) . 


RETICULATE BODY: 


     Reticulate  body  are  larger  than  elementary  body  measuring  about  1μm  and  the 
 cytoplasm  appears  granular  with  diffuse,  fibrillar  nucleic  acids (19) .  RBs  are  non-
 infections  and  are  bounded  by  an  inner  and  outer  membrane.  The  surface  of  RB  is 
 covered  with  projections  and  rosettes  that  project  through  the  inclusion  membrane. 


They  are  metabolically  active.  They  undergo  binary  fission  leading  to  secondary 
 differentiation to EB (20) . 


       The major outer membrane protein (MOMP) of Chlamydiae is one of the  
[8] 



(19)principal cell wall surface components that is responsible for the structural integrity of 
 the elementary and reticulate body (21) . This protein has pore-forming capabilities that 
 allows the exchange of nutrients for the reticulate body form. 


        The  function  of  the  MOMP  are  mediated  by  disulfide  bond  interactions  within 
 and between MOMP molecules. 


         Monoclonal  antibody  specific  to  MOMP  define  species,  sub-species  and  type-
 specific determinants characterizing Chlamydia trachomatis extensively for more than 
 15 serovars(22) .   


      



VIRULENCE FACTORS 


1.Clamydial strain definition and the major outer membrane protein. 


      The traditional definition of Chlamydia trachomatis were based on 
 the  historical  serovar  distinctions  by  Wang  and  Grayston  more  than  40  years  ago  by 
 micro  immunofluoresence  test.  The  classification  defined  15  Chlamydia  trachomatis 
 MOMP  serovars( 23) .  But  now  it  is  based  on  the  serological  differences  in  the 
 Chlamydial  major  outer  membrane  protein  (MOMP)  and  genovar  sequence 
 differences  for  the  MOMP  gene  (OMP  A)  and  classified  the Chlamydial strain  to 
 more than 20 genovars, serovars and serovariants(24) .   


[9] 



(20)Figure :1 Classification of Chlamydial strains  


2.  Chlamydial  polymorphic  outer  membrane  proteins  discriminates  between 
 diseases phenotypes in a broad sense.  


      Chlamydial polymorphic outer membrane protein (pmp) genes were 
 recognized to be important based on the sequencing report by Stephens et al (25,26)  The 
 Chlamydial pmp genes code for proteins that share with the type V  auto transporters  
 proteins.  Pmp  A  and  Pmp  D  are  highly    conserved  proteins (27) .    Pmp  D,E,G,H  are 
 detected on the EB surface and Pmp B,D and H are strongly immunogenic . They help 
 in the adherence to the host cells and in modulating the inflammatory process . (28)   
 3.The Chlamydial Type –III secretion system:  


       The type III secretion system are complex structures that  delivery   
[10] 



(21)pathogen effectors proteins into the host cell (29) . The Chlamydial TTSS proteins are 
 structural components ,chaperones and effectors. The effector protein Inc-A mediates 
 inclusion  fusion  and  Inc  proteins  act  as  a  binding  protein (30).Another  putative  TTSS 
 effector  is  a  translocated  actin  recruiting  phosphoprotein  (TARP)  that  promotes 
 internalization. The Inc A mutants strain and the differences in the number of tandem 
 repeats  of  TARP  protein  between  pathobiotypes    define  disease  severity  in  the 
 phenotypes and genotypes respectively (31). 


4.The Chlamydial toxin:  


A putative Chlamydial cytotoxin was identified which shared the amino acid 
 sequence similarly to the Clostridial toxin B protein (32) . 


5. The Chlamydial stress response protein:  


The Chlamydial stress response proteins are Gro EL and Gro ES homologues. 


The Gro EL is a potential mediator of inflammation. The Gro E operon (Gro EL and 
 Gro ES) are highly conserved which reflects the long  –term chronic infections or re-
 infection (33) .  


6. The Chlamydial lipopolysaccharide:   


The Chlamydial    trachomatis Lipopolysaccharide  is  a  rough  molecule  with  a 
 lipid A portion. It is penta-acylated with more than C-14 fatty acids .It is recognized        


      



(22)as a genus-specific antigen (34) . 
 7. The cryptic plasmid: 


      The Chlamydia trachomatis possess a cryptic plasmid encoding eight open 
 reading frames, which are designated  7Pgp1-8. They regulate the expression of more 
 than  20  genome  –coded  gene  .Pgp-4  appears  to  be  a  regulator  of Clamydial  gene 
 expression( 35) .Pgp-3  is  a  ~84-  K  Da  homotrimeric,  dominant  antigens    associated 
 with  the  outer  membrane  protein  and  secretion  into  the  cytoplasm  and  the  inclusion 
 lumen (36) .  The    transcripitional  activity  contributes  to  the  regulation  of Chlamydial 
 chromosomal gene expression . 


DEVELOPMENTAL CYCLE 


The Chlamydiales have a unique and a biphasic developmental cycle. 


Figure : 2 Developmental cycle of Chlamydia 


[12] 



(23)
ATTACHMENT : 


      EBs    are  extra  cellular  and  metabolically  inert  forms    responsible  for 
 dissemination of infection by their ability to attach  and invade susceptible cells. This 
 process of attachment of the EBs is with the help of spike like projections present on 
 the  surface  of  the  EBs.  These  ―spike  like‖  projection  are  similar  to  the  Type  III 
 secretion  system-―needle  structure‖  in  the  other  bacteria  (37)  .Bacterial  adhesin 
 molecules  Omp  A,  Omc  B  and  Hsp  70  and  auto  transporters  like  polymorphic 
 membrane protein (Pmp) play a major role in attachment (38) . The attachment of EBs 
 with host cells occurs in a two-stage process— 


First –a) through electrostatic interaction of the bacteria with heparan sulphate 
 containing    glycosoamino  glycans.  This  is  a  reversible  interaction  and  it  occurs 
 through binding to the surface exposed Omp A protein (39) : 


Second, b) binding stage. This is an irreversible process.(40 )  


PRIMARY DIFFERENTIATION: 


       Upon  infection  ,  EBs  are  internalized  in  membrane  bound  vacuoles  termed 
inclusions. The infecting EBs are differentiated into metabolically active RB(41) . 



(24) MEP activation : 


      The presence of the bacterial histone like proteins Hct A and Hct B render 
 the  EB  transcriptional  incompetent.  Chlamydial  histone-  DNA  interactions  are 
 disrupted  upon  germination  by  a  small  metabolite  in  the  non-MEP  pathway  of 
 isoprenoid  biosynthesis.  The  metabolite  is  thought  to  be  2-c-methyl  erythritol  2,4-
 cyclo di phosphate which is functional antagonism of Hct A. 



Chromosome decondensation: 


      The Chlamydial EB contains significant amount of mRNA and ribosomes 
 ,following  chromosomal  decondensation,  the  genome  rapidly  becomes 
 transcriptionally active. (42) . 



Early gene expression : 


       Transcription  begins  within  the  differentiating  RB  immediately 
 following  internalization.  New  protein  expression  are  detected  within  15  minute (43) . 
 Newly synthesized RNA can be detected in host –free Chlamydia by 1hr (44) . The first 
 early  gene  Euo  (Early  Upstream  ORF)  specific  to Chlamydia  was  identified  using 


―host –free‖ early RNA (45) . Later a number of inclusion associated protein genes (inc) 
 were identified and proposed  as expressed genes.      


All the genes expressed during primary differentiation serves two purposes 
 a)  establishing systems for nutrient acquisition. 


[14] 



(25)      b) modifying the inclusion to prevent its entry into the endocytic pathway leading  
 to lysosomal fusion. 


Once internalized , Chlamydia  actively modify the properties of the nascent vacuole 


(46,47) 


.  Within 2 hour after entry into host cells, Chlamydial inclusions are trafficked 
 to the perinuclear region of the host cell and remain close to the golgi apparatus. They 
 fuse with the host vesicles containing sphingomyelin. Chlamydial migration from the 
 cell periphery to the peri golgi regions resembles host cell vesicular trafficking. 


      Rab  GTP  ases  are  the  key  regulators  in  regulating  the  membrane  trafficking  or 
 fusogenic properties of the inclusion (48) . A group of Chlamydial proteins termed (Inc) 
 are  found  in  the  inclusion  membrane  and  are  thought  to  interact  with  host  proteins. 


The Chlamydial proteins were identified to be Inc  A,  Inc D, Inc E,  Inc F and  Inc G. 


Inc A play a role in homotypic fusion of dial Chlamydial inclusion( 49) . 



Cell division: 


      Cell  division  takes  place  during  the  RB  stage.  Chlamydia  lack  a  fts  Z 
ortholog,  which  encodes  a  protein  involved  in  bacterial  cell  division  .  Instead,  RBs 
may  synthesize  small  amounts  of  peptidoglycan    that  play  a  role  in  bacterial    cell 
division.(50)  



(26)Secondary differentiation: 


      Following  the  period  of  cell  division  RBs  begin  to  re-differentiate  to  EBs. 


The  exact  process  is  unknown.  The  dissociation  of  dividing  RBs  from  the  inclusion 
 membrane  may    trigger  the  secondary  differentiation.  The  removal  of  the  TTSS 
 system  needle  apparatus  from  the  inner  surface  of  the  inclusion  membrane  has  been 
 suggested as a critical event in the process (51) . 


A number of late –cycle genes are expressed during secondary differentiation. 


1)Genes that encode components of the outer membrane complex-Omc  A and 
 Omc B. 


2)Protein involved in the condensation of chromosome –Hct A and Hct B. 


3)Omc AB, Hct AB, Itu B, Icr H (52) . 


4) Formation of the highly disulfide-cross linked outer membrane complex-CT 
 780  and  783  (thio  redoxin  disulfide  isomerases)-mtp  A  and  mtp  B(membrane  thiol 
 proteases)(53) . 


      These late cycle gene may provide proteins necessary during the early stages 
 of the next infectious cycle. Hence ―late‖ genes may encode ―early‖proteins. 



Persistence of infection: 


      Persistence is termed as a long term association between Chlamydia and  



(27)its  host  cell  in  which  these  organisms  remain  in  a  viable  but  culture  –negative  state. 


This  is  due  to  the  enlarged  and  pleomorphic  RBs  that  neither  undergo  binary  fission 
 nor differentiate to EBs but continue to replicate their chromosomes. The changes are 
 usually reversible upon removal of the growth inhibitory factor (54) . 


       Persistent of infection have been induced by penicillin treatment ,amino 
 acid  starvation,  iron  deficiency  ,phage  infection,  continuous  culture (55) .  Removal  of 
 IFN  gamma  and  supplementation  with  added  tryptophan  led  to  a  rapid  reactivation 
 from persistent growth. 



GENOME 


The sequenced Chlamydial genome consists of a 1,042,519 base pair chromosome and 
 a  7493base  pair  plasmid.  Analysis  of  the  Chlamydial  genome  resulted  in  the 
 identification of 894 likely protein coding genes (56) . 


      
 PATHOGENESIS  


       The  exact  mechanism  of  inflammation  of  Chlamydia  trachomatis  is  not 
 known.  The  target  cells  are  the  squamo-columnar  epithelial  cells  of  the  endocervix 
 and  upper  genital  tract  ,conjunctiva,  urethra,  rectum,  epididymis  and  prostate.  In 
 infants the columnar epithelial cells are affected (57) . 


      Following infiltration, the LPS act as the Chlamydial antigen and 
induces  pro  inflammatory  cytokines  and  IL-8  which  in  turn  stimulates  the  initial 
neutrophil response. This is followed by sub mucosal infiltration with lymphocytes,  



(28)macrophages,  plasma  cells  and  esinophils  resulting  in  the  formation  of  lymphoid 
 follicles.  As  the  acute  inflammation  begins  to  subside,  there  is  thinning  or  loss  of 
 epithelium which leads to  necrosis ,fibrosis and scarring later. 


      Due  to  the  cytokine  production  ,  there  is  production  of  IFN-γ.  The 
 IFN-γ  blocks  the  life  cycle  of  the Chlamydia  and  leads  to  the  formation  of  large 
 aberrant  reticulate  bodies.  When  IFN-γ  is  removed  by  the  clearance  of  an  extra  – 
 cellular Chlamydial infection  ,  the  aberrant  forms  are  reverted  to  normal  reticulate 
 bodies  and  the  intra  –  cellular  life  cycle  of Chlamydia  resumes  .  As  the  reticulate 
 bodies divides it fills the endosome to form a cytoplasmic inclusion with its progeny 
 and glycogen. The yield of new infection units per cells ranges from 100-1000 cells. 


Figure :3 Effect of interferon-γ on the life cycle of Chlamydia trachomatis.  
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(29) This is followed by differentiation of  RB to EB , lyses of the infected cell and 
 infection  of  the  neighbouring  cells (58) .  This growth  and  inhibition  of  the Chlamydia 
 damages the epithelium of fallopian tube resulting in the fibrosis and tubal occlusion(


59) .  This  occlusion  is  due  to  the  immune  response  to  the Chlamydial  infection  rather 
 than the infection itself. 


      The  initiating    proinflammatory  immune  response  is  the  HSP-60.  HSP  60 
 is a highly conserved protein. It acts as an intra cellular chaperone helping in protein 
 assembly  and  its  transport.  The  human  HSP-60  and  the  amino  acid  sequence  of  the 
 Chlamydia  are  about  50%  homologus(60)  .  Under  conditions  like  increase  in 
 temperature  or  exposure  to  free  radicals  or  oxygen,  there  is  increased  HSP-60  gene 
 transcription  to  prevent  the  denaturation  of  protein  and  for  the  maximum  survival  of 
 the cell. In persistent infection there is reduced synthesis of the structural antigen but 
 increase in the HSP-60 synthesis.  


Thus sufficient amount of HSP-60 is required for the initiation of the immune 
 response.  The  50%  homologus  may  also  result  in  the  auto  immunity  towards  human 
 HSP-60 (58) . 



INNATE AND ADAPTIVE IMMUNITY 


      Innate  immunity  plays  a  vital  role  in  the  control  of Chlamydial  infection  .The 
 first cells to be recruited to the site of infection are natural killer cells and neutrophils. 


Neutrophils  help  in  reducing  the  initial  infection  and  limits  their  spreading  (61) . 
Cytokine produced by the epithelial cells and dendritic cells to NK IFN-γ production.  



(30)This  IFN-γ  inhibits  the  growth  of  Chlamydia  ,  induces  a  strong  Th1  mediated 
 immunity  and  down  regulates    the  Th2  response.  The  Th1  mediated  immunity  is 
 achieved  by  promoting  proliferation    ,  CD40 upregulation  and  production  of  IL  2  in 
 dendritic cells(62) . 


        IFN-γ – a) increases the phagocytic activity of macrophages. 


       -b)  down  regulation  of  transferring  receptor  thereby  decreasing  the 
 availability of iron. Iron is essential for the growth and survival of Chlamydia. 


       -  c)  causes  degradation  of  tryptophan  by  secreting  tryptophan  decyclizing 
 enzyme  indoleamine  -2,3-dioxygenase  (IDO).  Tryptophan  is  also  essential  for  the 
 growth of Chlamydia. 


      Chlamydial  infection  causes  migration  of  macrophages  leading  to  phagocytosis 
 and  production  of  pro-inflammatory  cytokines.  The  infected  macrophage  are  able  to 
 induce  T  cell  apoptosis.  Destruction  of  the Chlamydia  is  associated  with  host  cell 
 autophagy. The host cell autophagy leads to increased antigen presentation to T cells 
 followed  by  upregulation  of  MHC  II  molecules  which  induces  humoral  and  cell 
 mediated immunity(63) . 


        Immature  dendritic  cells  (DC)  are  phagocytic  in  nature  which  causes 
 internalisation of pathogens and degradation of the components which are presented to 
 the T cells through MHC receptors. This  eventually promotes the T cells to induce a 
 cell mediated and or humoral immunity. DC are found to be important for vaccine  
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(31)research  as  they  are  proved  to  be  the  critical  links  between  innate  and  adaptive 
 immunity (64) . 


         Both  CD4+  and  CD8+  T  cells  are  able  to  recognize  all  the  Chlamydial 
 antigens.CD4+ T cells recognize that are presented by MHC class II and CD8+ T cells 
 recognize by MHC class I. There is production of IL-2 by APC followed by activation 
 of  IFN-γ  producing  T  cells  and  plasma  B  cells  which  secrete  Th1-associated 
 antibodies.  CD8+  T  cells  plays  a  minor  role  as  they  do  not  express  the  cytolytic 
 protein- perforin but regulates other cells and their IFN-γ production (65) . 


         B  cells  play  a  major  role  in  the  secondary    memory  response.  The  mechanism 
 involved in modulating immunity during  re infection are  


1)  Neutralisation and opsonisation. 


2)  ADCC-antibody dependent cellular cytotoxicity. 


3)  Formation of antigen –antibody complexes on APC (66) . 


 The antigenic epitopes from the Chlamydial HSP 60 is known to be a strong inducers 
 of cellular and humoral immunity. Thus both cell mediated and humoral immunity are 
 essential for the protective immunity.   


      Natural  infection  confers  only  little  protection  against  re-infection.  In  young 
sexually  active  men  and  women  with  genital  tract  infection,  the  rate  of  recurrence  is 
high about 29% ( 66) . In women with endocervical infection the number of organism 
shed correlated inversely to the presence of secretory Ig A. The CD4+ T cells and B  



(32)cells  are  most  essential    in  mediating  the  recall  immunity  towards  the  infection  than 
 the CD8+ T cells which helps in the production of  IFN-γ than cytotoxic activity. 


       
CLINICAL MANIFESTATION 


       Chlamydia  trachomatis  is  the  most  common  bacterial  cause  of  sexually 
 transmitted  genital  infections  .  It  infects  both  men  ,women  and  infants  born  to  the 
 infected  mothers  during  delivery.  Other  types  of  Chlamydia  trachomatis infection 
 include lymphogranuloma venerum and endemic trachoma. 



Syndromes in women: 


       Majority of women with Chlamydia trachomatis infection are asymptomatic. 


But it causes several common clinical syndromes in women.The incubation period of 
 symptomatic diseases ranges from 7-14 days following infection ( 67) . 


Genital infection: 


    Cervix  is  first  most  commonly  infected  followed  by  the  urethra.  The  cervical 
infection  can  ascend  to  cause  pelvic  inflammatory  diseases  and  its  sequelae  of 
infertility  and  chronic  pain.  Cervical  ectopy  is  associated  with  an  increased  risk  of 
Chlamydial infections(68 ). 



(33)Dysuria –pyuria syndrome: 


       Chlamydial  infection  of  the  female  urethra  occurs  following  a  cervical 
 infection  .Pyuria  but  no  bacteria  in  a  young,  sexually  active  woman  has  a  strong 
 suspicion for Chlamydial infection of the urethra. 


Pelvic inflammatory diseases: 


      Chlamydial  trachomatis ascends  to  the  upper  reproductive  tract  and  causes 
 pelvic  inflammatory  diseases  .When  PID  are  present,  abdominal  or  pelvic  pain, 
 cervical , uterine or adnexal tenderness are the most common clinical presentation. 


         PID due to Chlamydia trachomatis subsequently lead to tubal infertility ,ectopic 
 pregnancy and pelvic pain (69) . 


Peri hepatitis (Fitz hugh-curtis syndrome): 


      About  5-15%  of  cases  with  Chlamydial  infection  develop  perihepatitis  an 
 inflammation  of  the  liver  capsule  and  adjacent  peritoneal  surfaces.  It  is  associated 
 with right-upper quadrant pain or pleuritic pain but no liver enzyme abnormalities. 


Proctitis: 


       Rectal  infection  in  women  with  Chlamydia  trachomatis is  mostly  due  to  the 
 genital serovars (D through K).They are usually asymptomatic (59 ). 
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(34)
During pregnancy: 


    The prevalence of Chlamydia trachomatis infection in pregnant women ranges 
 from  2%-35%.They  are  at  increased  risk  of  post-partum  PID  and  sequelae  like  still 
 birth,  neonatal  death,  low  birth  weight,  decrease  in  gestational  periods,  pre  term 
 delivery  and  premature  rupture  of  membranes  (PROM).  Asymptomatic Chlamydial 
 infection may be lead to early or recurrent pregnancy loss ( 59) . 



CLINICAL SYNDROMES IN MEN: 


Urethritis:


       Chlamydia trachomatis is the most common cause of non-gonococal  urethritis in 
 men.  They  are  mostly  aymptomatic  ranging  from  40-96% (70) .  When  symptomatic 
 they present with a mucoid or watery urethral discharge and dysuria. The discharge is 
 often clear and seen upon milking the urethra. The incubation period is variable about 
 5-10 days after exposure( 71) . 


Epididymitis : 


     Chlamydia  trachomatis  is  one  of  the  commonly  implicated  pathogens  in 
 epididymitis  among  the  sexually  active  men  <  35  years  of  age.  Men  with  acute 
 epididymitis  presents  with  unilateral  testicular  pain  and  tenderness,  hydrocele  and 
 palpable swelling of the epididymis(72 ). 
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(35)Prostatitis:  


       Chlamydia  trachomatis may  cause  chronic  prostatitis  without  a  clear  bacterial 
 etiology but detectable Chlamydial antigen in urine or prostatic secretions(72) . 


Proctitis: 


     Chlamydia trachomatis caused inflammation of the distal rectal  mucosa primarily 
 in homosexual men. It is mostly asymptomatic in this group of people. It is caused by 
 the serovars D-K. Chlamydia trachomatis are symptomatic in heterosexual  men. The 
 symptoms  include  ano-rectal  pain  ,  discharge  ,  tenesmus,  rectal  bleeding  and 
 constipation. This is mostly caused by the serovars L1,L2, and L3 (73) . 


Reactive  Arthritis /Reactive arthritis triad: 


       Approximately  1%  of  men  with  urethritis  develop  reactive  arthritis  and  one-
 third of the patients have reactive arthritis triad .Formerly known as Reiter syndrome 
 (arthritis, uveitis and urethritis) (74) . 



CLINICAL SYNDROME COMMON TO MEN AND WOMEN: 


Conjunctivitis: 


     The Chlamydial trachomatis serovars that  cause genital diseases (D-K) can infect 
the  epithelial  cells  of  the  conjunctiva.  This  occurs  through  direct  inoculation  or 
inclusion conjunctivitis acquired through sexually. 



(36)Trachoma : 


     Trachoma  is  a  chronic  or  recurrent  ocular  infection  that  lead  to  scarring  of  the 
 eyelids.  This  scarring  inverts  the  eyelid  leading  to  abnormal  positioning  of  the 
 eyelashes  which  can  scratch  and  damage  the  bulbar  conjunctiva.  Trachoma  is  the 
 primary source of infectious  blindness in the world (75) .      


Pharyngitis:  


    Least  commonly,  if  leads  to  pharyngitis  and    is  postulated  to  be  a  reservoir  of 
 infection.    


Neonatal conjunctivitis: 


      It is transmitted vaginally from an infected mother and presents within the first 15 
 days  of  life.  Symptoms  include  conjunctival  infection,  ocular  discharge  and  swollen 
 eyelids (76) .    


       
 EPIDEMIOLOGY  


       The prevalence of Chlamydia trachomatis infection in sexually active 
adolescent  women  ,who  are  considered  at  risk  exceeds  10%    and  in  the  STD  clinic 
women  population  is  round  40%  :  men  ranges  from  15%-20%.  In  symptomatic  men 
the infection ranges from 4%-10%,  among the new born is approximately 65% as a 
result of perinatal exposure (77 ).      



(37)Risk and demographic factors for Chlamydia trachomatis. 


       The  most  common  demographic  correlate  of  infection  with  Chlamydia 
 trachomatis in women is young age < 20 years. This association is thought to be due 
 to    the  variation  in  the  cervix  of  the  younger  women  where  in  squamo  columnar 
 junction  is  everted  and  more  exposed,  a  condition  known  as  ectopy.  This  squamo 
 columnar junction is the primary host target for Chlamydia trachomatis. 


       Factors  associated  with  the  older  woman  include  marital  status,  nulliparity,  the 
 poor  socio-economic  status  and  the  black  race (78) .  Other  factors  include  multiple 
 number  or  a  new  sexual  partner,  failure  of  barrier  contraceptive  devices  or  its  usage 
 and co- infection  with Gonococcus.  


       
LABORATORY  TESTING FOR C. TRACHOMATIS 


      The  traditional  approach  to  the  laboratory  diagnostic  testing  for  Chlamydia 
 trachomatis  consisted  of  cell  culture  of  inocula  prepared  from  urogenital  specimens. 


During  1980s  antigen  and  nuclei  acid  detection  technologies  were  developed.  Most 
recently,  nuclei  acid  amplification  technologies  have  been  developed.  Modern 
approaches  in  the  laboratories  for  detecting Chlamydia  trachomatis have  become 
complex,  by  the  use  of combination  of  different  test  technologies  for  screening  and 
confirmation (77) . 



(38)Specimen collection in women : 


      The  adequacy  of  the  specimen  is  directly  related  to  both  the  sensitivity  and 
 the  specificity  of  the  diagnostic  tests  for Chlamydia  trachomatis .Since   Chlamydia 
 are obligate intra cellular pathogens, the objective of the specimen  collection should 
 include  the  host  cells  that  harbor  the  organism.  Specimen  that  contain  secretion  or 
 exudate but lack the cells that harbor Chlamydiae (urethral or endocervical columnar 
 cells) are not satisfactory.  


      The most common anatomic site  for  the isolation of Chlamydia  trachomatis 
 from  women is the endocervix, which is sampled with a swab or cytologic brush. The 
 type of swab used to collect the specimen is important as it can cause toxicity to cell 
 culture  or  to  inhibit  Chlamydial  growth  within  cells.  Dacron,  cotton,  rayon  and 
 calcium alginate tipped swabs may be used. Wooden shaft swabs are avoided.  


      The  swab  should  be  inserted  into  the  cervical  os  past  the  squamo  columnar 
 junction, about 1 to 2 cm deep, rotated for 15 to 30 sec and removed without touching 
 the vaginal mucosa.  


Cytologic  brushes  collect  more  cells  than  swabs  but  they  are  invasive  and 
 induce  bleeding  which  may  inhibit  some  non-culture  tests.  After  the  removal  of 
 secretion and discharge from the cervix the specimens are collected .  


Urethral  swab  can  also  be  taken  by  inserting  about  1  cm  into  the  female 
 urethra, rotating once prior to removal and placed in culture transport medium.  
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(39)Vaginal,  introtial  or  vulval  swab  can  also  be  taken  which  are  excellent 
 specimens for the detection of Chlamydia trachomatis by NAA tests (77) .  


Specimen collection in males: 


       The  anterior  urethra  is  the  ideal  site  for  the  sample  collection  in  males.  A  dry 
 swab is inserted 3 to 4 cm into the urethra and rotated and then removed . The subject 
 should not  urinated within previous hour, since urination will reduce sensitivity of the 
 tests by washing out infected columnar cells (77) . 



CONJUNCTIVAL SPECIMENS: 


     Before  collecting  the  conjunctival  epithelial  cells,  the  palpebral  conjunctiva  is 
 everted  and  a  dry  swab  is  rolled  over  to  remove  any  purulent  exudates  .  Then 
 specimens are refrigerated immediately after collection at 2 C to 8 C and kept at the 
 same temperature during the transportation. 


The time between collection and processing of specimen for culture should be 
 less than 48 hours. Specimen that cannot be processed within this time may be frozen 
 at - 70C until processed (77) . 


TRANSPORT MEDIA: 


      Traditionally, the media for the transport of specimens for Chlamydial culture  
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(40)commonly used are 2-surcose phosphate (2 SP) or sucrose glutamate phosphate. The 
 addition of 2% to 5% fetal bovine serum helps to preserve the viability of Chlamydiae 
 in specimen that must be frozen. 


    Commonly, Chlamydial transport medium 2SP (2 M sucrose - phosphate containing 
 10 m gentamycin/ml, 25 mg of vancomycin /ml and 25U nystatin /ml) is used. Broad 
 spectrum  antibiotics  such  as  tetracycline,  macrolids  or  penicillin  cannot  be  used 
 because  they  inhibit  the  growth  of Chlamydiae. Recently,  synthetic  transport  media 
 for  culture  and  some  non-culture  tests  approved  for  diagnostic  use  are  M  4  transport 
 media and Flex Trans media (79) . 


There  is  no  single  laboratory  test  appropriate  for  the  identification  of 
 Chlamydia  trachomatis.  Various  approaches  such  as  the  visualisation  of  inclusion 
 bodies in direct smear, culture of the organism in cell lines, serological  methods  and 
 application  of  molecular  techniques  are  used  in  the  identification  of  Chlamydia 
 trachomatis (80) .  


NON INVASIVE METHODS : 


      Urine  tests  for  the  detection  of Chlamydia  trachomatis  is  a  non  invasive 
 screening method for the asymptomatic population  


1.There is no issues concerning the adequacy of collection. 



(41)2.  Urine  specimens  for  antigen  detection  and  DNA  amplification  tests  should  be 
 collected as directed by the test manufacture. 


3. Person should not have urinated within the previous hours. Female should not clean 
 the perineum prior to urinating. 


4. The first catch if 10-20 ml of urine should be collected in a clean collection cup and 
 refrigerated  immediately  at  2-8˚C.  Mid  -  stream  catch  urine  can  also  be  used  for 
 testing for ligase chain reaction. 


CULTURE METHODS: 


      Culture was considered the gold standard for detection of Chlamydia trachomatis 
 in urogenital specimens, because it has a 100 % specificity since it detects only viable 
 infections Chlamydial elementary bodies and has minimal potential for contamination. 


Advantage :    It preserves the organism for additional studies such as genotyping or 
 anti-microbial susceptibility testing. 


Disadvantage :     The disadvantage is its relative insensitivity - 70%-85%. 


Culture  method  is  used  less  frequently  with  the  advent  of  DNA  amplification 
 techniques in specialized reference laboratories.  
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(42)It is used in the detection of Chlamydia trachomatis in 
 1. Urethral specimen from women 


 2. Asymptomatic men, 


3. Nasopharygneal specimens from infant, 
 4. Rectal specimens from all patients and 


 5.Vaginal specimens from pre-pubertal girls (81) . 


Only  culture  method  should  be  used  to  detect Chlamydia  trachomatis in  cases  of 
 suspected sexual abuse or assault. 


Principle:  


       Specimens  are  inoculated  on  to  the  cell  culture  mono  layers.  If  viable 
 Chlamydial  elementary  bodies  are  present  they  infect  the  cell  and  grow  to  form 
 cytoplasmic  inclusion  bodies.  After  48-72  hrs  of  inoculation  the  inclusions  are 
 visualized  by  staining  with  fluorescently  labelled  antibodies  that  bind  to  the 
 Chlamydial lipo polysaccharide (LPS) or the major outer membrane protein (MOMP). 


This contributes to the 100% specificity due to the direct visualization of the specific 
 morphology (77) . 


      The preferred method for the identification of inclusions is by staining the infected 
 monolayers using fluorescein labelled antibodies. Other stains that can also be used  
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(43)are Gram stain , Giemsa stain or iodine stain . But they are not commonly used today 
 as they lack sensitivity and specificity (77) . 


       Cell  Monolayers  that are used for  the culture are grown in  shell vials on glass 
 coverslips  or  in  the  wells  of    multi  well  cell  culture  dishes.  Traditionally,  McCoy, 
 HeLa and BGMK cells have been used. Shell vial method of culture is more sensitive 
 for  clinical  specimens  than  the  other  media (77) . Mono  layers  can  be  treated  with  30 
 μg/ml of diethyl amino ethyl –dextran in Hank‘s balanced salt solution for 20 min to 


change the negative charge on the cell surface and facilitate adhesion of Chlamydiae 
 to the cell mono layer (82) .  


PROCEDURE: 


        1)  Prior  to  inoculation,  clinical  specimens  should  be  sonicated  or  vortexed 
 thoroughly  or  can  be  disrupted  with  glass  beads  so  that  the  elementary  bodies  of 
 Chlamydia and the inclusions separate from the host cells. 


        2)  To  inoculate  the  cell  cultures,  the  overlying  culture  medium  should  first  be 
removed and replaced with enough specimen in culture transport medium to cover the 
monolayer  and  prevent  drying  during  centrifugation.  For  the  shell  vial  method  ,  Mc 
Coy  cells  are  plated  onto  12mm  glass  cover  slips  in  15  mm  diameter  3.697  ml 
disposable glass vials. The cell concentration (approximately 1x105 cells /ml to 2x105
cells/ml) is selected to give a light, confluent monolayer after 24 hr to 48 hr incubation  



(44)at 35˚ C to 37˚ C in 5% CO2 (82) . 


        3)  Centrifugation  at  2500  to  3000  rpm  at  30˚C  to  35˚  C  for  1  hr  is  done. 


Centrifugation  of  cell monolayers  increases the culture sensitivity. 


        4)  After  inoculation  monolayers  should  be  incubated  in  growth  medium 
 containing  cycloheximide  to  selectively  inhibit  host  cell  protein  synthesis  .The  most 
 commonly  used  growth  medium  is  Eagle‘s  minimal  essential  medium  (EMEM) 
 supplemental  with  amino  acids  and  vitamins,  fetal  calf  serum  (5-10%),extra-glucose 
 (0.056M) and L-glutamate. A neutral ph is maintained with the help of HEPES buffer 
 .Optimal concentration of  cycloheximide  range from 0.5-1.5 ug/ml (82) . 


NON CULTURE METHODS : 


      Non  –culture,  non-  nucleic  acid  amplification  technologies  are  based  on  direct 
 visualization of the Chlamydial organism by  


1Staining  with fluorescein – labelled specific antibodies . 


 2)Immuno histo chemical reaction of antigen –EIA and Rapid tests. 


 3) Detection by hybridization using a DNA probe. 


4)  Non  specifically  by  measuring  a  marker  of  infection  in  urine(leukocyte  esterase 
test) (77) .  



(45)
CYTOLOGY: 


      Cytodiagnosis was used for the detection of Chlamydial inclusion bodies in ocular 
 infection as there are minimal interfering debris with numerous inclusion bodies. This 
 is obscured in the detecting inclusion bodies in the genital infection thus lowering its 
 sensitivity.  The  conjunctival  scrapings  are  applied  evenly  onto  clean  microscopic 
 slides and air dried. Slides are fixed with alcohol or acetone depending on the choice 
 of staining method and detected for the inclusion bodies (80 ). 


DIRECT FLUORESCENT ANTIGEN DETECTION TECHNIQUE(DFA) : 
        Mono  clonal  antibodies  labelled  with  fluorescein  isothiocyanate  act  against  the 
 major  outer  membrane  protein  (MOMP)  that  are  present  in  all  the  serovars  of 
 Chlamydia  trachomatis  .Clinical  specimen  on  direct  staining  bind  to  the  antigen 
 conjugate  specifically.  Unbound  antibodies  are  removed  by  a  rinse  step.  The  stained 
 slides  are  viewed  under  a  fluorescent  microscope.  The  presence  of  apple-green 
 elementary bodies and reticulate bodies against a reddish –brown back ground of the 
 cellular matrix gives a positive result(80) .  
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(46)Figure : 4  Fluorescent image of Chlamydia trachomatis 


       


       The first antibody reagent commercially available were polyclonal and were 
 non-specific. They tend to cross-react with other bacteria. Later, monoclonal antibody 
 reagents  directed  against  MOMP  and  LPS  antigens  were  developed.  The  species  –
 specific  monoclonal  antibodies  against  the  epitope  of  MOMP  are  preferred  over 
 antibodies to LPS as they react with all species of Chlamydia trachomatis which are 
 unevenly distributed on the surface of the elementary bodies. Hence these monoclonal 
 antibodies are preferred for the detection of Chlamydia trachomatis. The sensitivity of  
 DFA  is  81%  to  98%  and  the  specificity  is  82%  to  100%.  Therefore  it  is  the  most 
 widely used procedure for confirmation of the presence of Chlamydia trachomatis  (80) 
 .  The  DFA  test  is  used  to  detect Chlamydia  trachomatis infection  in  conjunctival, 
 urethral and rectal smears and in respiratory specimens from infants. 


[36] 



(47)ADVANTAGE:  


 1)  Specimen  adequacy  can  be  evaluated  by  noting  either  the  presence  or  absence  of 
 columnar epithelial cells in the slide preparation.  A specimen is said to be inadequate 
 when  it  contains  excessive  cervical  mucus,  a  predominance  of  squamous  epithelial 
 cells and no columnar epithelial cells. 


 2)  A  rapid  processing  time  (15-30  min)  and  does  not  require  refrigeration  of 
 specimens during transport. 


3) Provides  a cost –effective test (80) . 


DISADVANTAGE:


    Microscopic  evaluation  of  each  specimen  is  laborious  and  requires  highly  trained 
 and experienced personnel.


INTERPRETATION: 


1)  For the clinical diagnostic purposes the presence of 10 or more elementary bodies 
 is considered to be positive. 


2)  As a confirmation test for positive results of non  –culture Chlamydia trachomatis 
detection  tests  and  in  any  discrepancy  analysis  for  DNA  amplification  tests,  the 
presence of 2 elementary bodies is the cut-off value. 



(48)
ENZYME –IMMUNO ASSAY 


     In the absence of cell culture, EIA has been used as a screening tests. It relies on 
 a color change as an indicator of positivity rather than EBs (immune fluorescence) or 
 RBs (cell culture). There are two types of EIAs. They are direct and in-direct EIA. In 
 direct EIAs, enzyme –labelled antibodies that recognize all the species of Chlamydia 
 bind to LPS extracted from the elementary bodies in the specimen (80) . 


  In indirect EIAs a primary anti  –LPS antibody (usually a  murine  IgG) is used as 
 the  detector,  followed  by  a  secondary  enzyme-linked  antibody,  usually  anti-murine 
 IgG antibody. 


  ADVANTAGE : Total processing time is around 3-4 hrs. 


DISADVANTAGE : Antibodies to LPS may cross-react with the LPS of other gram 
 negative  bacteria  which  gives  a  false-positive  results.  Specificity  is  increased  by 
 doing  block  testing  which  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  interpreting  the  initially  positive  test  results.  This  increases  the 
 specificity of EIAs. 


      An  alternative  confirmation  procedure  for  EIA  is  to  perform  DFA  test  on 
 centrifuged  specimen.  The  first  developed  and  most  evaluated  commercial  EIA  is 
 chlamydiazyme.  This  is  best  used  in  detecting  urine  specimens  as  it  contains  more 
 Gram – negative bacteria.  
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(49)Another widely used EIA is the MICROTRAK EIA (80) . 


   Although  this  technique  is  a  non-invasive  technique  and  used  in  detecting 
 Chlamydia  trachomatis in  asymptomatic  males.  This  procedure  is  not  applicable  to 
 the  female  population  because  of  endocervical  carriage  is  more  common  than  the 
 urethral region. 


RAPID TEST: 


     Rapid tests also called ―point-of-care‖ or ―near  -to –patient‖. It employs EIA 
 technology  based  on  membrane  capture  or  latex  immuno  diffusion.  It  does  not 
 require  sophisticated  equipments  and  can  be  completed  within  30  min.  Results  are 
 qualitative as they are read visually. 


      They use antibodies against LPS that detect all Chlamydial species hence there 
 are false-positives. They are significantly less sensitive and specific than EIAs. The 
 results  of  rapid  card  tests  are  considered  presumptive  results  and  should  be 
 confirmed by a laboratory tests(77). 



NUCLEIC ACID DETECTION METHODS 


DNA HYBRIDIZATION PROBE: 


     The  only  commercial  available  DNA  probe  for  the  detection  of  Chlamydia 
trachomatis is  PACE  2  test-Gen  Probe.  The  probe    test  uses  a  chemiluminescent 
DNA probe. The probe hybridizes to a species –specific sequence of Chlamydial 16 
S r RNA. Once the DBA-RNA hybrid is formed ,it is adsorbed on to a magnetic bead  



(50)and  the  response  is  detected  quantitively  with  the  help  of  a  luminometer.  Since 
 actively  dividing Chlamydiae contains  upto  104  copies  of  16  S  rRNA,  the  PACE  2 
 test  detects  approximately  103  copies  of  Chlamydial  EBs.  Hence  it  is  a  more 
 sensitive test(77) . 


  The overall sensitivity and specificity of PACE 2 are 85% and 98% respectively. 


Although  it  has  a  high  specificity  ,a  confirmatory  assay  was  developed  known  as 
 PROBE COMPETITION ASSAY (PCA). PCA is a supplemental test to detect non  - 
 specific signal in endo cervical and male urethral specimens. 


ADVANTAGE:    PACE  2  can  be  used  in  conjunction  with  a  probe  for  detection  of 
 N.gonorrhea because a single swab can be used for both the tests. The total processing 
 time is about 2 to 3 hrs. 


DISADVANTAGE:    It is a less sensitive test than DNA amplification tests( 77) . 



NUCLEIC ACID AMPLIFICATION TESTS: 


    Nucleic  acid  amplification  technology  is  the  most  important  technology  in  the 
 detection  of Chlamydial infection.  It  is  more  sensitive  and  highly  specific  as  it  is 
 capable of detecting even a single gene copy. Hence it is used in screening infection of 
 asymptomatic individuals as a non-invasive sampling technique. 


    The  widely  known  DNA  amplification  technologies  is  the  PCR-polymerase  chain 
reaction. It uses two synthetic oligonucleotide primers with sequences that are  



(51)complementary  to  the  regions  of  a  specific  DNA  segment  located  in  the  target 
 organism.  It  can  be  genus  ,species,  group  or  strain  specific  depending  on  the  primer 
 design  used.  By  detergent  or  host-mediated,  lysis  of  target  DNA  is  done  .Following 
 this , denaturation of double stranded is made available to the primers. 


The primers are hybridized to the DNA template. Then they are extended into 
 DNA  products  of  which  the  length  is  determined  by  the  distance  between  the  two 
 primer annealing sites. DNA polymerase enzyme, Taq polymerase extend the activity 
 of  the  primers.  This  PCR  products  become  templates  for  the  next  round  of  primer 
 annealing  following  the  denaturation  these  PCR  products  are  called  as  amplicons. 


Amplicons  can  be  detected  by  colorimetric  capture  probe  assay  either  by 
 electrophoresis or by staining with a DNA intercalating fluorescent dye. 


    Multiple cycles of denaturation , annealing and extension of products leads to a 
 logarithmic amplification of the DNA target segment. 


The  first  PCR  test  to  be  approved  by  the  FDA  in  the  detection  of Chlamydia 
 trachomatis  was  developed  by  ROCHE  DIAGNOSTIC  (AMPLICOR).  Amplicor 
 PCR  is  approved  for  male  urine  and  urethral  specimens  and  female  cervical 
 specimens. 


    The  primers  target  a  207  bp  segment  of  the  cryptic  plasmid  DNA  present  in 
 Chlamydia  trachomatis .The  plasmid  is  present  at  7  to  10  copies  per  genome  in  the 
 Chlamydia trachomatis strains making the plasmid PCR more sensitive than the 
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(52) MOMP  gene.  The  sensitivity  of  this  amplicor  test  was  improved  by  replacing  a 
 commercial  ―universal‖    transport  medium  that  lacks  detergent  or  2  SP  medium  for 
 the transportation or by transporting a dry swab. 


Modifications of the standard  PCR are Nested PCR and Multiplex PCR (77) . 
 NESTED PCR: 


       It  uses  two  sets  of  amplification  primers.  One  set  being  targeted  within  the 
 amplification  product  so  as  to  amplify  the  other  and  two  rounds  of  amplification  to 
 amplify  specific  target  DNA.  This  increases  the  sensitivity  of  PCR.  This  helps  in 
 detecting a single target molecule by direct DNA staining. 


MULTIPLEX PCR: 


      It helps in detecting two or more unique target DNA sequences in a specimen 
 and  simultaneously  amplifies  them.  The  primers  are  designed  in  such  a  way  that  the 
 amplification  product  are  in  unique  size,  thereby  allowing  the  detection  and 
 identification  of  a  specific  organism  in  the  specimen  although  primers  to  different 
 organisms  are  present  in  the  mixture.  Hence  the  primers  used  in  the  detection  of 
 Chlamydia  trachomatis amplify  either  the  plasmid  DNA  of Chlamydia trachomatis, 
 MOMP or the rRNA (83) . 


LIGASE CHAIN REACTION (LCR): 


      This  test  was  approved  by  FDA  in  the  late  1995.In  this  test  four  synthetic 
oligonucleotide probes (2 per DNA strand ) anneals at specific target sites on the  



(53)cryptic plasmid. Each pair of probes hybridize on the target DNA template with 1 to 2 
 nucleotide  gap  in  between.  Once  the  probes  are  annealed  ,the  gap  is  filled  by  DNA 
 polymerase and closed by ligase enzyme (77)  . 


      Following  annealing  and  denaturation,  the  ligated  probe  pairs  form  the  template 
 for  successive  cycles.  This  results  in  a  logarithmic  amplification  of  the  target 
 sequence.  All  these  process  takes  place  in  a  thermocycler.  The  LCR  product  is 
 detected  in  an  automated  instrument  (LCx)  which  uses  an  immune  colorimetric  bead 
 capture  system.  At  the  end  of  the  LCR  assay  ,  amplified  products  are  inactivated  by 
 the automatic addition of a chelate metal and an oxidizing agent. 


   This  LCR  can  be  used  in  the  detection  of Chlamydia trachomatis  in  the  urine 
 samples of females also. The overall sensitivity of  LCR is of 94% and specificity is 
 about 99%-100%  (80) . 


TRANSCRIPTION MEDIATED AMPLIFICATION TEST (GEN-PROBE): 


  The  transcription  mediated  amplification  (TMA)  test  uses  an  isothermal  system 
 which  uses  enzymatic  target  amplification.  The  test  targets  the  16  S  rRNA  of 
 Chlamydia trachomatis. The results are interpreted with a chemiluminescent detector 
 in a single tube format. 


  GEN-PROBE PACE -2 SYSTEM (GEN-PROBE INCORPATED) 


      Gen –Probe PACE 2 system used in the detection of Chlamydia trachomatis is 
the PACE-2CT system which uses the nucleic acid hybridization technique which  



(54)detects  the  ribosomal  RNA  (r  RNA).PACE  2C  system  can  detect  both Chlamydia 
 trachomatis  and Neiserria  gonorrhoea  from  a  single  sample.  The  system  uses  a 
 chemi-luminescent  labelled  single  stranded  DNA  probes  that  are  complement  to  the 
 rRNA  of  the  organism.  Following  the  release  of  the  rRNA  of  the  organism  ,  this 
 probes combine with the rRNA to form a stable DNA:RNA hybrids and are separated 
 from  the  non  –hybridized  probes  and    emits  light  which  are  detected  using  a 
 luminometer. The results are reported in relative light units (RLUs) quantitively.(80) 
 PROBE COMPETITION ASSAY (PCA): 


    They  are  supplemental  DNA  probe  test.  They  use  a  competitive  nucleic  acid 
 hybridization  that  detects  the  non-specific  signal  in  specimens  which  have  RLU 
 reading  between  300-1000.  The  PACE  2  C  assay  has  a  sensitivity  of  89.9%-98.9% 


and a specificity greater than 95% (80) . 


NUCLEIC ACID SEQUENCE –BASED AMPLIFICATION (NASBA): 


       It is similar to TMA test .It is an isothermal RNA based method. This first primer 
 contains the sequence targeting Chlamydial RNA and the RNA polymerase promoter. 


With the help of the enzyme reverse transcriptase ,the  primer copies the DNA of the 
 target sequence and form an RNA-DNA hybrid. Then RNA strand is degraded by the 
 RNase  leaving  the  single  DNA  strand  to  form  a  template  for  the  second  primer. 


Extension of this second primer form a double –stranded DNA by the enzyme reverse 
 transcriptase acting as the template for further  transcription by T7RNA  
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(55)polymerase.  Multiple  cycles  results  in  logarithmic  amplification  of  the  target  RNA 
 sequence( 83) . 


AMPLIFIED CHLAMYDIA TRACHOMATIS ASSAY AMP-CT 


         It is a newer diagnostic nucleic acid amplification assay which uses the GEN  –
 PROBE system of TMA with hybridization protection assay. This gives a qualitative 
 detection  of  Chlamydia  trachomatis  by  targeting  a  23  S  rRNA  of  Chlamydia 
 trachomatis.  This  is  helpful  in  detecting  the  low  number  of  organism  particularly  in 
 asymptomatic  patients.  The  probe  reagent  used  is  an  acridium  ester  labelled  DNA 
 probe which detects the RNA amplicon. These hybridized probes are protected within 
 the  DNA/RNA  double  helix  and  are  not  hydrolysed  further  by  the  selection  reagent. 


The  reaction  tubes  are  loaded  onto  an  automated  LEADER  450i  luminometer. 


Detection  reagents  are  automatically  injected  into  each  tube.  The  function  of  the 
 detection  reagents  is  to  cleave  the  AE  labels  of  the  DNA-RNA  hybrid  there  by 
 emitting light.  The light emitted is detected by a photo multiplier tube and expressed 
 as RLU (83) . 



SEROLOGICAL TESTS 


      In  the  diagnosis  of  infection  caused  by Chlamydia trachomatis  serological 
testing is not of much use, as the antibodies are long lived and their detection cannot 
be  used  to  distinguish  from  past  and  present  infection.  Tests  that  are  used  for  the 
detection  are  the  complement  fixation  test,  the  micro  –immunofluorescence  test  and 
ELISA for Chlamydial antibodies. 
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