
4

H i s t o r y

C hlam ydia  tr a c h o m a tis  i s  r e s p o n s i b l e  f o r  a  wide r a n g e  
o f  human i n f e c t i o n s .  T r a c h o m a ,a  d i s e a s e  c a u s e d  by c. t r a c h o m a tis ,  
i s  a  d e s e a s e  known s i n c e  t h e  a n c i e n t  t i m e .  T h e re  were  o u t b r e a k s  
i n  Europe  f o l l o w i n g  t h e  home -  bound C r u s a d e r s  and d u r i n g  
N a p o l e o n ’ s  campaign  i n  Eg y p t  ( 3 2 ) .  The o r g a n i s m  was f i r s t  
d e m o n s t r a t e d  in  1907 by H a l b e r s t a d t e r  and von P rowazek,  who found 
t h e  c h a r a c t e r i s t i c  i n t r a - c y t o p l a s m i c  i n c l u s i o n s  i n  eye  s c r a p i n g  
from o r a n g u t a n s  i n f e c t e d  w i t h  m a t e r i a l  f rom t h e  e y e s  o f  p a t i e n t s  
w i t h  t r a c h o m a .  L a t e r  i n  1909,  t h e y  found  t h e  s i m i l a r  i n c l u s i o n s  
i n  sm ea rs  o f  s e c r e t i o n  from t h e  e y e s  o f  i n f a n t s  w i t h  o p h t h a l m i a  
neona to rum  and from t h e  u r e t h r a  o f  t h e i r  m o t h e r s  ( 3 3 , 3 4 ) .  
In  1911,  L i n d n e r  e t  a l  (35)  found  t h e s e  i n c l u s i o n s  i n  n e o n a t a l  
c o n j u n c t i v i t i s .  These  c h l a m y d i a l  i n f e c t i o n  were , t h e r e f o r e  , 
r e f e r r e d  t o  as  " i n c l u s i o n  b l e n n o r r h e a  " o r  " p a r a t r a c h o m a  " .  
In  a d d i t i o n ,  t h e y  c o n f i r m e d  t h e  c o n n e c t i o n  b e tw e e n  t h e  d i s e a s e  in  
n e o n a t e s  and g e n i t a l  d i s e a s e  o f  t h e  p a r e n t s  and in d u c e d  i n c l u s i o n  
c o n j u n c t i v i t i s  in  monkey3 w i t h  m a t e r i a l  o b t a i n e d  from i n f a n t s  
w i t h  i n c l u s i o n  b l e n n o r r h e a  ( 3 6 ) .

In  1930,  c .  p s i t t a c i  t h a t  c a u s e  p s i t t a c o s i s ,  a  human 
r e s p i r a t o r y  d i s e a s e ,  was f i r s t  i s o l a t e d  from a f f e c t e d  humans and
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p s i t t a c i n e  b i r d s  by  B edson e t  a l  ( 3 7 ) .  A lm ost a t  th e  same tim e , 
th e  c a u s a t iv e  a g e n t  o f  lym phogranu lom a venereum  ( Le v ) ,  a  s e x u a l ly  
t r a n s m i t t e d  d i s e a s e  c a u s e d  by c. trachomatis  s e r o ty p e  L I, L2 
and L3 , w ere a l s o  i s o l a t e d  by H e l le r s t r o m  e t  a l  ( 3 8 ) .  T hese 
i s o l a t i o n s  w ere done by i n t r a c e r e b r a l  i n o c u la t io n  in  m ice .

The f i r s t  i s o l a t i o n  by  i n o c u l a t i n g  o f  LGV i n t o  th e  y o lk  
s a c s  o f  em b ry o n a ted  h e n s ’ eg g s  was su c c e e d e d  by Tang e t  a l  (39) 
in  1957. L a te r  o n , J o n e s  e t  a l  (4 0 ) w ere th e  f i r s t  who c o u ld  
i s o l a t e  c. trachomatis  from  th e  ey e  o f  an i n f a n t  s u f f e r i n g  from 
c o n j u n c t i v i t i s ,  from  th e  c e r v ix  o f  t h e  m o th er and s u b s e q u e n t ly  
in  1964 from  th e  u r e t h r a  o f  th e  f a t h e r  o f  an i n f a n t  w ith  
c h la m y d ia l  o p h th a lm ia  n eo n a to ru m  ( 4 1 ) .  A c c o rd in g ly , th e  o rg a n ism s  
w ere r e f e r e d  to  a s  "TRIC a g e n t” t o  i n d i c a t e  t h e i r  o r i g i n  from 
tra c h o m a  (TR) and p a ra tra c h o m a  o r  i n c l u s i o n  c o n j u n c t i v i t i s  ( I C ) .

A ll  th e  e a r l y  i s o l a t i o n  s t u d i e s  b e f o r e  1965 w ere 
p e rfo rm e d  u s in g  y o lk  s a c  i s o l a t i o n  p ro c e d u re s  and th u s  w ere n o t  
c l i n i c a l l y  r e l e v a n t  b e c a u s e  th e y  c o u ld  ta k e  up to  6 weeks to  
p ro v id e  d e f i n i t i v e  a n sw e rs  ( 2 2 ) .  The c e l l  c u l t u r e  t e c h n iq u e  wa3 
d e v e lo p e d  by G ordon and Quan (4 2 ) in  1965. I r r a d i a t e d  McCoy c e l l s  
w ere o r i g i n a l l y  u se d  a s  n o rm al r e p l i c a t i n g  c e l l s  f o r  th e  
i s o l a t i o n  o f  c. trachomatis.  R e c e n t ly  1 c y c io h e x im id e  was 
in t r o d u c e d  a s  a l t e r n a t i v e  a g e n ts  f o r  p r e t r e a tm e n t  o f  th e  
e u k a r y o t i c  c e l l s .  The a d v a n ta g e  o f  u s in g  c y c io h e x im id e  i s  t h a t  
p r e t r e a tm e n t  o f  th e  c e l l s  can  be  done in  c o n ju n c t io n  w ith  sam ple
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i n o c u l a t i o n .  A c c o rd in g ly  , th e  g ro w th  o f  c. trachomatis  in  
c y c lo h e x im id e  t r e a t e d  McCoy c e l l s  becom es one o f  t h e  s ta n d a r d  
c e l l  c u l t u r e  te c h n iq u e s  f o r  c. trachomatis  i s o l a t i o n  and th e  m ost 
r e l i a b l e  means o f  d ia g n o s in g  i n f e c t i o n  w ith  t h i s  o rg a n ism  (4 3 ) ,

B io lo g y  and Taxonomy

1) C h a r a c t e r i s t i c s  o f  c h la m y d ia e

C h lam yd iae  a r e  n o n m o tile  , gram n e g a t iv e  , o b l i g a t e  
i n t r a c e l l u l a r  b a c t e r i a  ( 4 4 ) .  They la c k  th e  a b i l i t y  t o  s y n th e s iz e  
h ig h  e n e rg y  com pounds su ch  a s  a d e n o s in e  t r i p h o s p h a t e  (ATP) and 
g u a n o 3 in e  t r i p h o s p h a t e  (CTP). T h ese  c o m p o u n d s ,e s s e n t ia l  f o r  
m e tab o lism  and r e s p i r a t i o n ,m u s t  be p ro v id e d  f o r  by  th e  i n f e c t e d  
h o s t  c e l l s .  T h u s, th e  o rg a n ism s  w ere c a l l e d  " e n e rg y  p a r a s i t e s "  
( 4 5 ) .  They r e p l i c a t e  by b in a r y  f i s s i o n  w i th in  th e  c y to p la sm  o f  
h o s t  c e l l s ,  fo rm in g  c h a r a c t e r i s t i c  i n t r a c e l l u l a r  i n c l u s i o n s  t h a t  
can  be se e n  by l i g h t  m ic ro sc o p y  ( 4 6 ) .

A lth o u g h  c h la m y d ia e  a r e  c l a s s i f i e d  a s  b a c t e r i a , t h e y  s h a re  
p r o p e r t i e s  w ith  v i r u s e s  and b a c t e r i a .  F or in s ta n c e  1 ch la m y d ia e  
grow s o n ly  i n t r a c e l l u l a r l y  l i k e  v i r u s e s  and th e  c u l t i v a t i o n  o f  
c. trachomatis  can  o n ly  be done by c e l l  c u l t u r e .  H o w e v e r ,l ik e  
b a c t e r i a ,  th e y  c o n ta in  b o th  DNA and RNA , m u l t ip ly  by b in a r y  
f i s s i o n ,  p o s s e s s  c e l l  w a l l s  s i m i l a r  in  s t r u c t u r e  t o  th o s e  o f  gram 
n e g a t iv e  b a c t e r i a ,  and a r e  s u s c e p t i b l e  to  many b ro a d -3 p e c tru m  
a n t i b i o t i c s  ( 4 6 ) .  They p o s s e s s  a  u n iq u e  d e v e lo p m e n ta l  c y c le  t h a t  
d i f f e r e n t i a t e s  them  from  a l l  o t h e r  m ic ro o rg a n ism s  ( 4 4 ) . The
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com pared p r o p e r t i e s  o f  c h lm y d ia e  and  o th e r  m ic ro o rg a n ism s  a r e  
shown in  t a b l e  1 ( 2 2 ,4 7 ,4 8 ,5 2 ) .

T a b le  1. C h a r a c t e r i s t i c s  o f  c h la m y d ia e  in  r e l a t i o n  t o  th o s e  o f  
m ycop lasm as, b a c t e r i a ,  and v i r u s .

P r o p e r t i e s 1 B a c t e r i a
1------------------------
I

M ycoplasm as J C hlam ydiae V iru s e s

C e l l  w a ll j r i g i d  w a ll membrane w a ll p r o t e i n
jm uram ic a c id l i p i d jm uram ic a c id

F re e  l i v i n g + + - -
S iz e j 0 . 2 - 0 .5  um 0 .2 5 - 0 .5  um 350 nm 23-300  nm
N u c le ic  a c id 1 DNA & RNA DNA & RNA j DNA & RNA DNA o r

1 RNA
R e p ro d u c tio n j f i s s i o n b u d d in g j com plex e c l i p s e ,

c y c le s y n t h e s i s
f i s s i o n & assem bly

C u l t i v a t i o n j a r t i f i c i a l a r t i f i c i a l c e l l c e l l
m edia m edia

A n t i b i o t i c + + + -
s e n s i t i v i t y

R ibosom es + + + -

E nergy + + - -
p ro d u c t io n
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2) D ev e lo p m en ta l c y c le

c . trachomatis  e x i s t s  in  two d i s t i n c t  fo rm s d e p e n d in g  
on i t s  e n v iro n m e n t and  th e  s t a g e  in  i t s  g ro w th  c y c le  
(d e v e lo p m e n ta l c y c l e ) .  The e le m e n ta ry  body (EB ), an  i n f e c t i o u s  
p a r t i c l e  o f  300 nm in  d ia m e te r  , i s  a d a p te d  f o r  e x t r a c e l l u l a r  
s u r v i v a l  when r e l e a s e d  from  th e  c e l l .  The r e c t i c u l a t e  body (RB), 
th e  m e ta b o l i c a l ly  a c t i v e  p a r t i c l e  o f  up to  1 ,0 0 0  nm , i s  i n i t i a l  
body w hich  r e p l i c a t e s  by  b in a r y  f i s s i o n  to  form  th e  i n c l u s i o n s  in  
c y to p la sm  o f  h o s t  c e l l s  ( 1 3 ) .

The f i r s t  s t e p  in  th e  i n f e c t i o u s  p r o c e s s  in v o lv e s  
a t ta c h m e n t  o f  th e  EB to  a  s u s c e p t i b l e  h o s t  c e l l  and i s  i n g e s te d  
by a  m echanism  s i m i l a r  t o  r e c e p to r - m e d ia te d  e n d o c y to s i s  ( 4 9 ) .  The 
EB e n t e r s  th e  c e l l  w i th in  an endosom e o f t e n  te rm e d  a  phagosom e. 
L ik e  some o t h e r  o b l i g a t e  i n t r a c e l l u l a r  p a r a s i t e s ,  th e  o rg a n ism  
i n h i b i t s  p h a g o ly so so m a l f u s io n ,  and th e  e n t i r e  g ro w th  c y c le  i 3  

c o m p le te d  w i th in  th e  e x p a n d in g  endosom e. W ith in  a  few h o u rs  a f t e r  
e n t r y ,  th e  EB r e o r g a n iz e s  i n t o  a  RB . A f te r  a p p ro x im a te ly  10 
to  15 h r s ,  th e  RB b e g in s  d iv id in g  by b in a r y  f i s s i o n .  A t 2 0 -3 0  h r s  
a f t e r  i n f e c t i o n  , some o f  th e  RBs d e v e lo p  c e n t r a l  c o n d e n s a t io n  o f  
c y to p la s m ic  c o n te n t s  1 d e c r e a s e  in  s i z e  1 and become t y p i c a l  EBs. 
When th e  t r a n s i t i o n  from  RBs to  EBs b e g in s ,  many o f  th e  RBs 
c o n t in u e  to  m u l t ip ly  u n t i l  th e  h o s t  c e l l  c y to p la sm  i s  a lm o s t 
f i l l e d  by th e  c o lo n y . At 40 to  60 h r s  a f t e r  i n f e c t i o n ,  th e  EBs 
a r e  r e l e a s e d  to  i n i t i a t e  a n o th e r  c y c le  o f  i n f e c t i o n  ( 1 3 ) .  The 
d e v e lo p m e n ta l c y c le  o f  c h la m y d ia e  i s  shown in  F i g . l .
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CYCLE
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Host ON A 
synthesis declines.
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contain E8s and RBs

further reorganization 
of RBs to EBs 
(low infectivity)

Binary fission 
of RB

F igure 1. Chlam ydial growth cycle. EB, elementary body; RB, reticulate body. (52)
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3) C e l l u l a r  morpho logy  and s t r u c t u r e

As m e n tio n e d  a b o v e , th e  c h la m y d ia e  e x i s t  in  tw o d i s t i n c t  
fo rm s d e p e n d in g  on th e  s t a g e  o f  t h e i r  d e v e lo p m e n ta l c y c l e .

The EB i s  a s p h e r i c a l  p a r t i c l e  , 0 . 2 5  t o  0 . 3  um in
d ia m e te r .  I t  i s  su rro u n d e d  by a  r i g i d  t r i l a m i n a r  c e l l  e n v e lo p e  
s i m i l a r  in  c o m p o s it io n  to  th o s e  o f  o t h e r  gram n e g a t iv e  b a c t e r i a  1 
e x c e p t  t h a t  th e  c e l l  w a l ls  la c k  a  p e p t id o g ly c a n  l a y e r .  The 
o u te r  membrane (OM) c o n ta in s  l ip o p o ly s a c c h a r id e  , w h ich  e x h i b i t  
c h a r a c t e r i s t i c  e n d o to x in  -  l i k e  p r o p e r ty ,  and h e m a g g lu t in in .  In  
a d d i t i o n  , i t  h a s  a  m a jo r o u te r  membrane p r o t e i n  (MOMP) o f  39 ,0 0 0  
to  4 5 ,0 0 0  Da, w hich  r e p r e s e n t s  a p p ro x im a te ly  60 % o f  th e  w e ig h t 
o f  th e  o u t e r  membrane. I n h i b i t i o n  o f  th e  s y n t h e s i s  o f  th e  c e l l  
w a ll  s u b u n i t  by p e n i c i l l i n  (50)  s u g g e s ts  th e  c e l l  w a ll  s t r u c t u r e  
a n a lo g o u s  to  p e p t id o g ly c a n .  The p re s e n c e  o f  p e n i c i l l i n  -  b in d in g  
p r o t e i n s  s u g g e s t s  th e  p re s e n c e  o f  a r e l a t e d  c r o s s  -  l in k e d  
s t r u c t u r e .  The s t r u c t u r a l  r i g i d i t y  o f  th e  EB a p p e a rs  t o  dep en d  on 
d i s u l f i d e  c r o 3 s l in k in g  o f  MOMP m o le c u le s  w ith  each  o th e r  and  w ith  
o th e r  c y s t e i n e - r i c h  p r o t e i n s  ( w hich a p p e a r  l a t e  in  th e  g ro w th  
c y c l e ,  when EBs a r e  fo rm e d ). An in n e r  l a y e r  o f  th e  OM i s  com posed 
o f  p r o t e i n  s u b u n i t s  a r r a n g e d  h e x a g o n a lly .

The RB i s  much l a r g e r  th a n  EB and d i f f e r s  in  many 
r e s p e c t s .  I t  i s  su rro u n d e d  by a  t r i l a m i n a r  e n v e lo p e  t h a t  th e  
s u b u n i t  l a y e r  i s  d i s r u p te d  and d i s a p p e a r e d ,  f r a g i l e  and f l e x i b l e  
so  t h a t  p leom orph ism  r e s u l t s .  R ibosom es and o th e r  c y to p la s m ic  
c o n s t i t u e n t s  a r e  d i s t r i b u t e d  hom ogeneously  th ro u g h o u t  th e
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c y to p la sm  ( 1 3 ,5 1 ) .  A summary o f  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  EB 
and RB i s  shown in  T a b le  2.

T a b le  2 . C h a r a c t e r i s t i c s  o f  E le m e n ta ry  Body (EB) and  R e t i c u l a t e  
Body (RB).

C h a r a c t e r i s t i c s EB RB

M orphology s m a l l ,  d e n se  c e n te r e d l a r g e ,  hom ologous
RNA ะ DNA 1 :1 3 :1
S o n ic a t io n r e s i s t a n t s e n s i t i v e

j E f f e c t  o f  t r y p s i n
1

r e s i s t a n t s e n s i t i v e
1I n f e c t i v i t y + -
1 T o x ic i ty
1 + -
H e m a g g lu tin in p r e s e n t a b s e n t

1 P e r m e a b i l i ty
1

s l i g h t m arked
!
E n v e lo p e  s u b u n i t p r e s e n t a b s e n t

j  L o c a tio n
1

e x t r a c e l l u l a r i n t r a c e l l u l a r
M e ta b o lic  a c t i v i t y i n a c t i v e a c t i v e
S iz e

11
0 .2 - 0 .3  um 1 um



4) A n tig en s  o f  ch lam ydiae

The c h la m y d ia e  p o s s e s s e s  v a r io u s  a n t ig e n s  t h a t  a r e  
p r e s e n t  on t h e i r  s u r f a c e  a s  fo l lo w s .

4 .1 )  G enus -  o r  g ro u p  -  s p e c i f i c  a n t ig e n s  , s h a r e d  by a l l  
members o f  th e  g e n u s , a r e  th e  l i p o p o ly s a c c h a r id e  (L F S ), w ith  a 
k e to d e o x y o c ta n o ic  a c id  a s  th e  r e a c t i v e  m o ie ty  ( 5 3 ) .

4 .2 )  S p e c ie s  -  s p e c i f i c  a n t ig e n s  a r e  h e a t  -  l a b i l e  
p r o t e i n s  e x p r e s s e d  on th e  o u te r  membrane w ith  m o le c u la r  w e ig h t 
ra n g e d  from  40 KDa to  a p p ro x im a te ly  155 KDa (5 4 ) .

4 .3 )  Type -  s p e c i f i c  a n t ig e n s  a r e  p r o t e i n s  a s s o c i a t e d  
w ith  th e  MOMP w ith  m o le c u la r  w e ig h t ra n g e d  from  30 KDa t o  40 KDa. 
They a r e  h e a t - s t a b l e  , t r y p s i n  s e n s i t i v e  , n o n - l i p i d  com ponen ts 
( 5 5 ) .  W ith  th e  u se  o f  m ic ro - im m u n o flu o re sc e n c e  d e v is e d  by Wang 
and G ra y s to n  (56 ) a s  an im m unotyping t e s t ,  15 s e r o ty p e s  o f  
c. trachomatis  h av e  b een  i d e n t i f i e d .
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5) Taxonomy

C hlam yd iae  a r e  p la c e d  in  t h e i r  own o r d e r , t h e  Chlamydiales , 
f a m ily  Chlamydiaceae,  w ith  one g e n u s  , Chlamydia.  T h e re  a r e  
f o u r  s p e c i e s  , c. trachomatis , c. psittaci , c. pneumoniae , 

and  c. pecorum  ( 4 4 ,5 7 ) .  (D iagram  1 ะ Taxonomy)

D iagram  1 Taxonomy o f  c h la m y d ia e

O rd e r
F am ily
Genus
S p e c ie s

ะ Chlamydiales 

ะ Chlamydiaceae 

ะ' Chlamydia

ะ Chlamydia trachomatis 

c. psittaci 

c. pneumoniae 

c. pecorum

A ll  o f  th e  c h la m y d ia l  s p e c ie s  a r e  s i m i l a r  in  t h e i r  l i f e  
c y c l e s ,  n e c e s s i t y  f o r  o b l i g a t e  i n t r a c e l l u l a r  e x i s t e n c e  , th e  
p re s e n c e  o f  b o th  DNA and RNA, and t h e i r  d ep en d en cy  on h o s t  
a d e n o s in e  t r i p h o s p h a te  (ATr) p ro d u c t io n  (5 8 ) .  They a r e  
d i s t i n g u i s h e d  by th e  symptom o f  c l i n i c a l  d i s e a s e s ,  th e  s t a i n i n g  
c h a r a c t e r i s t i c s  ( io d in e  -  s t a i n e d  g ly c o g e n  i s  form ed o n ly  by 
c. trachomatis) , a n t i b i o t i c  s u s c e p t i b i l i t y  p a t t e r n s  , s u r f a c e  
e p i t o p e s ,  and l i m i t e d  DNA se q u e n c e  hom ology ( 1 2 ,5 9 - 6 3 ) .  W ith in  
e a c h  s p e c i e s  o f  c h la m y d ia e , i t  can  be d iv id e d  i n t o  b io v a r s  and 
s e r o v a r s  on th e  b a s i s  o f  h o s t  ra n g e  1 d i s e a s e  p a t t e r n ,  and  a n t ig e n
c o m p o s i t io n .
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c. trachomatis  s p e c i f i c a l l y  p a r a s i t i z e s  humans and  h as  
no known a n im a l r e s e r v o i r s .  I t  can  be d iv id e d  i n t o  t h r e e  b io v a r s :  
th e  t ra c h o m a , lym phogranulom a venereum  [LGV], and m u rin e  b io v a r s ,  
a s s o c i a t e d  w ith  d i f f e r e n t  d i s e a s e s .  The tra c h o m a  b io v a r  a p p e a rs  
t o  i n f e c t  squam ocolum nar c e l l s  and r e s u l t s  in  o c u la r  and  g e n i t a l  
i n f e c t i o n s ,  w h ile  th e  LGV b io v a r  i n f e c t s  e n d o t h e l i a l  and lym phoid  
c e l l s  and  r e s u l t s  in  lym phogranulom a venereum . The m u rin e  b io v a r  
i s  r e p r e s e n te d  by th e  mouse p n e u m o n itis  a g e n t  ( 1 3 ,6 4 ) .

c. trachomatis  can  be d iv id e d  i n t o  15 s e r o v a r s  ( a l s o  
c a l l e d  s e r o ty p e s )  on th e  b a s i s  o f  a n t i g e n i c  v a r i a t i o n  in  t h e i r  
m a jo r o u t e r  membrane p r o t e i n  (MOMP) ( 6 5 ,6 6 ) .  Each s e r o v a r  i s  
d e s ig n a te d  by a  l e t t e r  (A -K ,B a ,L l,L 2 ,a n d  L 3 ) (6 7 ) .  R e c e n t ly ,  t h r e e  
a d d i t i o n a l  c. trachomatis  s e r o v a r s  have b een  i d e n t i f i e d  (Da, 
l a ,  and L2a ) from  c h la m y d ia l s t r a i n s  i s o l a t e d  from  p a t i e n t s  w ith  
c h la m y d ia l  g e n i t a l  and eye i n f e c t i o n  (6 8 ) .  A ll  15 s e r o v a r s  can  be 
g ro u p ed  i n t o  3 m a jo r s e ro g ro u p s  on th e  b a s i s  o f  t h e i r  i n f e c t i o n s  
a s  fo l lo w s  ะ

1 )  The tra c h o m a  g ro u p  in c lu d e s  th e  s e r o v a r s  A ,B ,B a ,an d  c .  

They have  b een  a s s o c i a t e d  w ith  endem ic t r a c h o m a ,th e  m ost common 
p r e v e n ta b le  form  o f  b l in d n e s s .

2) The o c u lo g e n i t a l  g ro u p  in c lu d e s  th e  s e r o v a r s  D -  K . 
They h av e  b een  found  to  be th e  c a u s e  o f  c h la m y d ia l  g e n i t a l  
d i s e a s e s  and n e o n a ta l  d i s e a s e s  ( c o n j u n g t i v i t i s  and p n eu m o n ia ).
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3) The l y m p h o g r a n u l o m a  v e n e r e u m  (LGV) g r o u p  in c lu d e s  
th e  s e r o v a r s  L I, L2, and L3 t h a t  a r e  r e s p o n s ib l e  f o r  lym phogra­
nulom a venereum  ( 6 9 ,7 0 ,7 1 ) .

Summary o f  th e  a s s o c i a t i o n  b e tw een  s e r o v a r s  and  c l i n i c a l  
sp e c tru m  o f  c. trachomatis  i n f e c t i o n s  i s  p r e s e n te d  in  t a b l e  3.

T a b le  3 . S e ro v a r s  and c l i n i c a l  sp e c tru m  o f  c. trachomatis 

i n f e c t i o n s . (5 2 )

—
S e ro v a r s H ost

! 1I
I n f e c t i o n  1 C o m p lic a t io n s

1 Ii 1โ*
L l ,L 2 ,a n d  L3 women,men

i-------------------------------------- 1
ly m p h o g ra n u lo m a r j-v u lv a r  /  r e c t a l

venereum  1 c a rc in o m a  i 
1 1 
j - r e c t a l  s t r i c t u r e s  1

! ! ! 1

A ,B ,B a ,an d  c women,men
1

tra c h o m a  1 b l in d n e s s
c h i ld r e n

1 1 1 1 1 1 i 1 ! 1
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T a b l e  3 . ( c o n t i n u e )

S e r o v a r s H o s t
1!

I n f e c t i o n
1i

i ' !
C o m p l i c a t i o n s

1 ! i !

| d , E , F , G , H , I , men
1
1 u r e t h r i t i s

1 1
1

e p i d i d y m i t i s
J , a n d  K } p o s t g o n o c o c c a lj p r o s t a t i t i s j

u r e t h r i t i s r e i t e r ’ ร s y n d r o m e  1I
! 1 * r e c t a l s t e r i l i t y

1 1 s u b c l i n i c a l
1i!

1 1 c o n j u n c t i v i t i s
!!
1

1D , E , F , G , H , I , women 1 c e r v i c i t i s s a l p i n g i t i s

J , a n d  K 1 u r e t h r i t i s p e r i h e p a t i t i s
i I s u b c l i n i c a l

j
s t e r i l i t y ,  d y s p l a s i a i

1 1 c o n j u n c t i v i t i sj p o s t p a r t u m
Ii e n d o m e t r i t i s  j

1j
!1!

I
p r e m a t u r i t y

1! !1 s t i l l b i r t h
1 ii n e o n a t a l  d e a t h 1
| d , e , f , g , h , i , i n f a n t s

!
1 c o n j u n c t i v i t i s

!11
j J , a n d  K 1 p n e u m o n i a 11
11 1 a s y m p t o m a t i c 11
I p h a r y n g e a l 1!

c a r r i a g e 11

1
1 a s y m p t o m a t i c 1

i 1 g a s t r o i n t e s t i n a l i
1

1 t r a c t  c a r r i a g e I

I

1

1

1

j
1 o t i t i s  m e d i a
ii

1ii
1I



6)  Genome

Chlamydia trachomatis genome i s  co m p o s e d  o f  c i r c u l a r  

d o u b l e - s t r a n d e d  DNA w i t h  a  m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y

6 . 6  X 10s Da ( 1 . 1  X 10B b a s e  p a i r s )  ( 7 2 ) .  I n  a d d i t i o n  , c. tra­
chomatis p o s s e s s e s  a  p l a s m i d  ( e x t r a c h r o m o s o m a l  DNA) t h a t  i s  

a p p r o x i m a t e l y  4 . 4  X 106 Da ( 7 . 5  x 1 0 3 b a s e  p a i r s )  w h i c h  h a s  b e e n  

i d e n t i f i e d  i n  a l l  15 s e r o v a r s  ( 7 3 , 7 4 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  

t h e s e  p l a s m i d s  a r e  i n v o l v e d  i n  DNA b i n d i n g  a n d  r e p l i c a t i o n .  

H o w e v e r ,  t h i s  v i t a l  f u n c t i o n  i s  more  s u s p i c i o u s  on  t h e  b a s i s  o f  

t h e  m o s t  r e c e n t  f i n d i n g  o f  an  L2 i s o l a t e  t h a t  d o e s  n o t  c o n t a i n  a

7 . 5  Kb p l a s m i d  ( 7 5 , 7 6 ) .  The  r e s t r i c t i o n  e n d o n u c l e a s e  c l e a v a g e  map 

o f  t h e  p l a s m i d  f ro m  c. trachomatis s e r o t y p e  L2 (pCHL2) was  shown 

i n  F i g  2 .

The  i n t r a s p e c i e s  DNA h o m o lo g y  b e t w e e n  d i f f e r e n t  

c. trachomatis s t r a i n s  i s  e s t i m a t e d  t o  b e  9 6 - 9 7  %. The  h o m o lo g y  

among c. trachomatis, c. pneumoniae, c. psittaci, a n d  c. pecorum 
i s  l e s s  t h a n  10 % ( 5 7 , 7 7  ) .  The  G+C c o n t e n t  ( G+C X ) o f  

c. trachomatis a n d  c. psittaci a r e  4 4 . 4  % a n d  4 1 . 2  % r e s p e c t i v e l y  

( 7 8 ) .
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E

F i g . 2 ะ The  r e s t r i c t i o n  e n d o n u c l e a s e  c l e a v a g e  map o f  7 . 5  kb  pCHL2 

i n  pBR 3 2 2 .  The s i n g l e  l i n e d  p a r t  o f  t h e  c i r c l e  r e p r e s e n t s  

pBR 322 s e q u e n c e  , t h e  d o u b l e  l i n e  r e p r e s e n t s  t h e  pCHL2 

s e q u e n c e  . (B) B am H I , ( P )  P s t I , ( E )  E . c o R I , ( C )  C l a l , ( ร )  Smal 

(A) A v a l .
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C l i n i c a l  f e a t i H ' e

c. trachomatis i s  e s s e n t i a l l y  a  p a t h o g e n  o f  m u c o s a l  

s u r f a c e ,  i n f e c t i n g  a n d  r e p l i c a t i n g  w i t h i n  e p i t h e l i a l  c e l l s .  

C h l a m y d i a l  i n f e c t i o n  t r a n s m i t t e d  t o  a  new h o s t  c e l l  i s  n o t  

l i m i t e d  t o  t h e  l o w e r  g e n i t a l  t r a c t  b u t  may o c c u r  a t  o t h e r  

a n a t o m i c  s i t e ,  s u c h  a s  t h e  e y e s  o r  r e s p i r a t o r y  t r a c t  ( e g .  i n  

t r a c h o m a  p a t i e n t s  a n d  n e o n a t e s  b o r n  t o  m o t h e r  w i t h  c e r v i c a l  

i n f e c t i o n ) ,  o r o p h a r y n x  o r  r e c t u m  ( 7 9 , 8 0 , 8 1 ) .

1)  I n f e c t i o n s  i n  m a l e

The m o s t  common c l i n i c a l  g e n i t a l  s y n d r o m e  s e e n  i n  

t h e  m a l e  i s  n o n g o n o c o c c a l  u r e t h r i t i s  (NGU) w h i c h  a p p r o x i m a t e l y  50 

-  60 % o f  c a s e s  a r e  c a u s e d  b y  c .  trachomatis. The  c h l a m y d i a l  

u r e t h r i t i s  i s  more  l i k e l y  t o  b e  a s y m p t o m a t i c  o r  t e n d  t o  be  m i l d e r  

s y m p t o m a t i c  t h a n  g o n o c o c c a l  u r e t h r i t i s  . C o - i n f e c t i o n  w i t h  

Neisseria gonorheae o c c u r s  a b o u t  1 5 - 3 0  % a n d  5 % i n  h e t e r o s e x u a l  

a n d  h o m o s e x u a l  men, r e s p e c t i v e l y  ( 8 2 , 8 3 , 8 4 , 8 5 ) .  C o - i n f e c t e d  men, 

t r e a t e d  w i t h  a  p e n i c i l l i n  o r  c e p h a l o s p o r i n  a l o n e  , d e v e l o p  

p o s t g o n o c o c c a l  u r e t h r i t i s  ( PGU ) a p p r o x i m a t e l y  80  % a nd  

a p p r o x i m a t e l y  3 0 - 5 0  % o f  PGU c a s e s  a r e  a t t r i b u t e d  t o  

c. trachomatis ( 8 6 ) .

I n  m a le  w i t h  c h l a m y d i a l  u r e t h r i t i s  , c .  trachomatis 
may s p r e a d  f ro m  u r e t h r a  t o  e p i d i d y m i s ,  r e s u l t s  i n  e p i d i d y m i t i s .  

T h i s  p a i n f u l  s e r i o u s  c o m p l i c a t i o n  may r e s u l t  i n  m a l e  s t e r i l i t y .  

I n  h o m o s e x t u a l  m a l e s ,  p r o c t i t i s  may o c c u r  f o l l o w i n g  r e c e p t i v e
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a n a l  i n t e r c a u s e .  I n  a d d i t i o n  1 t h e  LI  t o  L3 s e r o v a r s  o f  

c. trachomatis c a u s e  l y m p h o g r a n u l o m a  v e n e r e u m  w h i c h  i n v o l v e s  

r e g i o n a l  lymph n o d e s  a n d  p r o d u c e s  s y s t e m i c  m a n i f e s t a t i o n .

I n  T h a i l a n d  , P on gp un  N. e t  a l  ( 8 7 )  h a v e  s t u d i e d  t h e  

i n c i d e n c e  o f  c. trachomatis , Mycoplasma hominis , a nd  

Ureaplasma urealyticum i n f e c t i o n s  i n  m a l e s  w i t h  NGU a n d  f o u n d  

t h a t  27 % o f  c a s e 3  o f  NGU a r e  c a u s e d  b y  c . trachomatis.

2)  I n f e c t i o n s  i n  women

I n  women 1 m o s t  c h l a m y d i a l  i n f e c t i o n s  o f  l o w e r  

g e n i t a l  t r a c t  a r e  a s y m p t o m a t i c  a n d  u n d e t e c t e d .  Many c a s e s  go 

u n t r e a t e d  r e s u l t i n g  i n  a s c e n d i n g  o f  t h e  m i c r o o r g a n i s m  t o  t h e  

u p p e r  g e n i t a l  t r a c t  t h a t  l e a d s  t o  p e l v i c  i n f l a m m a t o r y  d i s e a s e ,  

t u b a l  d a m a g e ,  a n d  a d v e r s e  o u t c o m e s  o f  p r e g n a n c y  ( 1 3 ) .

A p p r o x i m a t e l y  2 0 - 3 0  % o f  t h e  c a s e s  o f  p e l v i c  

i n f l a m m a t o r y  d i s e a s e  ( r i D )  i n  t h e  U n i t e d  S t a t e s  a r e  a t t r i b u t e d  t o  

c. trachomatis ( 9 3 , 9 4 , 9 5 ) .  H i g h  f e v e r  i s  n o t  a  common m a n i f e s t a ­

t i o n  o f  c h l a m y d i a l  PID .  Common p h y s i c a l  f i n d i n g s  i n c l u d e  a  

m u c o p u r u l e n t  c e r v i c a l  e x u d a t e ,  u t e r i n e  a n d  a d n e x a l  t e n d e r n e s s  1 

a n d  p a i n  e l i c i t e d  w i t h  m o t i o n  o f  t h e  c e r v i x .  T e n d e r n e s s  o v e r  t h e  

l i v e r  may i n d i c a t e  c h l a m y d i a l  p e r i h e p a t i t i s  , F i t z  H u g h - C u r t i s  

s y n d r o m e  ( 8 6 ) .

A p p r o x i m a t e l y  50 % o f  women w i t h  m u c o p u r u l e n t  

c e r v i c i t i s  a p p e a r  t o  p o s s e s s  h i s t o l o g i c a l  e v i d e n c e  o f  e n d o m e t r i t i s
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( 8 8 , 8 9 ) .  H o w e v e r ,  t h e  c u l t u r e  o f  t h e  e n d o m e t r i u m  a n d  f a l l o p a i n  

t u b e  f o r  c. trachomatis a r e  o f t e n  n e g a t i v e  ( 8 6 ) ,  The  symptoms 

t y p i c a l  o f  e n d o m e t r i a l  c h l a m y d i a l  i n f e c t i o n  i n c l u d e  h e a v y  , 

p r o l o n g e d  , o r  i r r e g u l a r  men se  ( 8 6 ) .

S a l p i n g i t i s  u s u a l l y  p r e s e n t s  w i t h  l o w e r  a b d o m i n a l  

p a i n  o f t e n  d e s c r i b e d  a s  a t y p i c a l  o r  m i l d  ( 9 0 , 9 1 ) .  The  o n s e t  o f  

sym p to m s  o f t e n  c o i n c i d e s  w i t h  t h e  o n s e t  o f  m e n s e s  , s i m i l a r  t o  

t h a t  s e e n  w i t h  g o n o c o c c a l  PID ( 9 2 ) .

I n f e r t i l i t y  i s  a  common c o m p l i c a t i o n  o f  P ID .  A f t e r  a  

s i n g l e  e p i s o d e  o f  PID ,  a p p r o x i m a t e l y  15 % o f  women w i l l  b e  

i n f e r t i l e  a s  a  r e s u l t  o f  p e r i t u b a l  a d h e s i o n s  o r  t u b a l  o c c l u s i o n .  

N u m ero us  r e t r o s p e c t i v e  s t u d i e s  h a v e  d e m o n s t r a t e d  a  c o n s i s t e n t  

c o r r e l a t i o n  b e t w e e n  t h e  p r e s e n c e  o f  e l e v a t e d  a n t i b o d i e s  t o  

c. trachomatis a n d  t u b a l  f a c t o r  i n f e r t i l i t y .  Up t o  75 % o f  

women w i t h  t u b a l  f a c t o r  i n f e r t i l i t y  ( d i a g n o s e d  b y  l a p a r o s c o p y  o r  

h y s t e r o s a l p i n g o g r a m  ) h a v e  s i g n i f i c a n t  t i t e r s  o f  a n t i - c h l a m y d i a l  

a n t i b o d y .  I n  c o n t r a s t ,  a p p r o x i m a t e l y  20 % o f  f e r t i l e  " c o n t r o l "  

p a t i e n t s  h a v e  s i g n i f i c a n t  t i t e r s  o f  a n t i b o d y  t o  c. trachomatis 
( 9 6 , 9 7 , 9 8 ) .

E c t o p i c  p r e g n a n c y  c o n t i n u e s  t o  b e  a  m a j o r  c a u s e  o f  

m a t e r n a l  m o r b i d i t y  a n d  m o r t a l i t y  i n  t h e  U n i t e d  S t a t e s  o c c u r i n g  a s  

f r e q u e n t l y  a s  o n e  t o  tw o  i n  100 p r e g n a n c i e s .  PID i s  a s s o c i a t e d  

w i t h  a  5 - t o - 7 - f o l d  i n c r e a s e d  r i s k  f o r  e c t o p i c  p r e g n a n c y ,  a nd  

a p p r o x i m a t e l y  50 % o f  women w i t h  an  e c t o p i c  p r e g n a n c y  w i l l  b e  

i n f e r t i l e .  Women w i t h  t u b a l  f a c t o r  i n f e r t i l i t y  o r  e c t o p i c
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p r e g n a n c i e s  a r e  more  l i k e l y  t o  h a v e  h i g h  t i t e r s  o f  a n t i c h l a m y d i a l  

a n t i b o d y  d e t e c t e d  i n  t h e i r  s e r u m  ( 8 6 ) .  A r e c e n t  c a s e - c o n t r o l  

s t u d y  r e p o r t e d  a  2 - t o - 3 - f o l d  i n c r e a s e d  r i s k  f o r  e c t o p i c  p r e g n a n c y  

i n  women i n  an  IgC t i t e r  e q u a l  t o  o r  e x c e e d  1 : 6 4  ( 9 9  ) .  

G r a v e t t  e t  a l . ( 1 0 0 )  a n d  S w e e t  e t  a l . ( 1 0 1 )  c o n f i r m e d  t h a t  IgM- 

s e r o p o s i t i v e  women w e r e  a t  s i g n i f i c a n t l y  i n c r e a s e d  r i s k  f o r  

p r e t e r m  l a b o r  a n d  p r e m a t u r e  r u p t u r e  o f  m e m b ra n e s .  R e c e n t l y ,  

Cohen e t  a l  ( 1 0 2 )  a n d  Ryan e t  a l  ( 1 0 3 )  s u g g e s t e d  t h a t  t r e a t m e n t  

o f  c e r v i c a l  c h l a m y d i a l  i n f e c t i o n  d u r i n g  t h e  s e c o n d  t r i m e s t e r  may 

i m p r o v e  p r e g n a n c y  o u t c o m e  by  r e d u c i n g  t h e  i n c i d e n c e  o f  p r e m a t u r e  

r u p t u r e  o f  m e m b ra n e s .

3)  N e o n a t a l  i n f e c t i o n s

A p p r o x i m a t e l y  o n e  i n  t h r e e  o f  i n f a n t s  b o r n  t h r o u g h  a  

c h l a m y d i a - i n f e c t e d  b i r t h  c a n a l  d e v e l o p s  i n c l u s i o n  c o n j u n c t i v i t i s  

o f  t h e  n e w b o r n  ( ICN) w h i c h  h a s  a n  i n c u b a t i o n  p e r i o d  o f  5 t o  21 

d a y s  a n d  u s u a l l y  r e s o l v e s  i n  a  few m o n t h s  w i t h o u t  t r e a t m e n t .  

I n  1 9 8 6 ,  S a n p a v a t , ร .  e t  a l  ( 1 0 4 )  h a v e  b e e n  s t u d i e d  t h e  p r e v a l e n c e  

o f  c. trachomatis c o n j u n c t i v i t i s  i n  36 n e o n a t e s  b o r n  i n  

C h u l a l o n g k o r n  H o s p i t a l  a n d  f o u n d  t h a t  t h e  p r e v a l e n c e  was  1 9 . 4  %.

A b o u t  o n e  i n  s i x  e x p o s e d  i n f a n t s  d e v e l o p s  a  

c h a r a c t e r i s t i c  p n e u m o n i a  s y n d r o m e .  The  i n c u b a t i o n  p e r i o d  i s  

u s u a l l y  b e t w e e n  2 a nd  12 w e e k s .  The  i n f a n t s  o f t e n  h a v e  a  

p r o d r o m e  o f  r h i n i t i s ,  a n d  many w i l l  h a v e  c o n j u n c t i v i t i s .  

A f f e c t e d  i n f a n t s  a r e  u s u a l l y  a f e b r i l e  , m a r k e d l y  t a c h y p n e i c  

a n d  o c c a s i o n a l l y  a p n e i c ,  a n d  h a v e  a  s t a c c a t o  c o u g h .  T h e r e  a r e
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l o n g - t e r m  c o n s i q u e n c e s  o f  t h i s  d i s e a s e .  M o s t  i n f a n t s  w i t h  

c h l a m y d i a  p n e u m o n i a  d e v e l o p  c h r o n i c  r e s p i r a t o r y  t r a c t  d i s e a s e .

D u r i n g  t h e  y e a r  1 9 8 6 -  1 9 8 8 ,  L im ud om po rn ,  ร .  e t  a l  ( 1 0 5 )  

h a v e  b e e n  s t u d i e d  112 i n f a n t s  y o u n g e r  t h a n  6 m o n t h s  o f  a g e  w i t h  

t h e  d i a g n o s i s  o f  a f e b r i l e  p n e u m o n i a  i n  C h u l a l o n g k o r n  H o s p i t a l  a n d  

f o u n d  t h a t  30 c a s e s  ( 2 6 . 8  %) w e r e  c a u s e d  b y  Chlamydia
trachomatis.

4)  T r a c h o m a

I n  a d d i t i o n  t o  g e n i t a l  t r a c t  a n d  n e w b o r n  i n f e c t i o n ,  

c. trachomatis i s  a l s o  a n  i n f e c t i o u s  a g e n t  t h a t  c a u s e s  t r a c h o m a .  

I t  i s  o n e  o f  t h e  o l d e s t  known human d i s e a s e s  , w e l l  d e s c r i b e d  i n  

a n c i e n t  E g y p t i a n  a n d  C h i n e s e  w r i t i n g s .  Once  common t h r o u g h o u t  t h e  

w o r l d ,  i t  i s  now a  m a j o r  p r o b l e m  o n l y  i n  c e r t a i n  d e v e l o p i n g  

c o u n t r i e s ,  s t i l l , t r a c h o m a  i s  t h e  w o r l d ’ 3 l e a d i n g  p r e v e n t a b l e  

c a u s e  o f  b l i n d n e s s ,  w i t h  more  t h a n  400 m i l l i o n  p e o p l e  a f f e c t e d  

a n d  s e v e r a l  m i l l i o n s  b l i n d e d .  T r a c h o m a  i s  a  d i s e a s e  o f  p o v e r t y ,  

a s s o c i a t e d  w i t h  p o o r  e n v i r o n m e n t a l  s a n i t a t i o n  a n d  p e r s o n a l  

h y g i e n e .  I n  t h e  h y p e r e n d e r m i c  a r e a ,  t r a c h o m a  i s  a  d i s e a s e  o f  

y o u n g  c h i l d r e n ,  a n d  v i r t u a l l y  a l l  w i l l  b e  i n f e c t e d  b e f o r e  t h e  a g e  

o f  2 y e a r s .

A l t h o u g h  o n s e t  c a n  b e  i n s i d i o u s  , t h e  d i s e a s e  b e g i n s  

a s  a  m u c o p u r u l e n t  c o n j u n c t i v i t i s  , d e v e l o p i n g  i n t o  a  f o l l i c u l a r  

k e r a t o c o n j u n c t i v i t i s .  O v e r  t i m e ,  some o f  t h e  f o l l i c l e s  n e c r o s e ,  

r e s u l t i n g  i n  s c a r r i n g  o f  t h e  c o n j u n c t i v a e .  The s c a r s  may s l o w l y
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c o n t r a c t ,  d i s t o r t i n g  t h e  e y e l i d  a n d  c a u s i n g  an  i n t u r n i n g  o f  t h e  

e y e l a s h e s  s o  t h a t  t h e y  a b r a d e  t h e  c o r n e a .  T h i s  c o m p l e x  r e p r e s e n t s  

t h e  b l i n d i n g  l e s i o n s  o f  t r a c h o m a , c a l l e d  t r i c h i a s i s  a n d  e n t r o p i o n .  

A c t i v e  i n f l a m m a t o r y  d i s e a s e  u s u a l l y  d i s a p p e a r s  b y  10 y e a r s  o r  

e a r l i e r .  B l i n d n e s s  d e v e l o p s  l a t e r  i n  l i f e ,  i n  u p  t o  25 % o f  t h o s e  

more  t h a n  60 y e a r s  o l d .  E nd em ic  t r a c h o m a  i s  a s s o c i a t e d  w i t h  

c. trachomatis s e r o v a r s  A, B, Ba,  a n d  c .  ( 1 3 ) .

T r e a t m e n t . P r e v e n t i o n . a n d  c o n t r o l

The t r e a t m e n t  o f  c h o i c e  f o r  c h l a m y d i a l  i n f e c t i o n s  i n  men 

a n d  n o n - p r e g n a n t  women i s  t e t r a c y c l i n e  ( 5 0 0  mg p e r  16 h r s  f o r  7 

d a y s )  o r  D o x y c y c l i n e  ( t w o  100 -  mg d o s e s  p e r  d a y  f o r  7 d a y s )  ( 8 6 ) .  

F o r  t h o s e  a l l e r g i c  t o  t h e  t e t r a c y c l i n e s  , s a f e  e f f e c t i v e  

a l t e r n a t i v e s  i n c l u d e  e r y t h r o m y c i n  b a s e  ( 5 0 0  mg p e r  6 h r s  f o r  

7 d a y s )  a n d  c l i n d a m y c i n  ( 3 0 0  mg p e r  6 h r s  f o r  7 d a y s ) .  B e c a u s e  o f  

f e t a l  a n d  m a t e r n a l  t e t r a c y c l i n e  t o x i c i t y  d u r i n g  p r e g n a n c y ,  a  

n o n e s t c l a t e  e r y t h r o m y c i n  i s  t h e  m o s t  com monly  r e c o m m e n d e d .  I n  

a d d i t i o n  , a m o x i c i l l i n  a n d  c l i n d a m y c i n  h a v e  b e e n  u s e d  s a f e l y  a nd  

e f f e c t i v e l y  t o  e r a d i c a t e  c h l a m y d i a  d u r i n g  p r e g n a n c y  t o o .  I n  

l y m p h o g r a n u l o m a  v e n e r e u m  may r e q u i r e  m u l t i p l e  l o n g  c o u r s e s  o f  

t h e r a p y  ( D o x y c y c l i n e  100 mg p e r  12 h r s  f o r  21 d a y s  o r  E r y t h r o ­

myc in  b a s e  500 mg p e r  6 h r s  f o r  21 d a y s ) .  F o r  t h e  n e w b o r n s  , 
n e o n a t a l  i n f e c t i o n  c a n  b e  p r e v e n t e d  b y  t r e a t m e n t  d u r i n g  t h e  

l a s t  t r i m e s t e r  o f  p r e g n a n c y .  T o p i c a l  p r o p h y l a x i s  a l o n e  i s  

i n e f f e c t i v e  i n  p r e v e n t i n g  t r a n s m i s s i o n  t o  t h e  n e w b o r n  s i n c e  

m u l t i p l e  s i t e s  ( c o n j u n c t i v a  , o r o p h a r y n x  , a n d  l u n g s  ) a r e  

f r e q u e n t l y  i n f e c t e d .  T r e a t m e n t  o f  n e o n a t a l  i n f e c t i o n s  i n c l u d e
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E r y t h r o m y c i n  50 mg /  kg  /  d a y  i n  4 d o s e s  f o r  7 - 1 4  d a y s  ( f o r  i n ­

c l u s i o n  c o n j u n c t i v i t i s  ) o r  1 4 - 2 1  d a y s  ( f o r  p n e u m o n i a  ) ( 8 6 ) .  To 

p r e v e n t i n g  b l i n d n e s s  , n o t  t o  e r a d i c a t i o n  o f  t r a c h o m a ,  t r a c h o m a  

c o n t r o l  i s  c u r r e n t l y  b a s e d  on  m ass  t r e a t m e n t  o f  a l l  a f f e c t e d  

i n d i v i d u a l s  w i t h i n  a  v i l l a g e  s e t t i n g  w i t h  t o p i c a l  t e t r a c y c l i n e  

o i n t m e n t  a n d  on  s u r g i c a l  i n t e r v e n t i o n  t o  c o r r e c t  l i d  d e f o r m i t i e s .

L a b o r a t o r y  d i a g n o s i s

S i n c e  c.trachomatis i s  r e s p o n s i b l e  f o r  a  w i d e  r a n g e  o f  

d i s e a s e s  a n d  s e r i o u s  s e q u e l a e  i n  hu m an ,  t h e  r a p i d  i d e n t i f i c a t i o n  

o f  c h l a m y d i a l  i n f e c t i o n s  i s  e s s e n t i a l  f o r  t h e  p r o p e r  t r e a t m e n t  o f  

i n f e c t e d  p a t i e n t s  1 p r e v e n t i o n  o f  t r a n s m i s s i o n  t o  s u s c e p t i b l e  

i n d i v i d u a l s ,  a n d  r e d u c t i o n  t h e  r i s k  o f  c o n s e q u e n t  c o m p l i c a t i o n .  

The o r g a n i s m  may b e  i s o l a t e d  by  c e l l  c u l t u r e  o r  d e m o n s t r a t e d  

by  a n t i g e n  d e t e c t i o n  o f  c l i n i c a l  s p e c i m e n s .  S e r o l o g i c  s t u d y  may 

a l s o  b e  u s e d  t o  d e m o n s t r a t e  r i s i n g  a n t i b o d y  t i t e r s  t o  c h l a m y d i a l  

a n t i g e n s .

1 .  I s o l a t i o n  o f  c ,trachomatis b y  c e l l  c u l t u r e

C e l l  c u l t u r e  h a s  l o n g  b e e n  c o n s i d e r e d  t h e  g o l d  

s t a n d a r d  t o  d i a g n o s e  c. trachomatis i n f e c t i o n s  a n d  p r o v i d e d  

100 % s p e c i f i c i t y .  T h e r e  a r e  s e v e r a l  s i g n i f i c a n t  s t e p s  i n  t h i s

m e th o d  a s  f o l l o w  ะ
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1 . 1 )  C o l l e c t i o n  o f  s p e c i m e n s

B e c a u s e  c. trachomatis i s  an  i n t r a c e l l u l a r

p a r a s i t e  , f o u n d  i n t r a c e l l u l a r l y  i n  e p i t h e l i a l  c e l l s  ( 6 9 , 7 0 , 2 2 ) ,  

t h e  s p e c i m e n s  s h o u l d  c o n t a i n  many o f  t h e s e  c e l l s  r a t h e r  t h a n  

e x u d a t e ,  w h i c h  i s  l e s s  o f t e n  p o s i t i v e  on  c u l t u r e  ( 1 0 6 ) . I n

d i f f e r r e n t  s p e c i m e n s ,  t h e r e  a r e  s l i g h t  d i f f e r e n c e s  o f  c o l l e c t i n g  

p r o c e d e r s .  I n  c e r v i x  , c. trachomatis c a u s e s  c e r v i c i t i s  a n d  s e e m s  

t o  b e  a  s p e c i f i c  p a r a s i t e  o f  s q u a m o c o l u m n a r  c e l l s  w h i c h  g r o w s  

o n l y  w i t h i n  t h e  t r a n s i t i o n a l  z o n e  a n d  t h e  e n d o c e r v i x .  The 

s p e c i m e n s  s h o u l d  b e  o b t a i n e d  f ro m  t h e  c e r v i c a l  c a n a l .  A c c o r d i n g l y  

c e r v i c a l  swab a r e  o b t a i n e d  1 a f t e r  e x p o s i n g  t h e  c e r v i x  w i t h  a

s p e c u l u m .  The mucous  i n  c e r v i x  s h o u l d  b e  r em o v ed  b y  a  s t e r i l e

g u a z e ,  t h e n  i n t r o d u c e d  t h e  s a m p l i n g  swab a n d  r o t a t e d  b e f o r e  

w i t h d r a w a l  ( 1 0 6 , 1 0 7 ) .  I n  m a l e ,  u r e t r a l  s p e c i m e n s  w e r e  t a k e n  by  

i n t r o d u c i n g  t h e  swab 2 - 3  cm up i n t o  t h e  u r e t h r a  , r a t h e r  t h a n  

f ro m  t h e  u r e t r a l  m e a t u s  ( 1 0 8 ) , t h e n  r o t a t e d  b e f o r e  w i t h d r a w n  ( 1 0 9 ) .  

F o r  c o n j u n c t i v a l  s p e c i m e n s ,  t h e  s a m p l e s  s h o u l d  b e  o b t a i n e d  w i t h  a  

f r e s h  d r y  swab ,  w h i c h  i s  r u b b e d  f i r m l y  a c r o s s  t h e  l o w e r  a n d  u p p e r  

t a r s a l  c o n j u n c t i v a s  a n d  i s  t h e n  i m m e d i a t e l y  t r a n s f e r e d  t o  t h e  

t r a n s p o r t  m ed iu n  ( 1 0 6 ) .  F o r  n a s o p h a r y n g e a l  s p e c i m e n s ,  t h e  s a m p l e s  

r e c i v e d  by  i n t r o d u c i n g  t h e  swab t h r o u g h  t h e  n o s t r i l s  t o  t h e  

p h a r y n g e a l  w a l l ,  b e f o r e  w i t h d r a w a l  ( 1 0 9 ) .

1 . 2 )  s a m p l i n g  swab

S a m p l i n g  , p a r t i c u l a r l y  f ro m  t h e  m a l e  u r e t h r a ,  

r e q u i r e s  t h e  u s e  o f  a  t h i n  s a m p l i n g  s t i c k  t o  a v o i d  c a u s i n g  p a i n
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a n d  m u c o s a l  l e s i o n s  ( 1 0 9 ) .  When c h o o s i n g  a  s a m p l i n g  s w a b ,  i t s  

t o x i c  p r o p e r t i e s  f o r  c h l a m y d i a e  m u s t  a l s o  b e  c o n s i d e r e d .  I n  

c o m p a r a t i v e  s t u d i e s  u s i n g  e x p e r i m e n t a l l y  i n f e c t e d  t r a n s p o r t  

medium,  s w a b s  t i p p e d  w i t h  c a l c i u m  a l g i n a t e  w e r e  m or e  t o x i c  t o  

c h l a m y d i a e  t h a n  o t h e r  s w a b s  t e s t e d  ( 1 1 0 , 1 1 1 ) . T h e  l e a s t  t o x i c  t y p e  

o f  swab was  a  c o t t o n - t i p p e d  m e t a l  s t i c k  ( E . N . T . , M e d i c a l  w i r e  a n d  

E q u i p m e n t  C o . ,  L t d . ,  C o r s h a m ,  E n g l a n d  ) ( 1 1 0 , 1 1 1 ) .  A r a y o n - t i p p e d  

p l a s t i c  sw ab  was  a l s o  c o m p a r a t i v e l y  n o n  t o x i c  ( 1 1 0 ) .

1 . 3 )  T r a n s p o r t  t u b e s

I t  i s  r e c c o m m e n d e d  t h a t  t h e  u s e  o f  c e r t a i n  

p l a s t i c  i n s t e a d  o f  c e r t a i n  g l a s s  t u b e s  p r o d u c e d  more  c h l a m y d i a l  

i n c l u s i o n s  ( 1 1 0 ) .

1 . 4 )  S p e c i m e n  h a n d l i n g  a n d  s t o r a g e

A s u i t a b l e  t r a n s p o r t  medium f o r  c h l a m y d i a l  

s a m p l e s  i s  0 . 2  M s u c r o s e  p h o s p h a t e  ( 2SP ) ( 1 1 2 ) .  The  f o r m u l a r  

f o r  2SP i s  g i v e n  i n  A p p e n d i x  I .  A l l  m e d i a  u s e d  f o r  s t o r a g e  a n d  

t r a n s p o r t  o f  c h l a m y d i a e  s h o u l d  c o n t a i n  a n t i b i o t i c s ,  w h i c h  w i l l  

i n h i b i t  c o n t a m i n a t i n g  m i c r o o r g a n i s m s  b u t  w i l l  n o t  i n t e r f e r e  w i t h  

c h l a m y d i a l  i s o l a t i o n  ( 1 1 2 ) .  S u c h  a n t i b i o t i c s  a r e  s t r e p t o m y c i n  ( 5 0 -  

100 u g / m l )  o r  g e n t a m i c i n  ( 1 0 - 2 0  u g / m l ) , t o g e t h e r  w i t h  v a n c o m y c i n  

(1 00  u g / m l )  a n d  an  a n t i f u n g a l  a g e n t  s u c h  a s  n y s t a t i n  ( 2 . 5  u g / m l )  

o r  a m p h o t e r i c i n  B ( 2 . 5 - 5  u g / m l )  ( 1 0 6 , 1 0 9 ) .  The f o r m u l a r  o f  

t r a n s p o r t  medium i s  g i v e n  i n  A p p e n d i x  I .
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When t h e  s p e c i m e n s  w e r e  o b t a i n e d ,  t h e  s w a b  s h o u l d  

b e  i n p l a c e d  i n t o  2SP t r a n s p o r t  medium a n d  s t o r e d  a t  4 n c .  I f  t h e  

l a b o r a t o r y  c a n n o t  p r o c e s s  w i t h i n  8 h r s  , t h e n  t h e  s p e c i m e n s  

s h o u l d  b e  s t o r e d  a t  l o w e r  t h a n  - 6 0 ° c .  ( 1 1 3 ) .

1 . 5 )  Typ e  o f  c e l l s

S i n c e  c .  trachomatis i 3  an  i n t r a c e l l u l a r  p a r a s i t e ,  

g r o w t h  i n  c e l l  i s  n e e d  f o r  i t s  i s o l a t i o n .  The  f i r s t  i s o l a t i o n  

a n d  g r o w t h  o f  c h l a m y d i a  i n  e m b r y o n a t e d  h e n ’ s  e g g s  w as  s u c c e e d e d  

i n  1 9 5 5 .  L a t e r  o n ,  a  nu m ber  o f  u s e f u l  c e l l  l i n e s  h a v e  b e e n  

d e v e l o p e d  t o  c u l t i v a t e  c h l a m y d i a  ( 1 4 ) .  The c e l l  t h a t  u s e d  m u s t  

h a v e  some b a s i c  b i o l o g i c a l  c h a r a c t e r i s t i c  a s  d e s c r i b e d  b e l o w  ( 4 5 ) .

c e l l .

a .  The p a r a s i t e  m u s t  g a i n  e n t r a n c e  t o  t h e  h o s t

c e l l .

b .  The p a r a s i t e  m u s t  n o t  b e  d e s t r o y e d  b y  t h e

c .  The p a r a s i t e  m u s t  n o t  d e s t r o y  h o s t  f u n c t i o n s  

e s s e n t i a l  t o  p a r a s i t e  m u l t i p l i c a t i o n .

d .  The  p a r a s i t e  m u s t  m u l t i p l y .

e .  The p a r a s i t e  m u s t  b e  r e l e a s e d  f ro m  t h e  h o s t

c e l l .
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h o s t  c e l l .

f .  The  p a r a s i t e  m u s t  s u r v i v e  t r a n s i t  t o  a  new

T h e r e  a r e  s e v e r a l  c e l l  l i n e s  g e n e r a l l y  u s e d  f o r  

t h e  c u l t u r e  o f  c. trachomatis ( 1 0 6 , 1 0 9 , 1 1 4 ) .  One o f  t h e  c e l l  l i n e  

t h a t  h a s  b e e n  u t i l i z e d  i s  McCoy c e l l  w h i c h  i s  b e l i e v e d  t o  h a v e  

o r i g i n a t e d  f ro m  s y n o v i a l  c e l l  i b u t  h a s  a p p a r e n t l y  b e e n  c o n ­

t a m i n a t e d  w i t h  c e l l s  o f  a  mouse  k a r y o t y p e s  s i m i l a r  t o  L - 9 2 9  c e l l s  

( 1 1 5 ) .  T h e y  w e r e  o r i g i n a l l y  u s e d  a s  n o r m a l  r e p l i c a t i n g  c e l l s  by  

C o r d o n  e t  a l . , i n  1 9 6 3 ,  f o r  g r o w t h  o f  c h l a m y d i a e  ( 1 1 6 ) . McCoy c e l l s  

w h i c h  a r e  u s e d  i n  l a b o r a t o r i e s  a l l  o v e r  t h e  w o r l d  a r e  m ouse  f i b r o  

b l a s t  ( 1 1 5 ) .  H e l a  229 c e l l s  i s  an  a l t e r n a t i v e  c e l l  l i n e s  u s e d  

f o r  c h l a m y d i a l  c u l t u r e .  T h e y  h a v e  o r i g i n a t e d  f r o m  a  human c e r v i c a l  

c a n c e r  ( 1 1 7 )  a n d  h a v e  b e e n  u s e d  s i n c e  1966 ( 1 1 8 ) .  BHK 21 c e l l s  

h a v e  a l s o  b e e n  U3ed f o r  c h l a m y d i a l  c u l t u r e .  T h e y  w e r e  d e r i v e d

f ro m  b a b y  h a m s t e r  k i d n e y  ( 1 1 9 ) .  Among t h e s e  c e l l  l i n e s ,  McCoy

c e l l  i s  t h e  m o s t  w i d e l y  u s e d  c e l l  l i n e  f o r  i s o l a t i o n  o f  

c. trachomatis ( 1 1 4 ) .

1 . 6 )  C e l l  c u l t u r e  m e d i a

E a g l e  minimum e s s e n t i a l  medium ( 1 2 0 ) ,  medium 199 

( 1 0 1 ) ,  a n d  RPMI 1640 ( 1 0 7 , 1 0 9 )  a r e  a l l  u s e d  f o r  c u l t u r e  o f

c. trachomatis. I t  i s  r ec om m en ded  t h a t  RPMI 1640  i s  t h e  m o s t

s u i t a b l e  b a s i c  medium f o r  u s i n g  McCoy c e l l  c u l t u r e  ( 1 0 7 , 1 0 9 ) .  

The  c o m p o s i t i o n  o f  a  c o m p l e t e  c e l l  c u l t u r e  medium i s  shown

i n  A p p e n d i x  I .
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1 . 7 )  P r e - t r e a t m e n t  o f  t h e  c e l l  l i n e

A n u m ber  o f  m o n o l a y e r  c e l l  r e p l i c a t i o n  i n h i b i t o r s  

h a v e  b e e n  u s e d  t o  i n c r e a s e  t h e  s e n s i t i v i t y  o f  c. trachomatis 
i s o l a t i o n  i n c l u d i n g  i r r a d i a t i o n ,  c y c l o h e x i m i d e ,  IUdR , c y t o c h a l a -  

s i n  B, a n d  D E A E - d e x t r a n  .

a .  I r r a d i a t i o n

I r r a d i a t i o n  c e l l  may b e  u s e d  i n  c e l l  c u l t u r e  

f o r  i s o l a t i o n  o f  c h l a m y d i a e  ( 4 2 , 1 1 5 ) .  The  c e l l s  s h o u l d  b e  e x p o s e d  

t o  4000  t o  6000  r a d s  - r a d i a t i o n  f ro m  c o b a l t - 6 0  , 6 t o  10 d a y s  

b e f o r e  b e i n g  u s e d  f o r  s p e c i m e n  i n o c u l a t i o n  ( 1 0 9 , 1 1 6 ) .  A f t e r  

i r r a d i a t i o n ,  t h e  c e l l s  become non r e p l i c a t i n g  g i a n t  c e l l s .

b .  C y c l o h e x i m i d e

I n  1 9 7 7 ,  R i p a  a nd  Mardh p r o p o s e d  a  s i m p l e r  way 

t o  t r e a t  McCoy c e l l  by  u s i n g  c y c l o h e x i m i d e ,  a  g l u t a r a m i d e  

a n t i b i o t i c ,  w h i c h  r e d u c e s  t h e  m e t a b o l i c  a c t i v i t y  o f  e u k a r y o t i c  

c e l l s  b y  i n h i b i t i n g  t h e  DNA a nd  p r o t e i n  s y n t h e s i s .  T h i s  r e n d e r s  

p r e t r e a t m e n t  u n n e c e s s a r y .  I n  a d d i t i o n ,  t h i s  s u b s t a n c e  d o e s  n o t  

a f f e c t  p r o k a r y o t i c  c e l l s  s u c h  a s  c h l a m y d i a e  ( 1 2 2 ) .

C o m p a r i n g  v a r i o u s  McCoy c e l l  t r e a t m e n t  

p r o c e d u r e s  , m ore  i n c l u s i o n s  w e r e  d e t e c t e d  i n  c y c l o h e x i m i d e  

t r e a t e d  c e l l s  t h a n  i n  o t h e r  c e l l s ,  e v e n  t h o u g h  t h e r e  w e r e  no  

d i f f e r e n c e s  i n  t h e  i s o l a t i o n  r a t e s  ( 1 2 3 , 1 2 4 ) .  H o w e v e r ,  t h e r e
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h a s  b e e n  a  r e p o r t  t h a t  c. trachomatis s t r a i n s  i s o l a t e d  i n  

c y c l o h e x i m i d e - t r e a t e d  McCoy c e l l s  a r e  d i f f i c u l t  t o  c u l t i v a t e  on  

s u b p a s s a g e  ( 1 2 5 ) .

c .  IUdR ( 5 - i o d o - 2 - d e o x y u r i d i n e )

T h r e e  d a y s  b e f o r e  t h e  McCoy c e l l s  a r e  

i n o c u l a t e d  w i t h  c l i n i c a l  s p e c i m e n ,  IUdR i s  a d d e d  t o  t h e  c e l l  

c u l t u r e  medium i n  o r d e r  t o  i n c r e a s e  t h e  s u s c e p t i b i l i t y  o f  McCoy 

c e l l s  t o  c. trachomatis i n f e c t i o n  ( 1 2 6 ) .

d .  C y t o c h a l a s i n  B

C y t o c h a l a s i n  B i s  a n o t h e r  c y t o s t a t i c  d r u g  t h a t  

h a s  b e e n  recommended f o r  p r e t r e a t r a e n t  o f  c e l l s  t o  b e  u s e d  f o r  

c h l a m y d i a l  i s o l a t i o n  ( 1 2 7 ) .  They  u s e d  c y t o c h a l a s i n  B i n  a  s i m i l a r  

way t o  IUdR f o r  t r e a t m e n t  o f  McCoy c e l l s .

e .  D E A E -d e x t r a n  ( D i e t h y l a m i n o e t h y l - d e x t r a n )

D E A E -d e x t r a n  i s  a  p o l y c a t i o n s  com pound w h i c h  

t r a n s f o r m s  t h e  p h y s i c o c h e m i c a l  p r o p e r t i e s  o f  t h e  s u r f a c e  o f  

H e l a  229 c e l l s .  I t  e n h a n c e s  a t t a c h m e n t  a n d  p h a g o c y t o s i s  o f  TRIC 

a g e n t s  o f  c. trachomatis ( 1 2 8 ) .

When u s i n g  McCoy c e l l s ,  t r e a t m e n t  w i t h  DEAE 

a l s o  i n c r e a s e s  t h e  c h l a m y d i a l  i n c l u s i o n  c o u n t .  H o w ev e r  t h e  c o u n t  

was  l o w e r  t h a n  t h a t  t r e a t e d  w i t h  c y c l o h e x i m i d e  ( 1 0 9 ) .  I t  h a s  b e e n
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f o u n d  t h a t  c y c l o h e x i m i d e  t r e a t e d  McCoy c e l l  i s  t h e  m o s t  s e n s i t i v e  

t e c h n i q u e  f o r  t h e  i s o l a t i o n  o f  c. trachomis ( 1 2 3 ) .

1 . 8 )  C e n t r i f u g a t i o n

C e n t r i f u g a t i o n  o f  c e l l  c u l t u r e  i n o c u l a t e d  w i t h  

c h l a m y d i a e  i 3  t h e  m o s t  e s s e n t i a l  t e c h n i q u e  t o  o b t a i n  o p t i m a l  

c u l t u r e  r e s u l t s  ( 1 1 4 ) .  A t  c e n t r i f u g a t i o n  f o r c e s  o f  3 , 0 0 0  t o  

6 , 0 0 0  g ,  t h e  o r g a n i s m s  a r e  p e l l e t e d  o n t o  t h e  c e l l  m o n o l a y e r  s o  a s  

t o  i n c r e a s e  t h e  c h l a m y d i a e  -  c e l l  c o n t a c t  . Use  o f  h i g h e r  

c e n t r i f u g a t i o n  f o r c e s  i n v o l v e s  s e v e r a l  p r o b l e m s ,  s u c h  a s ,  l a c k  o f  

t e s t  t u b e  t h a t  c a n  s t a n d  s u c h  f o r c e s .  I n  a d d i t i o n ,  c e n t r i f u g a t i o n  

f o r c e  u p  t o  1 5 , 0 0 0  g r e s u l t  i n  o n l y  a n  a p p r o x i m a t e l y  5 % i n c r e a s e  

i n  t h e  r e c o v e r y  r a t e  c o m p a r e d  w i t h  3 , 0 0 0  t o  6 , 0 0 0  xg  ( 1 2 9 ) .

The t e m p e r a t u r e  d u r i n g  c e n t r i f u g a t i o n  and 

i n c u b a t i o n  i s  i m p o r t a n t .  I n  p r a c t i c e ,  s p e c i m e n s  a r e  c e n t r i f u g e d  

o n t o  t h e  c e l l  c u l t u r e  a t  3 5 - 3 7  ° c  t o  o b t a i n  maximum i n t e r a c t i o n  

b e t w e e n  p a r a s i t e  a nd  h o s t  c e l l  ( 1 2 0 ) .  A s u i t a b l e  t i m e  l i m i t  f o r  

s u c h  c e n t r i f u g a t i o n  i s  o n e  h o u r .  L a s t l y ,  t h e y  a l s o  f o u n d  t h e  

g r e a t e s t  n u m b e r  o f  i n c l u s i o n s  a f t e r  i n c u b a t i n g  t h e  i n o c u l a t e d  

m o n o l a y e r s  f o r  48 h r s  a t  35°c  ( 1 2 0 ) .

1 . 9 )  S t a i n i n g

T h e r e  a r e  t h r e e  g e n e r a l  s t a i n i n g  t e c h n i q u e s  f o r  

d e t e c t i n g  c h l a m y d i a l  i n c l u s i o n s  i n  c e l l  m o n o l a y e r s .
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a .  C i e m s a  s t a i n i n g

C i e m s a ’ ร s t a i n  i s  u s e f u l  f o r  d e t e c t i n g  

c. trachomatis i n c l u s i o n  when c o m b i n e d  w i t h  d a r k  f i e l d  m i c r o s c o p y .  

B r i g h t  f i e l d  m i c r o s c o p y  c a n  a l s o  b e  u s e d  b u t  i t  i s  m ore  d i f f i c u l t  

t o  d e t e c t  t h e  i n c l u s i o n .  c. psittaci i n c l u s i o n  d o e s  n o t  

" a u t o f l u o r e s c e "  when e x a m i n e d  b y  d a r k - f i e l d  m i c r o s c o p y  ( 1 0 6 ) .

b .  I o d i n e  s t a i n i n g

The s t a i n  u s e d  t o  d e t e c t  g l y c o g e n  m a t r i x  f o u n d  

i n  c. trachomatis i n c l u s i o n  i s  i o d i n e  s t a i n i n g ,  w h i c h  s t a i n s  t h e  

m a t r i x  b r o w n .  I o d i n e  s t a i n i n g  i s  p r o b a b l y  t h e  s i m p l e s t  o f  a l l  t h e  

s t a i n i n g  t e c h n i q u e s  u s e d  f o r  d e t e c t i n g  c h l a m y d i a e .  The  a d v a n t a g e  

i s  t h e  u s e  o f  a  s i m p l e - b r i g h t - f i e l d  m i c r o s c o p y  f o r  d e t e c t i o n  o f  

i n c l u s i o n s .  I n  g e n e r a l ,  c. psittaci d o e s  n o t  c o n t a i n  a  g l y c o g e n  

m a t r i x ,  t h u s  i o d i n e  s t a i n i n g  i s  n o t  s u i t a b l e  f o r  d e t e c t i n g

c. psittaci i n c l u s i o n s  ( 1 0 6 ) .  E i t h e r  G i e m sa  o r  I o d i n e  s t a i n i n g  

i s  u s e d  a f t e r  t h e  i n o c u l a t i o n  h a d  b e e n  i n c u b a t e d  a t  3 5 - 3 7 ° C  f o r  

2 t o  3 d a y s .

c .  I m m u n o f l u o r e s c e n c e  s t a i n i n g

I m m u n o f l u o r e s c e n c e  s t a i n i n g  i s  u s e d  t o  d e t e c t  

b o t h  c .  trachomatis a n d  c.  psittaci i n c l u s i o n s .  The i n c l u s i o n s  

a r e  s e e n  a f t e r  i n c u b a t i n g  t h e  o r g a n i s m  19 h r s  a t  3 5 - 3 7 ° C  ( 1 0 6 ) .  

C o m p a r i s o n  o f  b o t h  i m m u n o f l u o r e s c e n c e  a n d  G i e m s a  s t a i n i n g  f o r  t h e

d e t e c t i o n  o f  c. trachomatis i n c l u s i o n s  sh o w s  t h a t  b o t h  s t a i n s  a r e
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o f  s i m i l a r  s e n s i t i v i t y  ( 1 3 0 ) .

A l t h o u g h  t h e  c e l l  c u l t u r e  m e th o d  p r o v i d e s  h i g h

s p e c i f i c i t y  b u t  i n v o l v e s  s e v e r a l  s t e p s  i n  t h e  c o l l e c t i o n ,  

t r a n s p o r t a t i o n ,  a n d  c u l t u r e  o f  c h l a m y d i a e  t h a t  may c o m p r o m i s e  

v i a b i l i t y  b e c a u s e  o f  t h e  f a s t i d i o u s  n a t u r e  o f  t h e  o r g a n i s m s  ( 1 3 1 ,  

1 3 2 , 1 3 3 ) .  I n  a d d i t i o n ,  c u l t u r e  t e c h n i q u e s  a r e  l a b o r  i n t e n s i v e ,  

t i m e  c o n s u m i n g  1 a n d  e x p e n s i v e  1 a n d  t h e y  r e q u i r e  s t r i c t  

m a i n t e n a n c e  o f  a  c o l d  c h a i n  i f  t h e r e  i s  a  d e l a y  o f  more  t h a n  

8 h o u r s  i n  p r o c e s s i n g  t h e  s a m p l e s  ( 1 1 3 ) .

T h e r e f o r e ,  o t h e r  m e t h o d s  w e r e  d e v e l o p e d  i n  r e c e n t  y e a r s  

w h i c h  d e t e c t  c h l a m y d i a l  a n t i g e n  d i r e c t l y  o r  d e t e c t  c h l a m y d i a l  DNA 

i n  p a t i e n t  s a m p l e s  a n d  t h e r e b y  c i r c u m v e n t  s p e c i m e n - v i a b i l i t y  

c o n c e r n s .  C u r r e n t  a v a i l a b l e  m e t h o d s  i n c l u d e  d i r e c t  a n t i g e n  

d e t e c t i o n  i n  s p e c i m e n s  w i t h  f l u o r e s c e i n - l a b e l e d  a n t i b o d i e s  (DFA),  

enzyme i m m u n o a s s a y  ( E I A ) ,  DNA p r o b e s ,  a n d  r e c e n t l y  t h e  p o l y m e r a s e  

c h a i n  r e a c t i o n  (PCR) m e t h o d .

2 .  D i r e c t  f l u o r e s c e n c e  a n t i b o d y  (DFA) t e s t

The DFA t e s t  h a s  b e e n  c o n s i d e r e d  an  a t t r a c t i v e  

a l t e r n a t i v e  f o r  c o n f i r m a t i o n  o f  i n f e c t i o n s .  T h i s  t e c h n i q u e  

e m p l o y s  a  f l u o r e s c e n t - l a b e l e d  m o n o c l o n a l  a n t i b o d y  t h a t  d e t e c t s  

t h e  m a j o r  o u t e r  membrane  p r o t e i n  (MOMP) o f  t h e  i n f e c t i o u s  EBs o f  

c h l a m y d i a e  w h i c h  i s  s p e c i e s  -  s p e c i f i c  a n d  , t h e r e f o r e ,  w i l l  n o t  

s t a i n  c .  psittaci o r  c . pnuemonia ( 4 6 ) .
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G a n n , P . H .  e t  a l  ( 1 3 4 )  h a v e  c o m p a r e d  t h e  DFA w i t h  a  

s t a n d a r d  c e l l  c u l t u r e  t e c h n i q u e  f o r  t h e  d e t e c t i o n  o f  

c. trachomatis i n f e c t i o n  i n  268 women i n  a n  u r b a n  f a m i l y  

p r a c t i c e  s e t t i n g  ( l o w - p r e v a l e n c e  p o p u l a t i o n ) .  The s e n s i t i v i t y  was  

50 % a n d  t h e  s p e c i f i c i t y  was  98 % . P e t e r s o n ,  E.M. e t  a l  ( 1 3 5 )  

h a v e  c o m p a r e d  t h e  DFA ( M i c r o T r a k  ; S y v a  C o r p . , P a l o  A l t o ,  C a l i f ) ,  

w i t h  c e l l  c u l t u r e  f o r  d e t e c t i o n  o f  c. trachomatis i n  196 

c l i n i c a l  c e r v i c a l  s a m p l e s .  T h e y  f o u n d  t h a t  t h e  s e n s i t i v i t y  o f  

t h e  DFA was 75 % a n d  t h e  s p e c i f i c i t y  was  99 % . A n o t h e r  g r o u p  o f  

i n v e s t i g a t o r s ,  Tho mas ,  B . J .  e t  a l  ( 1 3 6 ) ,  h a v e  c o m p a r e d  t h e  DFA 

w i t h  c e l l  c u l t u r e  f o r  t h e  d e t e c t i o n  o f  c. trachomatis i n  

c l i n i c a l  s p e c i m e n s  f ro m  7 b a b i e s  w i t h  c o n j u n c t i v i t i s ,  100 men 

w i t h  NGU, 35 f e m a l e  c o n t a c t e d  o f  men w i t h  NCU, a n d  100 men w i t h  

g o n o r r h o e a e .  They  f o u n d  t h a t  t h e  DFA h a d  a  s e n s i t i v i t y  o f  100 % 

a n d  s p e c i f i c i t y  o f  100 % i n  b o t h  t h e  b a b i e s  w i t h  c o n j u n c t i v i t i s  

a nd  t h e  f e m a l e  c o n t a c t e d  o f  men w i t h  NGU. I n  t h e  men w i t h  NGU, 

t h e  DFA h a d  a  s e n s i t i v i t y  o f  100 % a n d  s p e c i f i c i t y  o f  83 %. I n  

t h e  men w i t h  g o n o r r h o e a e ,  t h e  DFA h a d  a  s e n s i t i v i t y  o f  91 % a n d  

s p e c i f i c i t y  o f  95 %.

A l t h o u g h  t h e  DFA i s  a  r a p i d  m e th o d  t h a t  p r o v i d e s  h i g h  

s p e c i f i c i t y  b u t  t h e  d i s a d v a n t a g e  o f  t h e  DFA i s  t h e  n e c e s s i t y  f o r  

a  f l u o r e s c e n c e  m i c r o s c o p e  a n d  c l i n i c a l  e x p e r i e n c e  i n  

d i f f e r e n t i a t i n g  c h l a m y d i a l  s t a i n i n g  f ro m  s p e c i m e n  a r t i f a c t s .  The 

u s e  o f  g r e a t e r  n u m b e r  o f  EBs a s  p o s i t i v e  c r i t e r i a  t o  i m p r o v e  

s p e c i f i c i t y  d e c r e a s e s  s e n s i t i v i t y  ( 1 3 6 , 1 3 7 ) .

X



36

3 .  Enzyme i m m u n o a s s a y  (EIA)

The enzyme i m m u n o a s s a y  i s  c o n s i d e r e d  t o  b e  an 

a l t e r n a t i v e  d i a g n o s t i c  t e s t  f o r  d e t e c t i o n  o f  c. trachomatis 
b e c a u s e  o f  t h e  a b i l i t y  t o  r a p i d l y  h a n d l e  l a r g e  n u m b e r s  o f  

s p e c i m e n s .  I n  1 9 8 5 ,  M u m ta z , G .  e t  a l  ( 1 3 9 )  h a v e  u s e d  C h i a m y d i azyme 

( A b b o t t  l a b o r a t o r i e s ) , w h i c h  m e a s u r e s  s e v e r a l  a n t i g e n i c  c o m p o n e n t s  

o f  c. trachomatis, t o  d e t e c t  c. trachomatis a n t i g e n  i n  u r e t h r a l  

sw a b s  f r o m  61 men w i t h  NCU a n d  79 c e r v i c a l  sw a b s  f ro m  women 

( c o n t a c t s  c a s e s  ) f o r  r a p i d  d i a g n o s i s  o f  c h l a m y d i a l  g e n i t a l  

i n f e c t i o n .  The EIA t e s t  h a d  a  s e n s i t i v i t y  o f  9 2 . 5  % a n d

s p e c i f i c i t y  o f  9 7 . 2  % when c o m p a r e d  w i t h  c e l l  c u l t u r e  

( p r e v a l e n c e  o f  2 7 . 1  % ) .  I n  1 9 8 8 ,  L e f e b v r e , J .  e t  a l  ( 1 4 0 )  h a v e  

c o m p a r e d  t h e  EIA w i t h  t h e  DFA a n d  c e l l  c u l t u r e  f o r  d e t e c t i o n  o f  

c. trachomatis i n  e n d o c e r v i c a l  s p e c i m e n s  f ro m  a s y m p t o m a t i c  women 

a n d  f o u n d  t h a t  t h e  EIA h a d  a  s e n s i t i v i t y  o f  7 8 . 4  % a n d

a  s p e c i f i c i t y  o f  8 1 . 1  % ( p r e v a l e n c e  o f  6 . 7  % ) . I n  1989 1

M o h o n y , J .  e t  a l  ( 1 4 1 )  h a v e  c o m p a r e d  two enzyme im m u n o a s s a y s  

d e t e c t i n g  d i f f e r e n t  c h l a m y d i a l  a n t i g e n s  , IDEIA ( C e l l T e c h  

D i a g n o s t i c  ) w h i c h  m e a s u r e s  l i p o p o l y s a c c h a r i d e  a n t i g e n  a nd  

C h la m y d ia z y m e  w i t h  c e l l  c u l t u r e  f o r  d e t e c t i o n  o f  c. trachomatis 
i n  u r e t h r a l  s w a b s  f ro m  235 men a t t e n d i n g  a  c l i n i c  f o r  s e x u a l l y  

t r a n s m i t t e d  d i s e a s e s  ( p r e v a l e n c e  o f  14 .9%)  a n d  i n  458 e n d o c e r v i c a l  

sw a b s  f r o m  women a t t e n d i n g  p l a n n e d  p a r e n t h o o d  a nd  o b s t e t r i c s -  

g y n e c o l o g y  c l i n i c s  ( p r e v a l e n c e  o f  5 . 9  a n d  7 . 7  % 1 r e s p e c t i v e l y  ) .  

The p e r c e n t a g e  o f  s e n s i t i v i t i e s  a n d  s p e c i f i c i t i e s  f o r  IDEIA w e r e

6 2 . 5  a n d  9 9 . 5 ,  r e s p e c t i v e l y ,  f o r  s p e c i m e n s  f ro m  men a nd  9 6 . 3  a n d

9 7 . 9  , r e s p e c t i v e l y  1 f o r  s p e c i m e n s  f ro m  women ; r e s u l t s  by
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C hlam ydiazym e f o r  sp e c im e n s  from  men w ere 8 1 .8  and  9 9 .5  , 
r e s p e c t i v e l y ,  and  f o r  sp e c im e n s  from  women, r e s u l t s  w ere 8 5 .2  
and 9 9 .3  , r e s p e c t i v e l y .

A lth o u g h  th e  EIA sy s te m s  w ere p a r t i c u l a r l y  a t t r a c t i v e  
b e c a u s e  o f  t h e i r  a b i l i t y  t o  r a p i d l y  h a n d le  l a r g e  num bers o f  
s p e c im e n s , th e  s e n s i t i v i t y  o f  th e  a s s a y s  v a r i e d  w id e ly  r a n g in g  
from  6 2 -9 2  % and in  g e n e r a l  i s  l e s s  th a n  t h a t  o f  c u l t u r e .

4 . N u c le ic  a c id  p ro b e

R e c e n t ly ,  DNA p ro b e s  have been  in t r o d u c e d  f o r  th e  
d e t e c t i o n  o f  c. t r a c h o m a tis .  In  1985, H y p p ia ,T . e t  a l . (142) 
have  e v a lu a te d  th e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  th e  s p o t  
h y b r i d i z a t i o n  a s s a y  by u s in g  w hole DNA from c. t r a c h o m a tis  
s e r o ty p e  LI e le m e n ta ry  b o d ie s  a s  a p ro b e  ( 32P - l a b e l l e d  P ro b e ) .  
The s e n s i t i v i t y  o f  d e t e c t i o n  was 10-100  pg LI DNA and 10 i n f e c t e d  
c e l l s .  L a te r  o n , i n  1986, Q u in n ,T . c .  e t  a l . (1 4 3 ) have u se d  p la s m id  
DNA from  c. t r a c h o m a tis  s e r o ty p e  L2 a s  a  d i a g n o s t i c  p ro b e  f o r  
d e t e c t i o n  o f  c. t r a c h o m a tis  from  c e r v i c a l  sm ear. When in  3 i t u  
h y b r i d i z a t i o n  was p e rfo rm e d , th e  s e n s i t i v i t y  was 91% and 
s p e c i f i c i t y  was 80 %. R e c e n tly  , A n o n i s o to p ic  DNA p ro b e  
(G en -P ro b e  PACE sy s te m , G en -P ro b e , I n c . ,S a n  D iego,C A ) w hich  u se d  
an a c r id in iu m  e s t e r - l a b e l e d ,  s i n g l e  s t r a n d e d  DNA t h a t  i s  
co m p lem en ta ry  to  c. t r a c h o m a tis  r ib o so m a l RNA, h a s  become 
c o m m e rc ia lly  a v a i l a b l e .  S e n s i t i v i t y  and s p e c i f i c i t y  o f  t h i s  
p ro b e  a s s a y  ra n g e  from  60% to  90% and  59% to  92% r e s p e c t i v e l y  
(1 4 4 ,1 4 5 ) .  L a te r  o n , t h i s  DNA p ro b e  t e s t  was m o d if ie d
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(G en-F robe™  PACE 2 sy s te m ) to  re d u c e  t e c h n i c a l  t im e  and to  
d e c r e a s e  t u r n  a ro u n d  t im e .  In  1990, I w e n .p .c .  e t  a l . (1 4 6 ) have 
e v a lu a te d  t h e  G en-P robe™  PACE 2 f o r  d e t e c t i o n  o f  c. tr a c h o m a tis  
in  e n d o c e r v ic a l  sp e c im e n s . The s e n s i t i v i t i e s  and s p e c i f i c i t i e s  
o f  th e  DNA p ro b e  com pared w ith  c e l l  c u l t u r e  w ere 93% and 98%, 
r e s p e c t i v e l y .

5. P o ly m erase  c h a in  r e a c t i o n  (PCR)

The p o ly m e ra se  c h a in  r e a c t i o n  (PCR) was d e v e lo p e d  by 
M u l l i s ,  K.B. e t  a l  (1 4 7 ) in  1984. I t  i s  a  s p e c i f i c  e n z y m a tic  
a m p l i f i c a t i o n  o f  DNA in  v i t r o  v i a  a  p o ly m e r a s e - c a ta ly z e d  c h a in  
r e a c t i o n .  The a m p l i f i c a t i o n  i s  o b ta in e d  by r e p e a t in g  a 
t h r e e - s t e p  r e a c t i o n  ru n  a t  d i f f e r e n t  te m p e r a tu r e .  The r e a c t i o n  i s  
b a se d  on th e  a n n e a l in g  and e x te n s io n  o f  two o l i g o n u c l e o t i d e  
p r im e r s  t h a t  f l a n k  th e  t a r g e t  r e g io n  in  d u p le x  DNA. The i n i t i a l  
s t e p  i s  d é n a tu r a t io n  o f  t a r g e t  DNA and th e n  ea c h  p r im e r
h y b r id i z e s  to  one o f  th e  two s e p a r a te d  s t r a n d s  (p r im e r s  a n n e a l in g ) .  
The a n n e a le d  p r im e r s  a r e  th e n  e x te n d e d  on th e  te m p la te  s t r a n d  
w ith  a  DNA p o ly m e ra se  from  3 ’ h y d ro x y l end i s  d i r e c t l y  to w ard  
5 ’ end ( p r im e r s  e x t e n s i o n ) . By r e p e a t in g  th e  r e a c t i o n  ท t im e s ,  th e  
am ount o f  DNA t h e o r e t i c a l l y  r i s e s  t o  2n .

R e c e n t ly ,  th e  PCR h a s  b een  d e v e lo p e d  f o r  d e t e c t i n g  
c. t r a c h o m a tis  by U 3ing DNA p r im e r s  d e r iv e d  from  d i f f e r e n t  
DNA t a r g e t  s e q u e n c e s .  In  1990 , O s te r g a a r d ,  L. e t  a l  (3 1 ) have 
u se d  th e  PCR f o r  d e t e c t i o n  o f  c. t r a c h o m a tis .  The p a i r  o f  
s y n t h e t i c  o l ig o n u c l e o t i d e  p r im e r s  d e r iv e d  from  c. t r a c h o m a tis
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p la s m id  se q u e n c e  w ere u se d  and  d e m o n s tra te d  th e  s e n s i t i v i t y  
f o r  d e t e c t i o n  o f  lO-15 g o f  DNA , w hich  c o r re s p o n d s  to  th e  
d e t e c t i o n  o f  100 c o p ie s  o f  th e  p la s m id .  In  a d d i t i o n ,  when TCR was 
u se d  to  d e t e c t  c. t r a c h o m a tis  from  228 c l i n i c a l  sam p les  com paring  
w ith  c e l l  c u l t u r e  and EIA (IDEIA ะ M edico N o b e l, B o o ts -  C e l l t e c h  
L t d . ,  B e r k s h i r e ,  U n ite d  Kingdom ) ,  PCR showed a  s e n s i t i v i t y  o f  
100 %, a  s p e c i f i c i t y  o f  99 %. W ordsw orth , B .p . e t  a l  (1 4 8 ) have 
a l s o  r e p o r te d  th e  u se  o f  PCR t o  d e t e c t  th e  p r e s e n c e  o f  a  p la sm id  
e s s e n t i a l  f o r  th e  g ro w th  o f  c. t r a c h o m a t is .  As few a s  10 c o p ie s  
o f  th e  p la sm id  in  th e  i n i t i a l  r e a c t i o n  m ix tu re  w ere d e t e c t e d  by 
U sing  t h i s  te c h n iq u e .

From th e  s t u d i e s  o f  s e v e r a l  i n v e s t i g a t o r s  showed t h a t  th e  
PCR te c h n iq u e  p ro v id e d  h ig h  s e n s i t i v i t y  and s p e c i f i c i t y  f o r  
d e t e c t i o n  o f  c. t r a c h o m a t is .  In  a d d i t i o n  , I t  i s  n o t  tim e  
consum ing  and c o m p a ra t iv e ly  e a s y  to  p e r fo rm . A c c o rd in g ly , th e  PCR 
c o u ld  be c o n s id e re d  to  be a  v a lu a b le  d i a g n o s t i c  t o o l  t o  d e t e c t  
c. t r a c h o m a tis  from  th e  c l i n i c a l  s p e c im e n s . H ow ever, b e c a u se  o f  
th e  h ig h  s e n s i t i v i t y  o f  th e  PCR te c h n iq u e ,  f a l s e  p o s i t i v e  from 
c a r r y o v e rc o n ta m in a t io n  o f  th e  p r e v io u s  a m p l i f ie d  p r o d u c ts  
(a m p lic o n s )  o f t e n  o c c u r s .  The te c h n iq u e  t h a t  w i l l  r e s o lv e  t h i s  
p ro b lem  s h o u ld  be u s e d . One o f  t h i s  te c h n iq u e  i s  p e rfo rm e d  by 
d i g e s t i o n  o f  am p lico n  p r i o r  t o  PCR , u s in g  in c o r p o r a t io n  o f  dUTP 
i n s t e a d  o f  dTTP and  u r a c i l  DNA g ly c o s y la s e  in  th e  r e a c t i o n .
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