
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

Detection of Chlamydia Trachomatis Antigen by Radio Immunoassay
Pertti Terhoa; Marja-Terttu Matikainena

a Department of Virology, University of Turku, Finland

To cite this Article Terho, Pertti and Matikainen, Marja-Terttu(1981) 'Detection of Chlamydia Trachomatis Antigen by
Radio Immunoassay', Journal of Immunoassay and Immunochemistry, 2: 3, 239 — 262
To link to this Article: DOI: 10.1080/15321818108056980
URL: http://dx.doi.org/10.1080/15321818108056980

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/15321818108056980
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF IMMUNOASSAY, 2(3&4), 239-262 (1981) 

DETECTION OF CHLAMYDIA TRACHOMATIS ANTIGEN BY RADIOIMMIJNOASSAY 

P e r t t i  Terho and M a r j a - T e r t t u  Ma t i ka inen  
Department o f  V i ro logy ,  U n i v e r s i t y  o f  Turku, K i i n a m y l l y n k a t u  10, 

20520 Turku 52, F i n l a n d  

ABSTRACT 

A s e n s i t i v e  i n d i r e c t  radioimmunoassay (RIA)  was developed f o r  de- 
t e c t i o n  o f  ch lamydia l  ant igens i n  i n f e c t e d ,  i r r a d i a t e d  McCoy c e l l  
c u l t u r e .  Po lys ty rene  beads were used as t h e  s o l i d  phase, gu inea 
p i g  an t i ch lamyd ia l  immunoglobulins were used as t h e  c a p t i v e  a n t i -  
bodies, r a b b i t  a n t i c h l a m y d i a l  immunoglobulins were used as t h e  
secondary an t i bod ies ,  and 1251- l a b e l l e d  sheep a n t i r a b b i t  imnuno- 
g l o b u l i n  was used as t h e  i n d i c a t o r  an t i bod ies .  The immunizat ions 
were done i n t r a c u t a n e o u s l y  w i t h  p u r i f i e d  g e n i t a l  and lympho- 
granuloma venereum Chlamydia t rachomat i s  s t r a i n s  grown i n  t h e  y o l k  
sacs o f  embryonated eggs. 

The bound r a d i o a c t i v i t y  was a f u n c t i o n  o f  t h e  amount o f  ch lamyd ia l  
an t i gen  and t h e  method demonstrated t h e  an t i gen  approx ima te l y  20 
hours pos t  i n f e c t i o n .  A l so  n o n i n f e c t i o u s  ch lamyd ia l  an t i gen  was 
d e t e c t a b l e  by  R I A .  The s e n s i t i v i t y  o f  t h e  assay was about 10 n g h l  
f o r  p u r i f i e d  an t i gen  and l e s s  than  10 i n c l u s i o n s  i n  t h e  c e l l  c u l -  
t u r e .  Each ch lamydia l  serotype cou ld  be detected.  The R I A  was 
found t o  be more s e n s i t i v e  than  i o d i n e  s t a i n i n g  and as r a p i d  and 
s e n s i t i v e  as immunofluorescence method t o  demonstrate chlamydi a1 
i n f e c t i o n  i n  c e l l  c u l t u r e .  (KEY WORDS: Chlamydia t rachomat is ,  
an t i gen  d e t e c t i o n ,  radioimmunoassay) 
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I NTRODUCTI O_N 

TERHO AND MATIKAINEN 

Human i n f e c t i o n s  due t o  Chlamydia t rachomat i s  (CT)  a r e  c l i n i c a l l y  

impor tant  and va r ious  d isease e n t i t i e s  i n c l u d i n g  eye and s e x u a l l y  

t r a n s m i t t e d  diseases are i n c r e a s i n g l y  seen (19) .  The d e f i n i t i v e  

l a b o r a t o r y  d iagnos is  o f  ch lamydia l  i n f e c t i o n  i s  based on t h e  i s o l a -  

t i o n  o f  t h e  p a r a s i t e  p r e f e r a b l y  i n  t h e  c e l l  c u l t u r e  ( 6 ) .  Sugges- 

t i v e  evidence f o r  a c t i v e  ch lamydios is  may be ob ta ined  by s t a i n i n g  

t h e  in f lammatory o c u l a r  o r  u r o q e n i t a l  exudates by  G i m s a  o r  immu- 

nof luorescence ( I F )  ( 8 )  as w e l l  as by  demonstrat ion o f  l o c a l  a n t i -  

bodies (4, 14, 22 ) .  The measurement o f  serum antibody, i n  p a r t i c u -  

l a r  immunoglobulin M ( IgM) response (24, 2 5 )  i s  a l so  p o s s i b l e .  

The i s o l a t i o n  i s ,  and p robab ly  w i l l  remain, t h e  bas i c  r e f e r e n c e  

method d e t e c t i n g  one s i n g l e  i n f e c t i o u s  chlamydi a1 e lementary body 

( E B ) .  However, p r a c t i c a l  drawbacks l i k e  t h e  d imin ished i n f e c -  

t i v i t y  o f  specimens sent f rom lonp  d i s tances  t o  t h e  l a b o r a t o r y  

l i m i t  t h e  use fu lness  o f  t h e  i s o l a t i o n  method. 

The d i r e c t  demonstrat ion o f  ch lamyd ia l  EB:s i n  c l i n i c a l  specimens 

has been done by  immune e l e c t r o n  microscopy method u s i n g  f e r r i t i n  

l a b e l l e d  ant iserum s t a i n i n g  ( 1 ) .  T h i s  method i s  t i m e  consuming and 

r e q u i r e s  s p e c i a l  e x p e r t i s e ;  i t  i s  not  s u i t a b l e  f o r  r o u t i n e  pur-  

poses. The d i r e c t  demonstrat ion o f  enzymes, s p e c i f i c  f o r  CT (11)  

r e q u i r e s  f u r t h e r  development. 
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CHLAMYDIA TFUCHOMATIS ANTIGENS 24 1 

The d e t e c t i o n  o f  v i r u s e s  and v i r a l  ant igens d i r e c t l y  i n  gas t ro -  

i n t e s t i n a l  ( 7 )  and r e s p i r a t o r y  t r a c t  (18) specimens by  i n d i r e c t  

r a d i o i m u n o a s s a y  (RIA)  developed i n  ou r  l a b o r a t o r y  i s  s e n s i t i v e  and 

p r a c t i c a l  f o r  r o u t i n e  use. 

I n  t h e  p resen t  r e p o r t  we apply  a R I A  t echn ique  f o r  d e t e c t i o n  o f  

ch lamydia l  ant igens i n  c e l l  c u l t u r e  specimens. The development and 

t h e  opt imal  assay c o n d i t i o n s  o f  t h e  R I A  t e s t  w i l l  be descr ibed.  

MATERIALS AND METHODS _ _ _ _ _ _ _ _  

Chlamydia Trachomatis S t r a i n s  and Propagat ion ____ _____ 

The g e n i t a l  ch lamydia l  s t r a i n s  used were: C (UW-1) [ t h i s  s t r a i n  was 

used i n s t e a d  o f  J], D ( IC-Cal  8 ) ,  F (MRC-301), G (IOL-200), H 

(UW-4), I (UW-12), K(UW-31), L 1  (440-L) ,  L2 (434-B) and L3 (404-B) 

( 2 5 ) .  These were ob ta ined  i n  e a r l y  yo lk-sac passages f rom t h e  

I n s t i t u t e  o f  Ophthalmology, London, through cou r tesy  o f  Drs Sohrab 

Darougar and John Treharne. 

These p r o t o t y p e  s t r a i n s  were i n i t i a l l y  passaged i n  i r r a d i a t e d  

( 5  000 r a d )  McCoy c e l l  v i a l  c u l t u r e  us ing  c e n t r i f u g e  a s s i s t e d  

i n o c u l a t i o n  ( 1 5  000 xg f o r  60 m i n  a t  35"C, 2 0 ) .  The growth medium 

was BHK medium (Gibco)  supplemented w i t h  10% f o e t a l  c a l f  serum 
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242 TERHO AND MATIKAINEN 

(FCS) (Flow) and a n t i b i o t i c s .  The v i a l s  were incubated f o r  72 h 

i n  5% CO2 atmosphere a t  35°C. The c e l l s  on a c i r c u l a r  13mn i n  

d iameter  cover g l a s s  were f i x e d  w i t h  methanol and were s t a i n e d  w i t h  

i o d i n e ,  Chlamydia1 i n c l u s i o n s  were counted and t h i s  represented 

t h e  number o f  i n c l u s i o n  fo rm ing  u n i t s  ( IFU) o f  t h e  inoculum. 

For t h e  immunization g e n i t a l  ch lamydia l  s t r a i n s  were prown i n  y o l k  

sacs 

g r a d i e n t  method (21) .  The p r o t e i n  con ten t  o f  p u r i f i e d  EB 

p r e p a r a t i o n  was measured b y  t h e  method o f  Lowry e t  a l .  (13 ) .  

o f  f e r t i l e  hens' epgs and EB:s were p u r i f i e d  b y  RenografinR 

For ant igen d e t e c t i o n  t e s t s  and f o r  an t i body  de te rm ina t ions  these  

s t r a i n s  were a l so  grown i n  McCoy c e l l  b o t t l e  c u l t u r e  and p u r i f i e d  

b y  RenografinR g r a d i e n t  method (21) .  L2 s t r a i n  was harvested 

f rom i n f e c t e d  McCoy c e l l s  a l so  a t  27 hours pos t  i n f e c t i o n  and r e -  

t i c u l a t e  bod ies  (RB) were p u r i f i e d  a f t e r  Yona e t  a l .  ( 2 7 ) .  I n  ad- 

d i t i o n  t o  McCoy c e l l s  human amnion c e l l s  were c u l t u r e d  f o r  L2 ( 9 ) .  

Immunization o f  Animals 

P u r i f i e d  ch lamydia l  s t r a i n s  were pooled accord ing t o  t h e i r  p r o t e i n  

con ten t .  A d u l t  r a b b i t s  were immunized i n t r a c u t a n e o u s l y  f o u r  t imes 

a t  3-week i n t e r v a l s .  A t o t a l  amount o f  1 200 ug egg-grown g e n i t a l  

an t i gen  pool  was used mixed w i t h  Freund's  i ncomp le te  ad juvan t ,  

Guinea p i g s  were immunized s i m i l a r l y  w i t h  1 0 0 0  vg o f  ant igen.  
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CHLAMYDIA TRACHOMATIS ANTIGENS 24 3 

GP 3 was immunized w i t h  egg-grown L 1, L2 and L 3 ant igens,  GP 170 

and 171 w i t h  g e n i t a l  an t i gen  pool  ( v i d e  supra) .  

R I A  Reagents 

Rabbi t  and guinea p i g  immunoglobulin f r a c t i o n s  were prepared f rom 

p r e t e s t e d  hyperimmune s e r a  (see r e s u l t s )  by p r e c i p i t a t i o n  o f  serum 

w i t h  an 18% (w/v)  f i n a l  c o n c e n t r a t i o n  o f  sodium sulphate,  f o l l o w e d  

by  chromatography on a Sephadex G 25 column. 

Po lys ty rene  (PS) beads ( P r e c i s i o n  P l a s t i c  B a l l  Co., Chicago, I L )  

used i n  R I A  were i ncuba ted  o v e r n i g h t  (16 t o  18 hours )  a t  2OoC w i t h  

gu inea p i g  immunoglobulins, 0.5 pg/bead ( o r  as i n d i c a t e d )  i n  

carbonate b u f f e r  (pH 9 . 6 ) .  The l a b e l  used was 125iodinated sheep 

ant  i r a b b i  t IgG p u r i f i e d  b y  i n u n o s o r b e n t  chromatoqraphy as 

p r e v i o u s l y  descr ibed ( 7 ) .  

D i l u e n t  f o r  t h e  R I A  t e s t  was PBS [ O . l  M Na2HP04- KH2P04 b u f f e r  

(pH 7.2) c o n t a i n i n g  s a l i n e  ( 0.8% NaCl and 0.02% KC1)1, 20% 

i n a c t i v a t e d  FCS, 2% Tween 20 and 0.1% NaN3. 

__ R I A  Procedure, Ant ibody Assay 

The an t i body  t i t e r  was determined b y  R I A  e s s e n t i a l l y  as desc r ibed  
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244 TERHO AND MATIKAINEN 

e a r l i e r  (22 ) .  B r i e f l y ,  t h e  an t i gen  coated (2.5 Ug/bead) P S  beads 

were incubated w i t h  200 )rl o f  d i l u t i o n s  o f  quinea p i g  o r  r a b b i t  

an t i ch lamyd ia l  ant iserum f o r  2 h a t  37°C. When guinea p i g  serum was 

t e s t e d  a f u r t h e r  2 h i n c u b a t i o n  a t  37OC was c a r r i e d  ou t  w i t h  r a b b i t  

a n t i g u i n e a  p i g  serum (1:2 000, Dako). To each tube, 2 0 0 ~ 1  1251- 

l a b e l l e d  sheep a n t i - r a b b i t  IgG an t ibody  was added and incubated f o r  

2 h a t  37OC. The beads were washed, t r a n s f e r r e d  t o  c l e a n  tubes and 

t h e  bound r a d i o a c t i v i t y  was measured w i t h  1270 Rack G a n a  I 1  o r  LKB 

1280 counter .  

The serum an t ibody  t i t e r  was de f i ned  as t h e  d i l u t i o n  t h a t  r e s u l t e d  

i n  bound r a d i o a c t i v i t y  two t imes b u f f e r  b lank  va lue  o r  a t  l e a s t  150 

cpm bound. 

_. Ant igen Assay 

A volume o f  200 ~1 o f  t h e  specimen ( u n l e s s  o the rw ise  s t a t e d )  was 

p i p e t t e d  i n t o  d i sposab le  5 m l  PS tubes and a P S  bead coated w i t h  

gu inea p i g  immunoglobulin ( G P  3, 0.5yg/bead o r  GP 3 & GP 170 & GP 

171, 0.2 gg/bead each) was added t o  each tube. 

i n c u b a t i o n  a t  37'C t h e  medium was a s p i r a t e d  and t h e  beads were 

washed t w i c e  w i t h  5 m l  t a p  water. A 200 yl volume o f  a n t i c h l a -  

myd ia l  r a b b i t  (R4) immunoglobulin ( 8 ~ g / m l )  was added t o  each tube  

and t h e  beads were incubated a t  37'C f o r  2 hours. Tho beads were 

washed and a 200 ~1 volume o f  1 2 5 I - l a b e l l e d  sheep a n t i r a b b i t  IgG 

was added. 

A f t e r  an o v e r n i g h t  
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CHLAMYDIA TRACHOMATIS ANTIGENS 245 

The tubes were i ncuba ted  as p r e v i o u s l y .  A f t e r  washing t h e  beads 

were t r a n s f e r r e d  i n t o  c l e a n  tubes and bound r a d i o a c t i v i t y  was 

measured. The cpm va lue  o f  two t imes  t h e  b u f f e r  b lank i s  taken as 

t h e  c u t - o f f  l i n e .  

Before i n c u b a t i n g  w i t h  t h e  guinea p i g  immunoglobulin coated beads, 

specimens were v a r i o u s l y  p r e t r e a t e d  as i n d i c a t e d :  v i g o r o u s  m i x i n g  

( W h i r l i m i x e r R ) ,  s o n i c a t i o n  (Branson S o n i f i e r R ) ,  h e a t i n g  a t  56'C 

as w e l l  as t h e  a d d i t i o n  o f  chemicals  [ T r i t o n  X 100, p o l y e t h y l e n e  

g l y c o l  ( P E G ) ,  mo lecu la r  weight  6 000, sodium dodecyl s u l p h a t e  

(SDS), Nonidet  P 40 and sodium deoxycholate (DOC)]. 

Immunofluorescence ._______ 

The microimmunofluorescence t e s t s  were performed as desc r ibed  b y  

Treharne, Dines and Darougar (24 ) .  Chlamydia1 i n c l u s i o n s  were 

s t a i n e d  w i t h  FITC conjugated a n t i c h l a m y d i a l  r a b b i t  (R 4 )  serum. 

RESULTS ____ 

Hyperimmune Sera 

A f t e r  t h e  complete immunizat ion w i t h  egg-grown an t igens  t h e  
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246 TERHO AND MATIKAINEN 

r e s u l t i n g  guinea p i g  and r a b b i t  h y p e r i n u n e  sera were t e s t e d  by  R I A  

us ing d i f f e r e n t  ce l l - g rown  chlamydia1 se ro type  EB:s, L2 RB:s and 

c o n t r o l  ant igens.  

As an example, f i g u r e  1 shows t h e  R I A  t i t e r s  o f  r a b b i t  ( R  4 )  serum 

f o r  r e p r e s e n t a t i v e  an t i gens  (LPIRBIMcCoy, L2lEBlamnion) and c o n t r o l  

(McCoy) c e l l s .  The f i n a l  a n t i c h l a m y d i a l  (L2)  an t i body  R I A  t i t e r  o f  

R 4 hyperimmune serum i s  c l o s e  t o  1x10-6. As can be seen R 4 serum 

has no an t i bod ies  aga ins t  McCoy c e l l s .  

The R I A  and t y p e - s p e c i f i c  t i t e r s  (as measured by  MIF by  John 

Treharne) f o r  guinea p i g s  were h i g h  against  d i f f e r e n t  serotypes.  

The R I A  t i t e r s  against  R B  a n t i g e n  were t h e  h i q h e s t  (about  7 t o  50 x 

10-6), as cou ld  be expected (27 ) .  The t i t e r s  f o r  L2 were t h e  same, 

rega rd less  o f  t he  c e l l s  i n  which t h i s  a n t i s e n  was grown. 

The t i t e r  aaa ins t  McCoy c e l l s  was a t  l e a s t  1 000 t imes  l e s s  and 

about t h e  same as was seen i n  pre immunizat ion serum. 

Pretreatment o f  An t igen  Specimens 

P u r i f i e d  L2/McCoy EB an t iqen  i n  PBS was d i l u t e d  i n  t h e  d i l u e n t  

b u f f e r  ( 1  000 ng/ml) and va r ious  t rea tmen ts  were app l i ed  be fo re  t h e  

an t i gen  ( i n  200 p l  volume) was incuba ted  w i t h  GP 3 imnunog lobu l i n  

(0.5 gg/bead) coated beads. 

d e t e c t i o n  t e s t  are presented i n  t a b l e  1. 

The r e s u l t s  o f  subsequent an t i gen  
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TABLE 1. 

TERHO AND MATIKAINEN 

E f f e c t  o f  Va r ious  Pret reatments on t h e  Chlamydia1 An t igen  
De tec t i on ;  P u r i f i e d  L2 (434-6) Ant igen Grown i n  McCoy o r  Amnion 
C e l l s  ( 1  000 ng/ml) was t r e a t e d  as i n d i c a t e d  and t h e r e a f t e r  
processed f o r  An t igen  D e t e c t i o n  by  R I A  ( see  M a t e r i a l s  and 
Methods). 
Determinat ions.  

The Resu l t s  are t h e  Average o f  f o u r  Separate 

An t igen  grown i n  

Pret reatment  McCoy Amnion 

A g i t a t i o n  0.5 m in  
Son ica t i on  2.5 min 
T r i t o n  X 100 0.2% 
T r i t o n  X 100 0.2%,sonic. 2.5 min 
Hea t ing  +56'C, 30 m i n  
Hea t ing  +56'C, 30 m in  ,sonic. 2.5 m i n  
SDS 0.1% 
SDS 0.1%, son ic .  2.5 min 

644' 
1 764 

49 2 
2 755 

517 
2 225 

457 
5 37 

774' 
2 942 

688 
3 373 

717 
3 578 

449 
503 

BB2 

200 ' 
207 
187 
24 1 
207 
214 
377 
394 

1 )  cpm 
2 )  b u f f e r  b l a n k  

The a d d i t i o n  o f  T r i t o n  X 100 (0.2%) and SDS (0.1%) as w e l l  as 

h e a t i n g  (56'C,30 m in )  r e s u l t e d  i n  counts  bound comparable w i t h  

v igo rous  a g i t a t i o n  on ly .  S o n i c a t i o n  (2.5 min, EOkHz, 2OW) a lone  

increased counts bound 3 - f o l d .  When v a r i o u s  s o n i c a t i o n  t imes  were 

compared, i t  was found t h a t  counts  bound w i t h  2.5 and 5 min 

s o n i c a t i o n  were h i g h e r  than  those  ob ta ined  w i t h  1 and 10 min 

s o n i c a t i o n .  A s o n i c a t i o n  o f  2.5 m i n  was t h e r e f o r e  chosen f o r  a l l  

l a t e r  experiments. 

The t reatment  o f  an t i gen  w i t h  SDS, PEG (4%, mw 6 000) (17 ) ,  Nonidet  

P 40 (0.5%) (15 )  o r  DOC (0.1%) (12)  a lone o r  combined w i t h  
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CHLAMYDIA TRACHOMATIS ANTIGENS 249 

s o n i c a t i o n  gave lower bound counts than  t rea tmen t  w i t h  T r i t o n  X 100 

p l u s  son ica t i on .  Heat ing o f  t h e  a n t i g e n  a t  56'C f o r  30 m in  combined 

w i t h  s o n i c a t i o n  a l so  increased counts bound when compared w i t h  

e i t h e r  t rea tmen t  separa te l y .  S ince t h e  h e a t i n g  may d e s t r o y  

impor tant  t y p e - s p e c i f i c  an t i gens  ( 1 6 )  t h e  a d d i t i o n  o f  T r i t o n  X 100 

f o l l o w e d  by  s o n i c a t i o n  was chosen as t h e  f i n a l  p re t rea tmen t  o f  

ant igens.  

S e n s i t i v i t y -  o f  Ant igen D e t e c t i o n  

L2/EB a n t i g e n  grown i n  McCoy c e l l s  was p u r i f i e d  and was measured b y  

R I A  a f t e r  s o n i c a t i o n  (2 .5  m in )  i n  t h e  presence o f  T r i t o n  X 100 

(0.2%). The an t i gen  d e t e c t i o n  cu rve  i s  presented i n  f i g u r e  2. 

The R I A  t e s t  i s  ab le t o  de tec t  about 10 ng chlamydia1 a n t i g e n i c  

p r o t e i n / m l .  Th i s  f i g u r e  was approx imate ly  t h e  same f o r  L2 a n t i g e n  

grown i n  o t h e r  hosts  (amnion c e l l s  and eggs, da ta  not  shown). 

P u r i f i e d  McCoy c e l l  grown g e n i t a l  serotypes were a l so  t e s t e d  and 

t h e  d e t e c t i o n  l i m i t  f o r  them i n  R I A  t e s t  was 10-20 n g h l  ( d a t a  no t  

shown). 

De tec t i on  o f  Chlamydia1 Ant iqen i n  C e l l  C u l t u r e  b y  R I A ,  S e n s i t i v i t y  

Comparison w i t h  I n f e c t i v i t y  and S t a i n i n g  

_ _ ~  - ~ ~ - ~  ~~ 

I n o c u l a  o f  L2 were d i l u t e d  t e n f o l d  and i n o c u l a t e d  s imu l taneous ly  

i n t o  t h r e e  i r r a d i a t e d  McCoy c e l l  tubes ( w i t h  1.0 m l  medium). The 
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- - -  - - - - - - -  - - - - - _ _ _ _  
1 I ,, I I 

1000 ' *  100 " 50 " 

C H L A M Y D I A L  A N T I G E N  NG/ML 

FIGURE 2. S e n s i t i v i t y  o f  t h e  i n d i r e c t  R I A  f o r  t h e  d e t e c t i o n  o f  
p u r i f i e d  C. t rachomat is  ( L  2 )  ant igen.  A 200 y l  volume 
o f  an t igen d i l u t i o n  was incubated w i t h  c a p t i v e  a n t i c h l a -  
mydial guinea p i g  immunoglobulins adsorbed on p o l y s t y -  
rene beads. Rabbi t  an t ich lamyd ia l  immunog o b u l i n s  were 
used as t h e  secondary an t ibod ies  and l251-1abe l led  
sheep a n t i r a b b i t  imnunoglobul in  as t h e  i n d i c a t o r  a n t i -  
bodies. Less than 10 ng/ml o f  an t igen cou ld  be de- 
tec ted ,  t h e  spot ted  l i n e  shows t h e  c u t - o f f  l i n e  o f  the  
R I A .  
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CHLAMYDIA TRACHOMATIS ANTIGENS 251 

tubes were processed f u r t h e r  as f o l l o w s :  immediate ly  a f t e r  t h e  i n -  

o c u l a t i o n  t h e  f i r s t  tube was s t o r e d  a t  -7O'C and was l a t e r  t e s t e d  

f o r  an t i gen  hy  R I A .  The o t h e r  two tubes were c e n t r i f u g e d  and i n c u -  

bated f o r  72 hours. The c e l l s  i n  t h e  second tube  were then  f i x e d  

w i t h  methanol and s t a i n e d  w i t h  i o d i n e  t o  determine t h e  number o f  

i n c l u s i o n s  produced. The c e l l s  i n  t h e  t h i r d  tube were detached by  

a g i t a t i o n  wi th  g lass beads i n  a Wh i r l im ixe rR  f o r  30 seconds and 

equal amounts o f  medium (0.5 m l )  were processed separa te l y :  one 

p o r t i o n  was i n o c u l a t e d  i n t o  new tubes (second passage) and t h e  

o t h e r  was t e s t e d  f o r  ant igen.  The r e s u l t s  o f  t h i s  experiment are 

presented i n  t a b l e  2. 

The i n f e c t i v i t y  o f  L2 se ro type  inc reased  d u r i n g  one s i n g l e  passage 

about a thousandfo ld .  The amount o f  an t i gen  d e t e c t a b l e  by  R I A  

increased s i m i l a r l y .  When t h e  s e n s i t i v i t y  o f  i o d i n e  s t a i n i n g  and 

R I A  an t i gen  d e t e c t i o n  were compared, i t  can be seen t h a t  a t  t h e  

f i r s t  passage t h e  d i l u t i o n  was i o d i n e  negat ive,  whereas i t  

expressed cpm va lue  above t h e  c o n t r o l  tubes and a l s o  produced 750 

new i n c l u s i o n s .  It can be c a l c u l a t e d  t h a t  R I A  t e s t  i s  s e n s i t i v e  

enough t o  d e t e c t  between 1 and 10 i n c l u s i o n s  i n  c e l l  c u l t u r e .  

The o t h e r  experiment was c a r r i e d  ou t  t o  determine i f  a d iaqnos is  

cou ld  be made f rom i n f e c t e d  c e l l  c u l t u r e s  by R I A  a n t i g e n  d e t e c t i o n  

e a r l i e r  t han  by s t a i n i n g  o f  t h e  c e l l s ,  i .e .  d u r i n g  15-20 hours 

p o s t i n f e c t i o n .  
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TABLE 2. 

TERHO AND MATIKAINEN 

Detec t i on  o f  Chlamydia1 (L2) Ant igen i n  C e l l  C u l t u r e  by R I A ;  
Comparison o f  I n f e c t i v i t y  w i t h  t h e  S e n s i t i v i t y .  See Tex t  f o r  
Exper imenta l  D e t a i l s .  Combined R e s u l t s  o f  Two Separate 
Experiments. 

-_____--I- ~ 

I n  inoculum 1 s t  passage 2nd passage 
-~ 

d i l u t i o n  cpml NO i n c l u s i o n s 2  cpm3 NO i n c l u s i o n s 2  __ 
92 3 
325 
30 3 
320 
27 0 
361 
287 

10 000 5 383 PO ~4 
1 024 4 819 p 0 ~ 4  

108 2 822 PO ~4 
8 926 10 000 

neg 354 750 
n eg 276 n eg 
neg 270 neg 

1) As determined d i r e c t l y  from i n o c u l a t e d  tubes,/0.5 m l  
2)  As determined a f t e r  72 hours on i n c u b a t i o n  f o r  t h e  whole 
cove rg lass  (1.0 m l )  b y  i o d i n e  s t a i n i n g  
3) As determined from tubes incubated f o r  72 hours,/0.5 m l  
4) C e l l s  abundant w i t h  i n c l u s i o n s  and p a r t l y  t o x i c ;  t h e  amount o f  
i n c l u s i o n s  undetermi nab1 e 
BB b u f f e r  b lank;  u n i n f e c t e d  c e l l  c u l t u r e  t e s t e d  (0.5 m l )  

I r r a d i a t e d  McCoy c e l l s  (105)  were i n f e c t e d  with a s tandard inoculum 

t o  produce about l o 4  i n c l u s i o n s ;  t h i s  rep resen ts  t o  t h e  m u l t i p l i c -  

i t y  o f  i n f e c t i o n  (MOI) 0.1 I F U / c e l l .  

Fo l l ow ing  i n o c u l a t i o n  and c e n t r i f u g a t i o n  f o r  1 h each tube  (except  

one t r a n s f e r r e d  t o  -7OOC i m n e d i a t e l y  a f t e r  t h e  i n o c u l a t i o n )  was 

washed two t imes w i t h  growth medium t o  remove nonattached EB:s. 

Fresh medium (1.0 m l )  was added and t h e  tubes were incubated a t  

35°C. A t  c e r t a i n  i n t e r v a l s  t h e  i n c u b a t i o n  was stopped and two c e l l  
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TABLE 3. 

De tec t i on  o f  CT (L2)  Ant igen from C e l l  Cu l tu re ;  Comparison o f  
D i  agnosi s by  S t a i n i n g  ( I o d i n e  and I n u n o f  1 uorescence) , R I A  and 
Second Passage i n  R e l a t i o n  t o  Time. 
Experiments i s  presented. 

The Average o f  Three Separate 

1 s t  passage .~ 2nd passage- 
NO i n c l u s i o n s 2  NO i n c l u s i o n s ~ , 4  

- ~ - .  

Time, hou rs1  I o d i n e  I F  RIA,cpm3 
n neq neq 2 815 
1 n eg 
2 neq 
4 neg 
6 neq 
12 neg 
24 neg 
36 1 250 
48 10 000 
c o n t r o l 5  neg 

1 096 
1 519 
1 527 
1 579 
1 149 
2 948 
4 185 
4 138 

245 

I o d i n e  
1 340 

148 
96 
70 
34 

3 
8 

19 000 
158 000 

neg 

1 )  l o 5  i r r a d i a t e d  McCoy c e l l s  i n f e c t e d  w i t h  l o 4  IFU o f  L2 (434-B), 
c e n t r i f u g e d  15 OOOxg f o r  1 h a t  35OC; M O I  0.1 I F U / c e l l ;  hours 
pos t  i n f e c t  i o n  
2) As determined a f t e r  72 hours i n c u b a t i o n  f o r  t h e  whole cove rq lass  
(1.0 m l )  
3 )  As determined f rom tubes incubated f o r  72 hours/0.5 m l  
4) As produced f rom 0.5 m l  o f  medium from t h e  f i r s t  passage 
5 )  Non- in fec ted  McCoy c e l l s  

monolayers were f i x e d  w i t h  methanol and s t a i n e d  wi th  i o d i n e  and IF, 

r e s p e c t i v e l y .  A t h i r d  tube  incuba ted  f o r  t h e  same t i m e  s t o r e d  a t  

-7O'C and used f o r  a new passage and an t i gen  d e t e c t i o n  by  R I A  as 

descr ibed p r e v i o u s l y .  The r e s u l t s  o f  t h i s  experiment a re  presented 

i n  t a b l e  3. Table 3 shows t h a t  f o l l o w i n g  c e n t r i f u g a t i o n  f o r  1 h 

and washing, t h e  counts  bound i n  t h e  R I A  an t i gen  d e t e c t i o n  t e s t  

were d im in i shed  t o  one t h i r d .  
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254 TERHO AND MATIKAINEN 

Fo l low ing  one hour  c e n t r i f u g a t i o n  and washinq o n l y  one t e n t h  o f  

i n f e c t i v i t y  i n  repassage was r e s t o r e d .  The i n f e c t i v i t y  was f u r t h e r  

d im in i shed  t o  approx imate ly  1% o f  t h e  o r i a i n a l  d u r i n q  t h e  f i r s t  

twe lve  hours o f  i n c u b a t i o n .  Therea f te r  t h e  i n f e c t i v i t y  r o s e  t h r e e  

f o l d  f rom 12 t o  24 hours, b u t  t h e  subsequent i nc rease  o f  

i n f e c t i v i t y  up t o  36 and 48 hours was exponen t ia l  r e f l e c t i n g  t h e  

ma tu ra t i on  o f  new EB:s. 

The amount o f  an t i gen  d e t e c t a b l e  by  R I A  was lowest  a t  one hour  i m -  

med ia te l y  a f t e r  c e n t r i f u g a t i o n  and washing, b u t  one hour l a t e r  

t h e r e  was a 50% inc rease  i n  cpm va lue  i n  R I A  perhaps i n d i c a t i n g  t h e  

i n i t i a l  syn thes i s  o f  ch lamydia l  ant igens.  T h i s  syn thes i s  seemed t o  

remain at  f a i r l y  cons tan t  l e v e l  up t o  12 hours and increased almost 

t h r e e  f o l d  a t  24 hours p o s t i n f e c t i o n .  The amount o f  ch lamyd ia l  

ant igens d e t e c t a b l e  by  R I A  con t i nued  t o  i nc rease  d u r i n g  t h e  nex t  12 

hours and t h e  R I A  counts  bound reached a p l a t e a u  a t  36 hours 

p o s t i n f e c t i o n .  R I A  was able t o  de tec t  ch lamyd ia l  an t i gen  d u r i n g  t h e  

whole developmental cyc le ,  a t  l e a s t  when a r e l a t i v e l y  h i g h  M O I  

e.g. 0.1 I F U / c e l l  i s  appl ied.  When t h e  amount o f  an t i gen  

d e t e c t a b l e  by  R I A  i s  compared w i t h  t h e  f o r m a t i o n  o f  i n c l u s i o n s ,  i t  

i s  of i n t e r e s t  t o  no te  t h a t  i o d i n e  s t a i n i n g  demonstrated i n c l u s i o n s  

o n l y  36 hours and I F  24 hours p o s t i n f e c t i o n .  

E f f e c t  o f  Temperature 

The McCoy c e l l s  i n  a Roux b o t t l e  were i n f e c t e d  w i t h  L2 inoculum 
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6.0 

0 1 2 3 4 5 6 7 

STORAGE A T  4 OC I N  W E E K S  

FIGURE 3. P r e s e r v a t i o n  o f  chlamydia1 i n f e c t i v i t y  and an t i gen  de- 
t e c t i o n  d u r i n g  t h e  s to rage  a t  4%. McCoy c e l l s  i n  a 
Roux b o t t l e  were i n f e c t e d  w i t h  C .  t r achomat i s  ( L  2 ) .  
The b o t t l e  was s t o r e d  at  40C and two specimens (100 y l )  
were taken weekly 1) f o r  i s o l a t i o n  i n  McCoy c e l l  tubes, 
t h e  i n c l u s i o n s  produced were c a l c u l a t e d  ( i n c l u s i o n  
f o r m i n g  u n i t s ,  IFU, 0 ) 2)  f o r  t e s t i n g  b y  R I A  as 
desc r ibed  i n  methods, t h e  bound r a d i o a c t i v i t y  was 
i n d i c a t e d  as cprn values ( 0 ) .  

( 5  I F U / c e l l ) .  A f t e r  72 hours t h e  c e l l s  were detached and t h e  b o t -  

t l e  c u l t u r e  h e l d  a t  4°C. Samples were taken weekly and t e s t e d  f o r  

i n f e c t i v i t y  i n  McCoy c e l l  tubes and f o r  an t i gen  d e t e c t i o n  by R I A .  

The r e s u l t s  are presented i n  t h e  f i g u r e  3. 

As i s  ev iden t  f rom t h e  f i q u r e ,  L2 s t r a i n  loses i t s  i n f e c t i v i t y  

when kept  a t  4'C, a t  a r a t e  o f  about 90% per  week. R I A  a n t i g e n  
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256 TERHO AND MATIKAINEN 

d e t e c t i o n  va lues are s t a b l e  over  a t  l e a s t  7 weeks, b y  which t ime  

a l l  i n f e c t i v i t y  has disappeared. 

De tec t i on  o f  Var ious Chlamydia1 Serotypes 

An experiment was performed t o  de tec t  v a r i o u s  serotypes i n  c e l l  

c u l t u r e .  I r r a d i a t e d  McCoy c e l l s  i n  d u p l i c a t e  tubes were i n o c u l a t e d  

w i t h  p r o t o t y p e  s t r a i n s .  The ' q e n i t a l '  serotypes were C t o  K .  I n  

a d d i t i o n  ' o c u l a r '  serotypes A (SA-1) and B (TW-5) were i nc luded .  

Types A and B were not  used f o r  immunization. A f t e r  72 hours i ncu -  

b a t i o n  t h e  c e l l s  i n  one tube were f i x e d  and s ta ined  t o  determine 

t h e  number o f  i n c l u s i o n s .  The o t h e r  tube  was processed f u r t h e r  f o r  

an t i gen  d e t e c t i o n  by  R I A .  The t e s t  de tec ted  a l l  chlamydia1 g e n i t a l  

and o c u l a r  serotypes. The s e n s i t i v i t y  l i m i t  o f  t h e  assay was l e s s  

than  10 i n c l u s i o n s .  

DISCUSSION 

There i s  a need f o r  a s imple and s e n s i t i v e  t e s t  t o  demonstrate 

Chlamydia t rachomat i s  i n  c l i n i c a l  (e.g. u r o g e n i t a l )  specimens. I n  

o r d e r  t o  develop such a t e s t  we a p p l i e d  t h e  so l id-phase i n d i r e c t  

R I A  t o  de tec t  chlamydia1 a n t i g e n  i n  c e l l  c u l t u r e .  

Th is  technique r e q u i r e d  h i g h - t i t e r e d  chlamydi a1 a n t i s e r a .  For i m -  

mun iza t i on  we used egg-grown g e n i t a l  C .  t r achomat i s .  It i s  p o s s i b l e  
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t o  p u r i f y  t hese  E B  ant iqens e f f i c i e n t l y  i n  Renograf inR g r a d i e n t s  

( 2 1 ) .  Using i n t a c t  EBs as an t i sen  we were able t o  produce r e a c t i v e  

a n t i s e r a  i n  guinea p i g s  and r a b b i t s ,  t e s t e d  b y  m i c r o - I F  (24 )  and 

R I A  (22 )  ( F i g . 1 . ) .  I t  i s  ev ident  t h a t  t h e  an t i bod ies  produced w i t h  

present  immunization are d i r e c t e d  aga ins t  t ype  s p e c i f i c  and group 

s p e c i f i c  ant igens.  The t y p e  s p e c i f i c  heat  l a b i l e  ant igens (16) may 

be o f  l ess  importance i n  an t i gen  d e t e c t i o n  s i n c e  t h e  h e a t i n g  o f  t h e  

a n t i g e n i c  specimens r e s u l t s  o n l y  i n  a s l i g h t  decrease i n  s e n s i t i v i -  

t y  ( t a b l e  1). 

Group s p e c i f i c  ant igens a re  l o c a t e d  on o r  j u s t  below t h e  su r face  o f  

t h e  E B  ( 5 ) .  These ant igens have been analyzed a f t e r  a p p l y i n g  

s o n i c a t i o n  (12 )  and v a r i o u s  chemical t reatments.  For example 

Caldwel l ,  Kuo and Kenny ( 3 )  used t h e  non ion ic  de te rqen t  T r i t o n  X 

100 t o  s o l u b i l i z e  EBs. We found t h a t  i t  was necessary t o  p r e t r e a t  

t h e  an t i gen  w i t h  combined s o n i c a t i o n  and chemical t rea tmen t  

(Tab le  l ) ,  T r i t o n  X 100 i n  a c o n c e n t r a t i o n  o f  0.2% be ing  o p t i m a l .  

The o the r  chemical t rea tmen ts  (SDS, Nonidet  P40, PEG 6 000) a lone  

o r  combined w i t h  s o n i c a t i o n  gave lower -cpm values than  T r i t o n  X 

100. An advantage o f  u s i n g  PEG 6 000 would be sho r ten ing  o f  t h e  

i n c u b a t i o n  p e r i o d s  as r e p o r t e d  by  Salonen and Vaheri ( 1 7 ) .  SDS 

apparen t l y  made t h e  a n t i g e n  unde tec tab le  by o u r  R I A  a l t hough  

Caldwel l ,  Kromhout and Schachter ( 2 )  r e p o r t e d  t h a t  t h e  major compo- 

nent  (MP 39.5) o f  chlamydia1 ou te r  membrane complex (COMC) main- 

t a i n e d  a t  l e a s t  some o f  i t s  n a t i v e  a n t i g e n i c  p r o p e r t i e s  a f t e r  

t rea tmen t  w i t h  SDS. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



258 TERHO AND MATIKAINEN 

Chlamydia1 an t i gen  i n  c e l l  c u l t u r e  can be de tec ted  d u r i n g  t h e  whole 

developmental c y c l e  (Tab le  3 ) .  The R I A  t e s t  demonstrates c h l a -  

mydia l  an t i gen  at  l e a s t  as e a r l y  as I F  s t a i n i n g ,  i .e .  about 24 hour 

pos t  i n f e c t i o n .  I F  s t a i n i n g  has been r e p o r t e d  t o  demonstrate ch la -  

myd ia l  i n f e c t i o n  a t  an e a r l y  s tage i n  c e l l  c u l t u r e  ( 2 3 ) .  Since t h e  

R I A  method i s  e a s i l y  automated and i s  l e s s  l a b o r i o u s  t h a n  

I F  microscopy it cou ld  be used r o u t i n e l y  t o  demonstrate ch lamydia l  

i n f e c t i o n  i n  c e l l  c u l t u r e .  

The v i a b i l i t y  o f  chlamydiae i s  n o t  a p r e r e q u i s i t e  f o r  o u r  R I A  t e s t ,  

s i n c e  chlamydia1 an t i gen  i n  specimens s t o r e d  a t  4°C f o r  l ong  pe r iods  

i s  a l so  d e t e c t a b l e  (F ig .3 ) .  T h i s  would be o f  importance i f  i t  

becomes p o s s i b l e  t o  t e s t  c l i n i c a l  specimens which are o f t e n  

subjected t o  t r a n s p o r t  and s to rage  delays.  

The s e n s i t i v i t y  o f  our  R I A  t e s t  f o r  t h e  d i r e c t  demonstrat ion o f  

ch lamydia l  an t i gen  i s  approx imate ly  10 nanograms o f  p r o t e i n  

(F ig .2 ) .  Th i s  amount o f  ch lamydia l  p r o t e i n  i s  equ iva len t  t o  104 

p u r i f i e d  EB:s (10 )  and corresponds w e l l  w i t h  t h e  s e n s i t i v i t y  l e v e l  

o f  our t e s t  which de tec ts  app rox ima te l y  l o 4  IFU (Tab le  2 ) .  We a l s o  

found t h a t  our t e s t  c o u l d  d e t e c t  f i v e  t o  t e n  chlamydia1 i n c l u s i o n s  

(F ig .4) .  Wang, Kuo and Grayston ( 2 6 )  es t ima ted  t h a t  one i n c l u s i o n  

con ta ins  about 100 ERs.  When comparing t h e  s e n s i t i v i t y  l e v e l  o f  ou r  

R I A  t e s t  between p u r i f i e d  EBs and i n c l u s i o n s ,  i t  can be assumed t h a t  

our  t e s t  a l so  d e t e c t s  o t h e r  exc re ted  o r  membrane bound a n t i g e n i c  

m a t e r i a l  present  i n  ch lamydia l  i n c l u s i o n s  i n  c e l l  c u l t u r e .  
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The most impor tan t  m o d i f i c a t i o n  f o r  t h i s  k i n d  o f  immunologic a n t i g e n  

d e t e c t i o n  w i l l  be t h e  demonstrat ion o f  ch lamydia l  an t i gen  d i r e c t l y  

i n  c l i n i c a l  specimens. The c i rcumstances i n  c l i n i c a l  specimens 

d i f f e r  e s s e n t i a l l y  f rom those i n  c e l l  c u l t u r e ,  e.g. b y  c o n t a i n i n g  

secreted a n t i b o d i e s .  Therefore,  t h e  a p p l i c a t i o n  o f  ch lamyd ia l  

an t i gen  d e t e c t i o n  t e s t  i n  u r o g e n i t a l  o r  eye specimens r e q u i r e s  

f u r t h e r  developments; these are i n  progress i n  our 1 abo ra to ry .  
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