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ABSTRACT

Chlamydia trachomatis is  an o b lig a te  in t r a c e l lu la r  p a ras ite  re­

sponsib le fo r  a number o f  human in fe c t io n s . The growing prevalence 

o f  chlamydial in fe c t io n s  has increased the demand fo r  d iagn ostic  

te s t in g  fo r  th is  organism. This study was performed to determine 

an e f f e c t iv e  and p ra c t ic a l method fo r  the d ia gn os tic  is o la t io n  o f  

_C. trachomatis in th is  labora to ry .

McCoy and L-929 c e l l  monolayers were compared fo r  th e ir  suscep­

t i b i l i t y  to  C,. trachomatis in fe c t io n . In a p re lim inary  study, the 

number o f chlamydial inc lu s ions counted was f i v e - f o ld  h igher in McCoy 

c e l ls  than L-929 c e l ls .

McCoy c e l l  suspension cu ltu res were te s ted  as a means o f s im p li­

fy in g  tissu e  cu lture is o la t io n  o f  J2. trachomatis by e lim in a tin g  the 

need fo r  pre-form ed con fluent c e l l  monolayers. The recovery  o f (1. 

trachomatis in suspended c e l ls  was comparable to the is o la t io n  ra tes  

in monolayer cu ltures in three o f  f iv e  t r i a l s ,  but the e ffe c t iv e n e s s  

o f the suspension cu ltures was seve re ly  decreased by the presence o f 

b a c te r ia l contamination and to x ic  products.

Recovery rates o f  CL trachomatis in McCoy c e l l  monolayer cu l­

tures were compared w ith  c en tr ifu ga tion  performed fo r  one hour at 

500 x g at 36°C, and 900 x g at room temperature. Although the 

number o f  chlamydial in c lu sions enumerated a f t e r  c en tr ifu ga tion  at 

500 x g at 36°C was almost double the number recovered  w ith  c e n t r i f ­

ugal fo rces  at 900 x g at room temperature, at 36°C the temperature 

w ith in  the cen tr ifu ge  could not be co n tro lled . For subsequent s tu d ies ,

i x



cen tr ifu ga tio n  o f  the chlam ydial inoculum was ca rr ied  out fo r  one hour 

at 900 x g a t room temperature.

The fo llo w in g  media were evaluated to  fin d  the optim al conditions 

fo r  transport, storage, and in ocu la tion  o f McCoy c e l l  monolayer 

cu ltu res : sucrose-phosphate medium (2 S P ), sucrose-phosphate-glutamate 

medium (SPG), Hanks' balanced s a lt  so lu tion , T-soy bro th , 2SP contain­

ing 10% dimethyl su lfo x id e , and 2SP contain ing 10% g ly c e ro l.  2SP me­

dium was determined to  be superior to  the other media tes ted  fo r  

storage o f  _C. trachom atis, and as an inoculum-suspending medium.

The recovery  ra tes  o f J2. trachomatis s tored  in  2SP medium decreased 

by approxim ately 20% per day at 4°C, and 50% a f t e r  one freeze-thaw  

cyc le  at -70°C. No s ig n if ic a n t  loss  o f  v i a b i l i t y  o f  the organism 

was detected  a f t e r  prolonged storage at -70°C in  2SP medium.

Methods fo r  the d e tec tion  o f  chlamydial inc lu s ions in  McCoy 

c e l l  monolayer cu ltures were compared to eva lu ate  the e ffe c t iv e n e s s  

o f iod in e  s ta in in g , immunoperoxidase (PAP) and immunofluorescence 

(IFA ) assays. From 139 c l in ic a l  specimens tes ted  in p a r a l le l ,  iod ine 

s ta in in g  detected  more Chlamydia-p o s it iv e  samples (9%) than the PAP 

assay (5%). Ten p o s it iv e  samples were frozen  and tes ted  a second time 

w ith  iod in e s ta in  and the IFA assay. Only e igh t samples remained 

p o s it iv e  fo r  chlamydiae w ith  iod ine s ta in in g  and seven o f  the e igh t 

specimens were p o s it iv e  w ith  the IFA assay. Iod ine s ta in in g  o f cover- 

s l ip  cu ltures was less  expensive, less  time-consuming, and e a s ie r  to 

in te rp re t than e ith e r  the PAP or IFA assay.

Combining the use o f  McCoy c e l l  monolayer cu ltu res w ith  iod ine 

s ta in in g  proved to  be the most e f f e c t iv e  and p ra c t ic a l method fo r  

is o la t io n  o f  C. trachom atis.

I x



INTRODUCTION

Chlamydiae are o b lig a te , in t r a c e llu la r  p a ras ites  respon sib le  fo r  a 

wide v a r ie ty  o f human and animal in fe c t io n s  (1 ,2 ) .  They are common path­

ogens o f many mammals and b ird s . Human d iseases th a t are a ttr ib u ted  to 

chlamydial agents include p s it ta c o s is ,  trachoma, lymphogranuloma venereum, 

in c lu s ion  c o n ju n c t iv it is ,  and in fe c t io n s  o f  the g e n ita l tr a c t  (3 ) .

Chlamydiae were f i r s t  seen in  the e a r ly  part o f  th is  century as 

in tracytop lasm ic inclusions in  con ju n ctiva l scrapings from p a tien ts  w ith 

trachoma. O r ig in a lly ,  they,were b e lie v e d  to  be pro tozoa , but a f t e r  the 

is o la t io n  o f the p s it ta c o s is  agent by Bedson in  1930, chlam ydial agents 

were c a lle d  v iru ses  because they developed on ly in  the cytoplasm o f 

eu caryo tic  c e l ls  (2 ,4 ) .

The eventual is o la t io n  and ch a rac te r iza tion  o f  a d d it io n a l chlam ydial 

agents led  to the r e a liz a t io n  that chlamydiae were a unique type o f  in fe c ­

tious e n t ity  that shares many ch a ra c te r is t ic s  w ith  b a c te r ia  (1 ) .  These 

c h a ra c te r is t ic s  include the presence o f ( i )  DNA and RNA, ( i i )  a c e l l  w a ll,

( i i i )  enzyme systems, ( i v )  s e n s i t iv i t y  to  a n t ib io t ic s ,  and (v )  reproduc­

tion  by a mechanism o f b inary f is s io n  (5 ) .  A pathway fo r  the generation  

o f ATP has not been detected  fo r  chlamydiae, so they are dependent upon 

ATP transported from the host c e l l  cytoplasm (5 ,6 ) .

Chlamydiae have been known by a number o f d i f fe r e n t  names over the 

years , and members o f th is  group o f  organisms have been commonly c la s s i f ie d  

w ith the r ic k e t ts ia e  (7 ) .  However, chlamydiae develop w ith in  the host 

c e l l  by a cyc le  d i f fe r e n t  from a l l  other m icroorganisms, and th is  d is t in c ­

t iv e  growth cyc le  has earned chlamydiae th e ir  own order, the Chlamydiales (1 ,8 ) .

1
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There is  one genus and two sp ec ies , Chlamydia p s i t t a c i  and Chlamydia 

trachom atis.

Growth Cycle

The growth cyc le  o f chlamydiae in vo lves  both an e x tr a c e llu la r  and 

in t r a c e l lu la r  phase. The e x tr a c e llu la r  phase i s  ch aracterized  by an 

in fe c tio u s  p a r t ic le ,  or elementary body (E B ). The elementary body is  

about 300 nm in diam eter, m etab o lica lly  in a c t iv e ,  and has a r ig id ,  

res is ta n t c e l l  w a ll s im ila r  to Gram-negative b a c te r ia  (5 ,9 ) .

The'elem entary body in te ra c ts  w ith  the host c e l l  surface and is  

taken up by a phagocytic process (1 0 ,1 1 ). The i n i t i a l  stages o f attach­

ment requ ire  an e le c t r o s t a t ic  in te ra c t io n  between the host c e l l  and the 

p a ras ite  (1 2 ,1 3 ). In gestion  o f  chlamydiae is  dependent upon b ind ing o f 

s p e c i f ic  s ite s  on the EB to  complementary recep tors  on the host c e l l  

surface which induces phagocytosis (1 4 ,1 5 ). The induction  o f phagocytosis 

has been termed "p a ra s ite -s p e c if ie d "  since "n on p ro fess ion a l" phagocytic 

c e l ls  p r e fe r e n t ia l ly  ingest chlamydial EB (1 5 ).

Chlamydiae remain in  a phagosome throughout th e ir  growth cyc le , but 

phagolysosomal fusion  is  in h ib ited  by the organism (1 6 ). Host c e l l  rep­

l ic a t io n  is  not impaired unless chlamydiae are at a high m u lt ip l ic it y  o f  

in fe c t io n  (2 ) .

Approximately tw elve hours a f t e r  en try  in to  the c e l l ,  the EB under­

goes reo rgan iza tion  to  form the i n i t i a l ,  or r e t ic u la te  body (RB) (9 ) .  The 

RB is  a s t r i c t ly  in t r a c e l lu la r  form o f the organism; i t  is  m etab o lica lly  

a c t iv e , and has a f r a g i l e  outer membrane (2 ,1 7 ).

The RB m u ltip lies  fo r  s eve ra l hours by b inary f is s io n  u n t il an 

inc lu s ion  which contains m ostly r e t ic u la te  bodies forms in the cytoplasm
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o f the c e l l .  The r e t ic u la te  bodies become reorgan ized  to elementary 

bod ies , and a f t e r  48 to  72 hours, the host c e l l  bu rsts , re lea s in g  the 

in fe c tio u s  p a r t ic le s  (9 ) .

Chlamydial In fe c t ion s

Chlamydia p s it t a c i  has the broadest range o f  the two chlamydial 

sp ec ies , in fe c t in g  p rim arily  b ird s  and mammals (1 ) .  Humans exposed to 

diseased b irds  can develop a pneumonia c a lle d  p s it ta c o s is  (3 ) .  Chlamydia 

trachomatis is  a s p e c i f ic a l ly  human pathogen w ith  15 recogn ized  serotypes 

(1 8 ). The re la tion sh ip  between chlamydial s tra in s  and human disease is  

shown in Table 1.

Chlamydia trachomatis serotypes L - l ,  L-2 and L-3 cause lymphogran­

uloma venereum (LGV). LGV is  a ven erea l d isease , ch aracterized  by 

ingu ina l lymphadenopathy, and is  most p reva len t in  warm t r o p ic a l  c lim ates 

(3 ) .  LGV stra in s  are more in vas ive  than the other _C. trachomatis sero­

types, in fe c t in g  lymphoid tissue (sero types A-K c h a ra c te r is t ic a l ly  in fe c t  

mucous membranes) (1 8 ).

_C. trachomatis serotypes A, B, Ba, and C cause trachoma, the w o rld 's  

lead ing preventab le cause o f  b lindness (3 ,1 8 ). Trachoma is  a chronic 

c o n ju n c t iv it is ,  and b lin d in g  endemic trachoma is  a major hea lth  problem 

in  developing countries in  A s ia , A fr ic a ,  and the M iddle East. Both LGV 

and trachoma in fe c tio n s  are considered to be r e la t iv e ly  uncommon in  the 

United S ta tes , although trachoma is  endemic on some U.S. Indian reserva­

tions ( 3) .

In recent years , CL trachom atis, serotypes D through K, have rece ived  

much a tten tion  fo r  th e ir  ro le  in sexu a lly -tran sm itted  d iseases other than 

LGV. In many in d u s tr ia liz e d  coun tries , _C. trachomatis in fe c t io n s  have



TABLE 1. RELATIONSHIP BETWEEN CHLAMYDIAL SEROTYPES AND HUMAN DISEASE

Species Serotypes Disease

C. p s it ta c i Severa l u n iden tified serotypes P s itta co s is

c. trachomatis L - l ,  L-2 , L-3 Lymphogranuloma venereum

c. trachomatis A, B, Ba, C Endemic b lin d in g  trachoma

c. trachomatis D, E, F, G, H, I ,  J, K Inclusion c o n ju n c t iv it is ,
in fan t pneumonia, 
nongonococcal u r e th r it is ,  
ep id id ym itis , c e r v ic i t is ,  
s a lp in g it is ,  p e r i to n it is ,  
p e r ih e p a t it is ,  endocard­
i t i s ,  p r o c t i t is ,  acute 
u reth ra l syndrome in  women, 
pneumonia o f immunocompro­
mised adults
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reached epidemic proportion s, and the spectrum o f g e n ita l in fe c t io n s  may 

c lo s e ly  p a r a l le l  that o f the gonococcus (1 9 ,2 0 ). _C. trachomatis g e n ita l-

tra c t  in fe c t io n s  are observed in  both males and fem ales, and the organism 

in  the c e rv ix  may be transm itted to the neonate at d e liv e ry .  Newborns 

can develop in c lu s ion  c o n ju n c t iv it is  and/or a d is t in c t iv e  pneumonia 

syndrome (2 1 ). Prevalence stud ies in d ica te  that in c lu s ion  c o n ju n c t iv it is  

is  the major eye in fe c t io n  o f  newborns (1 9 ),  and that 30% o f in fan ts  

h o sp ita liz ed  w ith pneumonia are in fe c ted  w ith _C. trachomatis (2 2 ).

C. trachomatis is  one o f the lead ing known causes o f nongonococcal 

u r e th r it is  (NGU) (2 3 ).  Chlamydiae have been is o la te d  from 25% to  58% o f 

men w ith NGU, but only 0% to  7% o f men w ithout signs o f the d isease (2 4 ). 

Ep id idym itis appears to  be the major com plication  in males in fe c ted  w ith 

non-LGV s tra in s  o f Ch trachomatis (1 9 ,2 5 ).

C e r v ic it is  is  the major g e n ita l in fe c t io n  caused by _C. trachomatis 

in  females (1 9 ). Chlamydial c e r v ic a l in fe c t io n s  are o ften  inapparent, 

and invasion o f the upper g e n ita l tr a c t  may occur re su lt in g  in acute 

s a lp in g it is  (3 ,2 6 ),  p e r i t o n it is ,  and p e r ih e p a t it is  (F itz-Hugh Curtis 

Syndrome) (2 4 ). An acute f o l l i c u la r  c o n ju n c t iv it is  may develop in  

adults i f  in fec ted  g e n ita l discharges are spread to  the eyes (1 9 ).

Ind iv idu a ls  w ith gonorrhea frequ en tly  have concomitant chlamydial 

in fe c t io n s . An average o f 20% o f men w ith  u reth ra l gonorrhea, and 40-60% 

o f women w ith c e rv ic a l gonorrhea have concurrent _C. trachomatis in fe c t io n s  

(2 7 ). P e n ic i l l in  therapy usually is  not e f f e c t iv e  against chlamydiae, 

and i f  _C. trachomatis is  not erad ica ted , post gonococcal u r e th r it is  (PGU) 

or p e lv ic  inflammatory d isease (PID) in females may develop (2 8 ). Recom­

mended treatments fo r  J3. trachomatis in fe c t io n s  would include te tra c y c lin e ,  

erythromycin and s u lfis o x a zo le  (2 8 ).
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_C. trachomatis may be an opportu n is tic  pathogen o f the lower r e s p ir ­

a to ry  tra c t  o f immunocompromised adults (2 9 ,3 0 ). A number o f  other 

human diseases have been assoc ia ted  w ith  _C. trachom atis, includ ing 

R e ite r ’ s syndrome, p r o c t i t is ,  en d oca rd itis , and acute u re th ra l syndrome 

in  women (24,28) . An in creas ing  awareness o f  the preva lence o f _C. 

trachom atis, and the continued use o f d iagn ostic  te s t in g  should e s ta b lish  

fu rth er e t io lo g ic a l  ro le s  o f  chlamydiae in  human d iseases.

Diagnosis o f Chlamydial In fe c t io n s

The present labora to ry  methods fo r  d iagnosis o f  chlam ydial in fe c ­

tion s  include d ire c t  observation  o f  chlamydial in c lu s ions in  c y to lo g ic a l 

specimens, te s t in g  o f pa tien t sera fo r  chlam ydial an tib od ies , and 

is o la t io n  o f the organism from c l in ic a l  specimens (3 1 ).

_C. trachomatis in fe c t io n s  o f the con junctiva , urethra or c e rv ix  can 

be diagnosed by demonstrating ty p ic a l in tracytop lasm ic  in c lu s ion s in 

c y to lo g ic a l specimens sta ined  w ith  Giemsa or immunofluorescent techniques. 

The immunofluorescent techniques are more s e n s it iv e  than Giemsa sta in  

fo r  d e tec tin g  in c lu s ion s , but Giemsa-stained specimens can be assessed 

fo r  inflammation and secondary b a c te r ia l in fe c t io n s  (3 ,3 2 ,3 3 ). Both 

techniques are e f f e c t iv e  fo r  d iagnosis o f  trachoma and in fan t in c lusion  

c o n ju n c t iv it is ,  but less  than 70% o f g en ita l-o cu la r  in fe c t io n s  o f  adults 

may be detected  by d ire c t  observation  o f  c y to lo g ic a l specimens (3 ) .

Two s e ro lo g ic a l methods a va ila b le  fo r  d iagnosis o f chlam ydial in fe c ­

tions are the com plem ent-fixation (CF) t e s t ,  and the microimmunofluores­

cence (m icro -IF ) te s t  (3 1 ). The CF te s t detects  an tibod ies to a group- 

s p e c i f ic  antigen o f  chlamydiae, and is  e f f e c t iv e  in  d iagnosis o f  LGV and 

p s it ta c o s is .  The CF te s t  is  not s en s it iv e  in  d e tec tin g  chlam ydial
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an tibod ies in g en ita l-o cu la r  in fe c t io n s  where the organisms p rim arily  

in fe c t  s u p e r f ic ia l e p i th e l ia l  surfaces (3 ,3 3 ).

The m icro-IF  te s t  is  more s en s it iv e  than the CF te s t  in  d e tec tin g  

an tibod ies to  C!. trachom atis, and th is  te s t  a llow s fo r  the determ ination 

o f  the immunoglobulin c lass  o f antibody (3 ,3 1 ,3 4 ). Serodiagnosis o f 

g en ita l-o cu la r  in fe c t io n s  w ith the m icro-IF  te s t  is  d i f f i c u l t  because 

23% to  40% o f the "normal" adu lt population have chlam ydial an tibod ies 

(2 3 ,2 4 ). Serology can be used to  diagnose chlam ydial pneumonia o f  neo­

nates since high le v e ls  o f  IgM antibody are usually  found in a ssoc ia tio n  

w ith the disease (3 1 ).

D irec t is o la t io n  and id e n t i f ic a t io n  o f chlamydiae from appropriate 

c l in ic a l  specimens is  the present method o f choice fo r  labora to ry  d iag­

nosis  (3 5 ). Although a l l  chlamydial s tra in s  can be propagated in the 

yo lk  sac o f developing chick embryos, is o la t io n  o f  the organism in 

tissu e  cu lture c e l ls  is  a more rap id , s e n s it iv e  technique (3 6 ).  The 

agents o f  p s it ta c o s is  and LGV can be grown re a d ily  in a v a r ie ty  o f c e l l  

cu ltu res , but the trachom a-inclusion c o n ju n c t iv it is  (TRIC) s tra in s  are 

more d i f f i c u l t  to  grow (3 2 ).  Gordon and co-workers (37) were the f i r s t  

to  is o la te  TRIC s tra in s  o f  C . trachomatis in  tissue cu ltu re c e l ls .  They 

found that c en tr ifu ga tion  o f inoculum onto a con fluent monolayer o f  McCoy 

c e l ls  allowed fo r  growth o f  the organism. The g lycogen -con ta in ing  in c lu ­

sions o f  C . trachomatis could be demonstrated by s ta in in g  the monolayers 

w ith iod ine a f t e r  48 hours o f  incubation. Gordon and Quan (38) showed 

that in c lu s ion -form ation  was enhanced by u lt r a v io le t  ir ra d ia t io n  o f the 

McCoy c e l ls  b e fo re  the add ition  o f  the inoculum.

Various m od ifica tion s  o f Gordon's procedure have been developed, 

but present is o la t io n  methods fo r  non-LGV s tra in s  o f  J2. trachomatis



8

share two b as ic  fea tu res : the c en tr ifu ga tion  o f the inoculum to enhance 

chlamydia-host c e l l  con tact; and u lt r a v io le t  or chemical treatment o f  

the tis su e  cu lture c e l ls  to  enhance in c lu s ion  form ation (3 9 ).

The c en tr ifu ga tion  step in  the is o la t io n  procedure fo r  _C. trachom atis 

makes i t  necessary to  grow the tissu e cu ltu re c e l ls  on " f l y in g "  cove rs lip s  

in g lass  v ia ls .  The number o f inc lu s ions formed in  the c e l l  monolayers 

w i l l  increase l in e a r ly  w ith  the fo rce  and duration o f  c en tr ifu ga tio n  

(39 ,4 0 ,4 1 ). Increasing the temperature o f c en tr ifu ga tio n  from 18 to  35°C 

resu lted  in a fo u r - fo ld  increase in the number o f  chlam ydial in c lu s ions 

formed in  c e l l  monolayers (4 1 ). Optimal is o la t io n  ra tes  o f  jC. trachomatis 

from c l in ic a l  specimens have been achieved w ith  c en tr ifu ga tio n  a t 2500 

to  3000 x g fo r  1 hour at 33 to 35°C (4 2 ).

The e f f e c t  o f  ir ra d ia t io n  or chemical treatm ents o f  t is su e  cu lture 

c e l ls  is  to  produce monolayers o f la rge  n on -d iv id in g  c e l ls  that w i l l  not 

overgrow or obscure chlam ydial inc lusions during a 48 to  72 hour incuba­

tio n  period (3 9 ).  Iododeoxyuridine (IUdR) (43) cytocha lasin  B (4 4 ),  and 

cyclohexim ide (45) have been used to  trea t McCoy c e l l s .  Cyclohexim ide- 

trea ted  McCoy c e l ls  y ie ld  s ig n if ic a n t ly  more in c lu s ion s  than those trea ted  

w ith ir ra d ia t io n  or other chemical treatments (46 ,47 ).

D iethylam inoethyl-dextran (DEAE-dextran) has been used to p re trea t 

tissu e  cu lture c e l ls  b e fo re  the add ition  o f the chlam ydial inoculum 

(4 8 ,4 9 ,5 0 ). DEAE-dextran enhances the attachment o f  non-LGV s tra in s  o f 

_C. trachom atis, apparently by m odifying e le c t r o s t a t ic  charges between 

the host c e l l  surface and the chlamydial EB (5 1 ,5 2 ). DEAE-dextran tr e a t­

ment does not enhance in c lu s ion  formation by LGV serotypes o f _C. trachomatis 

th is  in d ica tes  d i f fe r e n t  surface p rop erties  among the chlam ydial s tra in s

( 5 3 ) .
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Tissue cu lture c e l ls  other than McCoy's have been used fo r  is o la t io n  

o f 12 . trachomatis (48 ,50 ,54 ,55 ). HeLa 229 c e l ls  p re trea ted  w ith  DEAE- 

dextran have been shown to  be at lea s t as s en s it iv e  to  in fe c t io n  as 

McCoy c e l ls  (5 0 ). Ir ra d ia ted  and r e p lic a t in g  BHK-21 c e l ls  have been vised 

su ccess fu lly  fo r  is o la t io n  o f Ch trachom atis, but d iscrepant resu lts  in 

d if fe r e n t  la b o ra to r ie s  rev ea l that no one c e l l  l in e  y ie ld s  the same sen­

s i t i v i t y  in every  labora tory  (2 4 ,3 9 ). Although McCoy c e l ls  are the most 

commonly used, the s u s c e p t ib il ity  o f  these c e l ls  to  in fe c t io n  w ith  Jl. 

trachom atis va r ie s  w ith  the sub-line o f c e l ls  u t i l i z e d  (5 6 ).

The ty p ic a l in tracytop lasm ic inclusions o f  C . trachomatis are observed 

by s ta in in g  the c e l l  monolayers w ith iod ine or Giemsa sta in s  a f t e r  48 

hours o f  incubation (3 1 ).  Chlamydia inclu s ions can be detected  w ith in  24 

hours by use o f  an immunofluorescence s ta in  (5 7 ).  R ecen tly , monoclonal 

an tibod ies have been developed fo r  group and s p e c ie s -s p e c if ic  antigens 

o f  chlamydiae, and these an tibod ies can be labe led  w ith  flu o rosce in  or an 

immunoperoxidase s ta in  (58,59, Immunololc, In c .,  C arp in teria , C a li fo rn ia ) .  

Monoclonal immunofluorescent techniques show an increased s e n s i t iv i t y ,  and 

an e ig h t - fo ld  and fo u r - fo ld  increase in numbers o f  in c lu s ion s  counted when 

compared w ith  iod ine and Giemsa s ta in s , r e s p e c t iv e ly  (5 9 ,6 0 ).

Thus, the s e n s i t iv i t y  o f  the is o la t io n  method used can be a f fe c te d  

by the s ta in in g  technique, the c e l l  l in e  and c e l l  treatm ent u t i l i z e d ,  as 

w e ll  as the fo rc e , duration and temperature o f  c en tr ifu ga tio n . Other 

fa c to rs  that in flu en ce the s e n s i t iv i t y  o f tissu e cu lture is o la t io n  o f  

_C. trachomatis include the number and con d ition  o f  the c e l ls  exp lan ted , 

the pH and n u trien ts  contained in  the growth medium, and even the serum 

supplements (39 ,56 ,61 ). Newborn c a l f  serum and c e rta in  lo ts  o f f e t a l  

c a l f  serum have been shown to  have d e le te r iou s  e f f e c t s  on the quantity
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and q u a lity  o f  chlam ydial inc lusions formed in  c e l l  monolayers (6 2 ,6 3 ).

A c r i t i c a l  fa c to r  in  the successfu l is o la t io n  o f jC. trachomatis from 

c l in ic a l  specimens is  the proper c o lle c t io n  and transport o f m a te ria l to  

be tes ted . Cultures o f  discharges are inadequate; e p i th e l ia l  c e l ls  

from the in fe c te d  s i t e  must be obtained (3 ) .  Swabs or c e l l  scrapings 

should be ex trac ted  in to  transport medium and kept at 4°C or -70°C because 

the v i a b i l i t y  o f the organism is  lo s t  qu ick ly  at room temperature (3 2 ).

A v a r ie ty  o f media have been used fo r  transport o f  specimens includ ing 

sucrose phosphate medium (2 S P ), sucrose-phosphate-glutamate so lu tion  (SPG ), 

and tryptose-phosphate bro th . The optim al cond itions fo r  transport and 

storage have not been determined (5 6 ).

Although the prevalence o f Ch trachomatis as a sexu a lly -tran sm itted  

pathogen is  in creas in g , d iagn ostic  te s t in g  is  not ro u tin e ly  performed in  

many c l in ic a l  la b o ra to r ie s  because o f the com plexity, expense, and prob­

lems in vo lved  in tissu e  cu lture is o la t io n  o f  the organism. A s in g le  

standardized procedure fo r  d iagn ostic  te s t in g  has not been developed 

since there are a v a r ie ty  o f methods used fo r  growth o f _C. trachomatis 

in c e l l  cu ltu res , and the l i t e r a tu r e  in d ica tes  that no one method has 

the same s e n s i t iv i t y  in every  labora to ry . The purpose o f  th is  study was 

to determine the most e f f e c t iv e  and p ra c t ic a l method fo r  d iagn ostic  

is o la t io n  o f  Ĉ. trachomatis in th is  labora to ry . I n i t i a l l y ,  the p o s s ib il­

i t y  o f using suspended McCoy c e l ls  instead o f McCoy c e l l  monolayers fo r  

is o la t io n  o f the organism was examined. Secondly, s e ve ra l types o f 

transport ( inoculum-suspending) media were evaluated  fo r  optim al transport, 

s torage , and is o la t io n  in McCoy c e l l  cu ltu res .

A th ird  aspect o f  th is  study was a comparison o f s ta in in g  techniques 

used fo r  d e tec tion  o f _C. trachomatis from c l in ic a l  samples. Specimens
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fo r  th is  portion  o f the study were procured from area hea lth  f a c i l i t i e s ,  

and c l in ic a l  is o la t io n  procedures were ca rr ied  out to  r e f l e c t  the need 

fo r ,  and the problems encountered in  p rovid in g th is  d ia gn os tic  s e rv ic e

to  the community.



MATERIALS AND METHODS

Tissue Cultures

McCoy c e l l s ,  a h e te rop lo id  mouse f ib ro b la s t  c e l l  l in e ,  were the 

p r in c ip a l c e l ls  used fo r  the is o la t io n  o f  (.2. trachom atis. McCoy c e l ls  

were purchased from M. A. B ioproducts, W a lk e rs v ille , Maryland. L (c lon e 

929) c e l ls  (American Type Culture C o lle c t io n , R o c k v ille , Maryland) are 

a h e te rop lo id  mouse f ib ro b la s t  c e l l  l in e  that was used in an i n i t i a l  

study fo r  the is o la t io n  o f  jC. trachom atis. Both c e l l  l in e s  were main­

tained at 36°C in sealed 72 cm̂  p la s t ic  tissu e  cu lture fla sk s  (C om ing, 

Coming Glass Works, Com ing, New Y o rk ), and the c e l ls  were subcultured 

at th ree - to  fiv e -d a y  in te r v a ls .

For subculture o f McCoy c e l ls ,  the monolayers were washed tw ice 

w ith calcium-magnesium-free phosphate bu ffered  sa lin e  (CMF-PBS); then 

3 to 5 ml o f 0.01% tryp s in  (Worthington Biochem ical Corp., Freehold,

New Jersey) in CMF-PBS was added to  the fla s k . The c e l ls  were maintained 

at room temperature fo r  1 to  2 minutes, the tryp s in  was decanted, and 

the c e l ls  were incubated at 36°C u n t il they detached from the fla sk  

su rface . The c e l ls  were d ispersed by adding 8 to  10 ml o f E a g le 's  min­

imum e s s e n t ia l medium contain ing E a r le 's  balanced s a lt  so lu tion  and L- 

glutamine (MEME) (M. A. B ioproducts, W a lk e rs v ille , Maryland) supplemented 

w ith 5% f e t a l  bovine serum (FBS) (M. A. B ioproducts, W a lk e rs v ille , Mary­

lan d ). The c e l ls  were t r itu ra te d  and dispensed to  tissu e  cu ltu re fla sk s  

containing 20 ml o f MEME and 5% FBS. Culture fla sk s  were seeded w ith 

approximately 1-2 x 10  ̂ c e l ls  per ml to y ie ld  f u l l  monolayers in 3 to  4 

days.

L-929 c e l ls  were subcultured by d isrupting the monolayer w ith  a

12
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s t e r i l e  rubber policeman, and tr itu ra t in g  w ith  8 to 10 ml o f Medium 

199 (M199) containing Hanks' balanced s a lt  so lu tion  (Hanks' BSS) (Grand 

Island  B io lo g ic a l Company, Grand Island , New York) supplemented w ith 

10% FBS. Four to f iv e  days a fte r  subculture, the M199 was replaced 

w ith maintenance medium con sistin g  o f M199 contain ing E a r le 's  balanced 

sa lt  so lu tion  (EBSS), supplemented w ith 5% FBS.

Chlamydia trachomatis Stock Cultures

Chlamydia trachomatis s tra in  UW-36, serotype J, was generously pro­

vided by Ju lius Schachter, P h .p ., George W illiam s Hooper Foundation,

San Francisco, C a lifo rn ia . The chlamydiae were propagated in McCoy

c e l ls  and stored  at -70°C (Revco U ltra -low  Freezer, Revco, In c . , Deer-

4 6f i e ld ,  M ichigan) at a concentration o f 10 to  10 inelusion-form ing 

un its (IFU) per ml in  a medium con sistin g  o f 50% MEME and 50% 4SP medium 

contain ing 3% FBS. 4SP medium consists o f 0.4 M sucrose in 0.02 M 

phosphate b u ffe r ,  pH 7.2. For experim entation , stock cu ltures were 

d ilu ted  to y ie ld  50-500 IFU per c o ve rs lip  cu ltu re. D ilu tions o f 

chlamydiae were made in  0.2 M sucrose in  0.02 M phosphate b u ffe r  (2 S P ), 

pH 7.2 unless otherw ise s ta ted  (6 4 ).

Growth Medium

The growth medium used fo r  Chlamydia trachomatis (CGM) consisted  o f 

MEME supplemented w ith 10% FBS, 30 pM glucose, and 20 mM Hepes b u ffe r  

(M. A. B ioproducts, W a lk e rs v ille , Maryland). Gentamicin (10 pg per ml) 

(Grand Island  B io lo g ic a l,  Grand Is land , New York) and amphotericin B 

(2 pg per ml) (Grand Island B io lo g ic a l,  Grand Is land , New York) were 

added to the medium to reduce b a c te r ia l contamination o f c e l l  cu ltures (6 4 ).
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Is o la t io n  o f  C. trachomatis in McCoy C e ll Monolayer Cultures

C yclohexim ide-treated  McCoy c e l l  monolayer cu ltu res were used fo r  

is o la t io n  o f  Chlamydia trachomatis (4 5 ,4 6 ).

McCoy C e ll Monolayer Cultures

McCoy c e l l  monolayer cu ltures fo r  is o la t io n  o f  _C. trachomatis 

were prepared from 3- to 4 -day-o ld  c e l l  cu ltu res . The c e l ls  were washed 

w ith  CMF-PBS, and trea ted  w ith  0.01% tryps in  as described  p rev iou s ly . The 

c e l ls  were tr itu ra te d  and d ilu ted  approxim ately f i v e - f o ld  in MEME contain­

ing 5% FBS. The c e l ls  were d ilu ted  by adding 1.0 ml o f the suspension to  

9.0 ml o f Is o ly s e  (C ou lte r  D iagnostics , In c .,  H ia leah , F lo r id a ).  Dupli­

cate d ilu tio n s  were prepared, and the c e l ls  were enumerated w ith  a 

Coulter Hemo-W (C ou lte r  D iagnostics , In c .,  H ia leah , F lo r id a ).  The o r ig ­

in a l c e l l  suspension was adjusted to  5 x 10"* c e l ls  per ml w ith  MEME and 

5% FBS. Monolayers were prepared by adding 1.0 ml a liqu o ts  to 1-dram 

g lass  s h e ll v ia ls  (K im ble, American S c ie n t i f ic  Products, McGaw Park, 

I l l i n o i s ) . The s h e ll v ia ls  contained a 12 mm glass  c o v e rs lip  (B e llc o  

G lass, In c . , V ineland, New J e rs e y ). The v ia ls  were sealed  w ith  s i l ic o n e  

stoppers, and incubated at 36°C fo r  use on the fo llo w in g  day.

Inocu la tion  and C en trifu ga tion  o f C e ll Cultures

The MEME was removed from the McCoy c e l l  monolayers, and 0.2 

ml o f C!. trachomatis stock d ilu t io n  was added to  each v ia l .  The v ia ls  

were p laced in c a r r ie r  buckets and cen trifu ged  at 500 x g in an In te r ­

n a tion a l, model HN cen tr ifu ge  (In te rn a tio n a l Equipment Co., Needham 

H eigh ts, Massachusetts) fo r  1 hour at 36°C (Environmental Incubator, 

Lab lin e , In c ., Chicago, I l l i n o i s ) .  The inoculum was removed, and 1.0 ml 

o f  CGM contain ing 0.5 yg o f  cyclohexim ide (Sigma Chemical Company, St.
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Lou is, M issouri) per ml was added. The v ia ls  were incubated at 36°C 

fo r  48 to  50 hours.

D etection  o f  C. trachomatis by Iod ine S ta in ing

The CGM was asp ira ted  from the McCoy c e l l  cu ltu res , and 0.5 ml 

o f Jone's iod in e (see  Appendix B) was added to  each v i a l  (5 6 ). A fte r  stand­

ing fo r  10 minutes at room temperature, the iod in e so lu tion  was decanted, 

and the co ve rs lip s  were removed from the v ia ls  w ith  a metal spatu la . The 

cove rs lip s  were mounted c e l l  s ide down in  1 drop o f  Jone's io d in e -g ly c e r in  

(see Appendix B) on a g lass  microscope s l id e .  The c e l l  monolayers were 

examined w ith  a l ig h t  m icroscope at 100X m agn ifica tion . Questionable 

inc lu s ions were examined at 250-450X m agn ifica tion  fo r  c h a ra c te r is t ic  

chlamydial in c lu s ions.

McCoy vs . L-929 C e lls  fo r  Is o la t io n  o f C. trachomatis

In a p re lim inary  study, L-929 c e l ls  were te s ted  as a p oss ib le  a l t e r ­

n a tive  to McCoy c e l ls  fo r  is o la t io n  o f _C. trachom atis. L-929 monolayer

cu ltures were prepared as described  fo r  McCoy c e l l  monolayer cu ltu res , 

except L-929 c e l ls  were t r itu ra te d  and d ilu ted  in  M199 con ta in ing EBSS 

supplemented w ith  5% FBS. McCoy and L-929 c e l l  monolayer cu ltu res were 

prepared on the same day, and a f t e r  24 hours o f incubation a t 36°C, the 

medium was removed and a 0.2 ml a liqu ot o f _C. trachomatis stock d ilu tio n  

was added to  each cu lture v ia l .  The cu ltures were cen tr ifu ged , incubated 

and sta ined  as described  fo r  McCoy c e l l  monolayer cu ltu res . The number 

o f inc lu s ions in 20 f ie ld s  at 400X m agn ifica tion  was determined fo r  ten 

monolayer cu ltures fo r  each c e l l  l in e .
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Is o la t io n  and Enumeration o f  C. trachomatis in McCoy C e ll Suspension 

Cultures

The e ffe c t iv e n e s s  o f  using suspended McCoy c e l ls  fo r  s im p lify in g  

the is o la t io n  o f  _C. trachomatis in tissu e  cu lture c e l ls  was evaluated . 

McCoy c e l l  suspensions were prepared by washing and try p s in iz in g  cu ltu re- 

fla sk  c e l ls  as described p rev iou s ly . The c e l ls  were tr itu ra te d  and 

d ilu ted  in CGM, and counted using a Coulter Hemo-W. C e ll counts were 

adjusted to  2.5 x 10  ̂ c e l ls  per ml w ith CGM, and 1.0 ml a liqu o ts  were 

added to  1-dram v ia ls  con tain ing a 12 mm c o v e rs lip . A 0.2 ml a liq u o t o f 

_C. trachomatis stock d ilu t io n  was added immediately to  each v ia l .  The 

suspensions were mixed gen tly  and cen trifu ged  at 500 x g fo r  1 hour at 

36°C. The c e l ls  were incubated fo r  24 hours at 36°C; the CGM was re­

moved, and 1.0 ml o f CGM contain ing 0.5 yg/ml cyclohexim ide was added 

to each v ia l .  The cu ltu res were incubated fo r  an a d d ition a l 24 hours 

at 36°C.

The suspension cu ltures were stained w ith Jone's iod in e , and the 

cove rs lip s  mounted in  Jone's io d in e -g ly c e r in  on g lass  microscope s lid e s .  

The number o f inc lusions in the suspension cu ltures was compared to  the 

numbers found in  McCoy c e l l  monolayer cu ltures inocu lated  w ith  an equ iv­

a len t sample o f  the chlam ydial d ilu t io n . Inclusions per c o v e rs lip  were 

determined using 100X m agn ifica tion .

Evaluation o f  Temperature and C en tr ifu ga l Force Used fo r  C. trachomatis 

Is o la t io n

The maximum c e n tr ifu g a l fo rce  a tta in ab le  w ith  the In te rn a tio n a l, 

model HN cen tr ifu ge  (In te rn a t io n a l Equipment Co., Needham H eigh ts, 

Massachusetts) and the Damon IEC, model HNS I I ,  c en tr ifu ge  (In te rn a t io n a l
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Equipment Co., Needham H eigh ts, Massachusetts) used in  th is  labora tory  

was 900 x g. When c en tr ifu ga tion  was performed a t 36°C, increases in 

fo rce  (> 500 x g) resu lted  in  increased temperatures w ith in  the v ia ls  

(> 40°C ).

A comparison o f the recovery  o f  chlamydial in c lu s ions w ith  cen­

tr ifu g a t io n  at 500 x g fo r  1 hour at 36°C, and c en tr ifu ga tion  at 900 x g 

fo r  1 hour at room temperature was performed. McCoy c e l l  monolayer 

cu ltures were inocu la ted  w ith  0.2 ml o f _C. trachomatis stock d ilu t io n , 

and sets  o f v ia ls  were cen tr ifu ged  under both con d ition s. The inoculum 

was removed from the monolayers and CGM w ith  0.5 yg/ml cyclohexim ide 

was added to  each v ia l .  The cu lture v ia ls  were incubated fo r  48 hours 

at 36°C; the monolayers were sta ined  w ith iod in e , and the number o f 

chlamydial in c lu s ions per c o v e rs lip  was determined.

E ffe c t  o f  Inoculum-Suspending Medium on the Recovery o f  C. trachomatis

Four inoculum-suspending (tra n sp ort) media were evaluated  fo r  th e ir  

e f fe c t s  on the recovery o f trachomatis in McCoy c e l l  monolayers.

The media tes ted  were 0.2 M sucrose-phosphate medium (2 S P ), sucrose- 

phosphate glutamate so lu tion  (SPG) (see Appendix B ) , Hanks' balanced 

s a lt  so lu tion  (Hanks' BSS) (Flow Labora to ries , R o c k v ille , M aryland), and 

t r y p t ic  soy broth (T -soy bro th ) (D ifc o  Lab ora to ries , D e tro it ,  M ichigan). 

The 2SP, SPG, and Hanks' BSS were supplemented w ith  3% FBS. Gentamicin 

and amphotericin B were added to each medium to g ive  a f in a l  concentration  

o f 10 yg/ml and 4 yg/ml, r e s p e c t iv e ly .

Equivalent d ilu tio n s  o f trachomatis stock organism were prepared 

in  each medium, and 0.2 ml o f  each were inocu lated  onto McCoy c e l l  mono- 

la ye r  cu ltu res . The cu lture v ia ls  were cen trifu ged  at 900 x g fo r  1
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hour at room temperature. The inoculum was asp ira ted  from the monolayers, 

and CGM w ith  cyclohexim ide was added to each v i a l .  A fte r  48 hours' incu­

bation  at 36°C, the monolayers were sta ined  w ith iod in e , and the number 

o f inc lusions per c o v e rs lip  was determined.

Storage at 4°C

The four inoculum-suspending media were evaluated  fo r  th e ir  

a b i l i t y  to maintain the v i a b i l i t y  o f _C. trachomatis a t 4°C. Equivalent 

d ilu tio n s  o f the CL trachomatis stock organism were prepared in each 

medium and stored  at 4°C. Each medium was te s ted  d a ily  in McCoy c e l l  

monolayer cu ltures fo r  the number o f IFU remaining per sample over a 

three-day period .

Storage at -70°C

The four media and 2SP supplemented w ith  10% dimethyl su lfox id e  

(DMSO) (Sigma Chemical Co., S t. Lou is, M issou ri), and 2SP supplemented 

w ith  10% g ly c e ro l (M a llin ck rod t Chemical Works, S t. Lou is, M issou ri), 

were tes ted  fo r  th e ir  e f fe c t s  on the v i a b i l i t y  o f  Cl. trachomatis a f t e r  

storage at -70°C. Equivalent d ilu tio n s  o f  the trachomatis stock 

organism were prepared in each medium, and the number o f  inc lusions 

formed in  McCoy c e l l  monolayer cu ltures was determined at zero time and 

a fte r  one freeze-thaw  cyc le  at -70°C.

To determine the e f f e c t  o f  long-term  storage at -70°C on the v ia ­

b i l i t y  o f C . trachom atis, s eve ra l 1.0 ml a liqu o ts  o f 2SP contain ing the 

_C. trachomatis stock organism were stored  at -70°C fo r  a six-week period . 

The 2SP samples were tes ted  at 48 hours, 6 days, and 6 week in te rv a ls

fo r  the number o f v ia b le  organisms remaining per sample.
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Comparison o f  Techniques fo r  the D etection  o f C. trachomatis from C lin ­

ic a l  Specimens

Four area health  f a c i l i t i e s  provided the c l in ic a l  specimens used to  

compare the e ffe c t iv e n e s s  o f io d in e , immunoperoxidase, and immunofluor­

escence s ta in in g  procedures fo r  the d etection  o f  chlam ydial inc lusions 

in McCoy c e l l  monolayer cu ltu res. The format used fo r  th is  study w ith 

human subjects was approved by the In s t itu t io n a l Review Board, O f f ic e  o f 

Research and Program Development, U n ive rs ity  o f  North Dakota.

C o lle c t io n  and Transport o f  Specimens

The specimens were c o lle c te d  by the physicians or nursing s t a f f  

at each health  f a c i l i t y .  C e lls  from the en d ocerv ica l or u re th ra l canal 

were removed w ith  a swab (C u ltu re tte , Marion S c ie n t i f ic ,  American S c ie n t i f ­

ic  Products, McGaw Park, I l l i n o i s ) ,  or a cu rette  (C yto-Spatu la , Lab-Tek, 

Curtin Matheson S c ie n t i f ic ,  In c . ,  Houston, Texas) and ex tra c ted  in to  2SP 

medium contain ing 3% FBS, gentam icin, and amphotericin B. The samples 

were kept at 4°C; or i f  the transport time exceeded 24 hours, the sp ec i­

mens were to be fro zen  at -20°C fo r  storage and tran sport. The specimens 

rece ived  in th is  labora to ry  were frozen  at -70°C u n t il tes ted .

Is o la t io n  Procedure

The frozen  samples were thawed qu ick ly  by p lac in g  the transport 

tubes at 35°C fo r  2 to 3 minutes. S t e r i le  g lass beads were added to  each 

transport tube and the tubes were vortexed  fo r  10 to  15 seconds. Any 

ex ten s iv e ly  tu rb id  sample was cen trifu ged  fo r  10 minutes at 300 x g.

Four McCoy c e l l  monolayer cu ltu res were used per specimen, and 0.2 ml 

o f sample-supernatant was inocu lated  in to  each v ia l .  The remaining por­

t io n  o f the c l in ic a l  specimen was stored  at -70°C. The cu lture v ia ls
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were cen trifu ged  at 900 x g fo r  1 hour at room tem perature. The 

inoculum was removed, and 1.0 ml o f  CGM contain ing 0.5 yg/ml o f  cyc lo - 

heximide was added. The c e l l  monolayers were sta ined  a f t e r  48 hours o f 

incubation at 36°C. Two monolayer cu ltures per sample were sta ined 

w ith Jone's iod in e , and two were tes ted  fo r  _C. trachomatis by the 

immunoperoxidase assay.

Immunoperoxidase Assay

The reagents fo r  the immunoperoxidase assay were purchased in  

a k i t  (Chlamydia Id e n t i f ic a t io n ,  PAP) from Immulok, In c . ,  C arp in teria , 

C a lifo rn ia .

The McCoy c e l l  monolayers were washed w ith  PBS, then fix e d  w ith  

co ld  absolute methanol fo r  ten minutes. The methanol was removed, and 

the remaining reagents were added e ith e r  d ir e c t ly  to  the cu ltu re v ia ls ,  

or the co ve rs lip s  were removed and placed c e l l  side up on a 12-well 

s e ro lo g ic a l g lass  s l id e .  The la t t e r  method was used to conserve on the 

amount o f  reagents used fo r  th is  assay. For s ta in in g  the co ve rs lip s  in 

the v ia ls ,  5 drops o f  each reagent was added per v ia l .  Only 2 to  3 

drops o f reagent were used per c o v e rs lip  placed on the s e ro lo g ic a l s l id e .  

To prevent drying o f  the co v e rs lip s  during a p p lica tion  o f  the antibody 

reagents, the s e ro lo g ic a l s lid e  was placed in  a humidity chamber con­

s is t in g  o f a 150 x 15 mm p la s t ic  P e t r i  p la te  (Falcon Labware D iv is ion , 

Becton, Dickinson and Co., Oxnard, C a lifo rn ia ) contain ing damp paper 

tow els.

Three antibody reagents were employed in  th is  assay. Each reagent 

was added sepa ra te ly  fo r  incubation at room temperature fo r  20 to  30 

minutes. A l l  c o ve rs lip s  were washed w ith PBS between the ap p lica tion  

o f the reagents. The primary antibody (mouse monoclonal antibody to
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chlamydiae) was added f i r s t .  The lin k in g  reagent (goa t anti-mouse IgG) 

was the second antibody app lied , fo llow ed  by the la b e lin g  reagent (th e 

peroxidase m ouse-antiperoxidase antibody or PAP).

I f  chlam ydial inc lusions were present in the c e l l  monolayers, the 

binding o f the three an tibod ies  was demonstrated by the add ition  o f  a 

chromagen substra te. The substrate reagent contains 1 drop o f  3-amino- 

9 -eth y lca rbazo le  (AEC) in N-N-dimethyl formamide, and 1 drop o f 1% 

hydrogen peroxide in 2.0 ml a ceta te  b u ffe r . The substrate chromagen 

reagent was allowed to  react w ith  the bound enzyme fo r  40 minutes a t 

room temperature. The c e l l  monolayers were countersta ined fo r  3 minutes 

w ith  Meyer’ s hem atoxylin. The cove rs lip s  were placed c e l l  s ide down in  

1 drop o f aqueous mounting medium on a g lass  microscope s l id e .

The co ve rs lip s  were examined w ith  a l ig h t  microscope at 100X magni­

f ic a t io n .  Chlamydiae were v is ib le  as reddish-brown in tracytop lasm ic  

inclusions against a blue background o f c e l ls .  Questionable inc lusions 

were examined at 450X m agn ifica tion  fo r  ty p ic a l morphology.

Immunofluorescence Assay

The c l in ic a l  specimens that were found to  be p o s it iv e  fo r  

trachomatis were te s ted  a second time to compare the e f fe c t iv e n e s s  o f  

the immunofluorescence assay to iod in e  s ta in in g . Four McCoy c e l l  

monolayer cu ltures were in fe c te d  per sample as p rev iou s ly  described .

Two monolayer cu ltures were sta ined  w ith Jone's iod in e , and two were 

sta ined w ith an in d ir e c t  flu orescen t antibody technique.

The reagents fo r  the immunofluorescence assay were purchased from 

Immulok, In c .,  C arp in teria , C a lifo rn ia  (Chlamydia Id e n t i f ic a t io n ,  IFA) . 

The c e l l  monolayers were washed w ith  PBS, and fix e d  w ith  absolute meth­

anol fo r  ten minutes at room temperature. F ive drops o f mouse monoclonal
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antibody to  Chlamydia were added to each v i a l ,  and the cu ltures were 

incubated at room temperature fo r  30 minutes. The antibody reagent 

was removed and the monolayers were washed w ith  PBS. F ive  drops o f 

FITC-conjugated goat anti-mouse IgG reagent were added to  each v i a l  

and the cu ltures were incubated fo r  30 minutes at room temperature.

The monolayers were washed w ith  PBS, and the co ve rs lip s  were removed 

from the v ia ls  and mounted in  aqueous mounting medium on g lass  m icro­

scope s lid e s .

The c o ve rs lip s  were examined w ith  a L e it z  Ortholux microscope 

f i t t e d  w ith a high-power d a rk fie ld  condenser (Ernst L e i t z ,  W etz lar, 

Germany). For transm itted l ig h t  flu orescen ce , a h igh-pressure mercury 

vapor lamp was used w ith  a BG12 e x c ita t io n  f i l t e r ,  a BG38 red suppres­

sion f i l t e r ,  and K510-K530 b a r r ie r  f i l t e r s .  The co ve rs lip s  were scanned 

at 250X m agn ifica tion , and chlamydiae were observed as la rg e  apple-green 

flu orescen t in c lu s ion s .

Quantitation  o f Resu lts

For a l l  s ta in in g  techniques the number o f chlam ydial inc lusions 

per c o v e rs lip  was determ ined. One ty p ic a l in tracytop lasm ic  in c lusion  

per c l in ic a l  specimen was considered p o s it iv e  fo r  Chlamydia.

Q uality  o f  S ta in ing Techniques

Photomicrographs were taken o f  in fe c ted  monolayer cu ltures 

sta ined  w ith iod in e , perox idase-an ti-perox idase (PAP) and immunofluores- 

cent antibody (IFA ) s ta in s . A L e it z  Ortholux microscope w ith  an Orthomat 

microscope camera (Ernst L e i t z ,  W etz lar, Germany) was used to  take photo­

micrographs at 100X to 400X m agn ifica tion . The f i lm  used fo r  l i g h t f i e ld  

microscopy was Kodak Ektachrome 64 (d a y lig h t ) f i lm  (Eastman Kodak C o .,
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Rochester, New Y ork ). For d a rk fie ld  photomicrographs, Kodak Ektachrome 

400 (d a y lig h t ) f i lm  was used.



RESULTS

Comparison o f McCoy and L-929 C e lls  fo r  Is o la t io n  o f  C. trachomatis

Schachter and Dawson (35) report that L-929 mouse f ib ro b la s ts  provide 

e s s e n t ia lly  the same resu lts  as McCoy c e l ls  fo r  the is o la t io n  o f  _C. 

trachom atis, but studies from other lab o ra to r ies  are not con sisten t w ith 

th e ir  fin d in gs  (4 0 ,5 0 ). The numbers o f  chlam ydial in c lu s ion s  formed 

in McCoy and L-929 c e l l  monolayer cu ltures were compared to  determine i f  

L-929 c e l ls  were as e f f e c t i v e  as McCoy c e l ls  fo r  the is o la t io n  o f  _C. 

trachom atis. The mean number o f  inclusions counted in  20 f ie ld s  from 

ten separate c e l l  monolayer cu ltures was 86±12 fo r  McCoy c e l l s ,  and 

only 15±5 fo r  L-929 c e l ls .  Less than 20% o f the inclu s ions enumerated 

in  McCoy c e l ls  were recovered  in  s im ila r ly  trea ted  L-929 c e l ls .  This 

p relim inary data in d ica ted  that L-929 c e l ls  would not y ie ld  the same 

resu lts  as McCoy c e l ls  fo r  is o la t io n  o f  C_. trachomatis in  th is  labora­

to ry . No fu rth er te s t in g  was performed w ith  L-929 c e l ls .

Recovery o f C. trachomatis from McCoy C e ll Monolayer and Suspension Cultures 

The is o la t io n  o f C2. trachomatis in McCoy c e l ls  would be s im p lif ie d  

by in ocu la tion  o f  suspension cu ltu res , thus e lim in a tin g  the need fo r  pre­

formed monolayers. Studies were in it ia t e d  to determine the f e a s ib i l i t y  

o f using McCoy c e l l  suspension cu ltures as an a lte rn a t iv e  to monolayer 

cu ltu res. The recovery  o f  _C. trachomatis from McCoy c e l l  monolayer and 

suspension cu ltures was evaluated  in  f iv e  separate t r ia l s  (Tab le  2 ).

The percent recovery  in the suspension cu ltu res as compared to  the mono- 

layers  va r ied  from 13 to 86%, but the recovery rates were very  high (75

24
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TABLE 2. RECOVERY OF CHLAMYDIA TRACHOMATIS FROM MCCOY 
CELL MONOLAYER AND SUSPENSION CULTURES

Experiment

McCoy C e ll 
Monolayer 

Cultures

McCoy C e ll 
Suspension 

Cultures*

* *
1 9 7±6

v
73±28(75)

2 286±46 116±42(41)

3 I36±7 115±10(85)

4 147±23 127±36(86)

5 401±52 52±24(13)

2.5 x 10  ̂ c e l ls  per ml CGM

Mean number o f  inc lusions from 3 cove rs lip s

Percent recovery as compared to  McCoy c e l l  monolayer 
cu ltures
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to  86%) in  experim ents, #1, #3, and #4. A d d ition a l stud ies fo r  improving 

the recovery ra tes  o f _C. trachomatis in McCoy c e l l  suspension cu ltures 

were performed. However, the suspended c e l ls  were found to be more 

su scep tib le  to  adverse e f f e c t s  from b a c te r ia l contam ination, to x ic  

products, and temperature v a r ia tio n s  than the c e l l  monolayers. The 

d iffe ren ce s  between the two methods in d ica ted  that c e l l  monolayers 

were more e f f e c t iv e  than c e l l  suspension cu ltu res fo r  the is o la t io n  o f  

_C. trachom atis, and monolayer cu ltures were used fo r  the duration o f  

th is  study.

E ffe c t  o f C en tr ifu ga l Force and Temperature on the Recovery o f C. 

trachomatis

Increasing the temperature and fo rce  o f c en tr ifu ga tion  can increase 

the number o f chlamydial inc lusions recovered  in  c e l l  monolayers (40, 

41 ,42 ). Experiments i n i t i a l l y  were performed at 500 x g fo r  1 hour a t 

36°C. Increasing the c e n tr ifu g a l fo rce  (> 500 x g) resu lted  in  increased 

temperatures w ith in  the v ia ls  (> 40°C ). A comparison o f  the e f f e c t  o f 

c en tr ifu ga l fo rce  and temperature on the recovery o f _C. trachomatis from 

McCoy c e l l  monolayers was performed (Tab le 3 ). The number o f  inclusions 

formed at 500 x g at 36°C was nearly  double the number o f inc lu s ions 

present in monolayers cen trifu ged  at 900 x g at room temperature.

Although more chlam ydial inc lusions were recovered  at a h igher temper­

ature w ith a lower speed, the increases in  temperature w ith in  the cen­

tr i fu g e  could not be con tro lled  at 36°C, so c en tr ifu ga tion  fo r  the 

duration o f  the study was performed at room temperature at 900 x g.
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TABLE 3. EFFECT OF CENTRIFUGAL FORCE AND 
RECOVERY OF C. TRACHOMATIS FROM

TEMPERATURE ON THE 
MCCOY CELL CULTURES

500 x g 900 x g
Experiment 36°C 24°C

&
1 169±25 108±6

2 84±24 4311

3 5351115 280145

*
Mean number o f  inc lu s ions from 3 cove rs lip s
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Evaluation o f  Inoculum-Suspending (Transport) Medium Used fo r  C. 

trachomatis

Severa l types o f inoculum-suspending (tra n sp o rt) media were evaluated 

to  determine the optim al conditions fo r  transport, storage and in ocu la tion  

o f McCoy c e l ls  fo r  is o la t io n  o f  _C. trachomatis

E ffe c t  o f  Inoculum-Suspending Medium on the Su rv iva l o f C.

trachomatis Stored a t 4°C

jC. trachomatis stock d ilu tio n s  were stored  in 2SP, SPG, Hanks' 

BSS, and T-soy broth fo r  three days at 4°C. The number o f  in c lu s ion ­

forming units present in  each medium was determined in  McCoy c e l l  monolayer 

cu ltures at d a ily  in te rv a ls  (F igu re 1 ). The recovery o f v ia b le  organisms 

decreased by approxim ately 20% each day when stored  in  2SP medium. The 

loss o f  v ia b i l i t y  o f  C.. trachomatis was g rea te r  in the other th ree media 

(24-30% d a i ly ) ,  and a f t e r  72 hours, the percent recovery o f  IFU from 2SP 

was nearly  double that o f Hanks' BSS, T-soy broth and SPG.

E ffe c t  o f Inoculum-Suspending Medium on the Recovery o f  C.

trachomatis

In the previous experim ent, the recovery  o f chlam ydial in c lu ­

sions at the 0 hour was not equ iva len t in the four media te s ted . The 

e f fe c t s  o f suspending C . trachomatis in 2SP, SPG, T-soy b ro th , and Hanks' 

BSS on the recovery o f the organism in  McCoy c e l l  monolayer cu ltures 

were determined in  th ree separate t r ia ls  (Tab le  4 ).  The h ighest number 

o f IFU co n s is ten tly  were seen when 2SP was used as the inoculum-suspending 

medium. The recovery  ra tes  were reduced by approxim ately 25% by sus­

pending the organisms in SPG. The use o f Hanks' BSS and T-soy broth as 

inoculum-suspending media decreased the e f f ic ie n c y  o f in c lu s ion  form ation
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Figure 1. E f fe c t  o f  inoculum-suspending medium on the su rv iva l o f
trachomatis stored  at 4°C. Values represent the percent 

recovery from the 0 hour using the mean number o f  in c lu ­
sions from three c o ve rs lip s . Symbols: Inoculum-suspending
medium -  2SP ( A ----A  ) ;  SPG ( © ----©  ) ;  T-soy broth
( O--- O ); Hanks' BSS ( □ ----□  ).
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TABLE 4. EFFECT OF INOCULUM-SUSPENDING MEDIUM ON THE 
FROM MCCOY CELL MONOLAYER CULTURES

RECOVERY OF C. TRACHOMATIS

Inoculum-Suspending Medium

Experiment 2SP SPG T-soy Broth Hanks' BSS

1 269±40*
k k

20819 147112 150±34

2
k k k

284±32 186±42 145±40 Not Done

3
**

6 Il±7 530±51 475±75 324121

2SP con tro ls  tes ted  each day, mean o f  9 covers lip s  
•k-k

Mean o f inclusion  counts from 3 covers lip s
k k k

Mean o f inclusion  counts from 4 covers lip s
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by n early  on e-h a lf the number o f  inc lusions recovered  from 2SP medium.

The resu lts  show th at the inoculum-suspending medium can a f fe c t  the 

number o f chlam ydial inc lu s ions formed in McCoy c e l l  monolayer cu ltu res .

E ffe c t  o f  Inoculum-Suspending Medium on the Recovery o f C.

trachomatis Stored at -70°C

The lo ss  o f  v i a b i l i t y  o f J3. trachomatis a f t e r  fr e e z in g  and 

thawing was determined fo r  s ix  d if fe r e n t  inoculum-suspending media.

2SP, SPG, Hanks' BSS, T-soy b ro th , 2SP w ith  10% DMSO, and 2SP w ith  10% 

g ly c e ro l were compared fo r  the number o f inc lu s ions formed in  McCoy 

monolayer cu ltures b e fo re  fr e e z in g , and a f t e r  storage at -70°C fo r  at 

le a s t 48 hours (Tab le  5 ).  When compared to  the recovery o f _C. trachomatis 

in 2SP p r io r  to  fr e e z in g ,  the recovery ra tes  were decreased by more than 

75% in  a l l  media te s ted  a f t e r  one freeze-thaw  cyc le . The most marked 

declin e  in v ia b i l i t y  was observed w ith the T-soy broth and Hanks' BSS.

The numbers o f in c lu s ions obtained from cu ltures inocu lated  w ith 

2SP w ith DMSO and 2SP w ith  g ly c e ro l were e s s e n t ia l ly  the same b e fo re  and 

a f t e r  fre e z in g . Although the add ition  o f DMSO and g ly c e ro l to 2SP may 

aid  in m aintaining the v i a b i l i t y  o f  (.2. trachomatis at fr e e z e r  tempera­

tu res , these supplements appear to in te r fe re  w ith  e ith e r  the uptake or 

in c lu s ion  form ation o f  (.Z. trachom atis.

The e f fe c t s  o f prolonged storage on the recovery o f  _C. trachomatis 

in 2SP at -70°C were assessed in  three separate t r ia l s  (Tab le  6 ).  The 

number o f chlamydial inc lu s ions formed in McCoy c e l l  monolayers was 

determined p r io r  to  fr e e z in g , and a f t e r  48 hours, 6 days, and 6 weeks o f 

storage at -70°C. Although the recovery rates va r ied  from 46 to  85%, 

the resu lts  in d ica te  that no s ig n if ic a n t  loss o f organisms occurred 

other than during the i n i t i a l  freeze-thaw  cyc le .



33

TABLE 5. EFFECT OF INOCULUM-SUSPENDING MEDIUM ON THE RECOVERY OF 
C. TRACHOMATIS AFTER ONE FREEZE-THAW CYCLE AT -70°C

Inoculum-Suspending Medium 0 Hour -  70°C

k k k
2SP 611±7 139122(23)

SPG 530±51 145123(24)

T-soy broth 475175 1314(2)

Hanks' BSS 324121 1 0 il(2 )

* * *
2SP w ith  DMSO 41+10 4614(16)

* * *
2SP w ith g ly c e ro l 44120 3017(10)

Mean number o f in c lu s ions from 3 covers l ip s

Percent recovery as compared to 2SP con tro l at 0 hour

2SP con tro l, mean number o f inc lusions from 3 c o ve rs lip s  was 296±74



TABLE 6. EFFECT OF STORAGE AT -70°C ON THE RECOVERY OF C. TRACHOMATIS IN 2SP MEDIUM

Period  o f Storage a t -70°C in 2SP

Experiment 0 Hour 48 Hours 6 Days 6 Weeks

1 296±13* 164154(55) 141116(47) 157+12(53)

2 296174 183132(62) 252+49(85) 137114(46)

3 183110 119110(65) 105+10(57) Not Done

Mean number o f Inclusions from 3 covers lip s  

**Percent recovery as compared to  2SP con tro l at 0 hour
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Comparison o f  S ta in in g Techniques fo r  the D etection  o f C. trachomatis

C lin ic a l specimens were used to  compare the e ffe c t iv e n e s s  o f  the 

immunoperoxidase (PAP) assay and iod in e s ta in in g  fo r  the d e tec tion  o f 

_C. trachomatis in  McCoy c e l l  monolayer cu ltures (Tab le  7 ).  Of 139 

specimens te s ted , 12 (9%) were p o s it iv e  by iod in e s ta in in g , w ith  7 (5%) 

p o s it iv e  by the PAP assay. The s e n s it iv i t y  o f  the PAP assay was lowest 

in specimens contain ing fewer than 20 IFU per c o v e rs lip  by iod ine 

s ta in in g . In these la t t e r  specimens, only 1 o f  the 6 specimens p o s it iv e  

by iod in e s ta in in g  was a lso  p o s it iv e  by the PAP assay. In specimens 

contain ing more than 20 IFU per c o v e rs lip , the number o f  p o s it iv e  spec­

imens was the same fo r  both s ta in s .

Ten p o s it iv e  samples were stored  at -70°C, and tes ted  a second time 

w ith  the immunofluorescence assay (IFA ) and iod ine s ta in . Only e igh t 

samples were p o s it iv e  w ith  iod in e s ta in in g , and seven were p o s it iv e  by 

IFA. Each o f the two specimens that were no longer p o s it iv e  fo r  Chlamydia 

had only one IFU per c o v e rs lip  on the f i r s t  s ta in in g . The one sample 

p o s it iv e  by iod in e s ta in in g  but not IFA had only one IFU on one cover- 

s l ip .

Iod in e-s ta in ed  chlam ydial inc lusions are v is ib le  at 100X m agn ifica­

tio n  as la rge  brown in tracytop lasm ic  inclusions against a ye llow  background 

o f c e l ls  (F igu re  2A ). E p ith e l ia l  c e l ls  are sta ined  w ith  iod in e , but these 

can be rea d ily  d is tingu ished  from chlamydial inc lusions at 100X to 450X 

m agn ifica tion  (F igu re  2B ).

Chlamydial in c lu s ions sta ined  by the PAP assay are dark red in tra ­

cytoplasm ic inclusions against a b lue background o f c e l ls  (F igu re  3A ). 

Inclusions can be detected  at 40X m agn ifica tion , but because o f non­

s p e c i f ic  s ta in in g  o f monolayers, cove rs lip s  were scanned at 100X



TABLE 7. COMPARISON OF CHLAMYDIA-POSITIVE SPECIMENS DETECTED BY IODINE STAINING 
AND IMMUNOPEROXIDASE (PAP) ASSAY

Comparison o f P o s it iv e  Specimens By
Numbers o f IFU Per Monolayer*

Number o f
P o s it iv e
Specimens

Stain (n=139)** < 20 20-100 > 100

Iodine 12 6 2 4

PAP 7 1 2 4

&
Mean number o f inclusion-form ing units from two covers lip s  

Number o f specimens tested
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m agn ifica tion . N on sp ec ific  and background s ta in in g  (p r e c ip ita te s )  

occurred frequ en tly  w ith  the PAP assay (F igu re  3B). E p ith e lia l c e l ls  

would s ta in  red , and when numerous e p i th e l ia l  c e l ls  were presen t, the 

e n t ire  monolayer would be red co lored .

In the IFA assay, chlam ydial inc lusions were la rge  w ith  dense 

fluorescence that usually  was bound by an in c lu s ion  membrane (F igu re  4A) . 

N on spec ific  s ta in in g  was seen in  c e l l  monolayers, e s p e c ia lly  i f  ep ith e ­

l i a l  c e l ls  or b a c te r ia  were present (F igu re 4B ).
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Figure 2A. Iod in e -s ta in in g  o f chlamydial inclusions in  McCoy c e l l  
monolayer cu ltu res. 100X m agn ifica tion .

2B. Iod in e -s ta in in g  o f  chlamydial inclusions in McCoy c e l l  
monolayer cu ltu res. 400X m agn ifica tion .
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Figure 3A. Immunoperoxidase (PAP) s ta in in g  o f chlamydial inclusions in 
McCoy c e l l  monolayer cu ltu res. 100X m agn ifica tion .

3B. N on spec ific  s ta in in g  o f  McCoy c e l l  monolayers w ith the PAP 
assay. 100X m agn ifica tion .
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Figure 4A. Immunofluorescent (IFA ) s ta in in g  o f chlamydial inclusions in 
McCoy c e l l  monolayer cu ltu res. 250X m agn ifica tion .

4B. N on spec ific  s ta in in g  o f McCoy C e ll monolayers w ith the IFA 
assay. 250X m agn ifica tion
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DISCUSSION

In recent yea rs , Chlamydia trachomatis has been shown to be a 

s ig n if ic a n t  pathogen o f  s ex u a lly -a c tiv e  adu lts , and o f newborns. The 

growing prevalence o f in fe c t io n s  caused by _C. trachomatis in d ica tes  

the need fo r  a rap id , s e n s it iv e  method fo r  d iagnosis . Although tissu e  

cu lture is o la t io n  o f  the organism is  p resen tly  the method o f cho ice, 

th is  procedure is  not rou tin e ly  a va ila b le  in most c l in ic a l  la b o ra to r ie s  

because o f  the com plexity, expense, and d i f f i c u l t i e s  in vo lved . Various 

parameters o f  tissu e  cu lture is o la t io n  o f (2. trachomatis were in v e s t i­

gated in th is  study to  determine the f e a s ib i l i t y  o f  p rov id in g  th is  

d iagn ostic  s e rv ic e  to  area health  f a c i l i t i e s .

Before implementation o f  a laboratory  d iagn ostic  t e s t ,  considera­

tio n  must be g iven  to the e f fe c t iv e n e s s ,  the costs , the problems that 

may be encountered, and the n ecess ity  o f  perform ing th is  procedure.

In terms o f e f fe c t iv e n e s s ,  the o v e ra ll  s e n s i t iv i t y  o f  c u ltu ra l methods 

fo r  is o la t io n  o f  trachomatis is  unknown, although estim ates o f  70- 

80% have been given  fo r  the d etection  o f chlamydial u r e th r it is  and 

c e r v ic i t is  (2 8 ). C o n flic t in g  reports  in the l it e r a tu r e  in d ica te  that 

the s e n s it iv i t y  o f tissu e cu lture is o la t io n  w i l l  vary among labora­

to r ie s ,  and th is  s e n s i t iv i t y  can be a ffe c ted  by a number o f  d i f fe r e n t  

fa c to rs . Major determinants o f  the e ffe c t iv e n e s s  o f  cu ltu ra l methods 

fo r  J2. trachomatis include the lin e  or subline o f  c e l ls  u t i l i z e d ,  the 

use o f chemical treatm ents, the conditions o f  c en tr ifu ga tio n , and the 

s ta in in g  technique used to  detect chlamydial in c lu s ions. A lso , no 

c l in ic a l  is o la t io n  method can be e f f e c t iv e  w ithout the proper

44
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c o lle c t io n  and transport o f specimens to  be te s ted .

The f i r s t  con sideration  was g iven  to the choice o f  c e l l  l in e .  McCoy 

c e l ls  are the most w id e ly  employed c e l l  l in e  fo r  is o la t io n  o f  _C. tracho­

m atis . However, the o r ig in  and ch a rac te r iza tion  o f McCoy c e l ls  is  

questionab le , and these c e l ls  have become in c rea s in g ly  heterogeneous 

because o f a vary ing passage h is to ry  in  a number o f  d i f fe r e n t  labora­

to r ie s  (6 5 ). E ffo r ts  have been made to encourage research on _C. tracho­

matis w ith a more defined  c e l l  l in e  such as L (c lon e  929) c e l ls .  L-929 

c e l ls  are a h e te rop lo id  mouse fib ro b la s t  c e l l  l in e  a ls o , and have been 

reported  to be as s e n s it iv e  as McCoy's fo r  is o la t io n  o f  _C. trachomatis 

(3 5 ). P re lim inary  stud ies in th is  labora to ry  d id not r e f l e c t  th is  

s e n s i t iv i t y ,  and only 20% o f the inclusions recovered  in  McCoy c e l l  

monolayer cu ltures were recovered  in s im ila r ly  trea ted  L-929 c e l ls .

The use o f any ra p id ly  growing c e l l  such as McCoy's, requ ires the 

use o f  a n t ir e p lic a t iv e  agents to prevent overgrowth o f  chlamydial 

in c lusions. Treatment w ith  ir ra d ia t io n  or IUdR must be done p r io r  to  

the formation o f the monolayer, which adds an a d d ition a l step to  the 

procedure. Cyclohexim ide-treatm ent was chosen because o f  i t s  reported  

su p e r io r ity , and because i t  can be added d ir e c t ly  to  the chlamydia 

growth medium (4 6 ).  The optim al concen tra tion  o f  cyclohexim ide in i ­

t i a l l y  was reported  to be 2 yg per ml (4 5 ). However, we found th is  

le v e l  to  be to x ic  to  McCoy c e l ls .  The use o f cyclohexim ide a t 0.5 yg 

per ml concentration maintained the confluency o f  the monolayer w ith  

no v is ib le  to x ic  e f fe c t s  to  the c e l ls .  S im ilar fin d in gs  have been 

reported  in other la b o ra to r ie s  (3 1 ,5 6 ).

The optim al concentration  o f  c e l ls  needed to  produce confluent 

monolayers o f McCoy c e l ls  a f t e r  one day o f incubation was 5 x 10  ̂ c e l ls
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per ml. Some in v e s t ig a to rs  report that c e l l  concentrations at on e-ha lf 

(2 .5  x 10  ̂ c e lls / m l), o r one-quarter (1.25 x 10  ̂ ce lls/m l) th is  number 

y ie ld  confluent monolayers in two and three days, r e s p e c t iv e ly  (5 6 ,6 6 ). 

A lso , confluent monolayer cu ltures have been held  a t 4°C or room temper­

ature fo r  seve ra l days to  maintain the c e l ls  u n t il the time o f use (3 , 

56 ). This la t t e r  procedure e lim in ates  the need to prepare cu ltu res 

severa l times during a week. However, these techniques did not prove 

successfu l in th is  lab ora to ry , and the McCoy c e l ls  detached from the 

co ve rs lip  usually  a f t e r  two to  three days.

McCoy c e l l  suspension cu ltu res were proposed as a means o f s im p li­

fy in g  tissu e  cu ltu re is o la t io n  o f  trachom atis. The p oss ib le  advan­

tages o f  using suspension cu ltures were th re e fo ld : 1) the number o f 

c e l ls  seeded could be adjusted to e lim in ate  the need fo r  cyclohexim ide; 

2) the cu ltures could be prepared on the day o f use, e lim in a tin g  the 

time needed fo r  preparation  o f monolayers; and 3) suspending the c e l ls  

could fre e  recep tors on the c e l l  su rface , thus increas ing  the attachment 

o f  chlamydial EB to  the host c e l l .

Seeding McCoy c e l ls  at on e-h a lf (2 .5  x 10  ̂ ce lls/m l) the number 

needed to y ie ld  a fu l l  monolayer in 24 hours, resu lted  in  s l ig h t  over­

growth o f the c e l ls  at 48 hours. Chlamydial inc lusions were e a s ie r  to  

detect when the growth medium was changed a f t e r  24 hours o f  incubation 

to  growth medium (CGM) conta in ing cyclohexim ide. The use o f  suspended 

c e l ls  at th is  concentration  did not e lim in a te  the need fo r  a n t ir e p lic a -  

t iv e  agents; but changing the medium at 24 hours did not add an addi­

t io n a l step to the procedure since th is  must be done w ith  the monolayer 

cu ltures a f t e r  c en tr ifu ga tio n  anyway.

The e f f ic ie n c y  o f  chlam ydial in fe c t io n  o f  McCoy c e l ls  has been
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shown to  be g rea te r  w ith  suspended c e l ls  than w ith  monolayer cu ltures 

in the absence o f  c en tr ifu ga tion  (6 7 ). Only sm all numbers o f  in c lu s ions 

were recovered  w ithout c en tr ifu ga tio n , so we compared the e f f ic ie n c y  o f 

chlamydial in fe c t io n  o f  suspension cu ltures vs. monolayer cu ltu res aided 

by cen tr ifu ga tio n . When c en tr ifu ga tion  was not performed, no inclu s ions 

were recovered in  e ith e r  monolayers or suspensions w ith  the in fe c t iv e  

dose between 50-500 IFU per c o v e rs lip .

In the f i v e  t r i a l s  shown (Tab le 2) more inclusions were detected  in 

the monolayer cu ltu res , however the recovery rates o f chlamydiae in  

suspension cu ltu res were usually  high (75-86% in  three t r i a l s ) ,  and 

showed p o te n t ia l fo r  fu rth er in v e s t ig a t io n .

Inclu sion  form ation has been shown to  be enhanced by pretreatm ent 

o f c e l l  monolayers w ith  DEAE-dextran (49 ,51 ,52 ,53 ). Pre-treatm ent o f 

McCoy c e l ls  w ith DEAE-dextran a lso  increased the e f f ic ie n c y  o f _C. tracho- 

matis in fe c t io n  in suspended c e l ls  in the absence o f c en tr ifu ga tion  

(6 7 ). In an e f fo r t  to  improve the e f f ic ie n c y  o f  Jl. trachomatis in fe c t io n  

in suspended McCoy c e l ls  aided by c en tr ifu ga tio n , DEAE-dextran was added 

to 2SP medium to a f in a l  concentration  o f 30 yg per ml. The chlamydial 

inoculum contain ing the DEAE-dextran was added d ir e c t ly  to  the suspended 

c e l ls  u n t il the media change at 24 hours. I n i t i a l l y ,  the DEAE-dextran 

appeared to improve the recovery  ra tes o f  jC. trachom atis, but the 

p o lyca tion  produced considerab le to x ic  e f fe c t s  to  the c e l l s .  DEAE- 

dextran was to x ic  to suspended c e l ls  when concentrations o f  10, 20, and 

40 yg per ml were tes ted . No e f fe c t s  from the 2SP contain ing DEAE- 

dextran were observed in  McCoy c e l l  monolayer cu ltu res , probably be­

cause the inoculum was removed immediately a f t e r  cen tr ifu ga tion .

The same was true o f  the presence o f b a c te r ia  in  the
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inoculum-suspending medium. Small amounts o f  b a c te r ia l contamination 

could nearly  destroy the suspended c e l ls ,  y e t leave  monolayers u n a ffec t­

ed. Although c l in ic a l  samples were never tes ted  in suspended McCoy 

c e l ls ,  the evidence in d ica tes  that b a c te r ia , mucins, and other to x ic  

products found in p a tien t samples would have the same detrim enta l e f fe c t s .  

These products could not be removed from the suspension cu ltu res , as in 

the monolayers, because the c e l ls  were not com pletely attached to the 

covers lip s  immediately a f t e r  c en tr ifu ga tio n . A lso , the increased sus­

c e p t ib i l i t y  o f  suspended c e l ls  to  adverse conditions was shown when 

c en tr ifu ga l fo rces  were increased in order to improve the recovery  o f 

C . trachom atis a f t e r  c en tr ifu ga tion  at 36°C. The increased temperatures 

w ith in  the cen tr ifu ge  destroyed the suspended c e l l s ,  but on ly the outer 

edges o f the monolayer cu ltures were a f fe c te d .

Some o f the d i f f i c u l t i e s  encountered w ith  suspension cu ltures may 

have been overcome by try in g  various a lte rn a t iv e s  such as tr e a t in g  c l in ­

ic a l  samples w ith  high concentrations o f a n t ib io t ic s  to  reduce problems 

w ith  b a c te r ia l contam ination. A lso , changing the medium on the suspen­

sion cu ltures e a r l ie r  than 24 hours may have helped to e lim in ate  problems 

w ith to x ic  products. These te s ts  were not performed because o v e r a ll  the 

McCoy c e l l  monolayer cu ltures were more stab le  and more e f f e c t i v e  than 

McCoy c e l l  suspension cu ltu res . So McCoy c e l l  monolayer cu ltures were 

used fo r  the duration o f  th is  study.

The optim al conditions fo r  c en tr ifu ga tion  o f  c l in ic a l  specimens 

fo r  is o la t io n  o f  C. trachomatis in McCoy c e l l  monolayers have been shown 

to be 2500 to 3000 x g fo r  1 hour at 35°C (4 2 ). Problems r e la t in g  to  

obta in ing these optim al conditions are not unique to  th is  labora tory  

(41 ,56 ,68 ). C en tr ifu ga l fo rces  from 2500 to 3000 x g are d i f f i c u l t  to
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achieve w ith bench top cen tr ifu ges , and some la b o ra to r ie s  may have to  

compromise s e n s i t iv i t y  fo r  c e n tr ifu g a l fo rces  at 900 to  1000 x g (56, 

68 ). Equally d i f f i c u l t  fo r  many c l in ic a l  la b o ra to r ie s  would be having 

the equipment and f a c i l i t i e s  fo r  cen tr ifu ga tion  at 33 to  37°C. This 

is  r e f le c te d  in  stud ies where cen tr ifu ga tion  was performed a t 2500 to  

3000 x g at room temperatures ra ther than at 33 to  37°C (4 7 ,50 ,57 ). 

However, the p re lim inary  resu lts  o f  th is  study in d ica te  that at lower 

speeds (<  1000 x g) the temperature o f  cen tr ifu ga tion  may be more 

c r i t i c a l  fo r  optim al recovery  o f chlamydiae than the fo rc e  app lied . 

Further te s ts  at h igher speeds were not performed because o f the lim ­

ita t io n s  o f  the cen tr ifu ges 'u sed . Although f lo o r  model cen tr ifu ges  

could have been employed to  overcome the problems o f  h ea tin g , the con­

d ition s  o f  c en tr ifu ga tion  used in  th is  study (900 x g at room tempera­

tu re ) were the most p ra c t ic a l,  and probably qu ite  s im ila r  to conditions 

obta inable in  many c l in ic a l  la b o ra to r ie s . In  is o la t in g  _C. trachomatis 

from c l in ic a l  specimens, the e f fe c t s  o f  temperature and fo rc e  used fo r  

cen tr ifu ga tion  would be most s ig n if ic a n t  w ith  samples conta in ing low 

numbers o f  inc lu s ion -form in g  u n its . Since the c l in ic a l  specimens used 

in  th is  study were not tes ted  in  p a r a l le l  by a re feren ce  lab ora to ry , 

there is  no d e f in i t iv e  way to  determine the numbers o f  Chlamydia- 

p o s it iv e  specimens missed by using less  than optim al conditions fo r  

c en tr ifu ga tion . However, prevalence stud ies done in the United States 

show is o la t io n  ra tes  o f _C. trachomatis from persons v is i t in g  ven erea l 

d isease c l in ic s  to  be approxim ately 12 to  15%, and from the "normal" 

popu lation , is o la t io n  ra tes  o f _C. trachomatis are about 2 to  3% (p er­

sonal communication, Dr. Bryon K e ih l, Immulok, In c . ,  C a rp in teria , CA) . 

From 139 specimens tes ted , 74 were from p a tien ts  w ith  p oss ib le  g e n ita l
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tra c t  in fe c t io n s ; 10 (14%) o f these samples were p o s it iv e  fo r  3̂. tracho­

m atis. The remaining 72 samples were from pa tien ts  presenting w ithout 

signs o f  d isease ; 2 (3%) samples from th is  group were p o s it iv e  fo r  _C. 

trachom atis. Although la rge  numbers were not te s ted , these values g ive  

some assurance that the is o la t io n  rates o f _C. trachomatis in th is  study 

were s im ila r  to resu lts  obtained in  other la b o ra to r ie s .

Since th is  labora to ry  p rovides d iagn ostic  s e rv ic e s  to  a number o f 

health  f a c i l i t i e s  in a la rge  area, the problems o f  transport and storage 

o f  c l in ic a l  specimens tes ted  fo r  _C. trachomatis are important concerns.

The optim al conditions have not been e lu c id a ted , but the rap id  loss  o f 

v ia b i l i t y  o f the organism at room temperature in d ica tes  that immediate 

in ocu la tion  o f c e l l  cu ltu res would best ensure recovery o f trachom atis. 

This would not be fe a s ib le  fo r  th is  lab ora to ry , so samples must be stored  

at 4°C or -70°C. Severa l types o f transport media were evaluated  to 

determine which would be the most e f f e c t iv e  fo r  storage and transport.

2SP and SPG are s p e c ia liz ed  media used fo r  transport o f _C. trachom atis, 

and Hanks' BSS and T-soy broth were included in  th is  study because they 

are used fo r  transport o f  v i r a l  specimens, and can be found rou tin e ly  in 

many c l in ic a l  la b o ra to r ie s . Dimethyl su lfo x id e  (DMSO) and g ly c e ro l are 

c ryop ro tec tive  agents used in p reserv in g c e l ls  at -60 to  -70°C; they 

were added to 2SP to  determine i f  these agents aided in  the su rv iva l o f 

_C. trachomatis a f t e r  fre e z in g .

When eva lu atin g  the d i f fe r e n t  media fo r  s u rv iv a l o f the organism 

i t  was noted that the recovery o f  C. trachomatis was d i f fe r e n t  fo r  each 

inoculum-suspending medium te s ted . Since these samples were placed on 

the c e l ls  immediately a f t e r  the d ilu tio n s  were prepared, the e f fe c t s  must 

be due to the e f fe c t s  o f  the constituen ts o f  the media on adsorption and/or
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phagocytosis, ra ther than the organism ’ s loss  o f v i a b i l i t y .  The pH 

or cation  concentration  o f  the medium may be a fa c to r  in  the numbers 

formed, since the in te ra c t io n  o f  the chlamydial EB w ith  the host c e l l  

is  e le c t r o s ta t ic  in nature (1 2 ,1 3 ).

The most pronounced e f fe c t s  were seen w ith  DMSO and g ly c e ro l 

supplements, where only 15% o f the in clu sions found in 2SP were re ­

covered in 2SP con ta in ing these a d d it iv e s . The add ition  o f  g ly c e ro l 

increased the v is c o s it y  o f  2SP, and th is  may have p h y s ica lly  in h ib ited  

contact o f  the organism w ith  the host c e l l .  The DMSO supplement 

increased the pH o f 2SP from 7.2 to  7.5 which may have a f fe c te d  the 

attachment o f the chlam ydial EB. However, the d iffe ren ce s  in pH be­

tween the other fou r media were small (7 .3 ± 0 .1 ), and the recovery  o f 

_C. trachomatis was s t i l l  a f fe c te d . The su p e r io r ity  o f 2SP as an 

inoculum-suspending medium has been a ttr ib u ted  to i t s  low s a lt  con tent, 

and high le v e ls  o f sodium ch lo rid e  have been shown to in h ib it  b ind ing 

o f (k p s it t a c i  to  L c e l ls  (1 3 ,6 7 ). This could exp la in  the d iffe ren ces  

shown since Hanks' BSS and T-soy broth have r e la t iv e ly  high concentra­

tion s  o f sodium ch lo r id e , and less  inclusions were recovered  w ith 

these media than 2SP or SPG. The e f fe c t s  o f  inoculum-suspending medium 

on the e f f ic ie n c y  o f C . trachomatis in fe c t io n  o f  McCoy c e l ls  have been 

reported  in the absence o f c en tr ifu ga tion  (6 7 ),  but th is  is  the f i r s t  

report o f these d iffe ren ce s  when chlamydial in fe c t io n  was aided by 

cen tr ifu ga tion . I t  is  p oss ib le  that these d iffe ren ce s  are negated when 

h igher c en tr ifu ga l fo rces  (> 900 x g) are used, since cen tr ifu ga tio n  can 

overcome the fa c to rs  needed fo r  attachment o f  chlamydiae to  host c e l ls  

(6 9 ). However, c en tr ifu ga tion  was performed at 900 x g throughout th is  

study, and 2SP co n s is ten tly  y ie ld ed  h igher numbers o f IFU when tes ted
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at th is  speed.

2SP medium appeared superior to the other media tes ted  fo r  storage 

o f C .̂ trachomatis at 4° and -70°C a lso . Although the recovery  o f  the 

organism on SPG was e s s e n t ia l ly  equ iva len t to the recovery in 2SP a fte r  

one freeze-thaw  c y c le , the o v e r a l l  e f fe c t iv e n e s s  o f  SPG fo r  storage at 

4°C, and as an inoculum-suspending medium was not equal to  2SP medium.

The add ition  o f  DMSO and g ly c e ro l may have improved the q u a lity  o f  2SP 

fo r  maintaining the v ia b i l i t y  o f  the organism at -70°C, but these agents 

reduced the e ffe c t iv e n e s s  o f  2SP as an inoculum-suspending medium. Since 

none o f the media tes ted  showed s ig n if ic a n t  improvements over 2SP fo r  

storage o f C . trachomatis at 4°C and -70°C, fu rth er comparisons were not 

performed.

In 2SP medium, more in f e c t i v i t y  o f  C . trachomatis is  reported  to be 

lo s t  by fre e z in g  at -70°C, than by keeping the specimens at 4°C fo r  24 

to  48 hours (4 2 ,5 6 ). The resu lts  o f th is  study were consisten t w ith  th is , 

as the v ia b i l i t y  o f the organism decreased approxim ately 20% per day at 

4°C, and an average o f 55% a fte r  one freeze-thaw  cyc le . Samples stored  

in 2SP at -70°C d id  not lose  s ig n if ic a n t  numbers o f  chlamydiae over a 

prolonged period  o f tim e, which is  advantageous fo r  batching .o f samples 

to  be tes ted .

The 2SP medium was provided fo r  the c o l le c t io n  o f  c l in ic a l  specimens 

w ith the fo llo w in g  recommendation: i f  the specimen could not be trans­

ported w ith in  24 hours, i t  should be kept frozen  fo r  transport and s to r ­

age (5 6 ). The resu lts  obtained w ith  the c l in ic a l  specimens r e f l e c t  the 

importance o f th is  recommendation fo r  is o la t io n  o f  J3. trachom atis . Ten 

o f the 139 samples tes ted  were held  at 4°C and processed w ith in  24 hours

o f c o lle c t io n . Two (20%) o f  these samples were p o s it iv e  fo r  Chlamydia.
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F ifte e n  samples were rece ived  that had been fro zen , but thawed during 

transport. These samples could not be tested  im m ediately, and were 

frozen  a t -70°C. C. trachomatis was not detected  in  any o f  these 

specimens. Ten Chlamydia-p o s it iv e  samples found in  comparing iod in e 

and PAP sta ins were fro zen  at -70°C and tes ted  a second time w ith 

iod in e and the IFA assay, but only e igh t samples remained p o s it iv e .

Each o f the two n ega tive  specimens had le s s  than f i v e  IFU on the f i r s t  

s ta in in g . Again, th is  is  a minimal number o f samples, but i t  appears 

that transport and storage o f specimens can a f fe c t  the is o la t io n  o f  . 

trachom atis, e s p e c ia l ly  in samples contain ing low numbers o f in fe c t iv e  

p a r t ic le s .

Low numbers o f chlamydiae in  c l in ic a l  specimens were not as rea d ily  

d etectab le  w ith the immunoperoxidase (PAP) assay. The d iffe ren ce s  in  

s e n s it iv i t y  seen between iod in e s ta in in g  and the PAP assay were in  sam­

p les contain ing less  than 20 IFU per c o v e rs lip  w ith the iod in e  s ta in .

At h igher le v e ls  o f in f e c t i v i t y  (> 20 IFU per c o v e r s l ip ) ,  iod in e  s ta in in g , 

the PAP assay, and IFA assay appeared comparable fo r  the d e tec tion  o f 

trachom atis.

The co ve rs lip s  sta ined  w ith  the PAP and IFA methods were d i f f i c u l t  

to  examine and in te rp re t  because o f the problems w ith  n o n sp ec ific  s ta in ­

ing. P re c ip ita ted  s ta in , c e l lu la r  d eb ris , and e p i th e l ia l  c e l ls  o ften  

resembled in t r a c e l lu la r  in c lu s ion s , so scanning o f monolayers was pro­

longed by using h igher power m agn ifica tion s to  prevent fa ls e  p o s it iv e  

determ inations. When chlamydial inc lusions were p resen t, they were 

usually  very d is t in c t  w ith  both s ta in s , so n on sp ec ific  s ta in in g  does 

not account com pletely fo r  the d iffe ren ces  in s e n s i t iv i t y  found w ith 

iod ine s ta in in g  and the PAP assay. Only a lim ited  number o f  samples
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were tes ted  with the IFA technique, and i t  is  d i f f i c u l t  to  evaluate the 

o v e ra l l  e f fe c t iv e n e s s  o f  th is  method. However, the lack o f  s e n s i t i v i t y  

seen with the PAP method may apply to  the IFA assay as w e l l ,  s ince the 

antibody reagents were purchased from the same company. A monoclonal 

antibody to  a g rou p -sp ec i f ic  antigen common to both J2 . trachomatis and 

JC. p s i t t a c i  was employed in both assays. In studies where monoclonal 

antibody techniques were shown to  be superior to iod ine and Giemsa 

s ta in s ,  Stamm jet _al (59) and Stephens ej: a l  (60) used monoclonal a n t i­

bodies to s p e c ie s - s p e c i f ic  antigens o f  _C. trachomatis. This may 

in d ica te -th a t  the antibod ies to the g rou p -sp ec i f ic  antigen are more 

b ro a d ly - r e a c t iv e , and less  s en s it iv e  f o r  the detect ion  o f  . trachomatis. 

The opposite e f f e c t  may be that monoclonal an tibod ies  to a s in g le  

an tigen ic  determinant are too s p e c i f i c  and antibody in te ra c t io n  may be 

l im ited  by the expression o f  the antigen (7 0 ) .  Monoclonal an tibod ies  

to g rou p -sp ec i f ic  antigens have been shown to react p r e f e r e n t ia l l y  

with RB forms o f both JC. trachomatis and jC. p s i t t a c i , whereas antibod ies 

to s p e c ie s - s p e c i f ic  antigens react equ iva len t ly  to both the RB and EB 

forms (58 ).  These d i f fe r en ces  in s p e c i f i c i t y  between monoclonal a n t i­

bodies to group and s p e c ie s - s p e c i f ic  antigens could contribute to the 

e f fe c t iv e n e s s  o f  an immunodiagnostic assay.

T h e o r e t ic a l ly ,  the IFA and PAP assays would be superior to  iod ine  

s ta in ing  s ince antibody methods detect a l l  a n t ig en ica l ly  in ta c t  in c lu ­

sions o f  C.  trachomatis. Iodine sta ins only those inclusions contain­

ing glycogen (which w i l l  vary depending upon the stage o f  the growth 

cyc le )  (7 1 ) .  The resu lts  o f  th is  study were unexpected, but both the 

IFA and PAP assays requ ire  some ex p e r t is e  in reading and in te rp re ta t io n  

o f  sta ined monolayers; th is  may have been lack ing with the number o f
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samples tested . Even i f  the PAP assay had been shown to be more e f f e c ­

t i v e  than iod ine s ta in ing , a d is t in c t  disadvantage o f  th is  method was 

the time invo lved  in s ta in ing  the covers l ip s  (th ree  hou rs ). Iodine 

s ta in ing  o f  c e l l  monolayers could be performed in ten minutes, and 

each covers l ip  could be screened w ith in  one to two minutes because 

there were no problems with nonspec if ic  or background sta in ing .

Another disadvantage o f  the PAP assay was the cost o f  the reagents. 

The cost per specimen w ith  the PAP assay w i l l  range from $4 to  $8, 

depending on whether the covers l ips  were stained on the s e ro lo g ic a l  

g lass s l id e  or in the culture v i a l s ,  r e sp ec t iv e ly .  Both methods were 

performed in th is  study with no d i f fe ren ces  seen in the qu a lity  o f  

s ta in ing  or the time invo lved . The cost o f  reagents fo r  the IFA assay 

would be comparable to the cost o f  the PAP reagents. However, iod ine 

sta in  can be prepared in  the laboratory fo r  a cost per specimen o f  less 

than 5 cents. I t  would appear that iod ine s ta in ing  was the le a s t  expen­

s iv e ,  and the most p ra c t ic a l  and e f f e c t i v e  method fo r  detect ion  o f  

_C. trachomatis tes ted  in th is  study.

The 139 c l in i c a l  specimens were obtained from female patien ts  in 

o b s te tr ic s  and gynecology c l in ic s .  The is o la t io n  ra te  o f  trachomatis 

from these specimens was 9% with iod ine s ta in ing  o f  McCoy c e l l  cultures. 

The recovery ra te  o f  _C. trachomatis from ce rv ix -vag in a l specimens tested  

at Mayo C l in ic  from 1974 to 1981 was 7.3% (6 6 ) .  Again these prevalence 

rates g ive  some assurance to the s e n s i t i v i t y  o f  the tissue culture iso ­

la t io n  method used in  th is  laboratory . Further studies with c l in i c a l  

specimens tes ted  in conjunction with a re ference laboratory  would b e t te r  

es tab lish  the o v e ra l l  e f fe c t iv e n e s s  o f  the method.

Since _C. trachomatis is  frequen tly  found concomitantly with
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N eisse r ia  gonorrhoeae in females (2 8 ) ,  a r e t ro sp ec t iv e  analys is  o f  

the 139 patien ts  tes ted  fo r  _C. trachomatis revea led  that o f  132 spec­

imens tes ted  fo r  gonorrhea, N. gonorrhoeae was is o la ted  from only one 

pa t ien t .  jC. trachomatis was not is o la ted  fo r  th is  p a r t icu la r  pa t ien t .  

Although the rates o f  dual in fe c t io n  were nonexistent in th is  study, 

these resu lts  in d ica te  the prevalence o f  _C. trachomatis, and the r e l ­

evance o f  c l i n i c a l  t e s t in g  and treatment fo r  chlamydial in fe c t io n s .

The cost e f fe c t iv e n e s s  o f  the chlamydiae is o la t io n  procedure 

would be dependent upon the number o f  specimens rece ived  fo r  te s t in g .  

Judging from the numbers rece ived  fo r  th is  study over a four-month 

period, d iagnostic  t e s t in g  would be fe a s ib le  i f  specimens were batched 

( f i v e  or more specimens) and te s ted  once a week. This would mean a 

turn-around time f o r  resu lts  o f  1 to 2 weeks, which could l im it  the 

value o f  the tes t  procedure. However, i t  should be considered that 

the specimens tes ted  were from a s e le c t  group o f  p a t ien ts ,  and the 

number o f  specimens submitted may be h igher when male and p e d ia t r ic  

populations from a l l  health  f a c i l i t i e s  are included. The resu lts  of 

th is  study suggest a need fo r  d iagnostic  te s t in g ,  since the is o la t io n  

ra tes  obtained are comparable to is o la t io n  rates reported  from labora­

to r ie s  rou t in e ly  te s t in g  fo r  _C. trachom atis . The f e a s i b i l i t y  o f  pro­

v id in g  a d iagnost ic  is o la t io n  procedure fo r  J3. trachomatis would depend 

upon the demand fo r  th is  t e s t  in our area. Before d iagnost ic  te s t in g  

could be performed, one problem which would need to be overcome i s  the 

transport o f  c l i n i c a l  specimens. The health care personnel would have 

to be made more aware o f  the n ecess ity  o f  shipping specimens so they 

remained at A°C or frozen during transport to  th is  laboratory .

In conclusion, combining the use o f  McCoy c e l l  monolayer cu ltures
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with iodine s ta in in g  proved to be the most e f f e c t i v e  and p ra c t ic a l  method 

f o r  is o la t io n  o f  C_. trachomatis in th is  labora tory . McCoy c e l l  monolayer 

cultures were more s en s it iv e  than McCoy c e l l  suspension cu ltures or L-929 

c e l l s  fo r  the recovery  o f  chlamydial in c lus ions . Iod ine s ta in in g  was 

more e f f i c i e n t  than immunoperoxidase and immunofluorescence assays fo r  

the detect ion  o f  (2. trachomatis in McCoy c e l l  monolayer cu ltu res . 2SP 

medium was shown to be superior to the other media tes ted  as an inoculum- 

suspending medium and fo r  storage o f  £ . trachomatis at 4°C and -70°C.



SUMMARY

McCoy c e l l  monolayer cu ltures were compared to L-929 c e l l s ,  and 

McCoy c e l l  suspension cultures to  determine the most e f f e c t i v e  t issu e  

cu lture method fo r  i s o la t io n  o f  _C. trachomatis. In an i n i t i a l  study, 

more chlamydial inc lusions were detected w ith  McCoy c e l l  monolayer 

cultures than with L-929 c e l l  monolayer cu ltures. McCoy c e l l  suspen­

sion cultures were used to  e lim inate  the need fo r  preformed monolayers 

o f  c e l l s ,  and recovery  rates o f  chlamydiae in suspended c e l l s  were 

high in three o f  f i v e  t r i a l s  when compared to monolayer cu ltures. 

Subsequent studies revea led  suspended McCoy c e l l s  to  be more suscepti­

b le  to adverse e f f e c t s  from b a c te r ia l  contamination, to x ic  products, 

and temperature v a r ia t ion s  than McCoy c e l l  monolayer cu ltures. Over­

a l l ,  McCoy c e l l  monolayers were more s tab le  and more s e n s it iv e  fo r  

is o la t in g  C. trachomatis, so c e l l  monolayers were used to evaluate the 

e f f e c t s  o f transport media, and o f  s ta in in g  techniques used fo r  t issue 

cu lture is o la t io n  o f  the organism from c l i n i c a l  specimens.

Growth o f  C. trachomatis in t issue cu lture c e l l s  is  dependent 

upon cen tr i fu ga t ion  o f  the chlamydial inoculum to  enhance contact o f  

the organism with the host c e l l .  Centr ifugation  was performed i n i t i a l l y  

at 500 x g at 36°C fo r  one hour. Increasing the c e n tr i fu ga l  fo rce  

increased temperatures w ith in  the cen tr i fu ge .  Recovery ra tes  o f  C.  

trachomatis a f t e r  c en tr i fu ga t ion  at 500 x g at 36°C fo r  one hour were 

near ly  double the ra tes  obtained with cen tr i fu ga t ion  performed at 900 

x g at room temperature f o r  one hour. However, temperature va r ia t ion s  

w ith in  the cen tr i fu ge  could not be con tro l led ,  so c en tr i fu ga t ion  was

58
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carr ied  out at 900 x g at room temperature fo r  the duration o f  th is  

study.

S ix  media were evaluated as inoculum-suspending media, and fo r  

th e ir  a b i l i t y  to maintain the v i a b i l i t y  o f  _C. trachomatis a t  4°C and 

-70°C. The media tes ted  included 2SP, SPG, Hanks' balanced s a l t  solu­

t io n ,  T-soy broth, 2SP containing 10% dimethyl su lfo x id e ,  and 2SP 

containing 10% g ly c e ro l .  2SP was superior to the other media tes ted  

as an inoculum-suspending medium, and fo r  the storage o f  J3. trachomatis 

at 4°C. 2SP and SPG were comparable fo r  maintaining the v i a b i l i t y  o f  

the organism a f t e r  one freeze-thaw cyc le  at -70°C, but le s s  inclusions 

were recovered from SPG be fo re  and a f t e r  storage at 4°C. 2SP was used 

fo r  transport o f  c l i n i c a l  specimens procured fo r  th is  study. The 

v i a b i l i t y  o f  jC. trachomatis in 2SP medium decreased by approximately 

20% per day at 4°C, and an average o f  55% a f t e r  one freeze-thaw cyc le  

at -70°C. The v i a b i l i t y  o f  the organism was not decreased by prolonged 

storage at -70°C in 2SP medium.

The e f fe c t iv e n e s s  o f  iod ine s ta in in g , immunoperoxidase (PAP) and 

immunofluorescence (IFA ) assays fo r  the detect ion  o f  J3. trachomatis 

in McCoy c e l l s  was evaluated by te s t in g  c l in i c a l  samples procured 

from four area health  f a c i l i t i e s .  From 139 patient samples tes ted ,

12 (9%) were p o s i t i v e  fo r  Ch trachomatis with iodine s ta in in g ,  whereas 

only 7 (5%) were p o s i t iv e  fo r  chlamydiae with the PAP assay. Inclu­

sions were the most d i f f i c u l t  to  detect with the PAP assay when less  

than 20 inclusions per c o ve rs l ip  cu lture were detected  w ith  iod ine 

s ta in ing . Ten o f  the twelve p o s i t iv e  samples were s tored  at -70°C 

and tes ted  a second time with iod ine  s ta in  and the IFA assay. Only 

e igh t samples were p o s i t iv e  fo r  chlamydiae with iod in e  s ta in ,  and
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seven were p o s i t iv e  w ith the IFA assay. Iodine s ta in in g  o f  c e l l  

cultures was more s e n s i t iv e ,  less  expensive and less  time-consuming 

than the PAP or IFA assays.

The is o la t io n  rates o f  £ .  trachomatis from c l i n i c a l  specimens 

using McCoy c e l l  monolayer cultures and iod ine s ta in ing  appear com­

parable to recovery  rates obtained from labora to r ies  rou t in e ly  t e s t ­

ing fo r  chlamydiae. Although fu rther  studies would be needed to 

determine the o v e r a l l  e f fe c t iv e n e s s  o f  th is  method, d iagnostic  

is o la t io n  o f _C. trachomatis would be fe a s ib le  f o r  th is  laboratory  

i f  s u f f i c ie n t  numbers o f  samples were rece ived .
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Appendix A -  Key to Abbreviations

CF: complement-fixation te s t  

CGM: Chlamydia growth medium

CMF-PBS: calcium-magnesium-free phosphate bu ffered  sa lin e  

DEAE-dextran: d iethylam inoethyl-dextran

DMSO: dimethyl su lfox ide

EB: elementary body or in fe c t iou s  p a r t ic le

EBSS: E a r le 's  balanced s a l t  so lu t ion

FBS: f e t a l  bovine serum

Hanks' BSS: Hanks' balanced s a l t  so lu t ion

IFA: immunofluorescence assay (Immulok, In c . ,  Carp in teria , CA)

IFU: inclusion-form ing units

IUdR: 5 - iodo-2 '-deoxyur id ine  

LGV: lymphogranuloma venereum

MEME: E ag le 's  minimum essen t ia l  medium containing E a r le 's  balanced
sa lt  so lu t ion  and L-glutamine

M199: medium 199

M icro-IF : microimmunofluorescence tes t

NGU: nongonococcal u r e th r i t is

PAP: immunoperoxidase assay (Immulok, In c . ,  C arp in teria , CA)

PGU: postgonococcal u r e th r i t is

PID: p e lv ic  inflammatory disease

RB: r e t ic u la te  or i n i t i a l  body

2SP: 0.2 M sucrose in 0.02 M phosphate b u f fe r

4SP: 0.4 M sucrose in 0.02 M phosphate b u f fe r
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SPG: sucrose-phosphate-gultamate medium

TRIC: trachoma-inclusion c o n ju n c t iv i t is  s tra in s  o f  JC. trachomatis

T-soy broth: t r y p t ic  soy broth
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Appendix B -  Chlamydial Media and Stains 

Sucrose-phosphate-glutamate medium (SPG) (31)

Component Amount

Sucrose 75.00 gm

KH2HP04 0.52 gm

Na2HP04 1.22 gm

Glutamic acid  0.72 gm

D is t i l l e d  water to 1000 ml

The pH was adjusted to 7.4 with 1.0 N NaOH. The medium was s t e r i l ­

ized  by autoclav ing fo r  15 minutes at 15 pounds pressure (121°C).

Jone's Iod ine Solution (64)

Component 

Potassium iod ide 

Iodine c rys ta ls  

95% ethanol 

D is t i l l e d  water

Amount 

20 .0 gm 

20.0 gm

200.0 ml

200.0 ml

The iod ine was added to the a lcoh o l,  and then the potassium iod ide  

was d isso lved  in  th is  so lu t ion . Water was added to make f i n a l  volume. 

The so lu t ion  was f i l t e r e d  twice through Whatman #1 f i l t e r  paper, and 

stored in  brown co lored  b o t t le s  at room temperature. Expiration  date:

6 months.

Jone’ s Iod ine-G lycer in  (64)

Equal amounts o f  Jone 's  iod ine  so lu t ion  and g ly c e r in  were mixed 

and stored in a dark b o t t le  at room temperature. Expiration  date: 6

months.



LITERATURE CITED



66

1. S to r tz ,  J. 1971. Chlamydia and Chlamydia-induced d iseases. Charles
C. Thomas, S p r in g f ie ld ,  I l l i n o i s .

2. Schachter, J . , and H.D. Caldwell. 1980. Chlamydiae. Ann. Rev.
M icrob io l.  34:285-309.

3. Schachter, J. 1978. Chlamydial in fe c t io n s .  N. Engl. J. Med. 298:
428-435, 490-495, 540-549.

4. Bedson, S .P . , G.T. Western, and S.L. Simpson. 1930. Observations
on the a e t io lo g y  o f  p s i t ta c o s is .  Lancet _1:235, 345.

5. Moulder, J.W. 1966. The r e la t io n  o f  the p s i t ta c o s is  group (Chlamy­
dia) to b a c te r ia  and v iru ses .  Ann. Rev. M icrob io l.  20 :107-130.

6. Hatch, T .P . ,  E. Al-Hossainy, and J.A. Silverman. 1982. Adenine
nucleotide and lys in e  transport in Chlamydia p s i t t a c i . J. 
B a c te r io l .  150:662-670.

7. Page, L.A. 1966. Revis ion  o f  the fam ily  Chlamydiaceae Rake
(R i c k e t t s i a l e s ) : u n i f ic a t io n  o f  the psittacosis-lymphogranuloma
venereum-trachoma group o f  organisms in the genus Chlamydia. 
Jones, Rake and Stearns, 1945. In t.  J. Syst. B a c te r io l .  16: 
223-252.

8. Page, L .A . 19 74. The r ic k e t t s ia s ,  p. 914-918. _In R.E. Buchanan,
and N.E. Gibbons ( e d . ) ,  Bergey 's  manual o f  determ inative 
b a c te r io lo g y ,  Eighth Ed it ion , Williams and W ilk ins Company, 
Ba lt im ore .

9. Becker, Y. 1978. The Chlamydia: molecular b io lo gy  o f  p rocaryo t ic
ob l iga te  paras ites  o f  eucaryocytes. M icrob io l.  Rev. 42:274-306.

10. Armstrong, J . A . , and S.E. Reed. 1964. Nature and o r ig in  o f  i n i t i a l
bodies in lymphogranuloma venereum. Nature 201:371-373.

11. H igashi, N. 1965. E lectron m icroscopic studies on the mode o f  repro­
duction o f  trachoma v irus and p s i t ta c o s is  v irus in c e l l  cu ltures. 
Exp. Mol. Patho l. ^_:24-39.

12. Kuo, C.C., and J.T . Grayston. 1976. In te ra c t ion  o f  Chlamydia
trachomatis organisms and HeLa 229 c e l l s .  In fe c t .  Immun. 13: 
1103-1109.

13. Hatch, T .P . ,  D.W. Vance, J r . ,  and E. Al-Hossainy. 1981. Attachment
o f  Chlamydia p s i t t a c i  to formaldehyde-fixed and unfixed L - c e l l s .  
J. Gen. M ic rob io l.  125:273-283.

14. Bryne, G .I .  1976. Requirements fo r  ingestion  o f  Chlamydia p s i t t a c i
by mouse f ib ro b la s ts  (L c e l l s ) .  In fe c t .  Immun. 14:645-651.

15. Bryne, G. I .  , and J.W. Moulder. 1978. P a ra s i te -sp e c i f ie d  phagocyto­
s is  o f  Chlamydia p s i t t a c i  and Chlamydia trachomatis by L and 
HeLa c e l l s .  In fect..  Immun. 19:598-606.



67

16. F r i i s ,  R.R. 1972. In te rac t ion  o f  L c e l l s  and Chlamydia p s i t t a c i : 
en try  o f  the paras ite  and host response to i t s  development.
J. B a c te r io l .  110:706-721.

17. Tamura, A .,  and G.P. Manire. 1967. Preparation and chemical com­
pos it ion  o f  the c e l l  membranes o f  developmental r e t ic u la t e  
forms o f  meningopneumonitis organisms. J. B a c te r io l .  94: 
1184-1187.

18. Grayston, J .T . ,  and S.P. Wang. 1975. New knowledge o f  chlamydiae
and the diseases they cause. J. In fe c t .  Dis. 132:87-105.

19. Schachter, J. , and M. Grossman. 1981. Chlamydial in fe c t io n s .  Ann.
Rev. Med. 32:45-61.

20. Holmes, K.K. 1981. The Chlamydia epidemic. JAMA 245:1718-1723.

21. Beem, M.O., and E.M. Saxon. 1977. R esp ira to ry - tra c t  co lon iza t ion
and a d is t in c t i v e  pneumonia syndrome in in fan ts  in fe c ted  w ith 
Chlamydia trachomatis. N. Engl. J. Med. 296:306-310.

22. Harrison, H .R ., M.G. English, C.K. Lee, and E.R. Alexander. 1978.
Chlamydia trachomatis in fan t pneumonitis. N. Engl. J. Med. 
298:702-708.

23. Holmes, K .K . , H.H. H an sfie ld , S.P. Wang, B.B. Wentworth, M. Turck,
J.B. Anderson, and E.R. Alexander. 1975. E t io logy  o f  non­
gonococcal u r e th r i t is .  N. Engl. J. Med. 292:1199-1206.

24. Taylor-Robinson, D ., and B.J. Thomas. 1980. The r o le  o f  Chlamydia
trachomatis in  g e n i ta l - t r a c t  and associated  d iseases. J. C lin . 
Pathol. 33:205-233.

25. Berger, R .E., E.R. Alexander, G.D. Monda, J. A n se ll ,  G. McCormick,
and K.K. Holmes. 1978. Chlamydia trachomatis as a cause o f  
acute " id io p a th ic "  ep id idym it is .  N. Engl. J. Med. 298:301-304.

26. Mardh, P .A . , T. Ripa, L. Svensson, and L. Westrom. 1977. Chlamydia
trachomatis in fe c t io n s  in patien ts  with acute s a lp in g i t i s .
N. Engl. J. Med. 296:1377-1379.

27. Bowie, W.R. 1982. Chlamydia. Gonorrhea may be clue to concomitant
in fe c t io n :  concurrent treatment suggested. Sex. Trans. Dis.
Bull. _2:4.

28. Sweet, R .L .,  J. Schachter, and D.V. Landers. 1983. Chlamydial
in fe c t ion s  in  o b s te tr ic s  and gynecology, p. 143-164. _In 
R.M. P itk in  and J.R. Scott (ed . ) ,  C l in ic a l  o b s te tr ic s  and 
gynecology, Vo l. 26, Harper and Row, Publishers, In c . ,  Ph i la ­
delph ia, PA.

29. Tack, K .J . , F .L . Rasp, D. Hanto, P.K. Peterson, M. O 'Leary, R.L.
Simmons, and L.D. Sabath. 1980. I s o la t io n  o f  Chlamydia trach­
omatis from the lower resp ira to ry  t ra c t  o f  adults. Lancet _ i; 
116-120.



68

30. I t o ,  J . I . ,  K.A. Comess, R.E. Alexander, H.R. Harrison, C.G. Ray,
J. K iv ia t ,  and R.E. Sobonya. 1982. Pneumonia due to Chlamydia 
trachomatis in an immunocompromised adult. N. Engl. J. Med. 
307:95-98.

31. Schachter, J. , 1980. Chlamydiae, p. 357-364. _In E.H. Lennette,
A. Balows, W.J. Hausler, J r . ,  and J.P . Truant ( e d . ) ,  Manual 
o f  c l in i c a l  m icrob io logy , Third Ed it ion , American Soc iety  fo r  
M icrob io logy , Washington, D.C.

32. Schachter, J . , and C.R. Dawson. 1979. Psittacosis-lymphogranuloma
venereum agents/TRIC agents, p. 1021-1059. _In E.H. Lennette,
N.J. Schmidt ( e d . ) ,  D iagnostic procedures f o r :  v i r a l ,  r i c k e t t s ia l ,  
and chlamydial in fe c t io n s ,  F i f th  E d it ion , American Pub lic  Health 
Assoc ia t ion , Washington, D.C.

33. Schachter, J . , C.R. Dawson, S. Balas, and P. Jones. 1970. Evalua­
t ion  o f  laboratory  methods fo r  detect ing  acute TRIC agent 
in fe c t io n .  Am. J. Ophthalmol. 70:375-380.

34. P h i l ip ,  R .N . , E.A. Casper, F.B. Gordon, and A.L. Quan. 1974.
Fluorescent antibody responses to chlamydial in fe c t io n  in  
patien ts  w ith  lymphogranuloma venereum and u r e th r i t is .  J.
Immunol. 112:2126-2134.

35. Schachter, J . , C.R. Dawson. 1978. Human chlamydial in fe c t io n s .  PSG
Publishing Co., L i t t le to w n ,  MA.

36. Gordon, F .B ., I .A .  Harper, A.L. Quan, J.D. Trehame, R.S.C. Dwyer,
and J.A. Garland. 1969. Detection o f  Chlamydia (Bedsonia) in 
certa in  in fe c t ion s  in man. I .  Laboratory procedures: com­
parison o f  yo lk  sac and c e l l  culture detect ion  and is o la t io n .
J. In fe c t .  Dis. 120:451-462.

37. Gordon, F .B .,  G.B. Magruder, A.L. Quan, and H.G. Arm. 1963. C e ll
cultures f o r  detect ion  o f  trachoma v irus from experimental 
simian in fe c t io n .  Proc. Soc. Exp. B io l .  Med. 112:236-242.

38. Gordon, F .B . , and A.L. Quan. 1965. I s o la t io n  o f  the trachoma agent
in c e l l  cu lture . Proc. Soc. Exp. B io l .  Med. 118:354-359.

39. Hobson, D. 1978. Tissue cu lture procedures fo r  the is o la t io n  o f
Chlamydia trachomatis from patien ts  with nongonococcal g en ita l  
in fe c t io n s ,  p. 286-294. _In D. Hobson, and K.K. Holmes ( e d . ) ,  
Nongonococcal u r e th r i t is  and re la ted  in fe c t io n s ,  American 
Soc iety  fo r  M icrob io logy , Washington, D.C.

40. Johnson, F.W.A., and D. Hobson. 1976. Factors a f f e c t in g  the sen s it ­
i v i t y  o f  r ep l ic a t in g  McCoy c e l l s  in the is o la t io n  and growth o f  
chlamydia A (TRIC agents ). J. Hyg. 76:441-451.

Darouger, S .,  S. Cubitt, and B.R. Jones. 1974. E f fe c t  o f  high-speed 
cen tr i fu ga t ion  on the s e n s i t i v i t y  o f  i r ra d ia ted  McCoy c e l l  
cu lture fo r  the is o la t io n  o f  Chlamydia. B r i t .  J. Ven. Dis. 
50:308-312.

41.



69

42. Reeve, P . , J. Owen, and J.D. O r ie l .  1975. Laboratory procedures
fo r  the is o la t io n  o f  Chlamydia trachomatis from the human 
g e n i t a l - t r a c t . J. C lin. Path. 28:910-914.

43. Wentworth, B .B ., and E.R. Alexander. 1974. I s o la t io n  o f  Chlamydia
trachomatis by use o f  5 - iodo-2 -deoxyurid ine-trea ted  samples. 
Appl. M icrob io l.  27:912—916.

44. Sompolinsky, D . , and S. Richmond. 1974. Growth o f  Chlamydia trach­
omatis in McCoy c e l l s  trea ted  with cytochalasin  B. Appl. 
M icrob io l.  28:912-914.

45. Ripa, K .T . , and P.A. Mardh. 1977. C u lt iva t ion  o f  Chlamydia trach­
omatis in cyc lohex im ide-treated  McCoy c e l l s .  J. C lin . 
M icrob io l.  j3: 328-331.

46. Evans, R .T . , and D. Taylor-Robinson. 1979. Comparison o f  various
McCoy c e l l  treatment procedures used fo r  d etect ion  o f  Chlamydia 
trachomatis. J. C lin . M icrob io l.  10:198-201.

47. Benes, S . , and W.M. McCormack. 1982. Comparison o f  methods fo r
cu lt iv a t io n  and is o la t io n  o f  Chlamydia trachomatis. J. C lin. 
M icrob io l.  16:847-850.

48. Kuo, C.C., S .P. Wang, B.B. Wentworth, and J .T . Grayston. 1972.
Primary is o la t io n  o f  TRIC organisms in  HeLa 229 c e l l s  trea ted  
with DEAE-dextran. J. In fe c t .  Dis. 125:665-668.

49. Rota, T .R . , and R.L. N ichols . 1971. In fe c t io n  o f  c e l l  cu ltures by 
trachoma agent: enhancement by DEAE-dextran. J. In fe c t .  Dis. 
124:419-421.

50. Croy, T .R . , C.C. Kuo, and S.P. Wang. 1975. Comparative suscep ti­
b i l i t y  o f  e leven  mammalian c e l l  l in e s  to in fe c t io n  w ith  trachoma 
organisms. J. C lin . M icrob io l.  J^:434-439.

51. Kuo, C.C., S.P. Wang, and J .T .  Grayston. 1973. E f fe c t  o f  p o ly ca t­
ions, polyanions, and neuraminidase on the i n f e c t i v i t y  o f  
trachoma-inclusion c o n ju n c t iv i t is  and lymphogranuloma 
venereum organisms in HeLa c e l l s :  s i a l i c  acid  residues as 
poss ib le  receptors fo r  trachoma-inclusion c o n ju n c t iv i t is .  
In fe c t .  Immun. _8:74-79.

52. Soderlund, G ., andE. Kihlstrom. 1982. Physicochemical surface prop­
e r t ie s  o f  elementary bodies from d i f fe r e n t  serotypes o f  
Chlamydia trachomatis and th e ir  in te ra c t io n  with mouse f ib r o ­
b la s ts .  In fe c t .  Immun. 36:893-899.

Kuo, C .C ., S.P. Wang, and J .T . Grayston. 1972. D i f fe r e n t ia t io n  o f  
TRIC and LGV organisms based on enhancement o f  i n f e c t i v i t y  
by DEAE-dextran in c e l l  cu lture. J. In fe c t .  Dis. 125:313-317.

53.



70

54. Harrison, H .R . , and R.T. R igg in . 1979. In fe c t io n  o f  primary 
amnion monolayers with Chlamydia trachomatis. J. In fe c t .  
Dis. 140:968-971.

55. K esk i-o ja ,  J . ,  and J. Paavonen. 1982. I s o la t io n  o f  Chlamydia
trachomatis in untreated MMC-E mouse e p i t h e l i a l  c e l l s .  J.
C lin. M icrob io l.  16:391-394.

56. Smith, T . F . , S.D. Brown, and L.A. Weed. 1982. Diagnosis o f
Chlamydia trachomatis in fe c t io n s  by c e l l  cultures and sero logy . 
Lab. Med. _13:92-100.

57. Thomas, B .J . ,  R.T. Evans, G.R. Hutchinson, and D. Taylor-Robinson.
1977. Early detect ion  o f  chlamydial inc lus ions combining the 
use o f  cyc lohex im ide-treated  McCoy c e l l s  and immunofluorescence 
s ta in ing . J. C lin . M icrob io l.  ^:285~292.

58. Stephens, R .S .,  M.R. Tam, C.C. Kuo, and R.C. Nowinski. 1982.
Monoclonal an tibod ies to Chlamydia trachomatis: antibody 
s p e c i f i c i t i e s  and antigen charac ter iza t ion . J. Immunol. 126: 
1083-1089.

59. Stamm, W.E., M. Tam, M. Koester, and L. Cles. 1983. Detection  o f
Chlamydia trachomatis inclusions in McCoy c e l l  cultures w ith 
fluoresce in -con jugated  monoclonal an tibod ies. J. C lin . 
M icrob io l.  17:666-668.

60. Stephens, R .S .,  C.C. Kuo, and M.R. Tam. 1982. S e n s i t i v i t y  o f
immunofluorescence with monoclonal antibod ies fo r  d e tec t ion  
o f  Chlamydia trachomatis inclusions in c e l l  cu lture. J. C lin . 
M icrob io l.  16:4-7.

61. Rota, T .R . , and R.L. N ichols . 1973. Chlamydia trachomatis in c e l l
cu lture . Appl. M icrob io l.  26 :560-565.

62. LaScolea, L . J . , and S.M. Bald igo. 1982. I n f e c t i v i t y  o f  Chlamydia
trachomatis in  t issue culture with newborn c a l f  serum. J.
Clin. M icrob io l.  15:951-953.

63. Evans, R.T. 1980. Suppression o f  Chlamydia trachomatis inc lus ion
formation by f e t a l  c a l f  serum in cyc lohex im ide-treated  McCoy 
c e l l s .  J. C lin . M ic rob io l.  11:424-425.

64. Smith, T.F. 1979. V iro logy  laboratory  procedure manual. Mayo
Foundation, Mayo C l in ic ,  Rochester, MN.

65. Shannon, J.E. 1981. Chlamydiae need the r e a l  McCoy. American Type
Culture C o l le c t ion .  Quarterly New sle tter  J.:2-3.

66. Smith, T .F . 1982. Role o f  the d iagnostic  v i r o lo g y  laboratory in
c l in i c a l  m icrob io logy : te s ts  fo r  Chlamydia trachomatis and 
en te r ic  tox ins in c e l l  cu lture, p. 93-124. _Li L.M. de la  Maza 
and E.M. Peterson ( e d . ) ,  Medical v i r o lo g y ,  E ls e v ie r  Science 
Publishing C o ., I n c . , New York.



71

67. Lee, C.K. 1981. In te ra c t ion  between a trachoma s tra in  o f  Chlamydia
trachomatis and mouse f ib ro b la s ts  (McCoy c e l l s )  in  the absence 
o f  cen tr i fu ga t ion .  In fe c t .  Immun. 31:584-591.

68. Peterson, E.M., and L.M. de la  Maza. 1982. Chlamydia trachom atis :
a g en ita l  pathogen worth recogn iz ing . Am. J. Med. Tech. 48: 
247-255.

69. A l lan , I . ,  and J.H. Pearce. 1979. Modulation by cen tr i fu ga t ion  o f
c e l l  s u s c e p t ib i l i t y  to chlamydial in fe c t io n .  J. Gen. M icrob io l.  
111:87-92.

70. Schmidt, N.J. 1982. Advances in  the laboratory  diagnosis o f  v i r a l
in fe c t io n s ,  p. 1-32. JLn L.M. de la  Maza and E.M. Peterson ( e d . ) ,  
Medical v i r o lo g y ,  E ls e v ie r  Science Publishing Co., In c . ,  New 
York.

Gordon, F .B ., and A.L. Quan. 1965. Occurrence o f  glycogen in  inc lu ­
sions o f  the psittacosis-LGV-trachoma agents. J. In fe c t .  Dis. 
115:186-196.

71.


	University of North Dakota
	UND Scholarly Commons
	8-1-1983

	Isolation of Chlamydia Trachomatis
	Sandra G. Norstedt
	Recommended Citation


	tmp.1557521817.pdf.1Uukd

