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ABSTRACT. T h e  b a c t e r i a  w h i c h  c a u s e  t h e  p s i t -  

t a c o s i s - t r a c h o m a  g r o u p  of  d i s e a s e s  a n d  w h i c h  

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

R a k e ,  a n d  S t e a r n s ,  1 9 4 5 ,  c a n  b e  s e p a r a t e d  

c o n v e n i e n t l y  a n d  l o g i c a l l y  i n t o  t w o  s p e c i e s .  

T h i s  s e p a r a t i o n  i s  b a s e d  o n  r e l a t i v e l y  s t a b l e  

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

o f  t h e  o r g a n i s m s  r a t h e r  t h a n  o n  t h e i r  p r e -  

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

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

T h e  t y p e  s p e c i e s  C h l a m y d i a  t r a c h o m a t i s  ( B u -  

s a c c a )  R a k e  1 9 5 7  i s  d i f f e r e n t i a t e d  f r o m  t h e  

s e c o n d  s p e c i e s  C h l a m y d i a  p s i t t a c i  ( L i l l i e  

1 9 3 0 )  c o m b .  n o v . ,  b y  a s i m p l e  k e y  u s i n g  t e s t s  

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

t o r y .  E a c h  s p e c i e s  i s  d e f i n e d ,  a n d  t h e  l a b o -  

r a t o r y  t e s t s  a r e  d e s c r i b e d .  
- - - - - - - - - - - -  

INTRODUCTION 

In 1965 it was apparent  that  the numerous  taxonomic and 

nomencla tura l  proposals made  over  two decades by Amer i -  

can, Russ iamand F r e n c h  worke r s  had failed to  s tab i l ize  the 

scientific naming of the group of re la ted  o rgan i sms  that 

cause  ps i t tacos is ,  t r achoma ,  and o ther  d i seases .  P r i o r  t o  

This proposa l  has  been reviewed and approved by a ma jo r -  

i ty of the m e m b e r s  of the Subcommittee on the Chlamydia- 

ceae ,  Taxonomy Committee,  Amer ican  Society f o r  Micro- 

biology, October 1967. 

Sec re t a ry ,  Subcommittee on the Chlamydiaceae,  Taxonomy 

Committee,  Amer ican  Society fo r  Microbiology. 
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1965, A m e r i c a n  s y s t e m a t i s t s  adhe red  to  Rake ' s  p lacement  

of t hese  o r g a n i s m s  into two g e n e r a ,  Chlamydia Rake 1956 

and Miyagawanella Brumpt  1938, although many w o r k e r s  

favored ,  f o r  h i s t o r i c  and  phonetic r e a s o n s  the  g e n e r i c  n a m e  

Bedsonia,  which was  belatedly proposed  by M e y e r  (1953). 

Intervening w e r e  the validly published p roposa l s  of Mosh- 

kovs ky ( 1945), Ryzhkov (1  950), Zhdanov and  Korenbl i t  ( 1950), 

and Zhdanov(l953) of t he  genus n a m e s  Chlamydozoon f o r  the  

o r g a n i s m s  caus ing  t r a c h o m a  and  Ehr l i ch ia  o r  Ricke t t s ia -  

f o r m i s  f o r  the o r g a n i s m s  caus ing  ps i t tacos is .  The  Russ i an  

au tho r s  cons idered  t h e m  t o  be v i ruses .  Las t ly ,  Levadi t i ,  

Roger ,  and Des tombes  proposed  in  1964 tha t  t h e s e  o r g a n i s m s  

be sp l i t  among four  genera :  Chlamydia Rake, Miyagawanella 

Brumpt ,  Bedsonia Meyer ,  and Rakeia  Levadi t i  gt 21. 

The  ques t ions  r a i s e d  by these  var ious  p roposa l s  w e r e  

examined  f o r  taxonomic  m e r i t  in  t h e  light of r ecen t  ch lamy-  

d i a l  r e s e a r c h ,  and evaluated acco rd ing  t o  the  In te rna t iona l  

Code of Nomencla ture  of Bac te r i a  (1958) f o r  nomenc la tu ra l  

l eg i t imacy ( P a g e  1966). The  conclusions of t h i s  study, 

r eached  after consultation with Arne r i c a n  s y s t e m a t i s t s  and  

mic rob io log i s t s  , l  were :  

(1 )  That  t he  evidence accumula ted  by Moulder  (1  964, 1966) 

and o t h e r s  e s t ab l i shed  tha t  t he  etiologic agents  of t r a c h o m a ,  

p s i t t acos i s ,  and  re la ted  d i s e a s e s  w e r e  p roca ryo t i c  m i c r o -  

o r g a n i s m s ,  o r  bac te r i a  in the  broad  s e n s e ,  and  w e r e  funda- 

menta l ly  d is t inc t  f r o m  the  v i ruses .  

( 2 )  Tha t  t he  c h a r a c t e r i s t i c s  u sed  t o  unite t hese  o r g a n i s m s  

in to  a s ing le  genus (morphology, deve lopmenta l  cycle,  and  

g roup  an t igen)  w e r e  of g r e a t e r  taxonomic  significance than  

the  c h a r a c t e r i s t i c s  used  t o  s e p a r a t e  t h e m  in to  two or  four  

g e n e r a  ( p r e s u m e d  hos t  o r  t i s s u e  p r e f e r e n c e s  on the  p a r t  of 

t he  o r g a n i s m s ,  and pa t ronymics  on the  pa r t  of h i s to ry -  

minded  humans).  T h e r e f o r e ,  i t  was  appropr i a t e  t o  c lass i fy  

the g roup  of o r g a n i s m s  into one genus. 

(3 )  Tha t ,  acco rd ing  t o  the  ru l e s  of the In te rna t iona l  Code 

of Nomencla ture  of Bac te r i a ,  t he  e a r l i e s t  validly published, 

l eg i t ima te  and c o r r e c t  n a m e  f o r  th i s  genus was  Chlamydia ,  

J o n e s ,  Rake  and S t e a r n s ,  1945. T h e s e  a u t h o r s  a l s o  w e r e  

the  f i r s t  t o  e x p r e s s  the  concept tha t  a l l  of the agents  caus ing  

e i the r  t r a c h o m a ,  p s i t t acos i s  o r  r e l a t ed  d i s e a s e s  w e r e  m e m -  

b e r s  of a s ing legenus .  Al l  o t h e r g e n e r i c  n a m e s  f o r  ch lamy-  

d iae  e i t h e r  w e r e  invalidly published o r  w e r e  l a t e r  synonyms 

of Chlamydia.  

R. E. Buchanan, C. B. Phi l ip ,  J. W. Moulder ,  F. B. Gordon, 

E. Jawe tz ,  and  M. Po l l a rd .  
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The  publication by Page  (1966) did not propose any new 

names ,  but i t  c la r i f ied  the taxonomic and nomencla tura l  

position of previously proposed names  and emphasized the 

c o r r e c t  scientific name. Its purpose was to  simplify and to  

s t ab i l i ze  chlamydia1 nomenclature.  

Reasons f o r  the Recognition a t  P r e s e n t  of 

Two Species in the Genus Chlamydia 

In the past ,  classification sys t ems  proposed fo r  chlamy- 

diae have used p resumed  t i s sue  o r  host  affinities of the  o r -  

ganisms a s  heavily weighted taxonomic c r i te r ia .  This  is 

understandable because  l e s s  was known about the o rgan i sms  

themselves  than about the damage they caused to the i r  hosts.  

Moshkovsky (1  945) emphas ized  hos t  ce l l  origin and in t ro-  

duced the t e r m s  "mesodermosis"  f o r  ps i t tacos is ,  lympho- 

granuloma venereum,and a number of other d i seases ,  and 

"ec todermosis"  fo r  t r achoma  and various conjunctival in- 

f lammations.  He classified the etiologic agents of these  

d i seases  on the bas i s  of t he i r  p resumed-  t i s sue  ce l l  affini- 

t ies.  The classification sys t em of Rake in Bergey's 6th 

(1948) and 7th (1 957) editions a l so  reflected a tissue-affinity/ 

host  p reference  outlook. Examples  a r e :  

Disease  S pe ci  f i c e t i 010 g y 

Trachoma  Chlamydia t rachomat i s  

Inclus ion c onj unct i viti s 

Lymphogranuloma venereum Miyagawanella 

Chlamydia oculogenitale 

lymphog ranulomatos i s  

Ps i t t acos i s  Miyagawanella ps i t taci  

Ps i t t acos i s  in  non- 

Enzootic abortion in  ewes  

Sporadic  bovine 

Calf e nte r i  t i s 

psit tacine b i rds  Miyagawanella orn i thos is  

Miyagawanella ovis 

Mi yagawanella pe  co  r i s  

Miyagawanella bovis 

e nce pha lom ye l i  ti s 

On the  other hand, Levaditi  e t  &. (1964) suggested that 

t hese  organisms should be separa ted  on the basis of a pre -  

sumedly unique epidemiology. Thus,  the agents assoc ia ted  

with t r achoma  belonged in  the  genus Chlamydia, with lym- 

phogranuloma venereum in  Miyagawanella, with ps i t tacos is  

in  b i rds  and m a n  in  Bedsonia, and with d i seases  of domest ic  

herb ivores  in Rakeia. 
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In the light of recent evidence, the use of such c r i t e r i a  in 

the classification of chlamydiae is contraindicated; fo r ,  when 

knowledge of the clinical  syndrome of the host is not avail- 

able,  Chlamydia t rachomatis  i n  Rake's schema cannot be 

satisfactorily distinguished by laboratory t e s t s  f r o m  Chlam- 

&a oculogenitale o r  f r o m  Miyagawanella lymphogranuloma- 

- tosis.  If the o rgan i sms  a r e  isolated f r o m  the genital  t r a c t  

of a person with no evidence of d i sease ,  they cannot. be as- 

signed with cer ta inty to  any of Rake's species.  Dunlop and 

his  colleagues (1966) recently reported the isolation of 

chlamydiae f r o m  the urogenital  t r a c t s  and conjunctiva of 

patients with clinical  u re th r i t i s ,  opththalmia neonatorurn, o r  

t rachoma.  All  of the isolates  were  microbiologically indis- 

tinguishable. These  authors  s ta ted that t h e r e  was "no dif- 

f e r ence  between the isolate  f r o m  the eye and that f r o m  the 

genital t r a c t  in each case." In another case ,  these authors  

reported that "an isolate  of what is probably a TRIG* agent 

has  been obtained f r o m  the rectum of a woman with ocular  

infection due t o  the agent.. . . The difficulty in differentiating 

such c a s e s  f r o m  lymphogranuloma venereum (LGV),  and 

TRIC agent f rom the agent of LGV, is apparent." 

Other examples  i l lustrate  the inadvisability of ascr ibing 

a species  designation t o  a s t r a i n  of organisms p resumed  t o  

be the sole  cause of a part icular  disease.  Schachter  (1967)  

reported the isolation f r o m  the t i s sue  of a patient with clini- 

c a l  lymphogranuloma venereum of an o rgan i sm that was 

morphologically, pathogenically, and chemically indistin- 

guishable f r o m  s t r a i n s  normally recovered f r o m  psit tacine 

birds. Was the patient with clinical  LGV infected with Miya- 

gawanella lymphogranulomatosis o r  with ,M. psi t taci  ? 

Page  ( 1967) reported that a chlamydia1 agent implicated 

in a case  of bovine en te r i t i s  and in a case of fatal psi t tacosis  

was  identical  in "pathotype" and- morphological and chemical  

cha rac t e r i s t i c s  t o  a s t r a i n  typical of those frequently r e -  

covered f r o m  pigeons. However, i t  was  quite different f r o m  

another  s t ra inwhich had caused a n  epizootic of bovine abor-  

t ions.  Were the bovines and the human subject infected with 

- M. psit taci ,  _M. ornithosis,  &l. bovis, o r x .  p e c o r i s ?  Was 

the patient who was affected by the bovine agent suffering 

f r o m  psi t tacosis ,  ornithosis,  o r  mammalos i s  ? 

Unfortunately, serotyping of the s t r a i n s  isolated f r o m  

various hosts with differing disease syndromes has  not r e -  

* TRIC = TRachoma Inclusion Conjunctivitis. 
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solved the difficulties. While numerous serotypes can be 

distinguished on the basis of the specificityof cell  wall  anti- 

gens by using toxin-antitoxin reactions,  growth-inhibition in 

t issue culture,  o r  complement fixation t e s t s ,  this approach 

has  failed t o  produce a pat tern suitable for  taxonomic clas-  

sification ( F r a s e r  and Berman 1965). P a s t  experience indi- 

cates  that specific serology as a basis  fo r  species  s epa ra -  

tion leads t o  long l i s t s  of names which a s s i s t  epidemiology 

but detract  f r o m  taxonomy, especially when embar ra s s ing  

c r o s s  reactions occur. DNA homology t e s t s  a l so  have not 

aided clsssification because of the high degree of homology 

between the DNA's of different s t r a ins  (Gerloff e t  g. 1966). 

A solution to  this nomenclatural  and taxonomic dilemma 

was suggested by the work of Gordon and Quan (1965) who 

reported that a number of chlamydia1 s t r a ins  recovered f r o m  

a variety of diseased t i s sues  and hosts could be separated 

into two ma jo r  groups on the basis  of morphological and 

chemical cha rac t e r i s t i c s  of the organisms alone. Gordon 

and Quan observed (as had others  previously) that  organisms 

associated with t rachoma,  inclusion conjunctivitis, lympho- 

granuloma venereum, and mouse pneumonitis developed 

compact intracytoplasmic microcolonies ( inclusions in  

t i s sue  cel ls)  which produced sufficient quantities of glycogen 

detectable by staining with iodine solution. Lin and Moulder 

(1966) confirmed these observations and added another ap- 

parently stable character is t ic .  They found that the multipli- 

cation in chicken embryos of the chlamydiae that formed 

compact microcolonies and produced glycogen was inhibited 

by sodium sulfadiazine. The s t ra ins  in the nonglycogen 

producing, sulfadiazine, res is tant  group were  organisms 

frequently associated with psit tacosis,  meningopneumonitis, 

guinea pig conjunctivitis, bovine encephalomyelitis, feline 

pneumonitis, o r  caprine pneumonitis. 

The s e morphological and chemical character  is t i c s  we r e  

tes ted recently and confirmed by the author f o r  a group of 

15 s t r a ins  of chlamydiae isolated f r o m  man,  turkeys,  a 

pigeon, a sparrow,  parakeets ,  a gull, a mouse,  catt le,  sheep 

and a muskrat .  Representative s t r a ins  f r o m  both biological 

groups mentioned by Gordon and Quan were  a l so  tested.  All  

s t r a ins  fi t  the expected pattern (save the well  known "6BC" 

parakeet  s t r a in  which i s  glycogen negative but sensit ive t o  

sulfadiazine) and were readily separated into one o r  the 

other ma jo r  group (Page 1967, unpublished observations). 
The resul ts  of Gordon and Quan and Lin and Moulder e s -  

tablished the first natural  grouping of these organisms based 
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on relatively s table  morphological and chemical  cha rac t e r -  

i s t i c s  of the o rgan i sms  themselves ,  r a the r  than on var iable  

r e sponses  of an ima l  hosts  t o  infection or  on a multitude of 

specific cel l  wall  antigens. Moreover ,  the cha rac t e r i s t i c s  

used a r e  ones that are subject t o  t e s t  in any laboratory 

equipped t o  isolate  and study chlamydiae. These  a r e  condi- 

t ions that great ly  a s s i s t  the t a sk  of taxonomy. 

It is expected that other  relatively s table  cha rac t e r i s t i c s  

of chlamydiae will  be recognized and uti l ized t o  substant ia te  

e i the r  the p re sen t  dichotomous grouping or t o  justify the 

introduction of new groupings. Such i s  the dynamism and 

flexibility of taxonomy. 

The re fo re ,  i t  is proposed that two species  be recognized 

fo r  the o rgan i sms  of the genus Chlamydia (Jones,  Rake and 

S tea rns  1945) which include the causative agents of t r achoma ,  

psi t tacosis  and related diseases .  These  two species  a r e  

Chlamydia t rachomatis  (Busacca)  Rake 1957, which is the 

previously establ ished type species ,  and Chlamydia psi t taci  

( L i l l i e )  comb. nov. A definition of the genus and of each 

species ,  a simple key f o r  the differentiation of the spec ie s ,  

and an explanation of the laboratory t e s t s  used f o r  the dif- 

fe rentiation, follow. 

GENERAL LIMITS OF THE ORGANISMS I N  THE GENUS 

CHLAMYDIA JONES, RAKE AND STEARNS 1945 

Morphology and Mode of Reproduction. The o rgan i sms  

a r e  spheroidal ,  bounded by -a rigid ce l l  wal l  when m a t u r e ,  

and nonmotile. They have a unique, obligately in t r ace l lu l a r  

developmental  cycle cha rac t e r i zed  by the change of the pr i -  

m a r y  infectious organism in  the cytoplasm of the host ce l l  

t o  a reticulate thin walled spheroid,  0. 9-1.0 p in d i ame te r ,  

which divides by fission. Division continues, while some  

daughter cel ls  gradually reduce in s i ze  t o  become dense 

sphe ru le s ,  0. 3 p in d i ame te r ,  which a r e  the final infectious 

f o r m  of the organism. Intracytoplasmic microcolonies ,  o r  

plaques,  2-12 p i n  d i ame te r ,  m a y  contain all s t ages  of ini- 

t ia l ,  in termediate ,  and m a t u r e  f o r m s  of the organism.  The  

o rgan i sms  can be sepa ra t ed  into two groups based onwheth- 

e r  the microcolony is rigid and compact,  o r  whether i t  is 

diffused throughout the host cel l ' s  cytoplasm. When the host 

ce l l  i s  damaged, the infectious sphe ru le s  a r e  r e l eased  t o  

repeat  the cycle in other  host  cel ls ,  although secondary 

microcolonies  m a y  be established in a single host  cell. 
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Chemis t ry  of t he  Organisms.  Both deoxyribo- and ribo- 

nuc le ic  ac ids  have been demons t r a t ed  in  the o r g a n i s m s  a t  

a l l  s t ages  of growth. T h e i r  ce l l  wal l s  a r e  s i m i l a r  i n g e n e r a l  

chemica l  composition to  those  of Gram-negat ive  bac ter ia .  

The  o r g a n i s m s  have a negative G r a m  reac t ion  and s t a in  

readi ly  by G i e m s a ' s ,  Macchiavello 's ,  o r  Cas t enada ' s  meth-  

ods. S t r a ins  that f o r m  compact  microcolonies  c h a r a c t e r i s -  

t i ca l ly  produce glycogen tha t  i s  demons t r ab le  by staining 

the  microcolony with a solution of iodine-potassium iodide. 

S t r a ins  that f o r m  diffuse microcolonies  fail t o  produce  de- 

tec tab le  glycogen, Organ i sms  of a l l  s t r a i n s  have me tabo l i c  

capabili t ies independent of the hos t  ce l l ,  such  as t he  catabo- 

lism of glucose to  carbon dioxide when provided with e s sen -  

tial inorganic  and o rgan ic  cofac tors .  The  in t r ace l lu l a r  mul -  

t iplication of organ i sms  of eve ry  s t r a i n  (except expe r imen ta l  

mu tan t s )  i s  inhibited by te t racyc l ine  antibiotics.  The  mul t i -  

pli ca t  i on of glycogen- producing s t r a in  s i s cha ract e r is ti cally 

inhibited by sodium sulfadiazine.  E v e r y  s t r a i n  contains 

a n  antigeni cally s i m i l a r  l ipo-protein- ca  rbohyd r a t e  complex  

which is s tab le  a t  100°C. S t ra in-spec i f ic  an t igens  a r e  found 

i n  the  ce l l  walls. 

Natura l  Habitat and Cultivation. The  o r g a n i s m s  a r e  pa ra -  

s i t e s  of t i s s u e  ce l l s  of v e r t e b r a t e s ,  although they m a y  be 

found in o r  on ec topa ras i t i c  a rachnids .  They  a r e  t r a n s m i t t e d  

between ve r t eb ra t e  hos t s  by the  inhalation' of infectious ex- 

c r e m e n t s  of b i rds  and mammals, by contamination of con- 

junctiva o r  o ther  mucous  m e m b r a n e  with infectious urogeni  

t a l  exudates during b i r th  o r  vene rea l  contact. In t ravenous  

t r a n s m i s s i o n  m a y  take  place media ted  by sanguivorous 

a r th ropods .  The  o rgan i sms  may produce  genera l ized  infec- 

t ions i n  a given hos t ,  but s o m e  s t r a i n s  loca l ize  and cause  

pronounced ce l lu la r  changes i n  one o r  m o r e  t i s s u e s  o r  or-  

gans ,  such  a s ,  the conjunctiva,  eyes ,  lungs,  l iver,  sp leen ,  

vascu la r  endothelium, joints , u r e t h r a ,  vagina, lymph nodes,  

f e t a l  and placental  m e m b r a n e s  , meninges ,  o r  brain.  Af t e r  

appropr i a t e  adaptation, all of the s t r a i n s  m a y  be propagated  

i n  the  yolk s a c  of chicken embryos  o r  i n  cu l tu re s  of ver t e -  

b ra t e  t i s sues .  To  da te ,  ex t r ace l lu l a r  propagation of the o r -  

gan i sms  h a s  not been achieved. 
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DEFINITION OF THE TYPE SPECIES AND ONE 

ADDITIONAL SPECIES I N  THE GENUS CHLAMYDIA 

1. Chlamydia t r achomat i s  (Busacca)  Rake 1957, 958. 

t r achomat i s  Foley and P a r r o t  1937,230; Chlamydozoon 

t r achomat i s  Moshkovsky 1945,18; Chlamydazoon t r achomia t i  

( s i c )  Ryzhkov 1950,17. ) 

(Rickettsia t r achomae  (sic) Busacca 1935,567; Ricket ts ia  

The following species  previously desc r ibed  i n  Bergey 's  

7th Edition and elsewhere are h e r e  considered putative syn- 

onyms of _C. t r achomat i s  (Busacca)  Rake: 

Chlamydia oculogenitalis (Moshkovsky, 1945) Rake 1957; 

Chlamydozoon oculopenitale Moshkovsky op. cit. ; 

Miyagawanella lymphogranulomatosis,  Brumpt,  Ann. de 

Ehrl ichia  (Miyagawanella) lymphogranulomatosis Mosh- 

Ricketts iaformis  lymphogranulomatis Zhdanov and 

Chlamydozoon lymphophilus , Ryzhkov, op. cit. ; 

Miyagawanella bronchopneumoniae (Moshkovs ky, 1945) 

Ehrl ichia  bronchopneumoniae Moshkovsky, op. cit. ; 

Cystidium bronchopneumoniae m u r i s  Ruska (Ruska and 

Cystidium gonne rt ianum, Rus ka, op. cit. ; 

Ricket ts iaformis  m u r i s ,  Zhdanov and Korenblit,  op. cit. ; 

Chlamydozoon mur inus  Ryzhkov, op. cit. 

Pa ras i to l .  16, 1938, 155; 

kovsky, op. cit. ; 

Korenblit ,  op. cit. ; 

Rake 1948, 1118; 

Poppe 1947); 

tra. cho'ma. tis. Gr. n. t r achoma  roughness;  M. L. n. 

t r achoma  t r achoma;  M. L. gen. n. t r achomat i s  of t rachoma.  

Spheroidal,  nonmotile o rgan i sms  whose d i a m e t e r s  range 

f r o m  0. 3 t o  0. 9 p depending upon the i r  s tage of development 

in a n  obligately intracel lular  multiplication cycle. During 

the f i r s t  two to  t h r e e  days of growth, the o rgan i sms  f o r m  

rigid , compact intracytoplasmic microcolonies  which m a y  

contain o rgan i sms  i n  all s t ages  of development. In t ime ,  

s e v e r a l  hundred m a t u r e  infectious f o r m s ,  which are small, 

dense sphe ru le s  0.3 p i n  d i ame te r ,  m a y  e m e r g e  f r o m  rup- 

t u r e d  plaques t o  f i l l  the  host  cell's cytoplasm. Secondary 

microcolonies  m a y  be formed. The  spherules  are r e l eased  

t o  infect other  cel is  when the host  ce l l  is damaged. F o r  a 

l imited period (two o r  t h r e e  days)  glycogen is accumulated 

in  the intracel lular  plaque in  sufficient quantit ies t o  be 
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demonstrable microscopically after fixing the iflfected host 

cells in methyl alcohol and then staining them with an alco- 

holic solution of W0.iodine-potas sium iodide. The organisms 

a r e  Gram-negative and can be readily seen microscopically 

af ter  staining them by Giemsa's method. In cell cultures,  

the organisms may be seen without any staining i f  phase 

contrast optics a r e  used. 

Multiplication of the organisms in the yolk s a c  membrane 

of the chick embryo is inhibited at least  one hundred fold by 

1 mg of sodium sulfadiazine. The degree of inhibition is 

determined by a dual t i tration of a suspension of organisms 

containing at  least  one million embryo lethal doses 50% per  

ml in chicken embryos by the yolk s a c  route i n  the presence 

and absence of 1 mg of sodium sulfadiazine (inoculated sepa- 

rately into the yolk sac)  per  embryo. Intracellular multipli- 

cation of the organisms is inhibited by tetracycline also. 

The organisms contain a lipo-protein-carbohydrate com- 

plex that is antigenically s imilar  to a complex found i n  all 

s t ra ins  of both species of the genus. The antigen is stable 

a t  100°C and reacts  with antibodies against any other s t ra in  

to fix complement. Various serotypes,  however, can be 

distinguished on the basis of the antigenic specificity of com- 

ponents of the organisms'  cell  walls. 

The organisms a r e  parasi tes  of t issue cells of vertebrates 

and may be transmitted between vertebrate hosts, especially 

man, by t ransfer  of ophthalmic o r  urogenital exudates f rom 

membranes of the susceptible host. Transmission occurs 

through various forms of contact contamination such a s  that 

of a fetus during birth o r  that of mucous membranes during 

venereal contact. In man, the organisms may localize in  

one o r  more  t issues or  organs and cause pronounced cellu- 

lar changes in the conjunctiva, cornea, synovial membranes,  

urethra  and adjoining lymph nodes, meninges, or brain. 

Strains of ig.' trachomatis a r e  usually responsible for  vari- 

ous diseases or  syndromes in man called trachoma, inclu- 

sion conjunctivitis , lymphogranuloma venereum, and may 

include ar thr i t is  and meningitis. One s t ra in  causes endemic 

pneumonitis in  colonies of mice and is probably transmitted 

via the respiratory route. 

The organisms may be isolated and propagated in the 

yolk s a c  of chicken embryos incubated at 35 to 37OC. Serial  

blind passage of the culture in chicken embryos may be ne- 

cessary  before any effects on the embryo can be observed. 

Some strains  have a stenothermal requirement growing only 

at  35°C They may be propagated in cultures of ver- 1OC. 
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t eb ra t e  t i s sues .  S t r a ins  that a r e  frequently a s soc ia t ed  with 

ophthalmic d i seases  of m a n  may be propagated i n  the lungs 

of mice  and guinea pigs, and the skin of guinea pigs. In sub- 

human p r ima tes  they readily cause  ophthalmic abnormal i t ies  

and in  s o m e  c a s e s  m a y  d isseminate  throughout the body via 

the blood s t r e a m .  Other  s t r a i n s  can be propagated in  the 

lungs o r  bra ins  of young m i c e  a f t e r  inoculation by the ap- 

p ropr i a t e  route. 

2. Chlamydia psit taci  (Li l l ie )  comb. nov. 

mul t i forme ps i t tacos is ,  Levinthal, 1930,523; Ehr l i ch ia  

ps i t tac i  Moshkovsky, 1956,18; Ricke t t s ia formis  ps i t tacos is  

Zhdanov and Kotenblit ,  1950,43; Chlamydozoon ps i t tac i  

Ryzhkov, 1950,17. ) 

(Ricke t t s ia  pait taci ,  Lil l ie,  1930,773; Microbac ter ium 

Here in  cons idered  a s  putative synonyms a r e :  

Miyagawanella psit taci ,  M. orni thos is ,  3. pneumoniae, 

- -  M. f e l i s ,  ,M. louisianae,  M. i l l inii ,  M. opossumi ,  &I. a, 
- -  M. bovis,  a n d M .  pecor i s  which Rake placed in  the genus 

Miyanawanella in  the 7th edition of Bcrgey ' s  Manual (1  957); 

Ricke t t s ia formis  orn i thos is ,  3. pneumoniae,  _R. meningo- 

pneumoniae,  and &. f a s ,  Zhdanov and Korenblit ,  op. cit. 

a n d R .  co lumbarum,  5. opossum,  &. bovis, 3. ov i sy  - 
Zhdanov, 1953; Chlamydozoon S i ,  ,C. f e l i s ,  c. menin- 

gophilus,  ,C. c r i ce t i s ,  ,C. hominis ,  ,C. osteophilus,  G. 

opossumi ,  and C. bovis, Ryzhkov, op. cit. 

psit ' ta. ci. Gr .  n. ps i t tacus  a pa r ro t ;  M. L. gen. n. 

p s i t t ac i  of a parro t .  

Spheroidal,  nonmotile o rgan i sms ,  0.3 to 1. 0 p in  diam- 

e t e r ,  resembl ing  those  of Chlamydia t rachomat i s .  During 

the  f i r s t  day of obligate, i n t r ace l lu l a r  growth, the  o rgan i sms  

f o r m  loosely bound int racytoplasmic  microcolonies  which 

give the  o rgan i sms  the appearance  of being d is t r ibu ted  about 

cy toplasm of the hos t  cell. In th i s  r e spec t  they differ f r o m  

Chlamydia t r achomat i s ,  but the mode of multiplication i s  the 

same .  The  microcolonies  do not f o r m  any glycogen detect-  

able by iodine staining. The  o rgan i sms  a r e  Gram-negat ive  

and can  be readily seen  microscopica l ly  after staining by 

Giemsa ' s ,  Macchiavello 's  o r  Cas tenada ' s  methods ,  , o r  with- 

out staining i f  phase con t r a s t  optics a r e  used. 

Multiplication of the o rgan i sms  in the yolk s a c  of chicken 

embryos  is inhibited by te t racyc l ine  antibiotics but not by 

sodium sulfadiazine. 

. 
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The  o r g a n i s m s  contain a l ipo-protein-carbohydrate com-  

plex tha t  i s  antigenically s i m i l a r  t o  that found in a l l  s t r a i n s  

of Chlamydia.  The  antigen can  be used to  de tec t  comple-  

m e n t  fixing antibodies to  th i s  complex  s t imula ted  by any 

o ther  s t r a in .  Numerous  se ro types ,  however ,  can be d is -  

t inguished on the bas i s  of the antigenic spec i f ic i ty  of the 

components of the ce l l  wal l s  of the o rgan i sms .  T h e s e  anti-  

gens can  be s e p a r a t e d  when r eac t ed  sepa ra t e ly  with homolo- 

gous and he tero logous  antibodies in  toxin pro tec t ion  t e s t s  i n  

m i c e ,  growth inhibition t e s t s  in  t i s s u e  cu l tu re s  and comple- 

m e n t  fixation t e s t s .  

The  o r g a n i s m s  a r e  p a r a s i t e s  of . t i s s u e  ce l l s  of ver t e -  

b ra t e s .  They  m a y  be t r ansmi t t ed  between ve r t eb ra t e  hos t s  

by inhalation of a e r o s o l s  of nasa l  o r  f eca l  e x c r e m e n t s  of in- 

fec ted  b i rds  o r  m a m m a l s ,  by var ious  f o r m s  of contact con- 

tamina t ion  possibly including the bite of sanguivorous  a r a c h -  

n ids ,  and by t r ansova r i an  passage  to  the  fetus in  m a m m a l s .  

The  o r g a n i s m s  genera l ly  produce  s y s t e m i c  infection i n  a 

broad  range  of av ian  and m a m m a l i a n  hos t s ,  although s o m e  

s t r a i n s  a p p e a r  t o  have a n a r r o w  hos t  spec t rum.  R e s p i r a t o r y  

t r a n s m i s s i o n  of the o r g a n i s m s  is readi ly  accompl ished  when 

a suscept ib le  hos t  inha les  fine dus t  containing d r i ed  n a s a l  o r  

cloaca1 e x c r e m e n t  of infected b i rds .  Th i s  method h a s  been 

respons ib le  fo r  ep idemics  of p s i t t acos i s  in  m a n  and o the r  

an ima l s .  The  o rgan i sms  have been de tec ted  in  o v e r  100 

spec ie s  of wild and domes t i c  b i rds ,  m o s t  domest ica ted  ani-  

mals, and i n  many wild mammals. S o m e  of t he  d i s e a s e s  

caused  by var ious  s t r a i n s  of Chlamydia ps i t tac i  have been 

desc r ibed  as: ps i t tacos is ,  o rn i thos i s ,  meningopneumonitis;  

feline,  bovine , ovine , porc ine ,  cap r ine ,  o r  human pneumo- 

n i t i s  ; opossum encephal i t i s ;  spo rad ic  bovine encephalomye- 

l i t i s ;  ovine, bovine , o r  porc ine  a r t h r i t i s ;  epizootic bovine 

abor t ion ;  enzootic abor t ion  of ewes ;  guinea pig conjunctivit is;  

fa ta l  epizootic d i sease  of h a r e s  and m u s k r a t s .  

In gene ra l i zed  infections,  t he  o r g a n i s m s  m a y  mul t ip ly  

in i t ia l ly  in  ep i the l ia l  ce l l s  of s e v e r a l  o rgans  , espec ia l ly  the 

lower  r e s p i r a t o r y  t r a c t ,  and then a r e  d is t r ibu ted  throughout 

the  body via the blood s t r eam.Damage  t o  vascu la r  endothelia 

causes  s p r e a d  of the o rgan i sms  and p l a sma  t o  the  s u r f a c e s  

of many o rgans  where  f ibr inous  in f l ammato ry  exudates  ac -  

cumula te  resu l t ing  in  c h a r a c t e r i s t i c  les ions .  Common find- 

ings accompanying pneumonitis  a r e  pe r i ca rd i t i s ,  per ihepa-  

t i t i s  , per i ton i t i s  , a s c i t e s  , hepatomegaly,  s p l  enomegaly ,  and 

o the r  s igns  of genera l ized  infection. The  o r g a n i s m s  cause  
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a wide range of effects depending upon a l l  of the c l a s s i c  

factors  affecting host-parasi te  relationships.  Many hos t s  of 

various species  become asymptomatic  c a r r i e r s  of Chlamy- 

- dia psi t taci  thereby perpetuating the organisms in nature.  

Some s t r a ins  localize in ce r t a in  t i s sues  o r  organs of the 

host  causing splenomegaly, o r  t ransient  pneumonitis, a r th -  

r i t is ,  fetal  o r  placental inflammation result ing in  abortion. 

The organisms a r e  readily isolated and propagated in the 

yolk s a c s  of chicken embryos incubated a t  37 to  40'C. Many 

s t r a i n s  recovered f r o m  mammals with high no rma l  body 

t empera tu res  have optimal growth t empera tu res  of 3 9 ° C  o r  

above. Most s t r a ins  can be propagated in the lungs, b ra ins ,  

o r  peritoneal cavity of laboratory mice  o r  guinea pigs. 

S t r a ins  can be grouped according t o  the i r  disease producing 

capabili t ies in mice ,  guinea pigs and pigeons. 

The o rgan i sms  can be propagated in cul tures  of ve r t e -  

brate  t i s sues ,  and some  s t r a ins  produce destruction of host  

cel ls  af ter  s e r i a l  passage. 

All s t r a i n s  can be p re se rved  indefinitely af ter  propaga- 

tion in chicken embryos by s tor ing infected yolk s a c s  at  

-70°C; however,  the l a rge  amorphous f o r m  of the organism 

which develops in  the ea r ly  s tages  of multiplication is inac- 

t ivated by freezing. 

Key t o  the species  of Chlamydia 

I. Intracytoplasmic microcolony is rigid and compact 

ranging f r o m  2-10 )I in diameter. The  plaque contains 

glycogen detectable by staining with iodine. Growth in 

the yolk sac of the  chicken embryo  is inhibited by 

sodium sulfadiazine (1 m g  p e r  embryo).  . . . . . . 
Chlamydia t rachomatis  (Busacca)  Rake 

LI. Intracytoplasmic microcolony is nonrigid, i r r e g u l a r  

in shape and up t o  12 p wide. The microcolony does 

not contain glycogen detectable by staining with iodine. 

Growth in  the yolk s a c  of the chicken embryo  is not 

inhibited by sodium sulfadiazine (1 mg  p e r  embryo).  

Chlamydia psit taci  (Li l l ie)  comb. nov. 
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T e s t s  f o r  the Identification and Differentiation 

of Chlamydiae 

New i so lan t s  of ch lamydiae  can  be conclusively identified 

a s  Chlamydia t r a c h o m a t i s  o r  Chlamydia ps i t tac i  by t h r e e  

t e s t s .  T h e s e  a r e :  

(1 )  Identification of the  o r g a n i s m s  as m e m b e r s  of the 

genus Chlamydia.  

A pure  cu l ture  of the  o r g a n i s m s  which have been  shown t o  

be unable t o  colonize on l i f e l e s s  bac ter io logic  med ia ,  e. g. ,  

blood a g a r ,  i s  propagated in  the yolk s a c  of chicken e m -  

bryos  a t  appropr i a t e  incubation t e m p e r a t u r e s  ( 3 5 - 3 7 "  C f o r  

human urogeni ta l  t r a c t  s t r a i n s ;  3 7 - 3 9 ° C  f o r  s t r a i n s  f r o m  

a n i m a l s  with nor ,mal  body t e m p e r a t u r e s  tha t  a r e  h igher  than 

3 7 ° C ) .  At the  t ime  of death o r  obvious r e t a raa t ion  of growth 

of infected e m b r y o s ,  the  yolk s a c s  a r e  removed,  t r i t u r a t e d  

with sand  and a buffered diluent (pH 7. 0 )  t o  make  a 20 to  30% 

suspension. The  suspens ion  is boiled f o r  30 minu tes ,  cooled, 

andaqueous  5% phenol is added  t o  m a k e  a f ina l  concent ra t ion  

of 0. 5T0 phenol. One day l a t e r ,  t he  suspens ion  i s  t i t r a t ed  i n  

a complement  fixation t e s t  aga ins t  a cons tan t  dilution of 

s e r u m  previous ly  shown t o  contain 8 complement  fixing units 

of ch lamydia l  g roup  antibodies pe r  unit volume. The  boiled 

and phenolized suspens ion  is a l s o  t i t r a t ed  aga ins t  s e r u m  

previous ly  shown not t o  contain such  antibodies.  F ixa t ion  of 

complement  a t  dilutions of antigen beyond any an t icomple-  

m e n t a r y  leve l  i s  conclusive evidence that the yolk s a c s  con- 

ta ined  ch lamydia l  o rgan i sms .  Usually a min imum of 10,000 

o r g a n i s m s  i s  sufficient t o  produce  comple te  fixatiori of two 

exac t  units of complement  in  the  p r e s e n c e  of one C F  unit of 

antibody. 

Antigens p r e p a r e d  by boiling and phenolizing ch lamydia l  

o r g a n i s m s  grown in cu l tu re s  of ve r t eb ra t e  t i s s u e s  a l s o  m a y  

be used  in s i m i l a r  t e s t s  f o r  detection of the ch lamydia l  

g roup  antigen, but such  an t igens  a r e  usually of l ower  t i t e r .  

( 2 )  T e s t  f o r  the  p re sence  of glycogen in in t r acy top la smic  

m i c r  ocolonie s . 

The  ch lamydiae  a r e  propagated  in cu l tu re s  of v e r t e b r a t e  

t i s sues .  The  t i s s u e  cu l tu re s  a r e  examined  mic roscop ica l ly  

at 1, 2 and 3 days  a f t e r  inoculation t o  a s c e r t a i n  the  p re sence  

of i n t r acy top la smic  c l u s t e r s  of ch lamydiae  o r  microcolonies .  
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The formation of glycogen by the microcolony is a t r ans i en t  

phenomenon that occu r s  f r o m  the f i r s t  through the th i rd  day 

of growth. During this period, infected t i s sue  cel ls  growing 

on cover  s l ips  a r e  removed intact and fixed in absolute me-  

thyl alcohol f o r  a minimum of four hours.  The coversl ips  

a r e  then i m m e r s e d  in a 1:l mixture  of 5. 0% iodine in 100’?70 

ethyl alcohol and aqueous 5.0% potassium iodide fo r  four 

hours.  The cover  s l ips  a r e  then placed cel l  s ide down on a 

d rop  of the iodine mixture  in 50% glycerin on a microscope 

slide. At magnifications g r e a t e r  than 200X, microcolonies  

containing glycogen will  appea r  brown against  a light t an  

background. Nonglycogen forming microcolonies cannot be 

distinguished f r o m  other  cel lular  m a t e r i a l  by this iodine 

staining method. It is important however that t h e r e  be co r -  

a l l a r y  proof that growth and multiplication of the o rgan i sms  

actually occur red  in  the t i s sue  cul tures  before a s t r a i n  of 

chlamydiae i s  declared glycogen negative. Infected t i s sue  

cul tures  mus t  be incubated at t empera tu re  that i s  optimal 

fo r  growth of the organisms.  

( 3 )  T e s t  f o r  susceptibil i ty of chlamydia1 s t r a ins  to 

sodium sulfadiazine. 

Decimal  dilutions of a suspension of chlamydiae pre-  

viously propagated in 6-day-old chicken embryos a r e  inocu- 

lated into two groups of chicken embryos.  One group of the 

embryos is inoculated via . the yolk sac route with 1 m g  of 

sodium sulfadiazine in a diluent buffered a t  pH 7.0. The 

second group of embryos is inoculated via the yolk sac with 

an equal volume of the diluent without sulfadiazine. The 

embryos a r e  candled twice daily and deaths recorded f o r  14 

days,  at which t ime a calculation of the LDSo/unit volume of 

the original suspension is made fo r  both s e t s  of embryos.  

F o r  purposes of taxonomic differentiation, susceptibil i ty t o  

sulfadiazine is defined a s  a hundredfold o r  m o r e  reduction 

in  the number of embryo  lethal doses  50% in a suspension of 

one mill ion o r  m o r e  chlamydiae pe r  unit volume t i t r a t ed  in 

chicken embryos in the presence and absence of 1 m g  of 

sodium sulfadiazine. This  means  that the ELDSO determina-  

t ions f o r  the t i t ra t ions should differ by a factor  of 100 o r  

more.  
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