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1. Isolation and Identsflcatlon of Strains  of Elementary B&es 
from Sauds Arabia and Egypt 

E.S. Eurray, S.D. Bell Jr., A.T. &nm, 
R.L. Nlchols and J.C. Snyder 

Trachoma and related diseases of the eye a f f l i c t  milkons of people 
(1) and cause serlous lmpalrment of vlslon i n  many par t s  of t he  world . 

Most of t h e  cauntr5,es of t he  Mlddle East have been severely involved. In 

195'4 a study wss begun ur Saudi Arabia t o  establish, i f  possible, the 

etiologic agents of the common &scases of t he  external eye, including 

trach-7, t he  cause of whlch has been much disputed i n  t h e  past. The 

investigations consssted of c l in ica l ,  epidemiologic& and laboratory 

observations, and recently k v e  been extended t o  Egypt and other countries 

of t he  Med~terranean Begson. Attempts t o  recover e t iologic  agents from 

con junc t iv~ l  scrapings of persons wlth c l insca l  t r a c h m  have revealed a 

range of potent ia l  including bacteria, odenonmses (3,4,5) 
a d  elementary bodies(6). It i s  thc  purpose of t h l s  s e n e s  of papers t o  

record m r  obsemtzons and expenmcnts with the n m s e s  of the l a t t e r  

category; thc first paper presents the data pcrtainlng t o  the properties 

of several  s t r a ins  of elementary bodles ~ s o l a t e d  from Saudi Arab= and 

Egypt. 

* 
From the Department of Mlcrobxology, Harvard School of Public Health, 
Boston 15, Massachsetts, and the ARAMCO Trachomz Research Program, 
Me&cal Department , Aralxan Punerican 011 Comp~ny, Dhhran, Ssudi Arabia. 



Resum& of Previous Work on Elemenhly Bodles 

Many attempts have been made to  culture t r , - o h m  viruses(7). Vimses 

were successfully transferred by lnoculatron of the conjunctivae of the 

higher anthropoid apes, but lower anunals wcre resistnnt t o  infectron. In 

19k4 Macchiavclla reported the growth of a virus i n  the yolk sac of embryo- 
(8) nated eggs ; his  s t r a m  was lost .  I n  recent years there have been 

intensive t n a l s  by several investigators t o  cultivate trachma viruses i n  

c e l l  culture, but without success. 

In 1957,T9ang, Chang, k m g ,  2nd Wang reported the r sok~ t ion  of s trains 

of elementcry bodies f r m  conjunctiv,.l ce l l s  obtained from patients n t h  

c l in ica l  trachoma(9). They inocul&ed specimens of infected ;onjunctlval 

c e l l s  m t o  chick embryos usmz e modifxcetlon of the technqnz of C$lO) and 
(8) X-ccchlvello . The flndings ofT'ang 2nd h s  colleagues were confirmed 

and extended by Collier and Sowa who lsolated strcins from trachoma patients 

rn Gamb~a, West ~ f n c a ' ~ ) .  Colllcr, Duke-Elder, and Jones inacubtcd the 

Gambian s t ra in  in to  the eye of ,- blind 1-,n volunteer who developed typlcal 
(12 microscop~c and c l in ice l  f indin; ;~  of classical  t r a c h m  . 

Girmd, R e n u ,  and N o t o f  descnbcd the i s o b t l o n  of clanWtary bodies 

by in t ramsal  moculizt~on of rmce, and thcy reportcd success m establishing 

a s t r i m  on the chon-alb.ntaic mcmbmne of chick embryos(13). They 

reported that the i r  s tmms,  a f t c r  severs1 pqssaees 1n m c e  a r  eggs, induced 

c l u l l m l  t r a c h m ~ ~  in two subjects. Murray, Snyder and Bell isolated 

a s t r a in  of e lmrr ta ry  b&es from Saudi Brcbia m the yolk sac membme of 

c h c k  embryos; they showed that  the s t ra in  wcs t a l c  for mice ancl induced 
( 6 )  inclusion bodies in a chimpznzec . 

The c l in lca l  2nd epldermologiwl studles were conducted principally 

mong residents of 111 Hasa and Qatlf ,  tiio h r g c  oases of eastern S c u d  Arabia. 

In  c few lnstcnces m t e r i n l  m:: obtnined from patients attencling eye C ~ I N C S ,  

e i ther  a t  the Dhahrca Hczlth Centre, or In n l b g e s .  The Egypt1,a.n s t ra ins  

were obtalned from patients of thc outpzticnt c l m l c  of the Gize Memorizl 

Ophtblmologicol Institute In Cclro through the courtesy of our good friend 

and collezgue, D r .  Ibrahim Akrmcd,and I wish t o  take t h l s  opportunity t o  

tlz-i& hjm on behalf of the staff of the & n a r d  School of Pubhc Health. 



Clinical and Epidermologlcal Features 

A case of "pureft t r c c h m  1 s  n ~ r i t y  in Saudi Arabia or jn E m .  

Under ordinary village condiBons an infant becomes infected w t h  one o r  

more petl-iogenic zgents uswlly during the f i r s t  few months of l ife.  The 

r ~ s u l t i n g  conjunctivltides produce chrozllc mcopumlent chscharges and 

papillary hypertropw, tendug t o  msk  the  symptams and signs of :'plren 

trcchom. Under thcse conditions it IS d ~ f f i c u l t  t o  establish accurnteb  

the tune of onset of t r a c h w  on the bersis of c l u l ~ c a l  findulgs. Insofar 

as posssble, however, &agnos&s were based on the c r i t e r i a  as stated bg the  

Expert Camnittee of the World H w r l t  h ~ r g a n i % a t i o n ( ~ ~ ~ ' )  and as  presented 
(16) by Thygeson , Attcmpts a t  i s o b  t ion of clanenkry bodFes were made using 

specjmens fran forty-four children whosc eonjunctiwl scmpmgs met the 

morphologic criterZa rn the next paragraph, and whose c l i n i m l  findLngs were 

those of trachoma I1 o r  111, with r single cxcept~on as noted in the 

a tkched Table, The age of the children r aged  from four months to seven 

years. Thi r ty-me were residents of erstern Snudi Ambin 2nd five lived 

in Egypt, Twenty-four individu21s were among thc large groups which were 

encountered i n  survey type v ls i t s ,  whereas twenty were ctdldren brought 60 

a cl iruc because of the i r  concern w e r  the= eyes. 

Microscopic Features of Conjunctzvcl Scrzpings . 
T b  sole cn te r ron  for  considering r s l ide  a s  positlve m5 t he  findings 

of one or  more intracel lular  aggreggtes of elementary bodies. In most 

oascs tk ssmpings contained both clancntnry and i n i t i a l  bodzes. I ~ c ~ u s ~ ~ s  

consistmg entirely of f n i t i a l  bodies worn not considered as  positive sinca 

%he l a t t e r  arc frequently s m i l z r  ul appe,Tmncc t o  the  ~ t r a c y t o p ~ s m i c  

ag~regztos of bacteric sometimes found in bacterial conjunotivit%des. 

Occasionclly tho elancntery bodzcs appearcd s1ngl.y m the cytoplasm, k r t  

the sUdes were not considered a s  posxtive unless aggregates conzxsted of 

more than ten elementary bodxes, closely pzcked 5x1 nn inclusion. 

Tcx&c~ty Tests 

After establishmg s t ra ins  by repented passages in eggs, those which 

Mere very rrch i n  elernentnry b&,es were tested f o r  taxicity, as SoUmsl 

yolk sccs frm mbryos s u r n n n s  on the s lx th  t o  tha elghth &zy a-r 

Jnooulab~on were selected. The membranes were mixed thoraughly, e i ther  

nechnLcnlly or  by shaking with glass  beads, usFng sucrose as  the 

diluent. The suspensions were a u t c d  t o  30;k yolk sac in sucrose l% and 



c e n t n - u g e i  a t  1,500 rpm f o r  f i f t e e n  minutes t o  d i m i n a t e  gross p a r t i c l e s .  

Young a lb lno  Shnss mice were l i g h t l y  anaesthetlzed r n t h  e t h e r  and mocula ted  

i n t r a v e n m s l y  r n t h  3%, 2q4 and 1% mspenslors of yolk sac  m sucrose PG 

on t h e  bas l s  of 0.25 ml or  ̂yolk  scc  susprnslon p e r  10 grams of body wclght. 

The mice recwered  prompttly f r m  ~ m c s t h e s i a  cnu riore n o m l l g  a c t i v e  f o r  a t  

least flfty-five niililut~s r f t e r  mocul.atlon. I n  a n  occaslo-ml i n s t a c e  a 

mousc was e l i m a l t c d  from co::sideration becaust. of e b n o m l  signs in t h e  

B o u r , b n e d i a t e l . ~  a f t e r  rnoculat lon o r  bemuse of fallure t o  rccover from 

t h e  a m c s t h e s ~ a .  The t e s t  FIaS n r b l t r a r l l y  t e m n z t c d  a t  t h ~  end of twenty- 

four  hours. Deot:ns a t t r i b u t e d  t o  tacm regularl:. occurred in tile i n t e r v a l  

f rm  'crro t o  c i z h t  hours a f t e r  inoculat ion,  and hcmorr>agic  exud,?te I n  t h e  
( 6 )  u p c r  small i n t e s t l n c  was t h c  c? la rac te l r s i l c  e b n o d ~ t y  a t  abtopsy . 

Dlfferc?ces bctwecn sanc of these  s t r z m s  mtii respcct  t o  s c t l v e  immnizat ion 

of mlcc a z a i n s t  tox ic  dcath h v e  becn noted clscwhere (17) 

C omplemr,lt F u a t l g n  Tests  

Antlgcns were prcwrcd from pools of those stnins which a f t e r  s e v e r a l  

passages I n  cgzs wcrc t a l c  f o r  micr a1 d whic5- c o i l t a i n ~ d  m Gxemsa sLmncd 

srneors a t  l w s t  500 elanenlzry bodres p e r  01.1 immersion field. The 

antigcns were prcpcred by b o l l u i ~ ,  u s m g  Terz ints  mod3flcatlon (18) of 

Bodson! s mcthod(19). Thee  o r  f m r  an t lgec  u m t s  u e m  uscd i n  tk CF t e s t .  

Controls  were prepcred frcan noml  C-olk sac  suspensions. S t e n d a d  pos l t ive  

reference p s l t t c c o s ~ s  so re  were s v p o l ~ c d  tl-uouth t:lc courtesy of t ?e  Rocky 

Mountam kbort?tory of t h e  B.S. Publlc IIcalth Servlcc and D r .  Fritz -)elclang 

of t h e  Institute of Troplcnl m l e n e ,  Amsterdam, Holland. 

(a) Plcuropneumon~a-llkc organ~sms , Thc prcsencc of t:lcse micro- 

orga4zloms xias suspected in evcyr s t r a n  u n t i l  ncgatlve cu l tu res  (20) wi th  

approprizte con t ro l s  :?cd bcen obtaiillcd. 

(b) Other v l m s c s  of t h e  ~ s ~ ~ L ~ c o s ~ s - X V  group. Eech suspccted 

s t r a m  was m o c u l ~ t e d  l ~ t o  w e d u z : ,  micc by t h c  in t race rebra1  rautc;  

t h e  test mxce wcrc obscrvcd f o r  t h r c i  wc -ks f o r  si,@s suzgcst lve of 

psittacosis o r  other v l ruscs  ~f t 5 c  group w h c h  -rc p L . t h o ~ e m c  f o r  m c e .  
7 

(c)  P ~ t h o g c n - ~ c l t y  f o r  hwn e p i t h e l k l  c c l l s .  t5lght s t r~ ins  were 

i n o c u l ~ t e d  I n t o  r o l l e r  tubes contr L?E= cxt ~ e r  con3unctival c e l l s  (21) 

m u r t r m e d  i n  I(S .nd horse ~onun(~*), o r  IT.P c e l l s  (*'), ~ h c  i n o c u b  



were suspenslons of infected yolk sacs a t  10 t o  3% i n  sucrose FG. T k  

tubes were observed fo r  a t  l eas t  three weeks and t rcnsfers  t o  new tubes 

were made for  three passages i n  some mstances. On a few occasions highly 

concentrated suspenslons of elementary bo&es were also used a s  inocula. 

Several of the t l ssue  cultures were subsequently inoculated lnto eggs as 

an assay for  n a b l c  elementary b d i e s .  

Forty-five attempts were mde t o  establish s t r a ~ n s  by i n m l a t i o n  af 

chick embryos n t h  con~unctival scrapings, allquots of which showed typical 

inclusions, A 1 1  of the p t i e n t s  had c l in ica l  trachoma except one (see 

SA-5 in the  attached Table). Tl5.s nine month old patient on repeated 

examrnatxons had rnunemus inclusions I n  her scrapings, b r t  her c l in i ca l  

findings were noted only a s  "mild c o n ~ u n c t i v i t l s ~ ~ .  

Elementary bodies were isolated from nj.neteen of the forty-five trials; 

nine of these s t r a m s  have been subjected t o  the various prccedures reported 

above. The elmentary bod& of each of the s t ra lns  had the morphologic 

properties whch are regarded as  characteristic of v h s e s  of the  psit tacosis- 

lymphogranulcnna group. Thelr appearznce i n  Glansa stalned smears wzis 

~ d e n t x c a l  t o  the descnpticm given by Collier and ~ o w a ' ~ ) .  The  iodine 

staln was not zpplied t o  any of the  yolk sac material. The elementary 

b e e s  stained bright reddlsh pink by ~ c c ~ v e l l o ~  s stain. The attached 

Table presents the d a b  per ta ln~ng  t o  the  lunc strarns which were thoroughly 

studled, 

Thc data m the b b l e  md;zcatc valrous p o ~ n t s  of mteres t .  Strains  

were isolatcd from s c v e r ~ l  different loca l i t i e s  i n  eastern Saudi An&, 

&rung the years 1956, 1957, and 1958. Storzgc of the  conjunctival 

scnpmgs  in sucrose PG f o r  periods up t o  twenty and a k l f  months a t  -60% 

dxd not destroy t h e  v iab i l i ty  of the elementary bodles. Isolation attempts 

wlth speclmens storcd i n  sucrose PG wcre more successful than w t h  those 

stored i n  the other media, sjx of the nine s t rc ins  in the attached Table 

were u l i t i a t ed  from scrapsngs placed ul sucrose FG. ( I f  the mccmp1etc;ly 

studied isolates a re  also mcluded, the positives from sucrose FG were 

f i f t een  out of surteen attempts, whereas there werc only f cur p o s ~ t l v e s  out 

of twenty-nine attempts n t h  othcr media ) . 



Straiqs 3%-2  2nd SA-4 werc obtalned from the sgme subject, a three- 

yeaar old chi id whose conjunct~vae were scraped on two occasions, four weeks 

apart, 

Isolntlon of s t r a m s  was successful not only n t h  ckddren m the 

clmlcs,  (brought because of the pzrentsl concern over t h e l r  eyes), but a l so  

m t h  lndinduals  observed i n  surveys. (The ra t ios  of positives t o  t o t a l  

attempts, combining both t h ~  m e  completely studled ard  the t en  other 

isolates, were: 13/25 f o r  surveys, 6/20 for c lmics ) .  

Miscelknecus Tests 

Each of the s t r a m s  wcrs Shawn t o  be f r ee  of pleuropneumonia-like 

organisms. None was pathogcnlc f c r  mlce by mtrecerebral  inoculation of 

10 t o  3@ yolk sac suspensions. Although a few i l ~ t r a c e l l u l a r  aggregates 

of elementary bodies, very s-ar to classical  inclusions, were occaslanally 

observed i n  t issue cultures w i t h n  a few &ys a f t e r  exposure t o  10 t o  2% 

yolk sac suspansions of the various s t rams,  m no mstance was any of these 

sbms established by se r i a l  psssage i n  conjunctiml or HEP cel l s  rnamhmed 

in MS 2nd horse serum, None of the eggs dlcd c f to r  receiving t i ssue  

culture pass2ze material. 

Pat hogemcx tx 

It was reported previcxl s l y  tb t str2-m Sli-l induced c o n ~ t ~ i c t i v a l  

~nflammation ln a chmpanzee * (296). Fxgure 1 i s  .- photogr~ph of t h e  

lncluslons observod by Giensn s t n m  u? the conjunct lv~l  scrapmg of the  

chmpanzee on t h e  second day of c l m l c a l  I s e z s e .  

During thc penoa  when our 12boratory st,-lf ws working exclusively 

n t h  egg passages of s t r e m s  SA-1, 2, 5, and E m t - 2  a severe case of 

trachom occurred in the techniclan who was moculatin;: eggs and processing 

the yolk sac membranes. No avert  break in technic w",s rccel-led, 2nd th 

lnfectlon was presumed t o  have been czused by alrborne droplets of infected 

yolk sac membrmes, probably str2 m SA-1, a large pool of which was 

subjected t o  sever21 procedures by the techniclan just three &.ys p n o r  t o  

the onset of her infection, The d e t s i l s  of the cesc d l  be reported 

elsewhero (24). Flgure ;dcs nws the appcarpnce of Giclnsa stained conjunctival 

ce l l s  scrzpcd from t he  l e f t  qye of thc t e c h t n c i ~ n  on thc  fourth day of 

c l i n l ~ a l  disease. Strains of e1crnentzz-y bodies were i s o h t e d  from con- 

junctival scnpings obtcined on the second and fourth &ys a f t e r  onset of 

signs 2nd symptoms. T b  m.fectlon responded t o  treatanent with oral  ~ ~ l f o -  

narmdes and topi~, . l  tetracycline. 



The &%a reported above constitute a confinnatlon of the reports by 

Tlang e t  ancl Collier e t  al .  (11$12) of t h c  success~ul  i s o h t i o n  o f  

elementary bodxes from trccharn~ cases using streptanycxn arid the yolk sac 

route of ~noculatxon of chick embryos. In our t e s t s  s u c c ~ a s f i l  ~ s o l a t i m  

was obtained i n  fewer than h d f  the ~ t t e m p t s  even though the s p e c i ~ ~ m s  ware 

211 inclusion posltlve. This  low rc t e  m y  be a t t r i h h b l e  t o  adverse 

enviromcntel conditxons d u n q  storage of thc specimens, since one preserang 

fluid wrs clear ly superior t o  the three others which were included in the 

tes ts ,  T h i s  p o u t  i s  bang investigated d t h  part icular  reference to the 

uf luence  o f  freczrng and stomge on viabxlxty. 

The morphologic idmtz ty  of the s t r z m s  and thcxr content of c m a n  

group antigen might lead one t o  assume ident i ty  in other pmpertzes as  well, 

but  it b the conviction of the authors that the r r the r  impressive 

hf ferences  among the  s t ra lns  m respect t o  regularity of a t t r i m e n t  of 

h g h  t i t e r s  i n  eggs probably indicates &SIC dxfferences rather than cbnco 

v,-riatioris. T b s  view is supported by the experiments on zctive immn3-m- 
(17) txon of mice cgalnst toxic challenge , 

The f a i l u r a  to  obk in  uncquivocal propagation of the trcchcm elernentary 

bodies i n  cultures of l-nunan conjunctiwl ce l l s  i s  a mry chl lenging 

observation, tho e x p l m t i o n  of whch, i f  e luc ib ted ,  mzy throw lxght an 

the complex relatlonshzps of t h e  e l m d a r y  body p,? m s l t e  t o  the t i ssue  cel3s , 
the nutrients, and other factors which ore s t i l l  t o  be identified. 

The da.ts now ?veilable just i fy the d e w  tht t h e  elernent~ry bodies wRich 
( 9 )  have been propagated i n  yolk sac of t h e  chick embryo by TrLang c t  31. , 

Collier e t  al. (11s12) and as  reported above, can mduce cl inicel  t r i c h w  

i n  man and thz t  the org,?nisms can a g d n  bc recovered in laborst ory pssage. 

It i s  not possible, however, t o  just i fy an assertion tha t  c l i n i ~ y l  trachana 

i s  a disease e n t ~ t y  with r sil-gle atiologxc agent. There zre several 

observations which suggest unportant bf ferences  from one reglon t o  another, 

in respect t o  ( 2 )  success 1n i s o l a t ~ o n  of strams of elmentery bodies, 

and (b) obundmce of inclusions i n  conjunctiwl scwpings in some regions 

as  opposM t o  extrcm; r a r i t y  m otlacr regions, despxte zdentlty of c W c a l  

ful&ngs 2nd standard t e c b q u e s  of invcstxgatlon. It ~s also  possible 

that agents other than v imses  of the elementary body group ccm induce 

conjunctival r e c # & w a  whch rmrmc early c h r u c a l  stccges of classical  

e k w n k r y  body induced tmchcgha (Ir$'). our current s t a x e s  did n o t  



mclude s m l t e  news search f o r  adenovlruses ;nd elementnry bodies from the  

smc  specmen because the quantity of infec t law m a t e m l  was so small tht 

we hesitated t o  divide the sp6cimws. It may be noted, however, that  

sever21 adenonruses (types 8 and 15, 2nd Strains 931 and BYR-2) have been 

lsolated from conjunctiv,-1 scrcpings of children who had classical inclusions 
(25) a t  the t h e  the specimens ware taken fo r  v ims  isolation attempts . 

T h i s  paper reports thc i s o k t i o n  of s t rains of c l a n t o r y  bo&es from 

trachoma ccses in Saudi l i r ab i~  and Egypt by m o c u l a t i o ~  of thy yolk sacs of 

chick embryos. Hlneteen s t rams  were obtained in forty-five attempts uslng 

conjunc blv'al scrapmgs from chiLdren who were shown to  hve  ty-picsl 

inclusions a t  the tune of the scraping. Nlnc of the stEins were subjected 

t o  2 series of t e s t s  which showed that  they were indutinguishable morpho- 

loglcelly from the elementary bodies of the psittccosxs-ly?nphograrxulm 

group of vimses, tkt thcy were not sonsitivc t o  streptomycm, t h a t  they 

were ikee of o t k r  viruses and of plcuropneumcnia-like orgenisms, tkt they 

were t d c  fo r  white mice by the mtravenms route, a d  tht they contained 

the h w t  s table antigen whlch is  c m o n  t o  the psittacosis-lgmph~granul~ 

grcup of viruses* Although etch s t ra in  was copoble of .rmltipllcation m 

yolk sac membranes of chick cmbryos, i rregulari t ies  of growth were frequently 

observed, bc~ng  more characterxstlc of certmn strcins, t k n  others. 

Vlalsility of the trcchcm elementary bodies ir, c o n ~ u n c t i v ~ l  scrapings 

persisted a t  -60'~ for mny months i f  the specimens werc stored i n  a mehum 

containing sucrose, glubiwte, md  phosphate. One of the s tm ins  Fnduced 

con j unc t i n t i s  in a chmpanzec rihosc conjunctlv,-1 ce l l s  showed typic? 1 

inclusions a t  the height of tho con junctlval reaction‘ A laboratory worker 

contracted severe trachm probbly  as a consequence of a i rborne  droplets 

arising from m-.upulations of concentr? ted suspensions of the clemente ry 

bodle s. 
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