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INTROIUCTION

Trachoma and related diseases of the eye afflict millaons of people
and cause serious wmpairment of vasion in many parts of the world(l).
Most of the countrics of the Middle East have been severely involved., In
195k a study wes begun in Saudi Aratia to establish, if possible, the
etiologic agents of the common discases of the external cye, including
trachame, the cause of which has been much disputed in the past. The
investigations consisted of clinical, epidemiological end laboratory
observations, and recently heve been extended to Egypt and other countries
of the Medaterrancan Region. Attempts to recover etiologic agents from
conjunctivel scrapings of persons with clinieal trachoma have revealed a
range of potential pathogens(z), including bacteria, adenovlruses(a’u’S)
and elementvary bodies(é). It 1s thc purpose of this seraes of papers to
record our observotions and experaments with the viruses of the latter
category; the farst paper presents the data pertaining to the properties
of several strains of elementary bodies isolated from Saudi Arabia and

Egypte

* From the Department of Microbiology, Harvard School of Public Health,
Boston 15, Massaclusetts, and the ARAMCO Trachoma Research Program,
Medical Department, Arabnan imerican 011 Company, Dhohran, Saudi Arabia.
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Resume of Previous Work on Elementary Bodies

Many attempts have been made to culture trechoma viruses(7). Viruses
were successfully transferred by inoculation of the conjunctivac of the
higher anthropeid apes, tut lower animals were resistant to infeetion. In
19k}, Macchiavella reported the zrowth of a virus in the yolk sac of embryo-
nated eggs(a); his strain was lost. In recent years there have been
intensive trials by several investigators to cultivate trachoma viruses in

ccll culture, but without success.

In 1957, T'ang, Chang, Huang, and Wang reported the isolation of strains
of elementery bodies from conjunctivel cclls obtained from patients with
(9). They inoculated specimcns of infected conjunctival
cells into chick embryos using ¢ modifircation of the technmmxraquélD) and
Mzcchlavello(s). The findings ofT'ang end his colleagues were confirmed

¢linical trachoma

and extended by Collier and Sowa who isolated strains from trachoma patients
in Gambiz, West Afrlca(ll). Collicr, Duke=Elder, and Jonecs inoculoted the
Gambian strain into the cye of r blind 'uman volunteer who developed typical

microscopic and clinical findings of classical trachqma(lz).

Giroud, Renoux, amd Notof described the isolotion of clamentary bodies
by intranrsal inoculation of mice, and thcy reportcd success 1n establishing
- ( 13) . Thcy

reported that their strains, aftcer seversl passages i1n mice or eggs, induced

a strcin on the chorio~allrntoic membrone of chick embryos

clinical trachoma in two human subjects. Morray, Snyder and Bell isolated
a strain of elementary bodies from Saudi Arebia in the yolk sac membrone of
chick embryos; +they showed that the strain wrs taxic for mice and induced

(6

inclusion bodies in o champenzec

METHODS

The e¢linical ond eprdemiclogiczl studies were conducted praincipally
omong residents of Al Hasa and Qatif, two lorge oases of eostern Scudi Arabia.
In o fow instonces material woo obtained from patients attending eye climacs,
either at the Dhahran Heslth Centre, or in villeges. The Egyptian stirains
were obtained from patients of the outpaticent clinic of the Gize Memoriol
OphthrIlmological Institute in Coiro through the courtesy of our good friend
and collecgue, Dre Ibrahim Almed,and I wish to take thas opportunity to
thenk him on behalf of the staff of the Harvard School of Public Healthe.
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Clinical and Epidemiological Features

A case of "pure" trochome 1s 2 rerity in Saudi Arabia or in Egypt.
Under ordinary village conditions an infant becomes infected with one or
more pethogenic agents usually durmng the first few months of life. The
rosulting conjunctivitides produce chromic mucopurulent discharges and
papillary hypertrophy, tending to mask the symptoms and signs of “pure®
trachoma., Under these conditions it 1s difficuld to establish accurately
the time of onset of trachome on the basis of clinical findings. Insofar
as possible, however, diagnosés were based on the criteria as stated by the
Expert Committee of the World Health Organizati on(:m’ 15) and as presented
by Thygeson(lé).
specimens from forty-four children whosc conjunctivael scrapings met the

Attempts at isolotilon of elementary bodies were made using

morphologic eriteria an the next paragraph, and whose clinieol findings were
those of trachoma II or III, with o singlc cxception as noted in the
attoched Table, The age of the chaldren ranged fraom four months to seven
years. Thirty-nine were residemnts of erstern Seudi Arebic end five lived
in Bgypt, Twenty-four individuols were among the large groups which were
encountered in survey type visits, wherens twenty were children brought to

a clinic because of their parents! concern over their cyes.

Microscopic Feotures of Conjunctivael Scrapings.

The sole criteraon for considering ¢ slidec as positave was the findings
of one or more intracellular aggregotes of clementary bodics. In most
cascs tho serapings contained both clementory and initial bodies. Inclusions
consisting entircly of initial bodics werc not considercd as positive since
the latter are frequently saimilor wn appearcnce to the intracytoplesmic
agrregotes of bacteria sometimes found in bacterial conjunctivitides.
Occasionelly the elemcntery bodrcs appearcd singly in the cytoplasm, ot
the slides were not considered as positive unless aggregates consisted of

more than ten clementary bodies, closcly pocked in an inclusion,

Togicaty Tests

Lfter establishing strains by repented passages in eggs, those which
were very rich in elementary bodrcs were tested for taxicity, as followst
yolk sacs from embryos survaving on the sixth to the caighth day after
inoculation were selected. The membrones were mixed thoroughly, either
mechrnically or by shaking with glass beods, using sucrose FG as the
diluent. The susponsions were diluted to 30% yolk sac in sucrose FG and
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centry ‘uged at 1,500 rpm for fifteen minutes to zliminate zross particles.
Young albino Swiss mice were lightly anaesthetized with ether and inoculated
intravenously with 30%, 207 and 10% suspensiors of yolk sac in sucrose PG

on the basis of 0.25 ml of yolk sec suspension per 10 grams of body weight.
The mice recovered promptly {rom anacsthesia zna were nomelly active for at
least fifty-five minutes after inoculation. In an occasional instance &
mousc was eliminated from coasideration because of abnormel signs in the
hour . immedrately after i1noculation or becsuse of failure to recover from

the anacsthesia. The test was arbatrarily terminated at the end of twenty-
four hours. Deoths attributed to taria regularly occurred in the interval
from tiro to cight hours after inoculation, and hacmorrhagic exudate 1n tae
uoper small intestinc wes thc characteristic ebnormality at autopsy(é).
Differcnces between samc of these streins wath respeet to active immnization

(n,

of micc asoinst toxic dosth hove bzen noted clscwhere

Complemcat Fixation Teosts

Antigons werc prepored from pools of thosc streins which after several
passages 1n egsgs were taxic for mice axd which coantaincd in Giemsa stained
smeors at lecst 500 elementory bodies per o1l immersion field., The
antigens were prepered by boiling, using Terzints modlflcatlon(la) of
Bedsont s method(19). Threc or four antigen units were uscd in the CF test.
Contrcls were prepered fram normecl ~olk sac suspensions. Stendard positive
reference psittrcosis scrg were svorlied theough the courtesy of toc Rocky
Mountoin Iebomtory of the U.S. Public Health Service and Dr. Frate Jckking
of the Institute of Tropical Hysiene, Amsterdam, Holland.

Miscellaneous Observetions

(a) Plouropncumonia-like organisms. The presence of these micro-
organisms was suspecbed in everv strain until ncgative cultures(zo) with
appropriate controls lwd bcen obtaincd.

(b) Other viruses of the psitiocosis-IGV group. Ezch suspected
strain was inoculeted 1nto weanlains, mice by the intracerebral route;
the test mice were observed for throc we ks for signs suzgestive of
peittacosis or other viruscs of the group which ~rc mothogenic for mice.

(¢) Prthogenieity for human epithelicl cclls, Tight streins were

(21)

mrinteined in MS . nd horsc scrum(gz), or H.P cclls(zs). The inocule

inoculoted into roller tubes conte aing cit wer conjunctival cells



EM/Trach.Conf./10
page 5

were suspensions of infected yolk sacs at 10 to 30% in sucrose PG, The
tubes were observed for at least three weeks and transfers to new tubes
were made for three passages in some instances. On a few occasions highly
concentrated suspensions of elementary bodies were also uscd as inocula.
Several of the tissue cultures were subsequently inoculated into eggs as

an assay for viable elementary bodies.

RESULLS

Forty-five atbtempts were made to establish strains by inoculation of
chick embryos with conjunctival scrapings, aliquets of which showed typileal
inclusions, All of the petients had clinical trachoma except one (see
SA=5 in the attached Table), This nine month old patient on repeated
examinations had rmumerous inclusions an her scrapings, but her elinical

findings were noted only as "mild conjunctivitis".

Elementary bodies were i1solated from nmineteen of the forty-five trials;
nine of these strains have been subjected to the various procedures reported
above, The elementery bodies of each of the strains had the morphologic
properties which are regarded as characteristic of viruses of the psittacosis~
lymphograrmloma group. Their appearance in Giemsa stoined smears was
(11). The iodine
stain was not applied to any of the yolk sac material. The elementary
bodies stained bright reddish pink by Mecchiavellots stain. The attached
Table presents thc data perbtaining to the nanc strains which were thoroughly
studieds

1dentical to the description given by Collier and Sowa

The data in the table indicate various points of interest., Strains
were isolated from severol differcnt localities in eastern Saudi Arabda,
during the years 1956, 1957, and 1958. Storage of the conjunctival
scrapangs in sucrose PG for periods up to twenly and 2 holf months at ~-6000
did not destroy the viabilaty of the elementary bodies. Isolation attempts
with specimens storcd in sucrose PG were more successful than with those
stored in the other media, six of the nine streins in the attached Table
were 1nitiated from scrapings placed 1n sucrose PG. (If the incampletely
studied isolates are also included, the positives from sucrose PG were
fifteon out of sixteen attempts, whereas therc were only four positives out

of twenty-nine attempts with other media).
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Strains Sh-2 end SA-l werc obtaraed from the semc subject, 2 three

year old c¢hild whosc conjunctivae were scraped on two cceasions, four weeks
apart,

Isolation of strains was successful not only with children in the
climics, (brought because of the parents! concern over their eyes), but also
with individuals observed in surveys, {Thec ratios of positives to total
attempts, combining both the nine completely studied and the ten other
1solotes, were: 13/25 for surveys, 6/20 for clinics).

Miscellaneois Tests

Each of the strains wes shown to be free of pleuropneumonia-like
organisms. None was pathogenic foar mice by antracerebral inoculation of
10 to 30% yolk sac suspensions. Although a few inbracellular aggregates
of elementary bodies, very sumlar to classical inclusions, were occasianally
observed in tissue cultures withan a few days after cxposure to 10 to 207
yolk sac suspensions of the various strains, in no instance was any of these
strains established by serial passage in conjunctavel or HEP cells maintained
in MS ond horse serum. None of the eggs died ofter receiving tissue

culture passare moterlal.

Pathogenicity

It was reported previowsly thrt strain SA-1 induced conjuactival

(2,6

inclusions obgerved by Gremsa stain in the conjunctivel scrapang of the

inflammation 1n a chimpanzee Figure %18 o photogroph of the

chimpanzee on the second doy of c¢linical disense.

During the peracd when our loboratory sto.f wes working execlvsively
with egg passages of streins 8A-1, 2, 5, and Egypt-2 a severe case of
trachoma occurred in the techniciran who was inoculating eges end processing
the yolk sac membranes. No overd break in technic wes rccalled, end the
infection was presumed to have been coused by airborne droplets of infected
yolk sac membranes, probably streain SA-1l, a largc peol of which was
subjected to severcl procedurcs by the technician just three days prior to
the onset of her infection. The deteils of the casc will be reported
elsewhero(zh).
cells scraped from the left eye of the techmicisn on the fourth day of

Fagurc #s ows the appcarcnce of Giemsa stained conjunctival

clinical discase. Strains of clcmentary bodiecs were isoloted from cone
junctival scropings obteined on the second and foucth days after onset of
signs ond sympboms. The infection responded to treatment with oral sulfo-

namides and topical tetracycline.

#¥q ahom to the meotine
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DISCUSLION

The data roported above constitute a confimation of the reports by
(%) and contier ot s1.¢M412) of tho suocessful isolation of

elementary bodies from trrchome cases using streptomycain and the yolk sac

Trang et al.

route of 1noculation of chick embryos. In ocur tests suceogsful isolation
was obtained in fewer than healf the sttempts even though the specimens were
211 anclusion positives  This low rate moy be attributeble to adverse
environmentel conditions during storage of the specimens, since onc preserving
fluid wes clearly superior to the three others which were included in the
tests, This point is being investigated with particular reference to the

wnfluence of freczing and storage on viability.

The morphologic identity of the streins and their content of common
group antigen might lcad one to ossume identity in other properties as well,
but 1t is the conviction of the anthors that the rether impressive
differcnces among the strains in respect to regularity of attrimment of
high titers in eggs probably andicates basic differences rather than chence
veriations. Thais view is supported by the experiments on active frmmnizae—

tion of mice rgainst taxic cmllengc(lﬂ.

The failure to obtaain uncquivocal propagation of the trochome elementary
bodies in cultures of uman conjunctivel cells 15 a very challenging
observotion, the explonation of which, if cluczdeted, moy throw light on
the complex relationships of the clementary body porasite to the tissue cells,
the nutrients, and other factors which are still Yo be identafied.

The date now ovailable Justify the view thet the elementory bodices which
(9)
>

and as reported above, can anducc ¢linical trechoma

have becen propagated in yolk sac of the chick embryo by Ttang ct o1,
Collier ot al. t1s12)
in man and thet the organisms can again Yo recovered in laboratory passagee.
Jt is not possible, however, to justify an assertion that cliniezl trachoma
is a disease entaity with ¢ single etiologic agent. There arve several
observations which suggest importaent differences from onc region to another,
in respect to (2) success in isolotion of strains of elementary bodies,

and (b) abundence of inclusions in conjuachtivel screpings in some regions
as opposed to extromc rarity in other regions, despaite identaty of clinical
findangs and standard teclhmiques of investigation. It i1s also possible
that agents other thon viruses of the clementary body group can induce
conjunctavel reoctions winch mamic early clinical stages of clas:s:‘.cal
elementary body induced trac-.homam’5 ) . Our current studiecs did not
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anclude samultenecus search for adenoviruses end elementary bedies from the
samc specimen because the quantity of infections material was so small thet
we hesitated to divide the spdeimens, It may be noted, however, that
severcl adenovaruses (types 8 and 15, and Strains 931 and BAR-2) have been
1s0lated from gonjunctivel scropings of children who had classica](.zé.r)zclus:.ons

at the time the specimens were taken for virus isolation attempts
SUMMARY

This paper reports thc isolation of strains of clementory bodies from
trachoma coges in Saudi Arabir and Egypt by inoculatioan of the yolk sacs of
chick embryos. Naineteen strains were obtained in forty-five attempts using
conjuncbaval scrapings from chnildren who were shown to mve typicol
inclusions at the tame of the scraping. Ninc of the strains were subjected
to o series of tests which showed that they were indistinguishable morpho-
logicolly from the elementary bodies of the psittecosis-lymphogramiloms
group of viruses, thot thcy were not sonsitive to streptomycin, that they
were free of other viruses and of pleuropneumcnia-like orgenisms, that they
were taxic for white mice by the intravenous route, and thet they contained
the heot stable antigen which is caommon to the psittacosis-lymphogranuloma
group of viruses. Although esch strain was caopeble of multiplication in
yolk sac membrancs of chick ambryos, irregularities of growth were frequently

observed, bcing more characteristic of certein streins, then others,

Viability of the trachoma elcmentary bodies in congunctival scrapings
persisted at «-60% for mony months if the specimens werc stored in a medium
containing sucrose, glutamate, and phosphates Onc of the streins induced
conjunctivitis in a chimpanzec whosc conjunctivel cells showed typicel
inclusions at the height of the conjunctival reaction. A laboratory worker
contracted severe trachams probably as a consequence of air-bornc droplcts
arising from mcnipulations of coneentroted suspensions of the clementery

bodicse
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(continued) page 2
Strain Designation -1 | s1e2 si-L 54-3 Si-5 s4-6 S1-8 81-13 | "OYPe2
Numper of egg passages m
[ to aate 9/22059 27 w umm @m 16 &5 9 B 10 16
i LWgpfor eges b1 0 10 10 10° 108 q g g q
3 !
' - > -
I Toxaeity for mice - *
' {per cent yolc sac) 25% d 208 25% T 304 308 3% 308 20%
* : :
|OF iter of boiled | “
: antigen vse. standara ! i _
oositive psittucosis | 1160 | 1/80 1/160 1/Lo I 1/320 b 1/10 1/320 1/10 1/80
serun m “ | w
FOOTNOTES

0 - Blamentar, bo™es not observed in 30 mimvtest! search of smear
1 to 10 elementary todies per orl wmmersion field (B8 ocvlars, 100 objectives)

liaximom number of egg .Bummghu..wm ner gran of ~olk sac
- Titration net atterpted.” Dilut-onsg of 10 were lethal in roviing passagos
- Toxic only -then highly corcentrated (ses text)

a0 Qo
1

~ 10 to 100 clenentcry bodies per oil immersion field (8Y oculars, 100% objecbives)
~ llore than 10t e¢lements~y lodies ner oil immersion field (87 oculars, 100% objsctives)



