
596 ETIOLOGIC STUDIES OF 'I'KACHOMA 

2 .  Katz,  W., Sellers, iz., pcrsonal cc;mmunic:ition. 
.<. Rolwrt5, S., K ( ~ l l t ~ y ,  M .  R . ,  .T Hiol.  ( ' h v i i / , ,  10;0 .  

4. 'larver, 13. in Neurath, H., I3ailc>-, K., 7'hv Pro- 
ieins, Academic Press, 19.54, -v2B. 

5 .  Cope, O., Moore, F. D., J .  Clin. Invest., 1944, 
v23, 241. 

6. Wasserman, K., Meyerson, H. S., .-I / I ? .  J .  Phys io l . ,  
1(;51, ~16 .5 ,  1.5; Carcliologiu, 19.52. ~ 2 1 ,  -795. 

7 .  Abdou, T .  A.,  Keinhardt, \i*. O., Tarvcr .  H. ,  
.I. B i d .  Chem., 1 9 5 ,  ~ 1 9 4 ~  15 ; E'cirker, L. I,.. C h a -  
koff, I. I,., Rrinhardt ,  IV. O., ihitl., 1952. i-197, 62.i. 
8. Abdou, I. X., Tarvcr, H.. ihid., 1951. ~ 1 9 0 ,  7h( j .  

9. Rerson, S. A , ,  Y'aln\r.. R .  S., Schrcihcr, S. S.,  

10. Gitlin. I).. . l i l ~ i .  S. 17. . j f u d .  .S(.i., 19.i7. \.To. 

1 1 .  .4skon:is, €3. :I.. ('nniplwll, 1'. S . ,  Hum!)hrc!..\. 

1,.?12> 55.;. 

Pc s t ,  1.. J .  ( ' l jp i .  Z I I * L ~ P . E I . ,  19.7~3% v.4-7, 746. 

1 2 2 .  

.I H , Li'ork, T. S.,  Riothem. J . ,  10.54, v56, .597. 
1 2  l A a i i \ o n ,  13 T, , Gillrspk, 1). ('., . I .  Hiol. I ' ~ Y H I . ,  

l o < ? ,  $ 2 2 7 ,  505. 
1.1.  lhnc is ,  J., Shafran, M., J .  C'lin. Invesl., 1958, 

14. Rangham, D.  R., Terry, R. J., Biochenz. J., 

1.5. Gordon, R. S., Jr., Lancet, 19.59, 32.5. 
16 Schwartz, M.,  Jarum, S., ibid., 1959, 327. 
17. Cilmore, R .  C., Robbins, M.  C., Reid, ,4. F., 

18 Debro, J. R., Tarver, H., Korner, A., J .  Lab. 

19. Schnert ,  C. IY.? J .  A m .  ChPni. SOC., 1957, v79, 

20. Cohcn, S., Holloway, K. C., Matthews, C., 

~ 3 7 ,  1093. 

1957, v66, 579. 

.I ii(.lpotzicc, 1958, v12, 6.5. 

C l i i z .  M e d ,  1957, v50, 728. 

119. 

McFarlane, -4. S., Biochenz. I., 1956, v62, 143. 

12ccei.,.eti 1)ecernl)cr 10, 19.59. P.S.E.H.M., 1960, vlO3. 

Etiologic Studies of Trachoma on Taiwan.* (25607) 

The etiologic agent of trachoma has for 
many years been considered to be a virus of 
the ve ner eu m 
(psitt.-LGY) group. Until recently strains of 
elementary bodies probably representing vi- 
ruses of this group which were isolated in the 
yolk sac of eggs from trachoma patients were 
lost or not confirmed ( 1 ) . Recent improve- 

en t s in technic . pa r t i c 11 1 a r 1 y in co r po r a t i ()n 
of streptomycin, have resulted in isolation of 
viruses thought to be the cause of trachoma 
( 2 ) ,  which have been confirmed(3). The 

13 si t t a c o s i s- 1 y in p hog r a 11 u 1 om ;i 

* This stud? \upp( rtcd in par t  I)\  c o n t r x t  I)rtnc.cn 
Ofiicc of S a \ a 1  Kewtirch and V n i ,  o i  Chic,iEo. Lint1 

iil p i  1 1, funcling under Pul)lic I A \ \  4x0, Section 
104.(c). The  opinions and a 
herein are those of the authors and are not  to  l)c 
ccjnstrued as official or reflecting the views o i  the 
Navy Department or Naval Service a t  large. 

The  authcrs are indebted to D r  C. H. Yen, Com- 
missioner of Health of Tain an. for making possible 
the field collections and to Dra C. Y Lee and J ,  Y. 
I'mg for assisting in collection of specimens. 

t Mailing address: NAMRU-2, -4PO 63, San 
Francisco, Calif. 

adenovirus group have been shown to be an 
important cause of eye infections(4) and they 
are known to be frequent causes of acute con- 
junctivitis in Taiwan ( 5,6). Adenmiruses 
have been isollated from cases of trachoma in 
Saudi Arabia and even considered as a PQS- 

sible cause of the trachoma syndrome (7,8). 
It is also possible that adenoviruses may com- 
plicate or cause part of the clinical picture or 
contribute to the spread of trachoma through 
seasonal acute conjunctivitis. Utilizing the 
newly perfected technics for yolk sac isolation 
of elementary body agents and standard tissue 
culture technics for adenolvirus? a study was 
iindertaken of the viral etiology of trachoma 
on Taiwan. 

Materials and methods.  During October 
and November of 1958, specimens were col- 
lected from first grade school children in 15 
of the 16 counties of Taiwan, including the 
l'escadore Islands. A total of 1600 eye swabs, 
throat swabs and blood specimens) were c d -  
lected from children on whom a diagnosis of 
the condition of their eyes was made by oph- 
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thalmologists attached to the Government of 
the Republic of China-World Health Organi- 
zaption trachoma control project on Taiwan 
(9) .  For the purpose of this control project, 
3 categories of diagnosis were used, trachoma, 
colnjurictivitis and nothing pertinent (N.P.) . 
The trachoma diagnosis followed the modified 
h3 acCallan classification as recommended by 
the WHO expert committee on trachoma( 10) : 
I = trachoima at onset, I1 = established 
trachoma, IT1 = cicatrizing trachoma and IV  
=I cicatrized or healed trachoma. In  addi- 
tion, trachoma d was used for suspected but 
not definite trachoma. Almost all those chil- 
dren with the diagnosis of conjunctivitis had 
chronic follicular or papillary conjunctivitis 
which was tholught to be non-trachomatous 
usually on the basis of lack of corneal lesions 
visible with a monocular lens. A few con- 
junctivitis cases appeared to be acute. The 
N .P. diagnolsis included norrnal appearing 
eyes and pathology not due to infections. All 
children, except those with the diagnosis of 
N.P. or trachoma IV, were treated with anti- 
biotic eye ointment under the control project. 
The eye swab and throat swab1 cultures were 
taken with dry cotton tipped applicator sticks, 
then immersed in individual screw capped 
vials containing 2.5 ml of brain heart infusion 
broth pH 7.3, without antibiotics for eye spec- 
imens, and containing 1000 units of penicillin 
and 1 mg of streptomycin per ml for throat 
specimens. The specimens were frolzen in dry 
ice until returned to the laboratory, where re- 
frigeration was continued at -65°C in a me- 
chanical freezer. Adenovirus isolations : The 
technic for isolation and identification of 
atlenoviruses used in this laboratory has been 
reported( 11). HeLa cell tissue cultures were 
ernployed and each specimen observed for a 
minirrium period of 30 days prior to being de- 
clared negative. Trachoma zlirus isolation: 
Eye specimens were unfrozen in a 37°C water 
bath and streptomycin added. The  specimen 
was then allowed to stand a t  4°C for 4 hours 
after which 0.2 ml containing 4 mg of strepto- 
mycin was inoculated into the yolk sac of 
each of 5 embryonated eggs, 6 to1 8 days of 
age. The eggs were incubated a t  35°C and 
candled daily. Upon death, or survival for 
12-13 days, the yolk sac of the egg was har- 

vested and an impression smear was stained 
by a modified Macchiavello method ( 12 ) for 
demonstration of the presence of elementary 
bodies. Each egg was cultured on blood agar 
for bacterial contamination. Two yolk sac 
subcultures were made of negative material. 
Eggs positive for elementary bodies were 
passed separately. Positive isolla tions were as- 
sociated on passage with increasing numbers 
of elementary bodies and with death of em- 
bryos. 

Results. Adenovirus isolations: A total of 
922 eye specimens and 878 throat specimens 
from 4-7 year old children representing all 
areas of Taiwan were cultured for presence of 
adenovirus. One adenovirus was isolated from 
the eye specimens of 468 children with tra- 
choma, 4 were isolated from 374 in the con- 
junctivitis category and none were isolated 
from 80 N.P. children, for an isolation rate of 
0.5% from the 922 eye specimens. A total of 
2 7  adenoviruses were isolated from the 878 
throat specimens examined, for an isolation 
rate of 3.1 "/o. The isolations were apparently 
unrelated to the diagnosis of eye condition, 
since the percent of specimens positive for 
adenovirus by diagnosis was 4.0 for trachoma, 
1.8 for conjunctivitis and 4.4 for N.P. The  
adenovirus types isolated from eyes included 
2 type 8, 2 type 4 and one type 3. A wide 
variety of adenovirus types was isolated from 
the throat specimens, including all types from 
1 to1 10, except types 4 and 9. The most fre- 
quently found types were type 10 isolated 
from 10 specimens and type 5 isolated from 
5. One child with type 8 isolated from the 
eye specimen also had type 8 in his throat 
specimen. The throat specimen of one child 
with type 4 in the eye yielded type 5 adeno- 
virus. 

Trachoma virus isolations. A total olf 4 
elementary body virus strains was isolated 
from 100 eye specimens cultured through 3 
passes in the yolk sac of embryonated eggs. 
A total of 1 2  1 specimens was cultured, but 2 1 
were lost by contamination. Isolation meth- 
ods detailed above are now used, but some of 
the earlier specimens in this study were cul- 
tured without being frozen and with as much 
as %fold less streptomycin. These earlier 
specimens were more frequently contami- 



natetl. Table I shows that the 4 isolation5 
came from among a group of 32 children with 
clinical diagnosis of Ftage TI trachoma. There 
were no isolations from 43 children with other 
stages of trachoma, 20 with conjunctivitis or 
5 with K.P. Tt is of further interest that 3 of 
the 4 isolations came from among 10 patients 
especially selected by the ophthalmologists as 
having particularly active disease. Elemen- 
tary bodies were seen on first passage of 2 of 
the strains isolated and on second passage of 
the other 2 .  All strains killed embryos on 
second passage. Two strains have been 
through 19 and 16 passes respectively without 
any gross changes except some increase in egg 
pathogenicity. On yolk sac smear elementary 
bodies resembling those of the psitt.-LG\‘ 
group are regularly seen. 

The  4 Taiwan elementary body strains were 
shown to be related serologically to the psitt.- 
LGV group by complement fixation test. 
Table IT presents the results of testing the 4 
trachoma strains as antigen with a LG\-. a 
psittacosis and a trachoma antiserum. The 
LG\’ serum was from a patient with the dis- 

ease, the psittacosis serum was from an  ini- 
munized guinea pig and the trachoma serum 
from an immunized rabbit. The  4 viruses 
fixed complement with each of the 3 serums. 
Li’ith the LGV and psittacosis serums, the 
trachoma strains produced a lower antibody 
titer than the homologous antigens. 

Discussion. Isolation of adenovirus from 
the eyes of only 0.2% of children with tra- 
choma and 1.1 ‘/c with conjunctivitis, mostly 
chronic, would suggest that adenoviruses do 
not cause either syndrome on Taiwan. Con- 
current isolation of 35% adenoviruses from 
throat specimens of the same children would 
indicate that the low isolation rate from eyes 
was not due to inadequate technics of speci- 
men collection, storage, or culture. The  
adenovirus types isolated from the eye speci- 
mens. types 3 .  4 and 8 have been frequently 
isolated from acute conjunctivitis in Taiwan 
(5 ,6) ,  while type 3 and 8 have been associ- 
ated with acute eye disease in other parts of 
the world ( 4 ) .  The  adenovirus types isolated 
from the throat specimens have been less con- 
sistently associated with disease and the sig- 
nificance of these isolations will be considered 
in a separate report, in conjunction with 
studies of isolations of adenoviruses from vari- 
ous clinical syndromes on Taiwan. The  fre- 
quency of adenovirus isollation from eyes of 
6-7 year old children on Taiwan agrees closely 
with that reported from Saudi Arabia(7) for 
children over 3 years of age. If adenovirus 
eye infections are usually acute and the vi- 
ruses present for only several days, a preva- 
lence of 0.5% a t  one time could represent a 
considerable incidence during a year. 

I t  is noteworthy that isolation of elemen- 
tary body virus strains in the yolk sac of eggs 



from paticots with trachoma is a,ssociated with 
the most active cases. ?'lie failurc to isolatc 
these viruses from normal appearing eyes. 
from children diagnosed as having non-tracho- 
matous conjunctivitis and fro'm less active 
cases of trachoma adds one type of evidence 
to support the contention that these viruses 
are the etiologic agent of trachoma. This find- 
ing suggests that the clinical diagnostic prob- 
lems of trachoma, which are u,sually the less 
typical and less active cases, would not be 
helped by virus isolation attempts a t  this stage 
of development of isolation technics. Collier 
(13) has reported isolation of 14 strains of 
elementary bodies from 14 persons with inclu- 
sion body positive trachoma. Snyder .et al. 
(14) have isolated 14 trachoma strains, all 
from persons whose conjunctival cells showed 
inclusions. In  this laboratory trachoma virus 
has been reisolated 2 2  times out olf 23 at- 
tempts beginning 2 weeks after infection, from 
6 human volunteers who have been infected 
with one of the Taiwan tracholrna strains in a 
study to be reported. I n  these volunteers 
typical inclusions have been present on con- 
junctival cell smears at all periods when virus 
has been isolated. Conjunctival cell smears 
were not obtained on the first grade school 
children in this study. However? studies sub- 
sequently made in similar groups suggest that 
the proportion of trachoma that is inclusion 
body positive in first grade school children in 
most areas of Taiwan is only about 1 %. This 
is probably the reason for the small number of 
isolations in this study. One additional Tai- 
wan strain (TW29) has been isolated from an 
adult male with an active gelatinous stage 111 
trachoma which was inclusion boldy positive. 

I n  addition to the viruses from China(2) 
and Africa (3 ) , similar elernentary body 
strains of the psitt.-LGV group have been iso- 
lated from trachoma patients in Saudi Arabia 
( 14) ilnd Tsrael( 15) .  On the basis of morph- 
ology and serology the Taiwan strains belong 
to the psitt.-LGV group and they are probably 
similar to those being isolated in egg yolk sac 
in  other parts oQ the world. We believe the 
Taiwan elementary body strains are trachoma 
viruses because of the controlled type of iso- 
lation studies used and because the disease has 
1)een reproduced in 6 human volunteers with 
one of these strains. 

ciiiiciis from first gra(1c 
school c.hil(lron on Taiwan were cultured in 
yolk sac of em1)ryonatcd chicken eggs and in 
HeLa cell tissue cultures. Four viruses, 
molrphologically and serologically related to 
psittacosis-lymphogranuloma venereum group, 
were isolated in yolk sac from 32 children with 
stage I1 trachoma, while negative results were 
obtained with similar cultures of 68 specimens 
from other stages of trachoma, conjunctivitis 
and uninfected eyes. These viruses are 
thought to be etiologic agents oif trachoma. 
One adenovirus was isolated from 468 chil- 
dren with trachoma and 4 adenoviruses were 
isolated from 375 children with chronic con- 
junctivitis. Within limitation of age group 
studied, i t  is concluded that adenoviruses do 
not play an  important role in trachoma syn- 
drome on Taiwan. 
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