
898 TRACHOMA VIRUS INFECTIVITY FOR MONKEYS 

mals bearing a unilateral arterial clamp and 
in the renal cortex of rats overdosed with 
DOCA on a high sodium diet. 

Tissues from hypertensive rats were kindly sup- 
plied by Dr. F. Gross, Pharmaceutical Department 
of CIBA, Ltd., Basel. 
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Monkeys and apes have been the only lab- 
oratory animals useful in trachoma research. 
Baboons and apes have been more susceptible 
to experimental infection than the lower pri- 
mates, but even in these animals the experi- 
mental disease, produced irregularly by trans- 
fer of conjunctival scrapings, has been equi -  
vocal-at best a mild follicular conjunctivitis 
without inclusions. The primate eye has 
shown more reaction to transfer of material 
from the closely related disease, inclusion 
conjunctivitis, developing an experimental dis- 
ease often acute in onset and more closely re- 
sembling the human disease ( 1 ). 

With egg-grown trachoma virus it became 
pmsible to produce regularly in rhesus and 
cynomolgus monkeys a clear-cut clinical dis- 
ease with an exudate presenting a characteris- 
tic cytologic picture and with inclusion bodies 
in the conjunctival epithelial cells. It was 
soon apparent that isolates differed in their 
pathogenicity for these monkeys, and we have 
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reported experiments on the qualitative as- 
pects of this difference as displayed by 2 
strains of trachoma virus isolated in the 
United States(2,3). This report deals with 
attempts to quantitate the infectivity of these 
strains and to induce resistance to challenge 
infection. 

Materials and methods. Viruses: Three 
strains of trachoma virus(4) and one strain 
of inclusion conjunctivitis virus( 5 )  isolated in 
this laboratory were employed. Several yolk 
sac passage levels of each strain with the fol- 
lowing egg LD5,, titers (ELD,,/ml) were 
used: Strain BOUK, YS3 to YS12, lW4 to 

ELD,,/'nd; Strain ASGH, YS4 to YS8, 
to ELDr,,,/ml; Strain APACHE 

#1, YS8, 106-4 ELD,(,/ml; Strain IC-Cal 1 of 
inclusion conjunctivitis virus, YS9, 10"' 
ELD5,,,/ml. Stock virus was prepared? stored 
and ti trated as described ( 6). 

Monkey inoculations. For eye challenge, 
stock virus was diluted in skim milk. Small 
cotton swabs were soaked in the inoculum 
and rubbed back and forth 10 times in the 
upper and lower conjunctival fornices. An 
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estimated 0.1 ml of virus inoculum was thus 
placed onto the conjunctiva. For immuniza- 
tion, monkeys were used which had been in- 
fected in the past and had completely recov- 
ered, without any residual eye abnormalities. 
They were injected intramuscularly with 
50% suspensions of crude infected yolk sac 
in broth containing 1 0 6 a 2  to ELD50/ml. 
Three injections of 0.8, 1.6 and 2.0 ml were 
given a t  6 to 7-day intervals. Eight days 
after the third injection the monkeys were 
challenged with a conjunctival inoculum of 
0.1 ml BOUR strain estimated to contain 
1 0 2 a 4  ELD,,,/nil. 

Recording of observations. The animals’ 
eyes were examined at  2 to 4-day intervals 
with the aid of a focused bright light and a 
binocular loupe. The examiner washed his 
hands and flamed instruments after examin- 
ing each monkey. All examinations were 
made by 2 of us (C.D. and P.T.) without 
knowledge of the nature of the inoculum or 
previous treatment of the monkeys. For each 
eye examinatior? the following conjunctival 
changes were recorded on a scale of 0 (ab- 
sent) to +++ (maximal intensity) : hyper- 
emia, discharge, infiltrate and lymphoid fol- 
licles. At most clinical examinations, con- 
junctival scrapings were taken with a plati- 
num spatula, smeared on a glass slide, stained 
by Giemsa’s method and studied for one-half 
hour each, to eshblish the cytologic picture 
and the presence of typical inclusion bodies. 

Scoring of results. To quantitate observa- 
tions and permit comparison of clinical im- 
pressions i t  was necessary to assign numeri- 
cal values to the recorded data. Of the sev- 
eral conjunctival changes resulting from tra- 
choma virus infection of the monkey eye, 
lymphoid follicles were the most suitable for 
quantitation. Their appearance, persistence, 
number and size could be estimated most ac- 
curately by different observers, and their de- 
velopment was highly specific for trachoma- 
inclusion conjunctivitis virus infection. T o  
minimize inevitable subjective variation in 
the evaluations by the different observers on 
different days, the 3 highest follicle scores for 
both eyes of each monkey during 2 1  days of 
inoculation were pooled. By this method, 

TABLE I. Dose-Infectivity Relationship of 2 
Strains of Trachoma Virus in Cynornolgus Mon- 

keys. 

No. monkeys positive/No. inoculated 
BOUR ASGH 
strain Inclusion strain Inclusion 

Titer, clinical positive clinical positive 
ELDdml disease smears disease smears 

1oS.R-6.7 6/S 5/6 
4/5 1/5 105 .4  j 

1 0 4 . ‘  2f2 2 /e 5 / 5  4/5 
108.4 4/4 4/4 2/2 0/3 
102.4 4/5 3/5 8/2 o/2 
101.4 2/2 1/2 

1 :j/3 3/:3 

the highest total score obtainable was 18 (3 
plus x 2 eyes x 3 observations). Values of 
Chi square were calculated using a modifica- 
tion for small numbers which gives more 
conservative values (7). 

Results. Irzfectivity : The largest num- 
ber of monkey infections were carried out with 
2 strains of trachoma virus, BOUR and 
ASGH. The former was isolated from an 
acute initial infection in California, the lat- 
ter from a Pakistani with a relapse of chronic 
trachoma. The infectivity of these 2 strains 
for cynomolgus monkey eyes is shown in 
Table I. On the basis of egg infectivity it can 
be seen that strain BOUR produces clinical 
disease more regularly and in higher dilution 
than strain ASGH. This strain difference is 
emphasized by the regular and abundant 
presence of inclusions in BOUR infections 
and their irregular and sporadic Occurrence 
in ASGH infections. The infectivity of 
BOUR for cynomolgus eyes appears to be 
similar to that for embryonated eggs, as lW4 
ELDbO ( 1 0 1 e 4  ELDso/ml) produced clinical 
“monkey trachoma’’ in 2 of 2 inoculated ani- 
mals and inclusions in one of them. The data 
in Table I do not permit estimation of a 
“minimal infective dose” of either strain for 
the monkey eye in terms of egg infectivity. 
However, i t  is apparent that the average 
minimal “inclusion producing dose” is about 
lW5 ELDso of BOUR and more than 1 0 3 . O  
ELDlio for ASGH. 

Severity of irzfection. Initial observations 
suggested that strain BOUR was not only 
able to infect monkey eyes with a smaller 
inoculum than ASGH but also produced regu- 
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EXPERIMENTAL INFECTION OF CYNOMOLGUS MONKEY 
WITH TRACHOMA VIRUS GROWN IN EMBRYOMATED EGGS 
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FIG. 1. Different cliiiical iiiteiisitg of (ye t l i s c i lb jc*  
resulting from 2 strains of tr:ichoni;i v j m s  i t i  t;icb 

sanie monkey. 

larly a more severe and prolonged disease of 
the eye. This strain difference is illustrated 
in Fig. 1 , which shows the relatively mild dis- 
ease caused by AEGH followed by a much 
more intense disease caused by BOC'R. in 
spite of the sinaller challenge inoculum em- 
ployed with the latter sttain. To substanti- 
ate this impression, follicle scores obtained 
for all rhesus and cynomolgus monkeys in- 
fected with comparable infective doses of 
these 2 strains are compared in Table ITA. 
By an arbitrary division of scores it was evi- 
dent that 10 of 13 BOUR infections were 
above the half-maximum score, whereas only 
2 of 19 ASGH infections fell into that range. 

Repeated conjunctival infection. We have 
described elsewhere( 2 )  that monkeys can be 
reinfected with the same or a different strain 
of trachoma virus when signs of the initial in- 
fection have subsided. Three such consecu- 
tive infections do not appear to modify re- 
sponse to subsequent challenge. In one at- 
tempt to superinfect during the active phase 
of experimental trachoma 2 monkeys were 
inoculated on the conjunctiva with loi.: 
ELDSo BOUR virus within 4 weeks after 
TABLE 11. Follicle Scores as Index of Severity of 

Infection with Trachoma. Viruses. 

Srorr 
0 - 9 1 ( t - l 8  ('hi2 1' 

A. Diff. between strains 

12.72 .001 BOUR 3" 10" 
ASGH 17 2 

B. Effect of immunization 
Control 
Immunized 10 0 5.61 .02 

* No. of monkeys in score category; see text for 
details of experiments. 

their inoculation. The animal originally in- 
fected with ASGH, however, developed 
additional disease manifestations with nu- 
merous inclusions. The suggestion that 
some degree of "infection-immunity" might 
lie engendered by the homologous but not the 
heterologous strain will have to be confirmed 
i n  !arger numbers of monkeys. 

Eflects of parenteral virus administration. 
In a group of 14 rhesus monkeys we at- 
tempted to determine whether repeated large 
intramuscular doses of live trachoma virus 
could modify the course of subsequent eye in- 
fection. As described above, 10 monkeys re- 
ceived between lo7 and 1@ ELDSo of live 
virus of different strains intramuscularly in 
3 weekly injections. Four additional monkeys 
were kept as controls. Eight days after last 
intramuscular injection all animals were chal- 
lenged with a conjunctival inoculum of 1011.4 
ELD,;,, strain BOUR ( ELDr,o/ml). The 
results are presented in Tables IIB and 111. 

'I'Al31,E TIT. Effect of Immunization on Rhesus 
Noiikeya to Cliallenge with lo'.' ROUlt 

Virus ( l W 4  ELD,/ml). 

No. inf ec- Inclusion 
I riiiniiiiizing ted/No. positive Mean fol- 

s t.ra i n challenged smears licle scores 
~~~ 

4 11.5 
1 5.0 

('ot1tl.ol 4/1 

1 8.25 
l1OT:R 4/4 
AS( ;TI 2/2 
.IPAC'HE #1 2/2 1 8.0 
1( '  Clal I 2/2 0 5.25 

All challenged monkeys manifested some 
signs of infection, but immunized animals 
had less clinical activity and few developed 
inclusion bodies. The follicle scores of im- 
munized monkeys were significantly lower 
(p  = 0.02) than those of controls. The de- 
tails of the experiment (Table 111) indicate 
that only 3 of 10 immunized animals, but all 
4 controls, developed demonstrable inclusions, 
suggesting some limitation of viral multipli- 
cation in the immunized animals. The aver- 
age follicle score for monkeys immunized with 
any one of 3 strains of trachoma virus 
(ROUR ASGH, APACHE # l )  and one 
strain of inclusion conjunctivitis virus (IC 
Cal 1 )  was lower than for the controls. The 
most marked reduction in average follicle 
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score applied to monkeys immunized with 
BOUR or IC Cal 1 .  However, numbers are 
too small to permit interpretation. 

Discussion. The results presented here 
confirm the impression ( 2 )  that rhesus and 
cynomolgus monkeys may serve as useful al- 
ternative hosts for study of viruses of the 
trachoma-inclusion conjunctivitis group. In 
contrast to the highly variable results ob- 
tained with direct “tissue transfer” of con- 
junctival scrapings from human trachoma to 
the monkey eye( 1),  the inoculation of egg- 
grown viruses resulted in predictable and re- 
producible disease. There was a general cor- 
relation between amount of virus in the in- 
oculum (expressed as ELD,*/ml) and rap- 
idity of onset of the disease as well as inten- 
sity of clinical signs (hyperemia, discharge, 
infiltrate and number and size of follicles). 
However, with increasing dilution of viral in- 
oculum, clinical signs were less well defined. 
Thus the number of ELDso constituting a 
minimum “monkey infective dose” could not 
be accurately estimated on the basis of clini- 
cal signs alone. 

The more severe the experimental monkey 
trachoma infection, the greater was the num- 
ber of inclusion bodies found in conjunctival 
scrapings. While the microscopic search for 
inclusion bodies is tedious and time consum- 
ing, it lends a measure of objectivity to the 
other criteria of monkey infection. By such 
combined assessment it could be unequivo- 
cally determined that in terms of ELDzo 
strain BOVR was at  least 100 times more in- 
fectious for monkeys than strain ASGH, i.e., 
100 times more ASGH virus was required to 
produce a clinical “take” in monkeys with in- 
clusions. 

By the “follicle score” method proposed 
here, differences in severity of infection may 
be quantitated with some confidence. Why 
BOUR should regularly produce a more se- 
vere disease in monkeys than ASGH, how- 
ever, remains uncertain. Strains isolated in 
China(8), Saudi Arabia(9), Gambia(lO), 
and Taiwan( 11 ) tend to produce a mild dis- 
ease akin to that produced with ASGH. The 
patient from whom the BOUR strain was iso- 
lated in California had no known contact with 

trachomatous persons, but did develop cor- 
neal changes and a pannus entirely typical 
of trachoma. The greater virulence of mon- 
key infection with BOUR virus is a remark- 
able strain characteristic, since in the past, 
viruses of inclusion conjunctivitis have caused 
a more severe disease of monkey eyes than 
trachoma. The BOUR strain appears to oc- 
cupy a unique position in the trachoma-in- 
clusion conjunctivitis group which requires 
further study. 

Like trachoma in humans, experimental 
trachoma in monkeys did not give rise to 
demonstrable resistance of the eye to reinfec- 
tion with the same or a different strain of 
virus. Very large amounts of virus injected 
repeatedly intramuscularly did alter the clin- 
cal response significantly, suggesting that sys- 
temic “immunity” may at times play a role. 
We have not yet attempted to measure ”spe- 
cies-specific” antibodies ( 12)  in these monkeys 
and cannot comment on their possible role. 
I t  will be of interest to examine the effect of 
parenteral virus administration on the char- 
acteristic extended clinical disease and the 
protracted presence of the virus in the hu- 
man conjunctiva. 

Summary. Three strains of trachoma virus 
and one strain of inclusion conjunctivitis vi- 
rus isolated in the United States gave repro- 
ducible disease upon inoculation into eyes of 
rhesus or cynomolgus monkeys. Among sev- 
eral clinical criteria follicle scores were most 
suitable for quantitation of eye disease, and 
microscopic demonstration of inclusions in 
conjunctival scrapings served as additional 
criterion of infection. Significant differences 
were demonstrated in the infectivity of 2 
strains for the monkey eye. Repeated eye 
infection failed to modify the response to re- 
infection. Repeated parenteral administra- 
tion of live virus in large quantities signifi- 
cantly diminished disease from subsequent 
challenge infection but failed to induce solid 
immunity. 
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