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Following isolation and serial growth in 
quantity of trachoma virus in a number of 
places, there has been great interest in the 
possibility of development of a trachoma vac- 
cine in the hope of hastening eradication of 
this disease( 1 ) . Steps in development and 
testing of experimental trachoma vaccines on 
Taiwan have been reported (2-6). These 
have included preparation of experimental 
trachoma vaccines, their test in monkeys and 
then humans for antibody response and pro- 
tection. Experimental trachoma vaccines 
have been shown to affect favorably the 
clinical course and response to antibiotic 
treatment of experimentally infected human 
volunteers ( 7 ) .  After 2 J/2 years of observa- 
tion in a field trial of experimental trachoma 
vaccine in children on Taiwan, a significant 
difference between vaccine and control groups 
has appeared. This report presents the re- 
sults. 
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or reflecting the views of the Navy Department or 
Naval Service a t  large. 

t Present address: Dept. of Preventive Medicine, 
Univ. of Washington School of Med., Seattle. 

Materials and methods. Vaccines. Two Tai- 
wan trachoma virus strains were used in prep- 
aration of the vaccines. These were TRIC- 
Taiwan-1 isolated in 1958 (formerly called 
TW-10) and TRIC-Taiwan-3 isolated in 1959 
(formerly called TW-29). Of 29 Taiwan 
strains tested for cross-protection in the mouse 
toxicity prevention test, all have fallen into 
2 groups of which TW-1 and TW-3 are the 
prototypes (8). Vaccine tested in the Lung- 
ching area was monovalent containing only 
the TW-3 strain. Vaccine tested in Ta-an 
was bivalent containing equal amounts of 
TW-1 and TW-3. In both cases, one ml of 
vaccine contained virus particles remaining 
after purification procedure from 0.4 g (40% 
by weight) of original yolk sac suspension. 
Details of method of purification of elemen- 
tary bodies from yolk sac suspensions have 
been presented (9). Following this purifica- 
tion procedure, which employs trypsin diges- 
tion, 3 cycles of high and low speed centrifu- 
gation, and polymixin precipitation, the ele- 
mentary body suspension was killed and sta- 
bilized by addition of 0.02% concentration of 
formaldehyde. Aluminum hydroxide parti- 
cles were suspended in a 1:200 solution of 
human gamma globulin. Particles were then 
sedimented and gamma globulin discarded. 
When formalized elementary bodies were 
mixed with coated alum particles, many 
bodies stuck to the particles. This final alu- 
minum hydroxide vaccine contained about 10 
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mg of aluminum per milliliter. A suspension 
of aluminum hydroxide particles in normal 
saline with 0.0270 formalin was used as pla- 
cebo vaccine. Final suspensions of elemen- 
tary bodies were tested for sterility, both be- 
fore and after addition of formalin and alu- 
minum hydroxide particles on blood agar, 
beef heart infusion broth, thioglycolate broth, 
and Sabouraud’s medium. Sub-cultures were 
carried out over a total of 15 days. 

Serology. Both serum specimens obtained 
by vena puncture and plasma specimens ob- 
tained in a small graduated heparinized pip- 
ette by finger puncture were used in serologi- 
cal tests. Capillary blood (0.2 ml) was mixed 
with 0.9 ml of sterile saline and centrifuged 
to remove the cells. The remaining 1 ml of 
1-10 dilution of plasma was stored at  -20°C 
as were the sera obtained from the venous 
blood. Capillary specimens were obtained 
from the smaller children during 1959 and 
1960 while Venus blood was obtained from 
those of all ages during 1961 and 1962. The 
complement fixation test for trachoma as used 
in this laboratory has been described (9,lO). 

Trachoma virus isolation and inclusion 
body demonstration. A sterile eye swab with 
a cotton tipped applicator stick for virus iso- 
lation and a conjunctival scraping with a 
platinum spatula for inclusion body demon- 
stration were obtained at  each examination 
on each test subject for whom a clinical diag- 
nosis of trachoma dubium or established tra- 
choma was made. In addition, a sampling of 
children was tested for virus and inclusion 
bodies a t  the first examination. Details of 
technics used for obtaining specimens and for 
laboratory examinations have been presented 
along with negative results obtained from 
children without clinical diagnosis of trach- 
oma( 11). 

Procedure for field evaluation studies. 
Field study areas and methods used to choose 
test subjects have been described ( 3 ) .  The 
two study areas, Lung-ching and Ta-an, are 
typical rural townships along the west coast 
of the Island with average trachoma incidence 
and severity. Test subjects were preschool- 
aqed children with no clinical evidence of tra- 
choma infection. They were siblings of 1959 
first grade children who had active trachoma. 

The families of these first grade school chil- 
dren with trachoma had a high prevalence of 
active and healed trachoma ( 3  ) . 

Children 9.months of age or under a t  the 
onset of the study received 0.5 ml of vaccine 
intermuscularly while all other test children 
received 1 ml. At time of the third and fourth 
vaccine injection all received 1 ml of vaccine. 

Examinations and inoculations were carried 
out in 6 primary schools, 4 in Lung-ching and 
2 in Ta-an. Two ophthalmologists (KHC 
and IHC) were each assigned to 3 schools- 
one in Ta-an and 2 in Lung-ching. They ex- 
amined the same children throughout the 
study. Ophthalmological examination and 
eye swab and scraping specimens were ob- 
tained in a room separated from that in which 
children received vaccine inoculations and 
had blood specimens drawn. Upon exam- 
ination the ophthalmologists had no knowl- 
edge of their prior diagnoses ,on a child nor 
whether the child was in the vaccine or pla- 
cebo group. Randomization of test subjects 
between the placebo and vaccine groups was 
accomplished through assignment of a fam- 
ily number to the first grade school children. 
Numbers were assigned consecutively a t  time 
of examination of each of the first grade school 
children prior to examination of this child’s 
younger siblings. If the final digit in this 
number was even, the first preschool child in 
that family who became eliaible for the study 
received placebo vaccine. If the family num- 
ber was odd, the first child received trachoma 
vaccine. If more than one child in the fam- 
ily was found suitable for study, the second 
and subsequent children received placebo or 
trachoma vaccines depending upon whether 
the next to the last digit in the family num- 
ber was odd or even. 

Results. Complement fixation antibody re- 
sponse. In  the Lung-ching area all subjects 
were bled before first injection of vaccine and 
again one month later a t  the time of second 
vaccine injection. Thereafter, blood was ob- 
tained on to 5 the test subjects at each 
examination. Children who were bled were 
rotated so that the same child was not bled 
more often than on every third examination. 
Four blood specimens were obtained from 
most of the children during the 10 examina- 
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FIG. 1. Results in Lung-ching area of trachoma complement fixation antibody measurement 
during field protection studies. Per cent of test subjects with antibody and the antibody titer 
is shown for placebo and vaccine groups a t  each examination. Number tested appears in paren- 
theses and V indicates time of vaccine injection. 

FIG. 2. Results in Ta-an area of trachoma complement fixation antibody measurement dur- 
ing field protection studies. Per cent of test subjects with antibody and the antibody titer is 
shown for placebo and vaccine groups by time interval. Number tested appears in parentheses 
and V indicates time of vaccine injection. 

tions. In  the Ta-an area blood was obtained 
from all children at the first examination, 
from none at  the second, and from % of the 
subjects a t  each subsequent examiwtion with 
rotation of the children. Three blood speci- 
mens were obtained from about 6 the chil- 
dren and 2 from the others. These sera were 
tested in CF tests with trachoma antigen. Re- 
sults are shown in Fig. 1 and 2. Only a small 
number of the test children showed antibody 
on initial examination. In area 1 the propor- 
tion of these showing antibody rose following 
each vaccine injection. The highest propor- 
tion exhibiting antibody was found in April 
1960, 6 months after beginning of the study. 
The proportion of subjects with CF antibody 
tended to fall gradually with passage of time 
and to rise again after booster vaccine inocu- 
lations. The placebo group showed a slowly 
increasing number with CF antibody corre- 

trachoma infections. In  Ta-an where the first 
2 vaccine injections were more widely spaced, 
highest incidence of CF antibody response 
(92% of those tested) was found in March 
1961, 14 months after the start of the study. 
Serological tests on a different % of the chil- 
dren 2 months later showed only 2270 posi- 
tive. Again, a rising proportion of the place- 
bo group showed CF antibody as the study 
progressed. Since the same children were not 
bled at  each interval, these CF results can 
be interpreted only as indicating a general 
trend of antibody response. 

When results were examined for each in- 
dividual test subject who had no antibody on 
first examination, it was found that 5370 of 
those receiving vaccine and 20% of those re- 
ceiving placebo had a rise in CF antibodies 
during the study. These percentages were 
the same in both areas. In both areas and 

sponding to the gradual appearance of active irrespective of whether they received vaccine 
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TATITJE I. Rcsiilts of F i d d  Trials of Traclioiiim Vacciiie. Cuiiiula tive number of childreii COIL- 
vcbrtiiig* to ti~;~~~lioiii:i, hy date of c~xamjii:itio~i. - 

'61 
No. i n  O c l .  "Ov. .Ian. Apr. Jane Nov. Mar. May 
group '59 '59 '60 'ti0 '60 'A0 ' 6 1  61 

Lung-cliiiig area study 
V v V V 

9 10 10 10 13 
d d 3 3 

Placebo-62 0 2 6 7 8 
Vwci nt-67 0 0 1 2 2 3 9 > 

Pladw-I55 
Vacciiie-121 

Ta-an area study 
v v  V V 
0 2 5 S 12 13 22 26 
0 0 - 0  3 3 4 10 12 

V z vaccine given. 
* Conversioii deperids 011 2 consecutive diagnoses of active trachoma (MacCallan I, 11, or 

111), or laboratory proof b~ virus isolation or iiiclusioii body demonstration. 

or placebo, children 4-6 years of age at  onset 
of the study showed CF antibody much more 
frequently than children 1-3 years of age. 
In those receiving placebo, 3 times as many 
of the older children developed antibody, 
while among those given vaccine, older 
children developed antibody 1% times as 
often as the younger. Since only a por- 
tion of the children were bled on each 
examination, it is likely that some developed 
CF antibodies following booster vaccine in- 
jections which were not demonstrated in an 
earlier or later serum. This finding in in- 
dividuals taken in association with the results 
shown in Fig. 1 and 2 would suggest that per- 
haps 50% of the children had a CF antibody 
response to vaccine independent of infection. 

In the 
2 study areas, from 8-10 clinical examinations 
of the eye were carried out over 2% years. 
In Table I the cumulative number of children 
in both study areas developing trachoma by 
date of examination is given. The number re- 
ceiving placebo or vaccine in each area shown 
in Table I represents the number of test sub- 
jects observed throughout the period. There 

Protection from clinical trachoma. 

was a loss of subjects from the study group of 
13% in area 1 and 7% in area 2 over the 
2% years of observation. Clinical conversion 
to trachoma was accepted following 2 consec- 
utive diagnoses of active trachoma (excluding 
trachoma dubium). Date of conversion shown 
in Table I was that of the first clinical diag- 
nosis. If laboratory evidence of trachoma, 
either by virus isolation or demonstration of 
typical inclusion bodies was obtained, conver- 
sion was accepted without 2 consecutive ac- 
tive trachoma diagnoses. Diagnosis of tra- 
choma only by laboratory evidence occurred 
4 times in each area. In each instance it con- 
sisted of laboratory proof of infection in a 
case diagnosed as trachoma dubium. Table 
I demonstrates that there were a smaller num- 
ber of cases of trachoma and a delay in time 
of the occurrence of cases in those receiving 
vaccine compared to the placebo group. 

In Table I1 the number of test subjects 
converting to trachoma by their age at  ini- 
tiation of the study is shown. The total test 
group is broken down into 3 age groups. I t  
can be seen that the highest frequency of 
conversion to trachoma occurred in the older 

TABLE 11. Conversioii to  Traclionia by Age Group in Trachoma Vaccine Field Trials. 

Age in yr 
1&2 3 & 4  5 & B  Total % 

1,ung-cliing Placebo 5/28 0/20  8/14 13/62 21 
Vaccine 0/32 1/23 2/12 3/67 5 

Ta-an Placebo 4/52 8/58 14/45 26/155 17 
Vaccine 1/42 7/41 4/38 

Total Placebo 9/80 11% 8/78 10770 22/59 37% 39/217 18 
Vaccine 1/74 1% 8/64 13770 6/50 12% 15/188 8 

12/121 10 
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TABLE 111. Eva.luation of Effectiveness of Trachoma Vaccine in Field Trials. 

Converters to Months of 
trachoma by trachoma 
April 1962 t-test, No. cases with for all cases t-test, 

P value positive labora- P value 
No. 7' less than tory diagnosis Total Avg less than 

6 226 3.65 
1 72 1.07 *03 .01 Lung-ching Placebo-62 13 21.0 

Vaccine67 3 4.5 
Effectiveness 7970 71% 

Tu-an Placebo-155 26 16.8 
Vaccine1 2 1 12 9.9 
Effectiveness 41% 52 % 

Total Placebo-217 39 18.0 
Vaccine-188 15 8.0 

12 420 2.77 
6 157 1.30 .10 

18 646 2.98 
7 229 1.22 .0°5 .005 

Effectiveness 56 70 62 % 59 % 

children. Thirty-seven per cent of the 5-6 
year old children in the placebo group devel- 
oped trachoma during the study compared 
to 10% of younger children in the placebo 
group. 

Because conversion to trachoma occurred 
later in the study in some subjects than in 
others and because there was also occasional 
reversion to normal after trachoma diagnosis 
was established, the differences between the 
2 groups in respect to total number of months 
of trachoma was compared as another means 
of measuring effectiveness of the vaccine. In 
Table I11 significance of the differences be- 
tween placebo and vaccine groups in the tra- 
choma conversion rates and in the total 
months of trachoma disease, are examined for 
both study areas. When the significance of 
the differences observed were examined by 
the t-test, i t  was found that the difference in 
proportions of converters was significant for 
the Lung-ching study and for the combined 
studies while the difference in months of 
trachoma was significant in both the Lung- 
ching and Ta-an studies individually. Utiliz- 
ing the measurement of conversiun to tra- 
choma, the percentage reduction in conversion 
rates was calculated for each of the areas 
separately and for the 2 areas combined and 
called the effectiveness (in per cent). Simi- 
lar effectiveness percentages were calculated 
based on measurement of average months of 
trachoma in each area. Effectiveness was 
somewhat higher in Lung-ching than Ta-an 
but averaged about 60% in the combined 

studies irrespective of which measurement was 
used. The 95% confidence interval on the 
60% reduction in trachoma was 26 to 83% 
by the method by Noether(l2). This pro- 
vides additional evidence that the observed 
effect of the vaccine was significant. 

Also shown in Table I11 is the total num- 
ber of cases of conversion which were proven 
either by virus isolation, demonstration of 
inclusion bodies, or both. Laboratory evi- 
dence of infection only by demonstration of 
inclusion bodies occurred 3 times and only 
by virus isolation 11 times. 

One other similar study has been carried 
out on Taiwan using a bivalent vaccine pre- 
pared in the same manner as that used in the 
Ta-an study except that it was inactivated 
with ultra-violet light instead of formalin. 
This study was undertaken in a primary 
school in Taipei City, again utilizing younger 
siblings of first grade children with trachoma. 
This study was carried out with Professor Y. 
F. Yang of National Taiwan University Col- 
lege of Medicine. A total of 89 children who 
did not have trachomatous eye disease at  be- 
ginning of the study were randomly divided 
with 36 receiving vaccine and 53 placebo. 
Three injections of vaccine and 6 clinical ex- 
aminations were performed over 2 years of 
observation. By January 1962, 28% of the 
control children and 11% of those receiving 
vaccine had converted to trachoma. If an 
effectiveness is calculated for the vaccine in 
this small group in the same manner as shown 
in Table 111, it  is found that the effectiveness 
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percentage for reduction of conversion to 
trachoma was 61% and for reduction in total 
months of trachoma was 7270, figures similar 
to those obtained in the Lung-ching area. The 
difference in average months of trachoma be- 
tween the placebo and vaccine groups was sig- 
nificant in the t-test. 

Results of these field trials, 
along with the favorable effect of vaccine on 
the course of experimental human infections 
(7) ,  show that first generation experimental 
trachoma vaccines from this laboratory with 
relatively low antigen mass have favorably in- 
fluenced trachoma infection in humans. These 
studies have emphasized that natural infec- 
tion under field conditions is a less rigorous 
challenge than experimental eye infections in 
both humans and monkeys where acute dis- 
ease is the inevitable result. These first gen- 
eration vaccines when tested in monkeys and 
human volunteers for protection against ex- 
perimental challenge, although giving partial 
protection in some experiments, often pro- 
duced hypersensitivity which caused a more 
severe infection than that seen in controls 
(3,5). Although he has presented no experi- 
mental results, Cox mentioned several times 
recently a similar phenomenon in studies he 
carried out with killed Japanese encephalitis, 
lymphocytic choriomeningitis, Rocky Moun- 
tain Spotted Fever, and epidemic typhus vac- 
cines. He found that preparations which did 
not contain enough antigen to produce a good 
immunogenic vaccine actually sensitized the 
vaccinated animals and made them more sus- 
ceptible to challenge than the non-vaccinated 
controls( 13) .  

In  these studies in preschool-aged children, 
a much poorer CF antibody response to vac- 
cine was observed than that found in young 
adult volunteers who showed 100% antibody 
response (4). Even in these studies the older 
children showed a better antibody response to 
vaccine than the younger, suggesting that 
some of the responses were secondary or recall 
phenomenon in individuals previously infected 
with the trachoma virus but showing no resid- 
ual eye disease. 

Efforts are underway to increase the anti- 
genic mass in trachoma vaccine. Vaccines 
containing 25 times the antigenic mass of the 

Discussion. 

first generation vaccines have been prepared 
in these laboratories and studied in monkeys. 
Complete protection of monkeys, not just 
modification of disease, has been obtained in 
a majority of monkeys immunized with these 
preparations. Human field trials will follow. 

Three other laboratories have studied im- 
munization with TRIC viruses. Collier ( 14) 
has given live inclusion blennorhea virus sub- 
cutaneously and intravenously to baboons. He 
found that two subcutaneous doses plus one 
intravenous dose of live virus gave protection 
against subsequent eye challenge with the 
same virus strain. Three subcutaneous doses 
gave partial immunity. He reported that 
when formalin killed inclusion blennorhea vac- 
cine was given to baboons, it failed to protect 
against infection and a more severe disease 
resulted than that seen in controls ( 15). Sny- 
der and his colleagues( 16) gave a formalin- 
inactivated trachoma virus vaccine to one of 
2 human volunteers who were subsequently 
challenged with the same trachoma virus in 
the eye. Although both volunteers became in- 
fected, a reduced severity was observed in the 
vaccinated volunteer. Dawson et al. ( 17)  im- 
munized monkeys parenterally with live crude 
yolk sac suspensions of trachoma virus, All 
immunized monkeys and all controls became 
infected but a reduced severity was reported 
in the immunized monkeys. 

Summary. Field trials of experimental egg- 
grown trachoma virus vaccine have been car- 
ried out in preschool-aged children in 2 rural 
areas on Taiwan. Four hundred and five chil- 
dren randomly divided between a placebo and 
trachoma vaccine groups have been followed 
for 2% years during which 4 injections of vac- 
cine have been given. Eighteen per cent of 
the placebo group have converted to trachoma 
compared to 870 of those receiving vaccine. 
An average of 2.98 months of trachoma have 
been observed in the placebo group compared 
to 1.22 months in the vaccine group. Both 
these measures suggested that the vaccine was 
approximately 60% effective in reducing tra- 
choma. A third study in an urban area with 
89 children showed similar vaccine effective- 
ness. 

1. World Health Organization, Expert Committee 
on Trachoma, 3rd Report, Wld. Hlth. Org. Techn. 



FORMALDEHYDE DETOXIFICATION OF SNAKE VENOMS 595 

Rept. Ser., No. 234, 1962. 
2. Grayston, J .  T., Wang, S. P., Woolridge, R. L., 

Yang, Y. F., Johnston, P. B., J .  A m .  Med. Assn., 
1960, v172, 1577. 

3. Grayston, J. T., Woolridge, R. L., Wang, S. P., 
Ann. N. Y .  Acad. Sci., 1962, v98, 352. 

4. Grayston, J. T., Woolridge, R. L., Khaw, 0. K., 
Tail F. H., Lin, H. M., Wang, S .  P., Chinese Med.  
J., Republic o f  China, 1961, v8, 307. 

5. Grayston, J. T., Wang, S. P., Lin, H. M., Tai, 
F. H., Khaw, 0. K., Woolridge, R. L., ibid., 1961, v8, 
312. 

6. Yen, C. H., Yang, C. Y., Cheng, K. H., Chang, 
I. H., Grayston, J. T., Woolridge, R. L., Wang, S. P., 
J .  Formosan Med. Assn., 1961, v60, 891. 

7. Grayston, J. T., Wang, S. P., Yang, Y. F., 
Woolridge, R. L., J .  Ex#. Med., 1962, v115, 1009. 

8. Chang, I. C., Wang, S. P., Grayston, J. T., 
Ann. N.  Y .  Acad. Sci., 1962, v98, 347; Wang, S. P., 
Grayston, J. T., J .  Immunol., submihted for publica- 
tion. 

9. Woolridge, R. L., Grayston, J. T., Ann. N. Y .  
Acad. Sci., 1962, v98, 314. 

10. Woolridge, R. L., J .  Formosan Med. Assn., 
1960, V59, 891. 

11. Woolridge, R. L., Wang, S. P., Grayston, J. T., 
Bull. W l d .  Hlth. Org., 1962, v26, 783. 

12. Noether, G. E., J .  Am. Stat. Assn., 1957, v52, 
36. 

13. Cox, H. R., Lectures, Frankfurt O/M-Hoechst, 
March 16, 1954, p5; --, Illinois Med. J., 1960, 
ir 1 18, 162. 

14. Collier, L. H., Lancet, 1961, vi, 795. 
15. - , Ann. N .  Y .  Acad. Sci., 1962, v98, 375. 
16. Snyder, J. C., Bell, S. D., Murray, E. S. ,  

Thygeson, P., Haddad, N., Ann.  N .  Y .  Acad. Sci., 
1962, v98, 368. 

17. Dawson, C. R., Hordhorst, C. H., Thygeson, 
P., ibid., 1962, v98, 167. 

Received November 26, 1962. P.S.E.B.M., 1963, v112. 

Detoxification of Snake Venoms and Venom Fractions by Formaldehyde.* 
(281 13) 

CHA JA MOROZ-PERLMUTTER,~ NATAN GOLDBLUM, ANDRE DE VRIES AND SIMON GITTER 
(Introduced by Jack Gross) 

Rogofl Medical Research Institute of the Labour Sick Fund, Beilinson Hospital, Petah Tikva,  and 
Department of Preventive Medicine, Hebrew University-Hadassah Medical School, 

Jerusalem, Israel 

Previous reports from this institution have 
described the separation of Near Eastern 
snake venoms into fractions with various 
toxic, biochemical and antigenic properties 
(1,2,3). The venom of Vipera palestinae 
was shown to be composed of 2 main toxic 
fractions, a neurotoxic and a hemorrhagic, 
whereas Echis colorata venom which contains 
two different hemorrhagins, was found to be 
devoid of neurotoxic activity. Recent inves- 
tigation of the venom of two other snakes, 
Wal t  erinnesia aegyptia and Pseud oceras t es 
fieldii, showed them to be mainly neurotoxic 
(4). 

Production of potent antivenins is an elab- 
orate and time-consuming procedure and often 
the antisera obtained are not satisfactory as 

* Aided by research grant from Nat. Inst. Health. 
t Submitted in partial fulfillment by C. Moroz- 

Perlmutter for Ph.D. degree from Hebrew University. 

in the case of Vipera palestinae in which anti- 
venin was devoid of antineurotoxic activity 
( 5 ) .  Detoxification of snake venoms by for- 
maldehyde treatment has been attempted in 
the past(6,7), In  the search for more effec- 
tive methods of preparation of antisera 
against the venoms of Near Eastern snakes 
we have investigated the effect of formalde- 
hyde treatment on their toxicity and immuno- 
genic activity. 

Materials and methods. Venoms and 
venom fractions. Venoms of Vipera pales- 
tinae and Echis colorata were obtained ac- 
cording to methods described previously( 2,3), 
dried from the frozen state and stored at  
-20°C until use. Fractionation was carried 
out by chromatography on DEAE cellulose. 
Venom fractions consisted of pools of tubes 
a t  the peaks of toxic activity. LDBO’s of 
venoms and venom fractions were determined 




