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The knowledge of immunization against 
schistosome infection has been greatly in- 
creased by studies of the acquired resistance 
obtained in experimental animals through the 
use of X-irradiated' cercariae. The most 
effective radiation exposures used for cercari- 
ae which subsequently immunize the animal 
range from 2500 to 3000 R (1, 2) .  Since 
inflammatory reactions caused by the schisto- 
somula derived from irradiated cercariae ex- 
posed to these amounts of X-radiation have 
been observed in the liver and lungs (3, 4), 
i t  will be of interest to investigate the possi- 
bility of using a higher X-ray exposure which 
will make the schistosomula perish in the 
less critical tissues such as the skin. It has 
been demonstrated that practically all schis- 
tosome cercariae exposed to 24,000, 48,000, 
or 50,000 R will perish in the dermal tissue 
during the time of immunization (3, 4).  The 
possibility of inducing acquired resistance by 
immunizing experimental animals with cer- 
cariae exposed to such large amounts of X- 
radiation needs to be investigated. Further 
interest in this study lies in the fact that 
some investigators (5) have recently claimed 
that the migratory schistosomular stage con- 
tributes little to the development of host 
resistance. Since all immunizing cercariae ex- 
posed to such large amounts of X-radiation 
will perish in their early schistosomular stage 
(3, 4), the role of schistosomula in the in- 
duction of acquired immunity can be ascer- 
tained by immunizing hosts with heavily irra- 
diated cercariae. 

* This investigation was supported by Research 
Contract DA-49-193-Md-2319, from the U. S. Army 
Medical Research and Development Command, 
Washington, D. C., and a research grant from the 
Abbott Laboratories, North Chicago, Illinois. 

Materials and Methods. Male rhesus mon- 
keys (Macaca mulatta) weighing approx- 
imately 2 kg were used. They were shown to 
be negative for both tuberculin reactivity and 
schistosome eggs in the stools. The cercariae 
of the Japanese strain of Schistosoma japon- 
icum were shed from the snail Oncomelank 
nosophora obtained from Kofu, Japan; and 
the cercariae of S. mansoni, from the snail 
A ustralorbis glabratus originating from Puer- 
to Rico. The cercariae were irradiated in de- 
chlurinated tap water suspensions 10 mm deep 
and 17 mm in diameter. The vessels contain- 
ing the liquid were of glass with walls 1.6 mm 
thick. The X-radiation was delivered by a 
General Electric Maxitron unit. Radiation 
factors were 250 kVp., 30 mA, with 0.25 mm 
copper and 1 mm aluminium filtration. The 
half-value layer for the beam was 1 mm cop- 
per. The distance from the target to the sur- 
face of the suspensions was 248 mm, which 
yielded an exposure rate of 620 RJmin. The 
total exposure given to the cercariae for im- 
munizing the monkeys was either 24,000 or 
48,000 R. The irradiated cercariae were 
transferred to cover glasses for the immuniz- 
ing application. Only the actively swimming 
cercariae were used. 

Before administering the cercariae, mon- 
keys were anesthetized with nembutal and the 
abdominal hair was clipped. The cercariae 
were then applied to the abdominal skin with 
cover glasses. The immunizing doses for 
monkeys consisted of cercariae of both sexes 
shed from 30 to 40 snails. For the challenge 
exposure of immunized monkeys and for the 
exposure of control monkeys, only the cer- 
cariae of known sexes were used, each mon- 
key receiving 200 males and 200 females. The 
cercariae for challenging experimental and 
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control monkeys originated from the same 
batch of snails and were shed on the same 
day. From Day 30 of the challenge, the stools 
of each animal were examined daily by the 
sedimentation method. After eggs were found 
in the stool, the number of eggs/g/day 
was calculated by Stoll's method. For mo'n- 
keys in the S. japonicum series, the mean 
number of eggs/g/day for the first 30 days in 
the patent period (MNEPG30) was used as 
an index for the intensity of the challenge 
infection and the maximal number of 
eggs/g/d!ay in the same period (MXEPG30) 
was used as an additional reference; for mon- 
keys in the S. munsoni series, MNEPG4O and 
MXEPG40 were used. After challenge, each 
monkey was killed at  Day 63-94 of the chal- 
lenge and the worms were collected by the 
perfusion method. After perfusion, the liver 
was sliced into pieces for further worm-search- 
ing and the mesenteric veins were examined 
manually so that the unperfused worms could 
still be collected. 

Results. Four monkeys were given immu- 
nizing cercariae of S. japonicum which had 
been irradiated with 48,000 R. The monkeys 
were immunized 3-8 times. The total number 
of the irradiated cercariae used varied from 
9000 in one monkey and from 18,000-25,100 
in three monkeys. After challenge, the 
MNEPG30 of two monkeys which were im- 
munized with 20,500-25,100 irradiated cer- 
cariae varied from 21  to 24 and that of one 
monkey which was immunized with 9000 ir- 
radiated cercariae was 13,621. Owing to its 
untimely accidental death, the stool examina- 
tion of monkey EJ297, which was immunized 
with 18,000 cercariae, was very incomplete. 
The numbers of worms recovered at  autopsy 
were 272 for the monkey which was immu- 
nized with 9000 cercariae and varied from 11 
to 62 for the three monkeys which were 
immunized with 18,000-25,100 cercariae. In  
the three control monkeys, the MNEPG30 
varied from 6500 to 8100 and the numbers of 
worms recovered at autopsy varied from 230 
to 290. It is evident that monkeys immu- 
nized 3-8 times with a total of 18,000 to 
2 5,100 japonicum cercariae irradiated with 
48,000 R manifested a high degree of ac- 
quired resistance against the challenge infec- 

tion while such an acquired resistance against 
the challenge infection was not shown in 
monkeys immunized with 9000 cercariae 
(Table I ) .  

Two monkeys were treated four times with 
a total of 35,000-40,000 cercariae of S. man- 
soni which had been irradiated with 24,0010 
R; and four monkeys, 3-5 times with a total 
of 2 5,000-2 7,000 cercariae irradiated with 
48,000 R. Three control monkeys were chal- 
lenged at the same time as the experimental 
monkeys. After challenge, the MNEPG40 of 
the two monkeys which were immunized with 
cercariae irradiated with 24,000 R varied 
from 0 to 24; that of the four monkeys which 
were immunized with cercariae irradiated 
with 48,000 R, from 0 to 87. The numbers of 
worms recovered a t  autopsy varied from 6 to 
54 in the 24,000 R group and from 11 to 
157 in the 48,000 R group. In  the three 
control monkeys, the MNEPG40 varied from 
230 to 276, and the numbers of worms 
recovered at  autopsy varied from 220 to 260. 
I t  was also evident that monkeys immunized 
3 to 5 times with a total of 25,000 to 40,000 
nzansoazi cercariae irradiated with 24,000 R 
or 48,000 R manifested a high degree of 
acquired resistance against the challenge in- 
fection (Table I ) .  

Discussion. Although the results of the 
present study indicate that a strong acquired 
resistance against schistosome infection can 
generally be induced by previous immuniza- 
tions with cercariae exposed to 24,000 or 48, 
000 R, it failed in one monkey immunized 
with 9,000 japonicum cercariae exposed to 
48,000 R. The failure in this case may be 
either due to an especially high individual 
susceptibility of this monkey to infection or 
due to the comparatively smaller number of 
the cercariae which have been used in the 
immunization of this monkey compared to 
the other monkeys. I t  is reasonable to assume 
that while the life span for schistosomula 
derived from cercariae exposed to large 
amounts of X-radiation is shorter than those 
derived from cercariae exposed to much lower 
amounts, a larger number of cercariae is 
needed to furnish sufficient functional anti- 
gen to induce enough functional antibody in 
the former case than in the latter case. 
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Previous investigators have reported that 
one prior exposure of albino mice to mansoni 
cercariae irradiated with 7500 R or irradiated 
with from 12,500 to 40,000 R failed to pro- 
duce a significant degree of acquired resist- 
ance (6, 7) .  On the other hand, it has been 
reported that rhesus monkeys previously ex- 
posed for four times to japonicum cercariae 
irradiated with 12,000 R demonstrated very 
strong resistance against the challenge infec- 
tion (7), and that albino mice and albino 
rats previously exposed for three to four 
times to mansoni cercariae irradiated with 
8000 R showed significant resistance against 
challenge (9). These facts show that for the 
induction of an effective acquired resistance 
with the administration of heavily irradiated 
cer car iae , several immunizing applications at  
different times may be necessary. 

It becomes evident that immunization with 
schistosome cercariae treated with such 
high X-ray exposures has the advantage of 
avoiding tissue damages in the vital organs, 
such as lungs and liver, but has the disad- 
vantage of requiring a large number of cer- 
cariae and several immunizing applications 
separated by time. However, the end result of 
immunization with heavily irradiated cer- 
cariae approaches that induced by cercariae 
subjected to much lower exposures. 

Although the success of immunization 
against schistosome infection with X- 
irradiated cercariae in rhesus monkeys may 
not have the same success in humans, the 
results obtained in the present study increase 
greatly our basic knowledge for the under- 
standing of the mechanism of schistosome 
immunity and of the method of immuniza- 
tion. It indicates that the functional antibody 
of schistosome immunity can be formed by 
schistosomular contact or deterioration in the 
dermal tissues, and that the schistosomular 
migration in the lungs and liver is not neces- 

sary for inducing the development of suffici- 
ent functional antibody against the schisto- 
some. It shows furthermore that strong ac- 
quired resistance can be induced exclusively 
from functional antigen in the early schisto- 
somular stage. If the theory of dual mechan- 
isms of schistosome immunity-antischisto- 
somulum immunity and anti-adult worm im- 
munity-is to be accepted ( lo) ,  the results of 
the present study demonstrate clearly the 
effect of the function of the antischistosomu- 
lum immunity. 

Summary. Strong acquired resistance 
against schistosome infection in rhesus monk- 
eys can be induced by previous immuniza- 
tions with cercariae exposed to large amounts 
of X-radiation; i.e., 24,0100 or 48,000 R. 
This indicates that acquired resistance against 
schistosome infection can be induced ex- 
clusively from functional antigen produced 
after contact or deterioration of the schisto- 
somular stage in the dermal tissues. 
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