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Studies on Heterologous Immunity
in Schistosomiasis*

2. Heterologous Schistosome Immunity in Rhesus Monkeys

M. A. AMIN,1 G. S. NELSON & M. F. A. SAOUD2

Previous studies on heterologous immunity in mice have indicated that Schistosoma
bovis and S. mattheei could be used to limit the severity of infection resulting from subse-
quent challenge by S. mansoni. These observations have now been extended to study the
immunizing effect in rhesus monkeys of both S. mattheei and S. bovis.

The bovine schistosomes were shown to be relatively non-pathogenic in rhesus monkeys.
Immunization with 1000-2000 cercariae resulted in a marked reduction in the pathogenic
effect ofsubsequent challenge with S. mansoni. This effect was demonstrated by a decrease
in the worm load and tissue egg densities in 10 immunized monkeys as compared with
5 control animals.

There was no correlation between fluorescent antibody titres and the intensity of infec-
tion or the degree of acquired immunity. There was a cross-reaction between S. mansoni
and the bovine schistosomes.

It is suggested that natural heterologous immunity (zooprophylaxis) may be of con-
siderable epidemiological importance in determining the severity of schistosomiasis in man.

We have already shown that mice immunized
with a single exposure of either Schistosoma bovis,
S. mattheei or S. rodhaini develop a marked degree
of heterologous immunity against challenge with
S. mansoni (Nelson et al., 1968). These observations
have now been extended to a study of heterologous
immunity in rhesus monkeys and it has been de-
monstrated that previous exposure to the bovine
schistosomes will confer a marked degree of immu-
nity against challenge with S. mansoni.

MATERIALS AND METHODS

The source and laboratory maintenance of the
different species of schistosomes used in these
experiments have been described earlier (Nelson
et al., 1968).
The monkeys were young Macaca mulatta weigh-
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ing 2 kg -5 kg. Some had scanty infections with
Strongyloides or eosophagostomes but repeated
faecal examination revealed no schistosomes The
technique of exposure to cercariae was similar to that
described by Smithers & Terry (1965a) except that
intramuscular phencyclidine hydrochloride (Serny-
lan) rather than pentobarbital sodium (Nembutal)
was used for anaesthesia. This treatment prevented
a fall in skin temperature and may have facilitated
the penetration of the cercariae. At a dose of 0.3 ml
phencyclidine hydrochloride per kg of body-weight,
the monkeys remained adequately anaesthetized for
1-2 hours. The cercariae were obtained from a pool
shed by a minimum of 30 infected snails and the
cercarial density was determined by removing
5 aliquots with a spring-loaded automatic syringe,
after gentle agitation of the container to produce
a fairly even distribution of cercariae in the water.
Each sample was counted in a Petri dish under a
binocular dissecting microscope; the mean number
of cercariae per ml and the standard deviation were
then calculated. It will be seen from the results of
experiment 2 that this method of counting cercariae
is not altogether ideal: the variations in densities
between one suspension of cercariae and another
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are quite marked and there is always a chance of
either over- or under-estimating the final number
of cercariae to be applied, but it will be seen that
when the control and immunized monkeys were
infected from the same suspension on the same
day the eventual schistosome recoveries were fairly
consistent. The time of exposure was 45 min - 60 min,
after which the fluid was removed with a pipette
and examined for residual cercariae. The cercariae
nearly all penetrated and the maximum number left
from an initial number of 1000 cercariae applied
was only 8.
At intervals throughout the experiment the mon-

keys were anaesthetized and 2 ml-5 ml of blood were
taken from the femoral artery; at the same time the
animals were weighed. The serum was separated
and stored in a deep-freeze at -21°C for the fluo-
rescent antibody test using the technique of Sadun
et al. (1962). In most cases the tests were duplicated
using fresh antigens prepared from both S. mansoni
and S. mattheei cercariae. Normal sera and phos-
phate buffer saline served as controls for each batch
to be tested.
The total 24-hour faecal output was collected once

a week during the immunization period and every
third day after the appearance of S. mansoni eggs.
The faeces were weighed and egg counts were de-
termined from a 5-g sample using the method de-
scribed by Nelson & Saoud (1966). Adult worms
were recovered by the perfo-suction technique of
Radke et al. (1961), modified by Smithers & Terry
(1965a). The worms were stained in acetic-acid-
alum-carmine for differentiation of species. The
small and large intestines and the liver were removed
and weighed and tissue egg counts were made on
representative samples of 9 g-10 g using a pepsin-
digest method (Nelson & Saoud, 1966).

In the preliminary experiment, immunization
consisted of a single exposure of 1000 cercariae of
either S. bovis or S. mattheei, but in the main
experiment the monkeys were exposed twice to
1000 cercariae of the bovine schistosomes. Challenge
was made with 480-740 cercariae. The mean worm
recoveries and faecal and tissue egg counts were
used as criteria to evaluate the degree of resistance.

RESULTS

Preliminary experiment: S. bovis challenged with
S. mansoni

Four monkeys were each exposed to 1000 cer-
cariae of S. bovis. After 11 weeks, 2 of them were

sacrificed and the other 2 were challenged with
740 cercariae of S. mansoni. A further 2 monkeys
were given the same dose of S. mansoni and served
as challenge controls. At autopsy 8 weeks later there
was a reduction of 17.7% in the S. mansoni adult
burden and 43.8 % in the S. mansoni egg load in the
immunized animals and only a few stunted S. bovis
adults were recovered from the immunized animals.
No S. bovis eggs were found in the digests of the
livers or guts. The results were encouraging; a
similar experiment was therefore carried out using
S. mattheei as an immunizing agent.

Experiment 1: S. mattheei challenged with S. mansoni

The results of this experiment are shown in
Table 1. Monkeys 1 and 2 were sacrificed after
8 y2 weeks from an initial exposure to 1000 cercariae
of S. mattheei. A total of 34 and 20 schistosomes were
recovered from them, respectively. No eggs were
detected in the faeces during the examination period,
or in the tissue digests. Microscopic examination,
however, of some of the females revealed the pre-
sence of many distorted eggs in their uteri. Marked
reductions occurred in the S. mansoni adult and egg
loads in the immunized monkey 3, compared with
the challenge controls 5 and 6. The effect of the
immunization in monkey 4 was very uncertain
when compared with monkey 5, but a slight protec-
tion was evident if the comparison was made with
monkey 6. Judging from the average recoveries there
was a reduction of 16.7% in the schistosome burden
and 38.2% in the egg load of the immunized mon-
keys compared with the controls.

Experiment 2: S. bovis challenged with S. mansoni
and S. mattheei challenged with S. mansoni

The results of this experiment are summarized
in Tables 2, 3 and 4. Group A (Table 2) monkeys
were infected only with S. mansoni. Group B
(Table 3) were immunized with S. bovis and chal-
lenged with S. mansoni and group C (Table 4) were
immunized with S. mattheei and challenged with
S. mansoni. The 15 monkeys were separated at
random into 5 groups; to allow adequate time for
autopsies 3 monkeys only, one each from groups A,
B and C, were challenged on the same day.
The mean number of S. mansoni adult worms

recovered in group A was 389.8 while in the immu-
nized monkeys the mean recovery in group B was
272.2 and in group C, 279.4. The reductions in
these two groups were 30.2% and 28.3%, respect-
ively.
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TABLE 2
RESULTS IN RHESUS MONKEYS OF GROUP A INFECTED ONLY WITH SCHISTOSOMA MANSONIa

Recovery of schistosomes Egg counts
No. of

Moky S. mansoniMonkey cercariae Total eggs Total eggsNo. (mean : F M Total Total eggs Total eggs in small in large Grand
SD b1 in faeces in liver intestine intestine total(eggs/g) (eggs/g) (eggs/g) (eggs/g)

27 480± 48 86 163 249 43708 42765 2631-2 222700 335485
(196) (515) (572) (2 620)

28 580 ± 102 229 490 719 116 416 171 100 141 750 208 550 637 816
(544) (1 450) (2 100) (2 150)

29 520 ± 41 137 132 269 81 809 99 750 77 700 151 450 410 709
(217) (950) (1 050) (1 300)

30 500 ± 60 146 224 370 91 050 135 600 129 500 227 900 584 050
(300) (1 200) 1 (850) (2 650)

31 550 ± 57 151 191 342 78 588 203 840 91 000 272 800 646 228
(333) (1 820) (1300) (2 400)

Mean 149.8 240 389.8 82 314.2 130 611 93 252 216 680 522 857.6
(318) (1187) (1 374.4) (2 224)

b SD = standard deviation.

These results suggest that two exposures of 1000
cercariae each of either S. bovis or S. nUttheei
confer a partial protection on the rhesus monkey
against challenge with S. mansoni. Further evidence
of protection can be seen in the reductions in the
faecal and tissue egg output. In the non-immunized
animals (group A), the mean number -of eggs per

g of faeces during the 4 weeks of the patent period
was 318; in group B immunized with S. bovis the
mean was 127.2 (a reduction of60.0 %) and in group C
immunized with S. mattheei the mean eggs per g
was 161.2 (a reduction of 49.3 %). However, it
should be noted that this striking reduction is not
a direct index of egg output since it is based on eggs
per g of faeces and takes no account of the total
eggs passed. The S. mansoni control monkeys of
group A were much more seriously affected by the
infection than were the immunized animals; they
lost their appetite and during the acute stage of the
infection they passed only a small amount of faeces
and in most cases this consisted mainly of blood
and mucus. In these animals the number of eggs
per g of faeces was high, but the total egg output
was relatively low compared with the immunized

monkeys which retained their appetite and continued
to pass normal bulky stools with a very low egg

density, but relatively high total egg output. Taking
total egg output the reduction in the S. bovis group

was 39.3 % and in the S. mattheei group, 29.4 %.
Of much more importance as an index of partial

protection was the effect on tissue egg densities,
since in S. mansoni infections the severity of the
pathological changes is directly proportional to the
number of eggs in the organs, particularly the liver.
In the S. mansoni controls there were significantly
more eggs in the liver than there were in either of the
immunized groups. The mean reduction in the
S. bovis group was 48.8% and in the S. mattheei
group 35.1 %.

There was also some difference in the pattern of
egg distribution. The highest densities of eggs were

in the large intestine in the control animals, but
were found to be in the small intestine in the im-
munized groups. The over-all reductions in tissue
egg counts were 46.7% in the S. bovis group and
35.3 % in the S. mattheei group.
During the immunization period a few distorted

eggs of the bovine schistosomes were seen in the

a Autopsy 9 weeks after reinfection.
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TABLE 3
RESULTS IN RHESUS MONKEYS OF GROUP B IMMUNIZED WITH SCHISTOSOMA BOVIS a

CHALLENGED WITH S. MANSONI

Schistosome recovery S. mansoni egg counts
Challenge

Monkey exposure to F M Total Total Total Total Total
No. S.mansoni egsi.gsi eggs in egg in Grand(mean ± eggs n es In small getIoaSD b) I c C d IIC c C d (fegesg) (e rs/g) intestine intestine totalI (eggs/g) (eggs/g)~ (egsg) egg/g

g e _ - 14 - 16 30 - 0 0 0 0 0

iof _ - 3 - 2 - 5 - 0 0 0 0 0

11i 480 48 8 34 10 75 18 109 8 128 44 890 15 009 33 394 101 421
(48) (335) (205) (283)

12 9 580 102 0 209 0 338 0 547 20 300 122 850 156 350 58 800 358 300
(100) (1 350) (2 650) (700)

13G 520 41 2 96 4 77 6 173 75 020 44 100 73 750 46 800 239 670
(155) (450) (1 250) (900)

14 9 500 60 3 95 5 135 8 230 55 062 45 850 48100 63 450 212 462
(207) (350) (650) (675)

15 g 550 57 4 172 5 130 9 302 90 972 76 800 164 650 156 000 488 422
(126) (600) (1 850) (1 200)

Mean 4.9 121.2 6 151 10.9 272.2 49 896.4 66 898 91 571.8 71 688.8 280 055
(127.2) (617) (1 321) (751.6)

Reduction 30.2 39.3 48.8 46.7
(60.0)

a First exposure to 1000 S. bovis cercariae followed 8 weeks later by a second exposure to 1000 S. bovis cercariae. After a
further interval of 13 weeks the challenge exposure was made.

b SD = standard deviation.
c Initial exposure species (S. bovis).
d Challenge exposure species (S. mansoni).
e Autopsy at 21 weeks after challenge.
f Autopsy at 30 weeks after challenge.
g Autopsy at 9 weeks after challenge.

faeces of monkeys 13, 14, 16 and 23. Tissue examina-
tions also revealed the presence of dead eggs in a
few of the immunized animals. Monkeys 9 and 16
were killed 21 weeks after the initial exposures to
determine the fate of the S. bovis and S. mattheei at
the time of challenging the other monkeys with
S. mansoni. A total of 30 S. bovis and 28 S. mattheei
adult schistosomes were recovered. The remaining
S. bovis and S. mattheei controls (monkeys 10 and
17) were killed at the same time as the immunized
animals at 30 weeks and they contained, respectively,
5 S. bovis and 6 S. mattheei adults. Of the 5 monkeys
immunized with S. bovis no schistosomes were found
in monkey 12, but the rest produced a mean of

10.3 per animal. The 5 monkeys in group C all
produced S. mattheei adults ranging from 15 to 40
per animal with a mean of 25.2.

Histopathological examination of material obtain-
ed from the monkeys at autopsy suggests that there
is a direct correlation between the tissue egg den-
sities and the severity of the lesions of the gut and
liver.

SEROLOGICAL RESPONSES

As indicated in Table 5, fluorescent antibodies
were detected in all monkeys at the same stage of
infection whether they were infected with S. bovis,
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TABLE 4
RESULTS IN RHESUS MONKEYS OF GROUP C IMMUNIZED WITH SCHISTOSOMA MATTHEEI a

CHALLENGED WITH S. MANSONI

Schistosome recovery S. mansoni egg counts
Challenge

Monkey exposure to F M Total Total Total Total Total
No. S. mansoni F

eggs in eggs in eggs in Grand
(mean : es In liver small large total
SD b) Ic Cd; Ic Cd I Cd s (egs/g)g intestine intestineI__d_ I_ __C_d d_ __eggs _g g_ (eggs/g)

16 e 12 16 28 0 0 0 0 0

17f I - 5 - 6 - 0 0 0 0 0

199 480 48 7 47 12 148 19 195 22 204 68 250 32 785 71 168 194 407
(52) (500) (465) (556)

20 " 580 : 102 24 178 16 210 40 388 40 194 105 600 60 000 244 869 450 663
(203) (1100) (1 200) (2 633)

23 D 520 41 1 159 14 134 15 293 32 100 88 000 110 000 147 600 377 700
(100) (1 000) (2 000) (2 050)

24 " 500 60 9 97 20 155 29 252 81 360 44 800 33 500 59 400 219 060
(240) (350) (500) (450)

25 9 550 57 11 118 12 151 23 269 114 573 117 000 153 000 64 400 448 973
(211) (1 000) (2 250) (700)

Mean 9.3 119.8 13.6 159.6 22.9 279.4 58 086 84 730 77 857 117 487 338 160.6
(161.2) (790) (1 283) (1 277.8)

Reduction 28.3 29.4 35.1 35.3
% (49.3)

a First exposure to 1000 S. mattheei cercariae followed 8 weeks later by a second exposure to 1000 S. mattheel cercariae. After
a further interval of 13 weeks the challenge exposure was made.

b SD = standard deviation.
c Initial exposure species (S. mattheei).
d Challenge exposure species (S. mansoni).
e Autopsy after 21 weeks after challenge.
f Autopsy at 30 weeks after challenge.
g Autopsy at 9 weeks after challenge.

S. mattheei, or S. mansoni. Weak reactions were seen
in some of the infections with S. bovis and S. mattheei
as early as 4 weeks from the infections and by
8 weeks they were positive with titres varying from
1: 20 to 1: 640. At this time they were giv n the
second immunizing exposure and this produced a
" booster " effect on the antibody titres as seen by
the threefold increase in titre 4 weeks later. S. bovis
produced an earlier response than S. mattheei. At
21 weeks the titres of the monkey infected with
S. bovis had declined whereas most of the monkeys
infected with S. mattheei showed a continued rise.
The antibody levels 4 weeks after challenge with

S. mansoni showed considerable variation, but by
the time the animals were sacrificed they all produced

remarkably high titres, ranging from 1: 640 to
1: 10 240. At this time, monkeys 10 and 17, which
had been given only the immunizing infection, had
low titres of 1:40 each. No differences in the antibody
levels were found with either S. mattheei or S. man-
soni as antigens, but the reactions were always
brighter with the S. mansoni antigen even in the
animals exposed to S. mattheei. The normal sera
and phosphate buffer saline controls remained
negative in 1: 5 throughout the tests.

DISCUSSION

The results indicate that rhesus monkeys can
develop some degree of resistance against S. mansoni
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TABLE 5
FLUORESCENT ANTIBODY TITRES IN RHESUS MONKEYS

IMMUNIZED WITH SCHISTOSOMA BOVIS AND S. MATTHEEI CHALLENGED WITH S. MANSONI

Fluorescent antibody titre in immunizing period Fluorescent antibody titre
(weeks from initial exposure) (weeks after challenge)

Group Monkey No. 21
8 21

4 (second 12 (challenge 4 9
exposure) exposure)

A: S. bovis 9 Neg. 1:160 - 1: 40 - -

challenged
with 10 - 1:640 1:1 280 - _ 1: 40
S. mansoni

11 1: 5 1: 80 1: 640 1: 160 Neg. -

12 1:10 1: 640 1:1 280 1: 160 _ 1: 1 280

13 Neg. 1:160 1: 640 1: 320 1: 5120

14 - - 1: 320 1: 20 1: 80 1: 640

15 - - - 1: 160 1 :320 1 :10 240

B: S. mansoni 27 - - - - Neg. 1: 5120
only

28 - - - - Neg. 1: 1280

29 - - - - 1: 5 1:10240

30 - - - - Neg. 1: 5120

31 - - - - 1: 5 1: 5120

C: S. mattheel 16 Neg. 1: 320 - 1:1 280 - -

challenged
with 17 Neg. - - - - 1: 40
S. mansonl

19 Neg. - - - 1:160 1: 5120

20 1: 5 1: 20 1: 80 1: 160 - 1: 1280

23 1: 5 1:160 1: 320 1: 160 1: 40 1: 640

24 1: 5 1: 320 1: 640 1: 320 1: 320 1: 5 120

25 Neg. 1: 40 1: 320 1:1 280 1 :160 1:10 240

infections by previous exposure either to S. bovis
or S. mattheei; a resistance readily demonstrated
by a reduction in both the adult schistosome den-
sities and egg output in immunized monkeys as
compared with controls.
Exposure of mice to only a single application of

either S. bovis or S. mattheei conferred an even higher
degree of heterologous immunity against challenge
with S. mansoni (see Nelson et al., 1968). This might
suggest a weaker immune response in monkeys,
but other factors must be taken into account. It is
possible that the monkeys were challenged too early.
Hsu et al. (1965) have shown that a better hetero-
logous immunity develops in rhesus monkeys if
there is an -interval of 6 months between the last
immunizing inoculation and the challenge, and Vogel

& Minning (1953) found that S. japonicum infections
must persist for about 2 years in rhesus monkeys
to induce maximum resistance to homologous
challenge. Naimark et al. (1960) had a similar exper-
rience with S. mansoni and Ritchie et al. (1966) have
shown that this homologous immunity is dependent
on both the duration and the intensity of the infec-
tion. It is probable that a much better heterologous
immunity against S. mansoni would have developed
if higher doses of cercariae had been given. This
was certainly the case in the studies by Hsu et al.
(1966), who exposed their monkeys to as many as
13 000-19 000 cercariae of S. bovis in their successful
immunization experiments against S. haematobium.
The monkey experiments provide some evidence

in support of the view that the presence of eggs in
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the tissues is not essential for the development of
schistosome immunity. Very few S. bovis and
S. mattheei eggs were found in faeces or tissue of the
immunized animals and the highest degree of resist-
ance was seen in monkeys 11 and 19, which had no

eggs in their tissues. This confirms the observation
by Hsu & Hsu (1961) and Sadun et al. (1961) work-
ing with the "non-infective" zoophilic strain of
S. japonicum. But, as suggested by Smithers & Terry
(1965b), it may be that a marked immunity will only
develop if some of the worms reach the adult stage.
The results of experiment 2 suggest that rhesus

monkeys behave in much the same way as man, in
their innate resistance to S. mattheei and S. bovis.
Pure infections of S. mattheei and S. bovis with egg
passage are very rare in man, but light infections of
S. mattheei are frequently seen in patients already
infected with either S. haematobium or S. mansoni
(Pitchford, 1959). It had been suggested that in
these cases S. mattheei is transported to the gut or

bladder by the more " normal" parasites. A similar
effect has been seen with S. rodhaini and S. mansoni
in baboons (Nelson & Teesdale, 1965). In the present
studies when S. mansoni infections were super-

imposed on S. mattheei or S. bovis there was no

continuous egg passage of these parasites, but there
was a suggestion that the life-span of the bovine
schistosomes was prolonged in these mixed infec-
tions; this observation requires confirmationusing
more control animals.
The serological studies showed that exposure of

rhesus monkeys to either S. bovis, S. mattheei, or

S. mansoni induced the production of antibodies as

measured by the fluorescent antibody test. Since
only a few dead S. bovis and S. mattheei eggs were

found in the tissue it might be argued that the fluo-
rescent antibodies may be produced in the absence
of antigen material from the eggs. However, at
8 weeks, much lower titres were seen in the monkeys
exposed to S. bovis and S. mattheei than in the
monkeys exposed to only S. mansoni. This suggests
that either S. mansoni eggs enhanced the production
of antibody, or that this parasite produces a more

potent antibody response than the bovine schisto-
somes. Evidence in favour of the first view was

obtained by Jaimes & von Lichtenberg (1965) in
mice. They have shown that the antibody titres
were very low during the early weeks of infection,
but reached high levels soon after the appearance
of eggs in the tissues. They also found that irradiated

cercariae of S. mansoni produced a much weaker
stimulus than normal cercariae, and stimulation
with pure eggs resulted in an accelerated antibody
response. But the position is not at all clear because
Sadun et al. (1964) have shown that the rate of
antibody production in rhesus monkeys exposed to
irradiated cercariae of S. mansoni is essentially
the same as that in monkeys exposed to massive
numbers of normal cercariae.

In an earlier study, Sadun et al. (1962) had shown
that the time interval between exposure to S. man-
soni and the initial appearance of antibodies was
inversely related to the number of cercariae to which
monkeys and mice were exposed and Hsu & Hsui
(1966) found that rhesus monkeys with high com-
plement-fixation titres had fewer worms than those
with low titres. The very high titres seen 9 weeks
after challenge in experiment 2 have rarely been
reported in rhesus monkeys exposed to normal
cercariae, but Sadun et al. (1964) obtained similar
results with irradiated cercariae, and it was suggested
that the high antibody levels were related to a high
degree of immunity. In the present study there was a
marked variation in the antibody production and
there was no correlation between the antibody titres
and intensity of infection or the degree of acquired
resistance.
The demonstration of a cross-reaction with the

fluorescent antibody test between S. mansoni and
the bovine schistosomes confirms the observation
by Sadun & Biocca (1962), who recorded positive
reactions with S. mansoni antigen in 82% of people
exposed to S. bovis. This type of cross-reaction
represents a serious diagnostic problem in schisto-
somiasis studies in areas where the people are exposed
to the cercariae of animal schistosomes. But of far
more importance from the public health point of
view is the probable significance of these animal
infections on the distribution and severity of the
disease in man. In areas where S. bovis, S. mattheei,
and other animal schistosomes are prevalent the
people are exposed from a very early age to far
higher cercarial densities of these parasites than they
are to the cercariae of either S. mansoni or S. haema-
tobium. Our experimental studies on mice and
monkeys, together with observations by other
workers, suggest that in these areas natural heterolo-
gous immunity or, as we prefer to call it, zooprophy-
laxis, may be of considerable epidemiological signi-
ficance.
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RtSUMt

I1 ressort d'etudes anterieures sur l'immunite hetero-
logue chez la souris que les schistosomes des bovins,
Schistosoma bovis et S. mattheei, peuvent etre utilises pour
attenuer la gravite de l'infection ulterieure par S. mansoni.
Ces observations ont ete etendues aux singes rhesus, chez
lesquels on a etudie I'action immunisante des parasites
en question.
Dans une experience preliminaire, oii des singes ont

ete exposes, les uns a une dose unique de 1000 cercaires
de S. bovis, les autres de S. mattheei, on a constate, apres
avoir expose les animaux a environ 750 cercaires de
S. mansoni, que le nombre de vers adultes etait de 17,7%
inferieur au nombre attendu dans le premier groupe et de
16,7% dans le second. Le nombre d'ceufs contenus dans
les tissus etait inf6rieur au nombre attendu dans des
proportions plus marquees encore. Les schistosomes
bovins semblaient depourvus d'action pathogene et tris
peu de vers sont parvenus a maturite.
Une seconde experience a et effectuee dans laquelle

des singes ont e exposes deux fois 'a 1000 cercaires de
S. bovis ou de S. mattheei a un intervalle de 8 semaines
avant d'etre soumis, 13 semaines plus tard, a une infec-
tion d'epreuve par S. mansoni. Au total, cinq animaux
ont et immunises par S. bovis (groupe B) et cinq par
S. mattheei (groupe C). Cinq autres singes (groupe A)
ont e infectes par les memes lots de cercaires de S. man-

soni au moment de 1'epreuve et ont servi d'animaux
temoins. On a denombre dans le groupe A 389,8 vers en
moyenne contre 272,2 dans le groupe B et 279,4 dans le
groupe C. Le nombre d'aeufs e1imines dans les feces et
le nombre d'aeufs trouves dans les tissus ont diminue
dans des proportions analogues chez les animaux immu-
nises. A cela correspondait une diminution marquee de
l'action pathogene mesuree par la persistance de l'appe-
tit, l'absence de sang et de mucus dans les feces et de
moindres reactions hepatiques et intestinales. On n'a
pas observe de correlation entre le titre des anticorps
fluorescents et la gravite de l'infection ou le degre de
l'immunite acquise. La constatation d'une reaction
croisee entre S. mansoni et les schistosomes bovins permet
de penser que ce test n'est pas specifique et est de peu de
valeur pour le diagnostic de la schistosomiase dans des
regions oit la population est communement exposee a la
schistosomiase bovine. Mais, du point de vue de la sante
publique, l'immunite heterologue joue probablement un
role beaucoup plus important dans la distribution et
la gravite de la maladie chez l'homme. Les experiences
decrites ici, ainsi que des observations faites par d'autres
chercheurs, permettent de supposer que l'immunite
heterologue naturelle, c'est-'a-dire la zooprophylaxie,
pourrait contribuer a attenuer la gravite de la schistoso-
miase humaine dans certaines parties du monde.
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