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Studies on Heterologous Imm-unity
in Schistosomiasis *

1. Heterologous Schistosome Immunity in Mice

G. S. NELSON, M. A. AMIN,' M. F. A. SAOUD2 & C. TEESDALE

Epidemiological and experimental studies indicate that heterologous immunity resulting
from exposure to bovine and other animal schistosomes might be of some importance in
determining the relative severity of schistosome infection in man in different parts of the
world. The reduction in the severity of a disease process, resulting from exposure to
relatively non-pathogenic infections, has been called " zooprophylaxis ".

The observations recorded in the present paper on the interaction in mice of
Schistosoma bovis, S. mattheei and S. rodhaini with S. mansoni provide further evidence
of this phenomenon. The most potent immunizing effect was produced with S. bovis and
S. mattheei, which resulted in a reduction in the expected S. mansoni egg load of 74 %
and 85.7%, respectively.

It is suggested that zooprophylaxis may be an important factor in limiting the severity
of schistosomiasis in areas of Africa where bovine and other animal schistosomes are
prevalent. The relatively more severe nature of the disease in Egypt and Brazil may be in
part due to the absence of concomitant transmission of bovine schistosomes.

Acquired immunity to homologous infections with
schistosomes has been clearly established in experi-
mental animals, but relatively little attention has
been given to heterologous immunity, although
epidemiological observations suggest that exposure
to schistosome infections of animals may confer
some degree of heterologous immunity in man.
Le Roux (1961) noted that in areas like Sardinia,
Corsica and Sicily, where Schistosoma bovis occurs
in cattle, there is no S. haematobiumn in man, yet
the local population of Bulinus truncatus, the inter-
mediate host of S. bovis, is highly susceptible to
experimental infection with S. haematobium from
Egypt. Le Roux suggested that cercariae from
animals may immunize man against S. mansoni or
S. hacrnatobium and that animals exposed to the
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human infections may develop some immunity
against their own species of schistosomes. This
theory was further developed by Nelson et al. (1962).
They noted that there were many species of schisto-
somes in domestic and wild animals in Africa, and
although most of these failed to reach maturity in
man, they might be of considerable medical import-
ance since constant exposure to their cercariae could
interfere with the development of S. mansoni and
S. haematobium, resulting in a marked modification
in the pathogenicity of these infections. This
phenomenon of protection from or modification of
disease resulting from natural exposure to relatively
non-pathogenic infections was called " zoopro-
phylaxis ". It was suggested that some of the features
of the epidemiology of schistosomiasis in Kenya
might be due to zooprophylaxis. In the coastal
regions, S. haemnatobium is widespread and there is-a
great deal of advanced pathology in man, including
cancer of the bladder, but here, as in Egypt, the local
bulinid snails are shedding only human schistosomes.
In contrast, although S. haematobiumn is equally
widespread in western Kenya, there is much less
advanced pathology in the area and the local snail
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hosts are often heavily infected with bovine schisto-
somes.
Very little experimental work has been done on

heterologous immunity in schistosomiasis and only
a few associations have been examined. There is,
however, evidence that heterologous schistosome
infections can confer some degree of immunity in
animals. Meleney & Moore (1954) reported that
previous infections of a rhesus monkey with
S. haematobium gave a slight protection against
challenge with S. mansoni as evidenced by the small
size of the schistosomes and the atrophy of the
reproductive organs in some of the females. More
convincing experimental evidence of heterologous
immunity has been reported by Hsu et al. (1961,
1963, 1965), who found that previous inoculations of
rhesus monkeys with cercariae of the zoophilic
strain of S. japonicum gave partial to complete
immunity against challenge with the human strain,
as evidenced by the negative or almost negligible
findings of eggs in the stools. Similar results were
obtained by Sadun et al. (1961), who reported
reductions in the number and size of S. japonicum
worms developing from challenge infections in mice
and rhesus monkeys previously immunized with the
zoophilic strain of S. japonicum.
Experimenting with Schistosomatium douthitti and

Schistosona mansoni, Hunter et al. (1961) reported
that previous infections of mice with S. mansoni
significantly reduced the number of Schistosomatium
douthitti developing from challenge infections, but no
immunity was demonstrated in the reciprocal
experiment. A mild degree of acquired resistance
against challenge infections with S. japonicum was
also demonstrated by Hsu et al. (1964) in rhesus
monkeys by pre-inoculation with cercariae of
Schistosomatium douthitti.
The most recent evidence has been provided by

Hsu et al. (1966), who have deliberately tested the
hypothesis of zooprophylaxis by repeatedly exposing
monkeys to S. bovis and challenging them with
S. haematobium. They demonstrated " a high degree
of acquired resistance ". We have had similar results
in both mice and monkeys using a variery of schisto-
some species. The initial experiments in mice are
reported below. The observations on monkeys will
form Part 2 of this series (Amin, Nelson & Saoud,
1968).

MATERIALS AND METHODS

Five species of schistosomes were used in the

present studies:

(1) Schistosoma mansoni: a Puerto Rican strain
passaged in Biomphalaria glabrata (formerly Austral-
orbis glabratus) and in mice.

(2) Schistosoma rodhaini: isolated from a naturally
infected dog at Kisumu, Kenya, and maintained in
Biomphalaria pfeifferi nairobiensis and in hamsters.

(3) Schistosoma mattheei: a South African strain
passaged in Bulinus (Physopsis) africanus and in
Mastomys.

(4) Schistosoma haematobium: a single isolate
obtained from a urine sample of a 9-year-old
Nigerian boy and passaged for only 1 generation
through B. (P.) africanus.

(5) Schistosoma bovis: isolated from naturally
infected B. (P.) dfricanus in Kenya and maintained
in the laboratory by passage in B. (P.) africanus
and in mice and hamsters. This is an extremely
variable form with eggs predominantly of the
S. bovis type, but with others similar to both
S. mattheei and S. haematobium. It has proved to be
highly immunogenic and in spite of its possible
hybrid ancestry, it has been used throughout in these
experiments and in subsequent studies with mon-
keys.
The mice were all male T.O. strain albinos 6 weeks

old weighing 20 g-25 g each. The methods of
infection and tissue egg counts have been reported
elsewhere (Saoud, 1965, 1966; Nelson & Saoud,
1966). Adult schistosomes were recovered by the
perfusion technique described by Smithers & Terry
(1965a); they were stained in acetic-acid-alum-
carmine for species differentiation in mixed infec-
tions.
Each experiment was separately controlled and

consisted of three groups: group A, immunized and
challenged; group B, challenge control; and group C,
immunized but not challenged. Immunization con-
sisted of a single exposure of 50 cercariae and the
challenge was made with 150 cercariae at an interval
varying from 9 to 18 weeks. The cercariae were all
taken from the same suspension obtained from a
minimum of 20 snails.
One of the main problems in experimental studies

with schistosomes is the difficulty of standardization
of cercarial exposure. This is particularly the case
with species which are difficult to maintain in the
laboratory and where only a limited number of
infected snails are available. Evans & Stirewalt
(1951) observed great variations in the infectivity of
S. mansoni cercariae and suggested that these
variations were directly related to the physiological
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STUDIES ON HETEROLOGOUS IMMUNITY IN SCHISTOSOMIASIS. 1

conditions of the snails. Similar findings were
reported by Smithers & Terry (1965b). Of particular
importance is the age of the cercariae. This has been
clearly demonstrated by Olivier (1966). This problem
was avoided in the present study by always using
cercariae within 1 hour of their being shed. Neverthe-
less, marked variations were observed in the number
and sex of the schistosomes harboured by the mice
infected from different batches of cercariae taken
on different days from the same snails. Similar sex
variations have been observed by Wright & Bennett
(1967) with S. haematobium.
Autopsy was performed 8-9 weeks from the

challenge exposure. The mean schistosome reco-
veries and the number of eggs in the liver and gut,
and the total eggs per mouse, were used as criteria
to evaluate the degree of acquired resistance. In
addition the influence of the challenge exposure on
the immunizing dose was also investigated. The
statistical analysis of the results was done by
Student's t-test. The analysis was made after logit
transformations so that the assumption could be
better justified.

EXPERIMENTS

Experiment 1: Schistosoma bovis challenged with
S. mansoni
Analysis of the results of the schistosome recovery

(Table 1) showed that the mean burden of S. mansoni
in the immunized group A was lower than that of
the challenge control group B, being 40.4 and 61.8
respectively, with a percentage reduction of 34.6.
Results of the t-test showed that the difference
between the means of these two groups was signi-
ficant (P <0.01). The mean numbers of female and
male adults of S. mansoni recovered from group A
were 5.5 and 34.9, respectively, having a ratio of
1: 6.3. However, this ratio in the challenge control
group B was 1: 2.7. This suggests that there was
some deviation in the sex ratio.

S. mansoni egg counts in the liver and gut, and
the total counts per mouse were also reduced in
group A as compared with group B. The differences
between the means in the livers, guts and the totals
were highly significant (P <0.01, P <0.001 and
P <0.001, respectively). In addition, in group A, the
percentages of the total eggs in the liver and gut
were 39.1 % and 60.9 %, respectively, while in group B
these percentages were 28 %'and 72 %. This suggests
that in the immunized mice there was not only a
striking reduction in the S. mansoni egg load, but
there was also a slight deviation in the pattern of egg
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distribution in these two organs. Another important
aspect to be noted is that the total number of eggs
per female deposited in the liver and gut was
slightly lower in group A than that of group B.
The mean burden of S. bovis adults in the immu-

nized group A was reduced compared with that of
group C, being 24.7 and 32.7, respectively. The
difference, however, between these two means, was
not significant. More females were recovered from
group A than from group C, giving rise to a signi-
ficant difference in the mean number of eggs per
mouse in the two groups (P<0.05). However, the
differences between the means of the number of eggs
in the livers and guts of the two groups were not
significant.0;
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Experiment 2: Schistosoma mattheei challenged with
S. mansoni

As indicated in Table 2, the mean recovery of
schistosomes from the challenge infection was

significantly lower in group A than in group B, with
a reduction of 76.2%. The difference between the
means was highly significant (P <0.001). No devia-
tion in the sex ratio of S. mansoni was noticed in
group A. Analysis of the egg counts in the tissues
also showed a marked reduction, not only in the
total number of eggs per mouse, but also in the
mean number of eggs in the liver and gut of group A
as compared with group B. The t-test showed that
the differences between the means of the livers, guts
and the totals of these two groups were highly
significant (P <0.001, P <0.01, P <0.001, respective-
ly). The total number of eggs per female was also
fewer in group A than that of group B.

S. mattheei adult worms recovered from groups A
and C were 13.0 and 23.2, respectively. The differ-
ence between the means was significant (P <0.001).
Significantly lower counts of S. mattheei eggs were

obtained in group A; compared with group C,
P values were less than 0.05 in the liver and less than
0.001 in the gut and in the total count.

Experiment 3: Schistosoma rodhaini challenged with
S. mansoni

S. mansoni is not easily differentiated from
S. rodhaini. In the case of the females if there are

eggs in the uterus, the characteristic eggs of S. man-

soni and S. rodhaini can be recognized, but, apart
from size, there is very little to distinguish the males.
This was of little value in the present studies because
other factors such as crowding, numerical pre-
dominance of one sex, and the immune effiects of the
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STUDIES ON HETEROLOGOUS IMMUNITY IN SCHISTOSOMIASIS. 1

host are known to cause stunting of the schistosomes.
The lengths of S. mansoni females in group B were
found to range from 10 mm to 17 mm and the males
from 8 mm to 13 mm, whereas in group C the
lengths of S. radhaini ranged from 3 mm to 7 mm
(in this species the males and females are of approxi-
mately the same length). In group A, those schisto-
somes of less than 8 mm were provisionally identified
as S. rodhaini and those above 8 mm as S. mansoni.
Using this criterion it was found that in group A
the mean schistosome burden of S. mansoni was
17.3 compared with 45.1 in group B (see Table 3).
The difference between the means was highly
significant (P <0.001). Further analysis of the
results showed that, even if it was assumed that all
the schistosomes of group A were S. mansoni, there
was a marked reduction in the percentage recovery
as compared with group B (18.4% and 30%, res-
pectively).
The reduction in the worm burden in group A

was not reflected in S. mansoni tissue egg counts
because the total number of eggs per female in
group A was greater than that of group B, but still
there was a significant difference between the means
of the totals of groups A and B (P <0.02). More
significant was the marked deviation from the
pattern of egg distribution in the livers and guts of
mice in group A. The mean percentage recoveries
in the liver and gut, respectively, were 52% and 48%
in group A, and 30% and 70% in group B. This
deviation resulted in a significant reduction in the
number of eggs per gut of group A compared with
group B. The difference between the means was
highly significant (P <0.001).
More S. rodhaini adults were recovered from

group A than from group C, particularly female
schistosomes. However, S. rodhaini tissue egg
counts did not correlate with the worm recovery.
More eggs were recovered from group C than from
group A. The differences between the means of the
totals and eggs from livers were highly significant
with P values less than 0.01 in each case. The
difference between the means of the number of eggs
from the gut in the two groups was not significant.

Experiment 4: Schistosoma haematobium challenged
with S. mansoni
Analysis of the results of this experiment (Table 4)

showed that there was no significant difference
between the means of either adult S. mansoni
burdens, or tissue egg counts of group A and
group B.
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The mean recoveries of S. haematobium from
group A and group C and the tissue egg counts were
not significantly different.

Experiment 5: Schistosoma bovis challenged with
S. mattheei

Separation of S. bovis and S. mattheei is even more
difficult than separating S. rodhaini and S. mansoni
and therefore no attempts were made to separate
the species in group A.

In this group of immunized animals more schisto-
somes and eggs were recovered than from the
controls (Table 5). The percentage schistosome
recoveries in groups A and B were 26% and 24 %,
respectively. In addition 6 mice from group A died
during the patent period of the challenge infections,
while only 2 died from group B.

It is clear that under these conditions S. bovis does
not protect mice against challenge with S. mattheei.
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DISCUSSION

Analysis of the results of the foregoing experi-
ments shows that an initial single exposure of mice
to either S. bovis, S. mattheei, or S. rodhaini confers
a high degree of heterologous immunity against
challenge infections with S. mansoni. This immunity
is evident from the reductions in both the schisto-
some burdens and tissue egg counts, together with
the reduction in the number of eggs per female and
the slight deviation in the pattern of egg distribution.

S. bovis was highly immunogenic against S. man-
soni (experiment 1), but ineffective in protecting
mice against challenge with S. mattheei (experi-
ment 5). This suggests that the closer the relation-
ships of the parasites the less is the degree of hetero-
logous immunity, but this cannot be a general rule
since S. rodhaini, which is closely related to S. man-
soni, did effectively reduce the expected schistosome
recovery in experiment 3. Also there is no certainty
that distantly related schistosomes will always
immunize against one another, as can be seen in
experiment 4 where S. haematobium failed to protect
against subsequent challenge with S. mansoni. No
definite conclusion can be drawn from this experi-
ment since mice are particulArly poor hosts of
S. haematobium. It is of interest that there is
apparently no mutual exclusiveness of S. haema-
tobium and S. mansoni in man; in many parts of
Africa the people are simultaneously infected with
both parasites. Nevertheless, it is possible that in
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STUDIES ON HETEROLOGOUS IMMUNITY IN SCHISTOSOMIASIS. 1

TABLE 5

RESULTS OF CHALLENGE IN MICE OF SCHISTOSOMA BOVIS CHALLENGED WITH S. MATTHEEI

Number of Number of Autopsy Mean schistosome Tissue
cercariae in Interval cercariae in (weeks No of recovery (mixed) egg count (mixed)

Group the initial (werva S. mattheei after micS. bovis (wees) challenge initial mice F M Total Eggs Eggs Eggs
exposure exposure exposure) ota per liver per gut per mouse

A

B

C

50

50

18 150

150

27

9

24

13

19

14

9.7

20.1

0.7

42.5

16.3

31.0

52.2

36.4

31.7

82 752

51 814

33546

27 930

35 375

7 637

110 682

87 189

41183

these areas the combined infection may have some
effect on reducing the schistosome loads and patho-
genicity; this is suggested by the experiment in
monkeys reported by Meleney & Moore (1954).

Smithers & Terry (1965b) maintain that in
homologous experiments the immune mechanisms
involved in preventing reinfection may not affect
established schistosomes or their egg-producing
capacity. Similar findings have been reported by
Ritchie et al. (1966), but studies with homologous
infection may be difficult to interpret because there
is often no way of distinguishing the adults devel-
oping from the immunizing and challenge infections.
The present study indicates that there is a strong
reciprocal response with significant reductions in
both the adult burdens and the egg loads produced
by the schistosomes of the initial exposure (experi-
ments 2 and 3). This could be due merely to a
crowding effect with a reduction in suitable sites for
adults and for egg deposition, a suggestion sup-
ported by the marked deviation in the pattern of
egg distribution observed in experiment 3. There
was no crowding in experiment 4 since only a few
S. haematobium adults and eggs were recovered.
There are no previous records of observations

using the bovine schistosomes, S. bovis and S. mat-
theei, and the rodent schistosome, S. rodhaini, as
immunizing agents against S. mansoni in experi-
mental animals. But a similar effect was produced
by Hunter et al. (1961) using the reverse process,
namely, immunizing mice with S. mansoni against a
challenge infection with the rodent schistosome,
Schistosomatium douthitti, and in the heterologous
studies reported by Sadun et al. (1961) where mice
were immunized with the zoophilic strain of S. japo-
nicum and challenged with the human strain this
resulted in a higher degree of resistance than with
the homologous S. japonicum infection. It is not

easy to explain these results. One might have
expected a better immunizing response for homo-
logous infections where the antigens of the initial
infections are the same as those in the challenge.
It is possible that the heterologous infections
produce a more violent rejection reaction and so
stimulate a better antibody response.

Heterospecific reactions against schistosomes are
known for even more distantly related organisms.
For instance, Jachowski & Bingham (1961) found a
cross-reaction with Trichinella spiralis and Yoeli
(1956) noted a cross-reaction with Plasmodium
berghei. Heterologous interactions have also been
demonstrated with other helminths, for example,
between Trichinella and Ancylostoma caninum
(Cox, 1952; Goulson, 1958) and between Hymeno-
lepis nana and H. diminuta and for several other
species of cestodes (Heyneman, 1962; Gemmell,
1964). Similar heterologous effects have been
demonstrated with protozoa: for example, human
volunteers inoculated with an avirulent ground-
squirrel strain of Leishmania donovani have been
protected against challenge with a virulent human
strain (Manson-Bahr, 1961) and Lainson & Bray
(1966) have shown that rhesus monkeys can be
immunized against L. braziliensis with live vaccines
of L. mexicana. There is also some evidence of cross-
reaction between the monkey malaria parasite,
Plasmodium knowlesi, and the human parasite,
P. vivax (Tobie et al., 1966).
The assessment of the role of heterologous

reactions or zooprophylaxis in relation to the
epidemiology of human infectious diseases has been
generally neglected. This is surprising since the first
effective vaccine used in human medicine was the
result of Jenner's observations on natural hetero-
logous immunity between cowpox and smallpox
and there are many examples of cross-immunity
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16 G. S. NELSON AND OTHERS

between different species of viruses and also between
species of bacteria. In areas where yaws is prevalent
the incidence of syphilis is often reduced and there is
epidemiological evidence to suggest that previous
exposure to tuberculosis affects the distribution
of leprosy (Chaussinand, 1950; Nelson, 1958). There
are, however, very few observations suggesting
that exposure to parasites from animals affects
the distribution of human diseases, but recent
observations in Kenya suggest that the distribution
of kala azar is affected by the prevalence of non-
pathogenic lizard Leishmania in man-biting sand-

flies (Southgate, 1967; Southgate & Manson-Bahr,
1967). Heterologous immunity many not be suffi-
ciently potent to affect markedly the distribution of
human schistosomiasis, but both epidemiological
and laboratory studies indicate that previous
exposure to animal schistosomes will limit the
severity of the disease. It may be of some significance
that S. mansoni is a more severe disease in man in
Egypt and Brazil, where there are no bovine schisto-
somes, than it is in most parts of tropical Africa,
where bovine and other animal schistosomes are
extremely prevalent.
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RtSUMt

Il ressort d'etudes epidemiologiques et exp6rimentales
que l'immunit6 heterologue, r6sultant d'une exposition
anterieure A des schistosomes parasitant les bovins et
divers autres animaux, pourrait contribuer A determiner
la gravit6 relative de la schistosomiase humaine dans
diff6rentes parties du monde. L'att6nuation de la gravite
d'un processus morbide par exposition A des infections
relativement d6pourvues de pathogenicite a requ le nom
de zooprophylaxie. II a ete fait tres peu de travaux
experimentaux sur l'immunit6 h6terologue dans la
schistosomiase et quelques cas seulement ont pu etre
examin6s, mais il est certain que les infections het6ro-
logues peuvent conf6rer un certain degr6 d'immunite A
l'animal. Des experiences ant6rieures faites, par exemple,
sur des singes rh6sus et sur des souris ont en effet montr6
que l'inoculation de la souche zoophile de Schistosoma
japonicum conf6rait aux animaux une immunite partielle
ou complete A l'egard de la souche humaine. D'autres
experiences d'inoculation de Schistosomatium douthitti
A la souris, suivie d'une exposition d'6preuve A S. man-
soni, et d'inoculation de S. bovis au singe suivie d'une
exposition d'6preuve A S. haematobium ont montr6 qu'il
&tait possible de conf6rer un certain degre de protection
grace A ce type d'interr6action.

Les observations rapport;e-s dans le pr6sent article sur
les interreactions de S. bovis, S. mattheei et S. rodhaini

chez des souris expos6es A des infections d'6preuves par
S. mansoni foumissent de nouveaux el6ments en faveur
de la zooprophylaxie. Des souris expos6es A une dose
unique de cercaires de S. bovis, de S. mattheei ou de
S. rodhaini ont acquis une resistance marqu6e A l'egard
de l'infection d'6preuve par S. mansoni qui s'est traduite
par une reduction de la charge parasitaire et du nombre
d'aeufs contenus dans les tissus. L'effet le plus marque
a ete obtenu chez les souris exposees pr6alablement A
S. bovis et A S. mattheei oit le nombre d'aeufs de S. man-
soni a et6 respectivement de 74,0% et de 85,7 % inferieur
au nombre attendu. On a egalement releve une action
r&ciproque importante avec une reduction significa-
tive de la charge de vers adultes et du nombre d'eufs
pour les especes ayant provoque l'infection initiale.
Par contre, il n'y a pas eu d'effets hWterologues entre
S. haematobium et S. mansoni non plus qu'entre S. bovis
et S. mattheei.
La zooprophylaxie pourrait contribuer a limiter la

gravite de la schistosomiase humaine dans certaines
parties de l'Afriqu- ou prevalent les schistosomes de
bovins et d autres animaux. Le fait que la schistosomiase
humaine A S. mansoni soit relativement plus grave en
Egypte et au Bresil s'explique peut-etre en partie par
l'absence de transmission concomitante de schistosomes
de bovins dans ces r6gions.
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