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Potential of a recombinant Schistosoma bovis-derived
glutathione S-transferase to protect cattle against
experimental and natural S. mattheer infection
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SUMMARY

The potential of a recombinant Schistosoma bovis-derived glutathione S-transferase (rSb28 GS'T) to protect cattle against
S. mattheei infection was tested in Zambia. All animals were challenged 2 weeks after the second inoculation with either
0-250 mg rSb28GS'T in adjuvants (vaccinated calves, n = 14) or adjuvants alone (controls, n = 14). In a first experiment,
7 vaccinated and 7 control animals were exposed to 10000 S. mattheei cercariae percutaneously. All animals developed
clinical schistosomiasis 7-8 weeks after challenge. At perfusion, 12 weeks after challenge, vaccinated and control groups
had averages of 887 and 541 eggs per gramme (epg) faeces, 6515 and 5990 worms, and 4-2 and 3-4 million tissue eggs,
respectively. These results indicate that the immunization protocol used did not protect these calves against the massive
single experimental challenge. In a second experiment, another 2 groups (z = 7) of vaccinated and control animals were
challenged naturally over a period of 9 months on a farm known to be endemic for S. mattheei. The natural infections were
much lighter in intensity, as indicated by the mean faecal egg count (13 epg), worm count (139) and tissue egg count
(294000) in non-vaccinated controls. In vaccinated calves, significant reductions in female worm burdens (50 9%,), faecal
egg counts (89 9,) and miracidial counts (93 9,) were recorded. Total tissue egg counts were also reduced by 429, in
vaccinated animals. It therefore appears that the rSb28GS'T can provide significant protection in cattle against S. mattheei

under conditions of low to moderate natural infection.
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INTRODUCTION

Cattle schistomiasis is widely distributed in Africa
and Asia (Christensen, Mutani & Frandsen, 1983;
Kumar & de Burbure, 1986). Although most
infections occur under a subclinical form, charac-
terized by high prevalence of low to moderate worm
burdens in the cattle population (Dargie, 1980;
Kassuku et al. 1986; De Bont et al. 1991, 1994), it
has been established that schistosomiasis causes
significant losses to cattle farms in endemic areas
(Dargie, 1980; Pitchford & Visser, 1982 ; McCauley,
Tayeb & Majid, 1983 ; McCauley, Majid & Tayeb,
1984). Curative drugs are now available but, for
obvious practical and economical reasons, they are
not suitable for mass treatment in domestic stock
(Hussein, 1980).

Studies on immunity development against schisto-
somiasis in cattle have clearly indicated the existence
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of acquired resistance to infection, but differences
appear in the form of protection acquired either
experimentally or naturally. In experiments using a
single primary infection followed by a challenge,
Massoud & Nelson (1972) and Lawrence (1973 a)
observed no protection against challenge infection
but significant reductions in the fecundity of
reinfecting worms. In contrast, naturally infected
animals exposed to continuous moderate challenge
develop high levels of resistance, not only through a
reduction of worm fecundity (Bushara et al. 1980;
Majid et al. 1980a; De Bont et al. 1995a), but also
through protection against reinfection (Bushara et al.
1983 a, b; De Bont et al. 1995a, b) and decreased egg
hatchability (De Bont, Vercruysse & Massuku,
1996).

Initial investigations towards immunological con-
trol of cattle schistosomiasis focused on the use of
homologous schistosomular vaccines attenuated by
irradiation (reviewed by Taylor, 1987). In the Sudan,
one such vaccine was shown to induce significant
reductions in Schistosoma bovis infection rates, both
in the laboratory (Bushara et al. 1978) and in the field
(Mayjid et al. 1980b). More recent investigations have
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been aimed at the identification of defined,
schistosome-derived protective antigens that are
easier to use on a large scale than live vaccines. One
such class of molecules, originally isolated from .S.
mansoni (Balloul et al. 1987) and later identified as a
glutathione S-transferase (GST) (Taylor et al. 1988)
has shown protective capacities in various animal
models experimentally infected with S. mansoni
(Capron et al. 1994). Interestingly, immunity
induced by vaccination with the recombinant GST
induced either a reduction in parasite burden or a
depression of the female worm fecundity, depending
on the animal model and the immunization protocol
used (Boulanger et al. 1991; Xu et al. 1993).

In the only vaccination trial with a GST reported
in cattle, inoculation of naive calves with the native
GSTs purified from S. bovis (SbGST) followed by a
single experimental infection with a local strain of .S.
bovis induced a highly significant reduction of faecal
and tissue egg counts but had no effect on the worm
burden (Bushara et al. 1993).

The present study was carried out to test the
potential of the recombinant S. bovis-derived GST
(rSB28GST) to protect cattle against S. mattheer
infection. In a first trial a similar experimental
design as for the trial with S. bovis was used. In a
second experiment, the vaccine was tested in calves
exposed to moderate natural challenge.

MATERIALS AND METHODS
Animals

Twenty-eight castrated male calves (Friesian) aged 4
to 6 months were obtained from a schistosome-free
farm near Lusaka in central Zambia. The animals
were transported to the School of Veterinary Medi-
cine where they were fed on a balanced ration of
roughage and concentrates and had free access to
clean water. They were divided according to live
weight into 4 equal groups of 7 calves each: 2 groups
for the experimental infection trial (EV and EC) and
another 2 for the natural infection trial (NV and
NC). One calf of group EC died from pyelonephritis
before the end of the immunization period.

Immunization and infection schedules

The rSb28GST was prepared as previously de-
scribed (Trottein et al. 1992) from a Salamanca
strain of S. bovis. Animals of groups EV and NV
received 2 intramuscular injections of 0-25 mg of the
rSb28GST in PBS emulsified in an equal volume of
Freund’s Complete Adjuvant (FCA, Sigma), at 3-
week intervals. The 2 other groups of non-vaccinated
controls (EC and NC) also received 2 injections, but
with PBS emulsified in FCA only. All calves were
then challenged with S. mattheei, either exper-
imentally or naturally, 2 weeks after the second
vaccination. Animals involved in the experimental
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infection trial (groups EV and EC) were exposed, for
30 min on the skin of their shaved tails (Bushara et
al. 1980), to 10000 cercariae of a local strain of S.
mattheei (see De Bont et al. 1995a, b) maintained in
Bulinus globosus snails. They were perfused for
worm recovery 12 weeks after challenge. The calves
involved in the natural infection trial (groups NV
and NC) were transported to a nearby farm where S.
mattheei is endemic, and mixed with the farm herd.
All the grazing animals were led twice a day to a
drinking pond which harboured B. globosus snails.
The calves were removed from the farm 9 months
later and immediately perfused.

Parasitological methods

The development of infections was monitored
weekly in the animals infected experimentally and
every fortnight in those stationed at the farm. Each
time the body weight was measured, faeces were
collected from the rectum and blood sampled from
the jugular vein for determination of the packed cell
volume (PCV) value. Faecal egg counts were de-
termined using a modification (De Bont et al. 1995 a)
of the concentration technique of Lawrence (1970).
Miracidial counts in 50 g of faeces (De Bont et al.
1991) were used to measure faecal excretion of viable
eggs at perfusion. Techniques for worm recovery by
perfusion and for tissue egg counting were as
described previously (De Bont et al. 1995 a).

Data comparison

Non-parametric tests were used in the data analysis
because even after log-transformation the data were
not normally distributed. The purpose of the
vaccination trials was to evaluate whether there had
been a reduction in parasitological parameters fol-
lowing vaccination, and therefore one-sided Mann—
Whitney tests were performed on faecal egg,
miracidia, tissue egg and worm counts. For the
worm count data, the number of female worms was
considered as the most important parameter. The
number of adult female worms obtained from
perfusion should equate with the number of worm
pairs in the host. It is only worm pairs that produce
eggs, and it is these eggs which result in the
pathological effects of schistosome infection. How-
ever, male worm burdens (which include immature
males) were also considered to see whether there
were sex-related differences in the effect of the
vaccine.

RESULTS

Experimental infections

The faecal egg excretion started 6 weeks after
challenge in 3 of the experimentally infected calves.
By 7 weeks post-challenge, all calves were found
positive on faecal examination. Mean faecal egg
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Table 1. Faecal egg counts, adult worm recoveries
and tissue egg counts in calves vaccinated with the
rSb28GST (Group EV) and in controls receiving
adjuvant alone (Group EC)

(Animals were perfused 12 weeks after challenge with

10000 Schistosoma mattheei cercariae. Results are
expressed as mean +S.D.)
EC EV
Controls Vaccinated
(n=15) (n="7)
Faecal egg counts 541-74+240-7 887-14+497-9

Worm recoveries

Male 3092:64+4351 3262:94+-1105-8

Female 2897246755 32524411124

Total 5989-8+ 5383 6515:3+2199-4
Tissue egg counts ( x 10%)

Liver 13344411 209-0+121-5

Small intestine 2619-54+2711-5 3212:8+36889

Large intestine 644-8 +559-7 81504+ 6483

Total 33977432613 4236:8+1625-3

counts in both groups of vaccinated and non-
vaccinated animals increased rapidly up to week 10
and stabilized around the values recorded at per-
fusion (Table 1). Differences in average egg output
between two groups were not statistically significant
at any time-point, probably because of large in-
dividual variations within groups. Beginning 7-8
weeks after infection, all animals developed clinical
schistosomiasis characterized by diarrhoae, some-
times haemorrhagic, and general weakness. One
control calf died at week 12, apparently from acute
rumenitis, and could not be perfused. The mean
PCV values in vaccinated and control animals before
immunization were 24+1 and 25-0 %,, respectively. In
spite of the visible loss of blood through the guts,
PCV values remained fairly stable throughout the
experiment (ranges 24-1-28-0 and 22-8-27'8, re-
spectively), and no significant difference between
groups was observed (P < 0-344). Similarly, there
was no significant difference between groups in the
average daily weight gain, either before challenge
(157 and 175 g/day, respectively) or later (210 and
230 g/day, respectively).

The data collected from the perfusion are
summarized in Table 1. The highest individual
faecal egg count recorded then was 1620 epg faeces
(Group EV). As could be expected from the egg
counts, the numbers of miracidia in the 2 pooled
faecal samples were too massive to be counted. The
average total worm recoveries in the vaccinated and
control groups were 652 and 599 9, of the cercarial
dose, respectively. Whilst faecal egg counts, worm
burdens and total tissue egg count were higher in the
vaccinated group than in controls, differences were
not significant (P always > 0-117). Diffuse, some-
times severe, haemorrhagic lesions were present in
the mucosa of the intestines in all animals.
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Natural infections

Natural infections were much lighter in intensity.
Faecal egg excretion was first detected at week 14
post-challenge. Counts remained too low (maximum
30 epg) and irregular to allow any statistical com-
parison of the 2 groups during the grazing period.
Except for 1 control calf, all animals were shown
positive on faecal egg examination at least once
before perfusion. No clinical signs of schistosomiasis
were observed and the original mean PCV values in
groups NV (27:69) and NC (28'79,) remained
stable throughout the experiment. The average gains
in body weight during the 9 months spent on the
farm were 78:3 and 79 kg in groups NV and NC,
respectively.

The data collected at the perfusion are shown in
Table 2. Vaccinated calves had significantly lower
faecal egg counts than control animals (P < 0-018)
and the excretion of viable eggs, as determined by
miracidial counts, was significantly reduced by 93 9,
(P < 0-0009). Although female worm burdens did
vary within each group, the vaccinated group had
significantly lower numbers (P < 0:048) with a mean
reduction of 50 9. In addition, the variance to mean
ratio, an indication of how much variation in female
worm burden there was between the animals in the
different groups, was much lower in vaccinated
animals (1-7), compared to controls (16-2). There
was also a reduction in the numbers of male worms
in vaccinated calves of 40 9,, but this reduction was
not significant (P < 0-125). Total tissue egg counts
were reduced by 42 9, in vaccinated animals but the
difference was not significant (P < 0:159). No macro-
scopical lesions attributable to schistosomiasis were
observed at post-mortem.

DISCUSSION

Following the identification of the schistosome-
derived GSTs as a promising vaccine candidate,
several vaccination experiments were undertaken in
various animal models experimentally infected with
S. mansoni, S. japonicum or S. bovis (Capron et al.
1992 a, 1994; Bashir et al. 1994; Boulanger et al.
1994). Vaccination with the 28 GST was shown to
affect either worm viability, female worm fecundity
or egg hatchability, depending on the parasite/
animal model and immunization protocol used
(Boulanger et al. 1991, 1994; Xu et al. 1991). This is
clearly illustrated by the different results obtained in
the 2 reported trials using the S. bovis-derived GST
in ruminants. Significant reductions of faecal and
tissue egg counts but not worm burden were
observed using the native GST in cattle (Bushara et
al. 1993), whereas immunization with the recom-
binant protein in goats affected worm viability but
not fecundity (Boulanger et al. 1994). Such diversity
in the type of protective effect suggests that the
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Table 2. Faecal egg and miracidial counts, worm recoveries and tissue
egg counts in calves vaccinated with the rSb28GST (Group NV) and
in controls receiving adjuvant alone (Group NC)

(Animals were perfused after natural exposure to Schistosoma mattheei challenge
for a period of 9 months. Results are expressed as mean+s.D.)

NC NV
Controls Vaccinated
n=7) n=7) % Reduction*
Faecal egg counts 129 1-4 89
Miracidial counts 187-3+1682 12:9+86 93
(50 g faeces)
Worm recoveries
Male 90:6+63-7 54-4+39-8 40
Female 481 +280 24-3+ 64 50
Sex ratio 1-864+0-65 2:094+1-14
Total 1387+ 878 787+ 446 43
Tissue egg counts ( x 10%)
Liver 14:6 +9-8 6:6+25 55
Small intestine 11014977 70-8 + 454 36
Large intestine 168-9+160-8 94-2+ 454 44
Total 293-6+217-3 171-6 £73-6 42

* 94 Reduction = (B—A4)/A x 100, where A is the average of the control group
and B the average of the immunized group.

induced immune response may act against multiple
but not exclusive targets (Boulanger et al. 1994).
Investigation of the immune effector mechanisms
underlying the effects of immunization is now part of
on-going research aimed at optimizing protection
levels (Capron et al. 1992b). Meanwhile, immuni-
zation tests should be continued to explore the
different factors which may affect the protecting
capacities of the vaccine. The experiment described
here is the first using the potential recombinant
vaccine as it should eventually be applied on a large
scale; this is in recipients exposed under field
conditions to a natural challenge. For the purpose of
comparison, the now classical protocol of a single
experimental infection was used in other animals.
Our results show that vaccination with the recom-
binant Sb28GS'T could significantly affect the course
of schistosome infections in cattle naturally exposed
to S. mattheei. After 9 months of natural challenge,
reductions by 50 9, in female worm burdens and by
42 9, in overall accumulation of eggs in tissues were
found in vaccinated calves as compared to controls.
This protection of susceptible animals would reduce
their chance of developing acute schistosomiasis,
which is mainly caused by the passage of large
numbers of eggs through the intestinal wall
(Hussein, 1971; Lawrence, 1977a). Furthermore,
the spectacular decreases in faecal egg counts (89 %,
and miracidial counts (93 %) observed in vaccinated
animals suggests that vaccination could significantly
reduce the contamination of the environment with
eggs, which is largely caused by young animals
(Christensen et al. 1983; De Bont et al. 1991, 1994,
1996). It has been postulated that such a decrease in
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egg excretion would reduce transmission (Capron et
al. 1994). However, this aspect remains controversial
(Dunne, Hagan & Abath, 1995): owing to the ability
of schistosomes to multiply in their intermediate
host, the number of infected snails at the trans-
mission site does not need to be necessarily high to
ensure significant levels of transmission. Studies of
transmission levels in pools visited by vaccinated
cattle could test the validity of this hypothesis. The
decrease in female worm burden in vaccinated calves
after 9 months of natural challenge was found to be
only just significant (P < 0-048), which could poss-
ibly be attributed to the small number of animals and
the large individual differences in worm counts
within each group. These variations can either be
due to individual differences in susceptibility and/or
exposure to infection. However, much lower vari-
ation in female worm burdens was observed in
vaccinated animals as compared to controls. This is
perhaps an indication that the higher susceptibility
to infection observed in some controls is immune
related, and can be reduced by vaccinating with the
rSb28GST. There was no significant difference
between the reductions in male and female worms.
However, the numbers of male worms were reduced
by 409, as opposed to 509, in females. Clearly,
more data are required to verify whether this could
be indicative of sex-related differences in the effect of
vaccination.

Despite a decrease of 50 9%, in female worm burdens
in vaccinated calves, total tissue egg counts in these
animals were only reduced by 42 9,, which suggests
a lack of vaccine-induced effect on fecundity. In
trials using single experimental challenges, all adult
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females recovered at perfusion may be assumed to
have started egg production at the same time, and the
total tissue egg count per adult female worm may
therefore be used as indicator of worm fecundity. In
our trial based on daily exposure to natural challenge,
the duration of egg production of each female worm
is unknown and it is not possible to measure the
effect of vaccination on worm fecundity. In calves
experimentally exposed to between 5000 and 45000
S. mattheei cercariae, Lawrence (1973b) observed a
significant reduction in total egg output as parasite
numbers increased. A vaccine-induced reduction in
worm burden could therefore lead to an increase in
female worm fertility. However, the existence of
density dependence in schistosome egg production
remains a matter for debate (Gryseels & de Vlas,
1996). In contrast with tissue egg counts, faecal egg
counts in vaccinated animals were significantly lower
than in controls. This cannot readily be explained
and shows the possible complexity of the relationship
between the two parameters. However, faecal egg
counts were all very close to the lower sensitivity
limit of the counting technique used and the
percentage of reduction should therefore be inter-
preted with caution.

Because of the low faecal egg outputs in natural
infections, it was not possible to compare egg and
miracidial counts in the same samples, and test the
existence of a vaccine-induced decline in egg vi-
ability. Such a decline was demonstrated in vac-
cination trials against S. mansoni (Boulanger et al.
1991; Xu et al. 1993). However, a comparison in our
experiment of the levels of reduction in numbers of
adult females (50 9,), tissue egg counts (42 9,) and
miracidial counts (93 9,) suggests that such a decline
also occurred. An age-specific decrease in hatch-
ability of eggs was demonstrated in S. mattheei
infections in cattle (De Bont et al. 1996) and S.
mansoni human infections (Upatham, Sturrock &
Cook, 1976).

The results from the experimental infections are
in marked contrast with those obtained under the
conditions of natural challenge. A possible expla-
nation for the latter results is that the sudden
development of massive infections leading to the
‘acute intestinal syndrome’ described by Lawrence
(1977a) simply nullified by any immunological
response putatively induced by vaccination. Using
similar infection protocols with S. bovis, Bushara et
al. (1993) recovered 34 9%, of the parasites in control
calves, and Aradaib et al. (1995a) only 109%,. In the
present experiments, the mean recovery of parasites
from control calves was 60 9,. This is similar to the
mean 55-649, recoveries recorded by Van Wyk,
Heitmann & Van Rensburg (1975) and Lawrence
(1977 b) and confirms the high susceptibility of cattle
to S. mattheei infection. Testing the potential of the
S. bovis whole egg antigen to protect calves against an
homologous experimental infection with 20000
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cercariae, Aradaib et al. (1995b) recovered more
worms from vaccinated calves than from non-
vaccinated controls. Our study indicates that their
protocol could have produced
different results if animals had been exposed to a
moderate natural challenge.

In conclusion rSb28GST can provide significant
protection against S. mattheei in cattle under con-
ditions of low to moderate natural infection. The

immunization

different results obtained in our vaccination trial
after either experimental or natural exposure raise
questions as to the validity of using single, relatively
heavy experimental infections to study the immuno-
logical response against schistosomiasis.
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