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A large subunit of calpain, a calcium-activated neutral proteinase, from Schistosoma japonicum was cloned
and expressed in Escherichia coli. When BALB/c mice were immunized with purified recombinant calpain
(r-calpain) emulsified in complete Freund’s adjuvant, a significant reduction in the number of recovered worms
and also in egg production per female worm was observed (P < 0.01). Spleen cells of the immunized mice
showed enhanced production of gamma interferon (IFN-g) by activated CD41 T cells. Considering our
observation of elevated expression of inducible nitric oxide synthase mRNA in immunized mice, r-calpain-
induced IFN-g seemed to upregulate the production of nitric oxide by macrophages and subsequently mediated
the killing of schistosomulae in the lung. On the other hand, spleen cells of immunized mice showed only faint
interleukin-4 production in response to r-calpain in vitro, suggesting that immunization with r-calpain alters
the Th1-Th2 balance in murine hosts even during a Th2-promoting S. japonicum infection. Furthermore,
histopathological study of the livers of immunized mice showed that granulomas formed around eggs were
diminished in both size and number. Egg production by female worms was clearly decreased in immunized
mice, suggesting that r-calpain also has antifecundity effects. Taken together, these results point to S. japoni-
cum calpain as a potential vaccine candidate for both worm killing and disease prevention, possibly through
the induction of a strong Th1-dominant environment in immunized mice.

More than 200 million people have schistosomiasis, and
almost 600 million people are exposed to the risk of schisto-
somiasis (36). Chemotherapy is currently the choice for con-
trol; however, vaccine development remains an important
long-term goal for the integrated control of schistosomiasis
because of high reinfection rates in areas where the disease is
endemic. Extensive work has been carried out to identify schis-
tosome molecules that confer partial but significant protection
in different animal models. These include the Schistosoma
mansoni 28-kDa and the S. japonicum 26-kDa glutathione
S-transferase (GST) (5, 32), the S. mansoni and S. japonicum
97-kDa paramyosin (13, 25), the S. mansoni 28-kDa triose
phosphate isomerase (29), the S. mansoni 23-kDa integral
membrane antigen (24), and so forth. These vaccine candi-
dates were selected by the World Health Organization for a
series of independent trials to test their protective efficacy in
laboratory animals (2). Unfortunately, the stated goal of con-
sistent induction of 40% or better protection was not reached
with any of these antigen formulations in trials with large
domestic animals (35). Since S. japonicum infection is zoo-
notic, several vaccine candidates, such as the S. japonicum
26-kDa GST or 97-kDa paramyosin, have been tested in do-
mestic animals. Significant and promising results were ob-
tained in some trials; however, detailed analyses are still under
way. Most of the vaccine candidates were first identified in
S. mansoni, but controversy remains about whether equivalent

antigens of S. japonicum could have comparable effects be-
cause there are qualitative and/or quantitative differences be-
tween the host immune responses to the two parasitic infec-
tions (25).

S. japonicum is a major schistosome species in Asia, infect-
ing not only humans but also wild or domestic animals. Despite
the availability of very successful control programs, schisto-
somiasis japonica remains a serious public health problem in
China and the Philippines. Several types of economically im-
portant livestock, such as water buffaloes and domestic pigs;
act as reservoir hosts of S. japonicum, and feces of livestock
containing S. japonicum eggs are of prime importance for
continued transmission of this parasite to humans. Control of
schistosomiasis japonica depends substantially on the success-
ful reduction of its prevalence in domestic livestock. Identifi-
cation of an effective vaccine is an emergent task for reducing
the transmission of S. japonicum from animals to humans in
this region. However, relatively limited numbers of antigens
from S. japonicum were identified as vaccine candidates, in
comparison with S. mansoni infection (3).

Calpain from S. mansoni was shown to induce protective
immunity during murine experimental schistosomiasis mansoni
(11), and molecular cloning of calpain from S. japonicum has
since started in several laboratories, including our own (28,
38). Although calpain is believed to be an intracellular pro-
tease, the location of this molecule seems not to be fixed and
in some cases it is moved outside of the cell membrane (26).
This suggests that calpain could have enough immunogenicity
for both humoral and cellular responses. A previous experi-
ment performed in our laboratory indicated that human sera
from S. japonicum-infected individuals recognized r-calpain,
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and sera obtained from mice immunized with r-calpain showed
enhanced binding to cercarial antigens (38). Together with
these findings, the principal objective of our present study was
to develop a livestock vaccine that can be used to prevent
Asian schistosomiasis. We present here a study of the efficacy
of r-calpain as a vaccine molecule against a challenge infection
with S. japonicum in BALB/c mice and discuss the possible
underlying mechanism of protective immunity in immunized
host animals.

MATERIALS AND METHODS

Host animals and parasites. The life cycle of S. japonicum isolated in Yama-
nashi Prefecture, Japan, has been maintained in our laboratory by using
Onchomelania hupensis nosophora with the same geographical distribution.
Six-week-old female BALB/c mice (SLC, Hamamatsu, Japan) were used for
immunization and infection experiments.

Recombinant calpain (r-calpain) from S. japonicum. A recombinant molecule
of the large subunit of calpain from S. japonicum was prepared as described
previously (38). In brief, cDNA encoding amino acid residues 219 to 376 of
S. japonicum calpain was amplified by reverse transcription (RT)-PCR because
a comparable portion was shown to be highly immunogenic in murine schisto-
somiasis mansoni (17). The product was digested by BamHI and EcoRI and then
ligated into the GST fusion vector pGEX-2TK (Pharmacia, Uppsala, Sweden).
This vector was transfected into Escherichia coli DH5a cells (Pharmacia). GST
fusion protein was induced in DH5a cells, and thrombin (Pharmacia) was used
to isolate the r-calpain molecule from glutathione Sepharose 4B columns (Phar-
macia).

Western blot assays. Western blotting was carried out as described elsewhere
(20). Five to 10 mg of r-calpain was separated by sodium dodecyl sulfate–14%
polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride
membrane (Millipore Corporation, Bedford, Mass.). Mouse anti-r-calpain serum
was used as the primary antibody, and the secondary antibody used was goat
anti-mouse IgG labeled with peroxidase (Kirkegaard & Perry Laboratories,
Gaithersburg, Md.) at a final dilution of 1:3,000. The substrate used was 4-
chloro-1-naphthol.

Immunization schedule. Mice were divided into two groups in the first exper-
iment and three groups in the second experiment. An immune-challenge group
of 18 mice was injected subcutaneously (s.c) with 25 mg of r-calpain dissolved in
phosphate-buffered saline (PBS) with complete Freund’s adjuvant (Gibco,
Grand Island, N.Y.). The mice were boosted s.c. with 25 mg of r-calpain dissolved
in PBS with incomplete Freund’s adjuvant (Gibco) 2 weeks later and were
further boosted intravenously 2 weeks later with 25 mg of r-calpain dissolved in
PBS. An adjuvant-treated control group comprising 18 mice was subjected to the
same immunization schedule as the immune-challenge group, but PBS replaced
r-calpain. Ten mice with no treatment were used as a challenge control group. In
our second experiment, we prepared an additional group of 12 mice immunized
s.c. with 100 irradiated cercariae (48 3 103 rads), and this group was boosted
twice every 2 weeks. Two weeks after the final boosting, all groups were infected
percutaneously with 30 cercariae of S. japonicum by the cover glass method.

RT-PCR for iNos, eNos, and Nos mRNAs. Four days after the challenge
infection, whole lungs of four mice were removed from r-calpain-immunized or
adjuvant-treated control group mice and immediately frozen in liquid nitrogen in
order to detect expression of inducible, neuronal, and endothelial nitric oxide
synthase (iNos, nNos, and eNos, respectively) mRNAs. Total RNA from the
lungs of the mice was isolated using PUREscript reagents (Gibco) in accordance
with the manufacturer’s instructions. RNA samples were stored at 280°C until
use. First-strand DNA synthesis was carried out with 1 mg of RNA in 20-ml of
reaction solution using an RNA-PCR kit (Perkin-Elmer, Branchburg, Calif.).
The primer sequence and PCR conditions used for amplification of nNos and
eNos were reported previously (10). b-Actin was used as a control. The iNos
primers used were as follows: sense 59 ctggaggagctcctgcctcatg 39; antisense;
59 gcagcatcccctctgatggtg 39. These primers amplify a 449-bp fragment of iNos
mRNA. The PCR solution contained 2 ml of cDNA, 50 mM KCl (pH 8.4), 20
mM Tris-HCl, 1.5 mM MgCl2, 200 mM deoxynucleoside triphosphates, 2 U of
Taq gold DNA polymerase (all from Perkin-Elmer); and 1.2 mM primers in a
50-ml volume. The PCR mixture was subjected to 35 cycles, and the annealing
temperature was 60°C. PCR products were evaluated on a 2% agarose gel with
ethidium bromide by using a densitometry analyzer.

Worm recovery and tissue sampling. Six weeks after a challenge infection, all
vaccinated and control mice were sacrificed and perfusion was undertaken to

recover the worms. The worm reduction rate, percent protection, was calculated
according to the following formula: (1 2 mean number of worms in immunized
mice/mean number of worms in adjuvant or challenge control mice) 3 100.
Before the perfusion, spleens from each group were removed to test cytokine
production in vitro. At the time of perfusion, the livers and intestines of mice
from all groups were weighed. The livers and intestines were digested with 4%
KOH overnight, and the number of eggs was determined by microscopic exam-
ination. We determined egg counts for each gram of liver or intestine, and the
mean number of eggs per female adult schistosome was also calculated.

Cytokine production analysis. Two weeks after the final boosting, spleen cells
from each group of mice were cultured in RPMI 1640 medium supplemented
with 10% fetal calf serum in the presence of concanavalin A (ConA, Sigma) or
r-calpain at 10 mg/ml at 37°C with 5% CO2 (prechallenge). The same testing was
done at 6 weeks after the challenge infection (postchallenge). For testing of
interleukin-4 (IL-4) and gamma interferon (IFN-g) production, 107 cells were
cultured for 48 h in 2 ml of medium in 24-well plates (Nunc). The cell-free
culture supernatants were used for measurement of the two cytokines by quan-
titative sandwich enzyme immunoassay kits (Genzyme, Minneapolis, Minn.).

Histopathological examination. After portal perfusion, the liver was dissected
and immediately fixed in 10% buffered formalin for morphometric analysis. Liver
sections were embedded in paraffin and stained with hematoxylin and eosin for
microscopic examination. Hematoxylin-eosin-stained sections of the liver were
then searched for granulomas. We assessed the sizes of nonconfluent granulomas
formed around a single egg containing a mature miracidium by using a video
micrometer (VM-30; Olympus, Tokyo, Japan) in accordance with the manufac-
turer’s instructions. We also evaluated the mean percentage of granulomatous
areas in 1-mm2 liver sections.

Statistical analysis. For statistical evaluation of data, we used a two-sided
Student t test.

RESULTS

Preparation of r-calpain and production of anti-r-calpain
antibody in mice. We prepared an r-calpain molecule, and the
purified protein was confirmed by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (Fig. 1). Mice immunized with
r-calpain produced a high level of IgG antibodies specific to

FIG. 1. Immunoblot analysis of r-calpain of S. japonicum. R-cal-
pain was fractionated and transferred to a polyvinylidene difluoride
membrane (lane 3) and then subjected to immunostaining (lanes 1 and
2). Lane 3 was stained with Coomassie brilliant blue. IgG antibody
specific to r-calpain is detected on immunoblotting membrane using
sera of immunized mice (lane 2). Adjuvant-treated control mouse
serum (negative control) is shown in lane 1.
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the immunizing antigen. Six weeks after the immunization and
prior to a challenge infection, optical density values (mean 6
standard deviation) of anti-r-calpain antibody in the immu-
nized mice and adjuvant controls were 1.037 6 0.006 and
0.163 6 0.009, respectively. The mean optical density value
anti-r-calpain antibody in immunized mice was significantly
higher than that in adjuvant controls (P , 0.01). Immunoblot-
ting analysis showed murine anti-r-calpain serum binding spe-
cifically to r-calpain (Fig. 1), indicating that the protocol for
immunization of mice with r-calpain functioned properly in
our present study.

Protective immunity induced by immunization with r-cal-
pain. Figure 2 shows the number of worms recovered mice with
or without immunization. In the repeated experiments, the
worm reduction rate in immunized mice was 36.7% for exper-
iment 1 and 41.2% for experiment 2 in comparisons with that
in adjuvant-treated controls (P , 0.05). In experiment 2,
48.3% protection was provided by immunization with radia-
tion-attenuated cercariae compared with adjuvant-treated con-

trols. There was no significant difference in worm recovery
between immunization with r-calpain and immunization with
attenuated cercariae. We observed r-calpain-mediated effects
on egg counts in the liver and intestine and total lymphocyte
counts in the spleen (Table 1). There was a substantial reduc-
tion in the total number of eggs present in the liver and intes-
tine in mice immunized with r-calpain or with irradiated cer-
cariae in comparison with adjuvant-treated controls (P , 0.01).
Furthermore, mice immunized with r-calpain showed a signif-
icant reduction in egg laying per female worm while there was
no difference in this parameter in the case of immunization
with radiation-attenuated cercariae (P , 0.01). As for the
mean lymphocyte number in the spleen, mice immunized with
r-calpain showed a decreased lymphocyte count compared with
that in adjuvant-treated controls. There was no difference in
liver and intestine weights among any of the groups (data not
shown).

mRNA expression of each NOS isoform. We compared ex-
pression of mRNA for three NOS isoforms in lungs removed
from either r-calpain-immunized mice or adjuvant-treated con-
trol mice (Fig. 3). We observed significant increases in iNos
mRNA expression in r-calpain-immunized mice compared
with that in adjuvant-treated controls (P , 0.02). On the other
hand, there was no difference in eNos and nNos mRNA ex-
pression between the two groups, although the latter showed a
weak elevation.

Cytokine production. We measured the cytokine production
of spleen cells in response to ConA or r-calpain on day 42 after
a challenge infection (Fig. 4). Although schistosome infection
is generally thought to be a strong Th2 inducer, spleen cells of
control mice, both adjuvant-alone and infection control mice,
did not show a typical type 2 pattern in r-calpain-driven cyto-
kine production. Even in this case, we observed a significant
reduction of IL-4 production and enhanced production of
IFN-g in response to r-calpain in mice immunized with r-
calpain. A high level of r-calpain-driven IFN-g production was
also detected in mice treated with radiation-attenuated cercar-
iae. IFN-g production by spleen cells from mice immunized
with r-calpain and with radiation-attenuated cercariae was sig-
nificantly higher than in control mice (P , 0.01). However,
spleen cells stimulated by ConA showed no difference in IFN-g
production among all four of the groups tested. The kinetics of
r-calpain-driven IL-4 and IFN-g production was studied: mice
immunized with r-calpain showed strong IFN-g production

FIG. 2. Adult-worm burden were assessed in two different experi-
ments (Exp. 1 and Exp. 2). Columns: open; challenge control mice;
hatched, adjuvant-treated control mice; solid, calpain-immunized
mice; dotted, mice immunized with irradiated cercariae. A significant
worm burden difference was found between calpain-immunized mice
and adjuvant-treated controls (36.7% reduction in experiment 1 and
41.2% reduction in experiment 2). p, P , 0.05; pp, P , 0.01. SD,
standard deviation.

TABLE 1. Results of vaccination of BALB/c mice against S. japonicum using r-calpain

Parameter

Expt 1 Expt 2

Challenged
controls
(n 5 9)

Adjuvant-treated
controls
(n 5 9)

Calpain-
immunized

group
(n 5 9)

Challenged
controls
(n 5 8)

Adjuvant-treated
controls
(n 5 8)

Calpain-
immunized

group
(n 5 8)

Group
immunized with

irradiated cercariae
(n 5 6)

No. of eggs/g of liver 36,204 6 2,109 30,366 6 9,729 17,486 6 5,016a 33,653 6 3,971 34,150 6 14,719 13,946 6 6,507a 18,423 6 8,617
No. of eggs/g of intestine NDb ND ND 43,646 6 833 47,478 6 3,056 15,743 6 757a 24,516 6 2,071
No. of eggs/female worm 6,057 6 812d 5,829 6 1,177d 3,762 6 2,484a,d 24,807 6 2,034 23,434 6 7,418 13,481 6 2,337a 22,059 6 2,724c

Total lymphocyte count
in spleen

ND ND ND 1.996 3 108 1.875 3 108 1.359 3 108a 1.33 3 108

a Significant difference between calpain-immunized group and adjuvant-treated control group.
b ND, not done.
c Significant difference between calpain-immunized group and group immunized with irradiated cercariae.
d Only in liver.
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after vaccination and prior to challenge infection, whereas the
IL-4 response was suppressed only after a challenge infection
(Fig. 5C and D). Upregulation of the Th1 response during
challenge infection was, thus, an apparent finding in mice im-
munized with r-calpain.

Histopathology of egg granulomas. Egg granulomas formed
after a challenge infection were quite a bit smaller in size and
lower in number in the livers of r-calpain-immunized mice
compared with those of the adjuvant-treated control group.
The mean area of nonconfluent granulomas in the liver was
significantly smaller in r-calpain-immunized mice (578.13 6
257 mm2) than that in adjuvant controls (1,522.12 6 516 mm2)
(P , 0.001) (Fig. 6A). Furthermore, there was a more wide-
spread granulomatous lesion in adjuvant-treated control mice

FIG. 3. RT-PCR detection of mRNA for NOS isoforms in r-cal-
pain-immunized and adjuvant-treated control mice. (A) Primers de-
tection of unique sequences of each isoform and produced fragments
(254, 404, and 449 bp for eNos, nNos, and iNos transcripts, respec-
tively). A 348-bp fragment of actin was used as a control. Lanes: 1 to
4, r-calpain-immunized mice; 5 to 8, adjuvant-treated controls. (B)
Significant difference in iNos mRNA expression between r-calpain-
immunized and adjuvant-treated control mice. Bars: solid, r-calpain-
immunized group; open, adjuvant-treated control. p, P , 0.02.

FIG. 4. IFN-g and IL-4 production by murine spleen cells (six in
each group) stimulated with a mitogen or calpain in vitro. Cytokine
production was evaluated in culture supernatants. Data correspond to
the mean values from duplicate analyses. Bars: open, calpain-immu-
nized mice; closed, adjuvant-treated controls; hatched, infection con-
trols; dotted, mice immunized with irradiated cercariae. p, P , 0.05;
pp, P , 0.01.

FIG. 5. Kinetics of cytokine production in murine spleen cells stim-
ulated by ConA (A and B) or r-calpain (C and D) in r-calpain-immu-
nized and adjuvant-treated control mice. Cytokines were detected at
three different time points. A and C refer to IFN-g production, and B
and D refer to IL-4 production. Cytokine profiles of calpain-immu-
nized mice are shown as circles, and those of adjuvant-treated control
mice are shown as open squares. A marked increase in calpain-driven
IFN-g production and a decrease in IL-4 production were observed for
the calpain-immunized group compared with the adjuvant-treated con-
trol group. p, P , 0.05; pp, P , 0.01.

FIG. 6. Comparison of granuloma size (A) and density (B) in the
livers of adjuvant-treated control and immunized mice. Bars: solid,
calpain-immunized group; hatched, adjuvant-treated control mice.
The mean areas of single-egg granulomas and the mean areas occupied
by granulomas in liver sections were compared between groups.
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than in the r-calpain-immunized group. According to our ob-
servation of liver sections, the mean percentage of the area
occupied by granulomas was significantly different in r-calpain-
immunized mice (11.6%) and adjuvant-treated control mice
(22.1%) (P , 0.001) (Fig. 6B).

DISCUSSION

In the present study, we showed the efficacy of calpain as a
vaccine against murine schistosomiasis japonica. Calpains are
ubiquitously expressed in a wide variety of eukaryotic cell types
in vivo, and it is likely that calpain modifies various regulatory
and structural proteins, including the cytoskeleton, as well as
inducing programmed cell death (8, 27). The biological roles of
calpain in schistosome parasites are not fully understood. Cal-
pain was shown to be an immunogenic protein that exists on or
near the surface of the schistosome and is important in parasite
membrane shedding and renewal (1, 19, 31). In recent vaccine
development using calpain from schistosomes, Hota-Michell
and coworkers reported that r-calpain afforded 39% protection
against a challenge infection with S. mansoni (11), and DNA
vaccine containing cDNA encoding S. mansoni calpain pro-
vided 60% protection (12). Our results also showed that S. ja-
ponicum r-calpain afforded more than 40% protection against
a challenge infection of BALB/c mice with S. japonicum. The
present study of S. japonicum showed that calpain induced not
only a reduction in worm burden but also a reduction in egg
laying per female worm in immunized mice. To our knowledge,
this is the first report showing antifecundity effects of calpain
on S. japonicum infecting mice. Calpain from S. japonicum
seems to be a good candidate for a disease-controlling vaccine,
an important step in overcoming S. japonicum infection, which
causes more-severe hepatic damage through egg deposition in
host animals than does an S. mansoni infection (23).

The mechanism by which r-calpain-immunized mice can in-
duce reductions in both the worm burden and the egg produc-
tion of female worms is still unclear. It has been previously
reported that a helper T-cell clone recognizing the large sub-
unit of S. mansoni calpain carried protective effects in C57BL/6
mice against cercarial challenge (11). The helper T-cell clone
produced large amounts of IFN-g in response to a truncated
calpain-GST fusion protein, indicating that the protective T
cells were of the Th1 phenotype (17). There is a consensus that
Th1 cells are important in protective immunity against schis-
tosome infection of mice. Previous publications have shown
that mice immunized with radiation-attenuated cercariae elim-
inated 60 to 80% of the worms (14). Several lines of evidence
suggest that responses involving IFN-g-activated effector cells
are the major mechanism of protection mediated by attenu-
ated cercariac (15, 21, 33). In the present study, immunization
with r-calpain again up-regulated IFN-g production during a
challenge infection of mice with S. japonicum.

The precise mechanisms of IFN-g-mediated parasite elimi-
nation remain to be uncovered. James and coworkers reported
killing mechanisms against lung stage schistosomulae by a NO-
mediated killing mechanism (9, 16). This is not inconsistent
with a recent report on a study in which iNOS mRNA was
up-regulated at the time of parasite elimination (37), although
other groups have disagreed with these findings (33). Other
groups have shown that IFN-g up-regulates iNos expression

followed by NO production (18). Our results also suggest NO-
mediated killing of lung stage schistosomulae, because there
was a significant increase in the expression of iNOS mRNA in
the lungs of r-calpain-immunized mice 4 days after a challenge
infection. This was the time point when migrating larvae
reached the lungs of host animals. Considering recent reports
along with our current findings, NO seems to be involved in the
protective mechanism mediated by immunization with r-cal-
pain in schistosomiasis japonica. Further analysis is, however,
still needed, as others have reported iNOS knockout mice with
vaccine-mediated protection against S. mansoni (7).

Schistosomiasis caused a host response to trapped parasite
eggs in the tissue resulting in the formation of granulomatous
lesions in the liver and intestine. A reduction in egg number
could be tightly related to lowered pathological severity in the
immunized mice. Brunet et al. reported that mice treated with
aminoguanidine, a selective inhibitor of iNos expression, de-
veloped severe morbidity and increased hepatic damage (4). In
the present study, hepatic damage caused by egg deposition
was reduced in the r-calpain-immunized group. Although we
did not measure the expression of iNos mRNA in the liver,
r-calpain could protect the immunized hosts from developing
severe hepatic damage by expression of iNos mRNA through a
systemic shift to a Th1-dominant situation. The number of
deposited eggs in r-calpain-immunized mice was markedly re-
duced not only by a reduction in the number of adult worms
but also by lowered fecundity of female worms. Attenuated
cercariae did not induce such an antifecundity effect even
though both immunizations stimulated strong Th1 responses.
This might suggest that the antifecundity effect is mediated by
a factor different from the function of IFN-g. It is interesting to
analyze whether calpain is critically involved in egg production
by female schistosomes, as this might point to calpain as a pos-
sible target molecule for developing a prophylactic reagent(s).

Because an attenuated cercarial vaccine would not be prac-
tical for use in humans and livestock, investigators have at-
tempted to use protective mechanisms defined in the model to
develop a nonliving vaccine. In our experiments, we compared
protective immune effects between radiation-attenuated cer-
cariae and r-calpain. Although radiation-attenuated cercariae
could induce greater protection, as was also observed by Chen
et al. (6), it did not reduce egg production per female worm.
Furthermore, it was interesting that r-calpain promoted only
high IFN-g production while radiation-attenuated cercariae
induced high production of both IL-4 and IFN-g after chal-
lenge infection. This suggests that there are somehow funda-
mental differences between the immune mechanisms of the
protective effects of these two vaccine models.

In conclusion, our present study showed that r-calpain of
S. japonicum could induce more than 40% protection against a
challenge infection, reduce egg production by female worms,
and also reduce hepatic damage in BALB/c mice. These results
are highly suggestive for a future trial of calpain of S. japoni-
cum as a vaccine candidate for livestock in the hope of con-
trolling human schistosomiasis in Asian countries.
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