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Abstract

There is continued transmission of schistosomiasis japonica in China and Philippines despite highly effective
control programs that focus on the application of the highly effective drug praziquantel(PZQ). The massive Three
Gorges Dam across the Yangtze River in Southern China, soon to be completed, is expected to significantly increase
schistosomiasis transmission and introduce the disease into areas currently unaffected. After long-term experience it
is generally accepted that PZQ chemotherapy, although the cornerstone of current control programs, does have
significant limitations. Furthermore, efficient drug delivery requires a substantial infrastructure to regularly cover all
parts of an endemic area. Although there is not yet clear-cut evidence for the existence of PZQ-resistant schistosome
strains, decreased susceptibility to the drug has been observed in several countries. As a result, a protective vaccine
represents an essential component for the long-term control of schistosomiasis. This article briefly reviews aspects of
anti-schistosome protective immunity that are important in the context of vaccine development. The current status in
the development of vaccines againstSchistosoma japonicum will then be discussed as will new approaches that may
improve on the efficacy of available vaccines, and aid in the identification of new targets for immune attack. With
new and extensive data becoming available from theS. japonicum genome project, the prospects for developing an
effective vaccine are encouraging. The challenges that remain are many but it is crucial that the momentum towards
developing effective anti-schistosome vaccines is maintained.
� 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

New dataw1x indicate that, in terms of morbidity
and mortality, schistosomiasis, represents an even
greater disease burden than previously appreciated.
Over 250 million people and significant numbers
of domestic livestock animals are infected and
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280 000 individuals die as a direct result of schis-
tosomiasis infection in sub-Saharan Africa alone
annually w1x. Despite the availability of a highly
efficient drug, praziquantel(PZQ), there is consid-
erable spreading of schistosomiasis into new
endemic areasw2x. The construction of dams and
the development of important irrigation schemes
are often followed by epidemic outbreaks of the
disease. In regards to the Asian schistosome,Schis-
tosoma japonicum, the massive Three Gorges Dam
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across the Yangtze River in Southern China, soon
to be completed, is expected to significantly
increase schistosomiasis japonica transmission and
introduce the infection into areas currently unaf-
fected w3x. After some 20 years experience it is
generally agreed that chemotherapy, although the
mainstay of current control programs, does have
significant limitations. In particular, mass treatment
does not prevent re-infection. This rapidly occurs
in exposed populations in most endemic areas so
that within a period of 6–8 months following
chemotherapy the prevalence returns to its baseline
level. Efficient drug delivery requires a substantial
infrastructure to regularly cover all parts of an
endemic area. This makes chemotherapy an expen-
sive and often impractical approachw4x. Further-
more, despite the fact there is not yet clear-cut
evidence for the existence of PZQ-resistant schis-
tosome strains, decreased susceptibility to the drug
has been observed in several countries, although
not as yet in China or Philippinesw5–7x. Vaccines
(for use in livestock animals, particularly bovines
and humans) in combination with other control
strategies, including the use of new drugs, are
needed to make elimination of the disease possible
w8x.
Vaccination can be either targeted towards the

prevention of infection or to the reduction of
parasite fecundity. A reduction in worm numbers
is the gold standard for anti-schistosome vaccine
development but, as schistosome eggs are respon-
sible for both pathology and transmission, a vac-
cine targeted on parasite fecundity and egg
viability appears also entirely relevant. Indeed the
only schistosome vaccine, Bilhvax, that has
entered human(phase II) clinical trials, induces
immune responses with anti-fecundity effects
against femaleS. haematobium w9x. This review
considers very briefly some aspects of anti-schis-
tosome protective immunity that are important in
the context of vaccine development. Current pro-
gress towards the development of a vaccine against
S. japonicum is highlighted, as are new approaches
that may improve on the efficacy of available
vaccines and aid in the identification of new targets
for immune attack. Comprehensive reviews of the
area are availablew8–12x.

2. Mechanisms of immunity

Research developed on schistosomes for over
20 years has led to the identification of in vitro
mechanisms of protective immunity against infec-
tion or re-infection in animal models and in
humans. The most significant contributions of
these studies have been the demonstration in vivo
of the protective role of IgEw13x and eosinophils
w14x. In humans, epidemiological correlations sup-
porting these experimental observations and arising
from several different studies in various parts of
the world strongly suggests that IgE may be one
of the key components of protective immunity
w15,16x.
Together with IgE, high levels of IgG4 are

produced during schistosome infections. Prelimi-
nary evidence was first reported of a significant
correlation between susceptibility to re-infection
of S. haematobium in humans and increased pro-
duction of IgG4 to defined schistosome antigens
w17x. In fact, in subsequent studies, elevated pro-
duction of IgG4 and IgG2 antibodies was consis-
tently associated with increased susceptibility to
re-infection w18x. From these studies, it was con-
cluded that immunity to re-infection was more
closely related to the IgEyIgG4 balance than to
the absolute level of each isotype. Similar findings
have been obtained withS. haematobium and S.
japonicum infectionsw12,16x.
The clinical expression of immunity to schisto-

some infection is obviously not simply determined
by the mere balance between IgE and IgG4 anti-
bodies. It cannot exclude the participation of addi-
tional mechanisms observed in experimental
modelsw19x. The evidence for additional protective
mechanisms operating in suggests a potential pro-
tective role for IgA antibodies in human schisto-
somiasisw20x supported by a series of convergent
correlation studies in several parts of the word
includingS. haematobium andS. japonicum infec-
tion. The effector function of IgA antibodies
appears to be associated with a decrease in female
worm fecundity and egg viabilityw21x.
Although the existence of highly complex net-

works of regulation does not allow any attempt at
oversimplification, it is by and large, still the case
that clinical expression of protective immunity to



165D.P. McManus, P.B. Bartley / Parasitology International 53 (2004) 163–173

schistosomes in human is largely associated with
a Th2 profile of immune response. Within this,
distinct mechanisms(either IgE or IgA dependent)
might be implicated in the control of infection or
of egg induced pathologyw9,22x. However, recent
field work from Philippines w23x supports the
contention that resistance to reinfection is associ-
ated with a predominant Th1 response to soluble
worm antigen preparation(SWAP) whereas IL-10
production in response to SWAP was correlated
with susceptibility. Human immunity against schis-
tosomiasis exists. Clearly the elucidation of the
human protective immune mechanism is a research
imperative.

3. Vaccines against S. japonicum—basic
considerations

Schistosomiasis japonica is endemic in Southern
China and Philippinesw24x. The control of schis-
tosomiasis requires an integrated approach involv-
ing large-scale population-based chemotherapy in
addition to environmental and behavioral modifi-
cation w25x. Further, population movementsw1x
and the construction of dams already referred to,
have contributed to the spread of schistosomiasis
into new areas. There is an important role for a
vaccine to provide long-term prevention against
Asian schistosomiasis. UnlikeS. mansoni or S.
haematobium, mammals other than humans(such
as dogs, bovines and pigs) can act as definitive
hosts forS. japonicum. Zoonotic transmission adds
to the complexity of control programs, but may
provide opportunities for novel approaches in vac-
cine development to prevent human disease. When
available for wide-scale use, it is envisaged that
the vaccine would be applied in the first instance,
at least in China, in water buffalo reservoir hosts
(a ‘blocking’ vaccine to impact on human trans-
mission) and then, perhaps, if required, clinically
(to prevent or reduce disease).
Recent progress has provided the basic frame-

work for the development of an effective vaccine
against this complex parasite. Schistosomulum
lifecycle stage antigens are likely to be major
vaccine candidate targets of protective immune

responses. Vaccination with radiation-attenuated
cercariae induces significant levels of resistance to
S. japonicum challenge in mice, rats, rabbits, sheep
and bovinesw12x. Worm burden reduction ranges
from 40 to)85%—with less protection evident
in mice than rabbits or larger animals. The initial
protection is conferred by Th1 cellular immunity
with lymphoid proliferation in regional and medi-
astinal lymph nodes. Subsequent vaccination(at
least in mice) did not appear to confer additional
protection. Appropriately-timed passive transfer of
sera from vaccinated mice can also confer protec-
tion. This protection is antibody-mediated, with
predominantly IgG(less so by IgM) antibodies
acting on the lung schistosomula stage. IgE deple-
tion did not influence protection in these studies.
Some later studies suggest that both Th1 and Th2
responses may contribute to protectionw12x.
Human immunity toS. japonicum has predom-

inantly been assessed by re-infection and immune-
correlative studies. Acquired immunity toS.
japonicum develops with agew12,16x. A high
IgG4yIgE ratio to parasite antigens correlates sus-
ceptibility to re-infection, whereas IgE excess cor-
relates with resistance to re-infectionw26x. Further,
peripheral blood mononuclear cells taken from
resistant individuals in China produce significantly
greater amounts of IL-10 in response to parasite
extracts and recombinant antigens in vitrow27x.
Preliminary field studies from Philippines suggest
that IgE antibodies to a 22.6 kDa tegument-
associated antigen(Sj22.6) are associated with
resistance to reinfectionw12x. It should be stressed
that whereas much of our understanding of the
effector mechanisms and clinical expression of
immunity againstS. japonicum has been extrapo-
lated from the extensive studies onS. mansoni and
S. haematobium. This may prove not to be the
case, given the extensive biological and molecular
differences that exist between the causal parasite
speciesw28x.

4. Target antigens

While offering in some cases high levels of
protection, the irradiated cercarial vaccine is
impractical, cumbersome and impossible to stan-
dardize. Additionally, the protection conferred is
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Table 1
Major Schistosoma japonicum vaccine candidates

Antigen (native or Short Size Stage Biological Claimed protection(%)*

recombinant protein) form (kDa) expressed function
Mouse (Other)

Paramyosin Sj97 97 Somula Contractile 27–86 31–48
(native) Adult proteinqothers (sheepycattle)

Paramyosin recSj97 97 Somula Contractile 20–60 17–60
(recombinant) Adult proteinqothers (buffaloypigsysheep)

Triose phosphate TPI 28 All stages Enzyme 21–24
Isomerase(native)

Integral membrane Sj23 23 Adult Membrane 32–59
protein(recombinant) protein (buffaloycattleysheep)

Aspartic protease SjASP 46 All stages Digestion of 21–40
(recombinant) haemoglobin

Calpain large subunit r-calpain 80 Adult Protease 40
(recombinant)

Glutathione Sj28-GST 28 All stages Enzyme 0–35 33–69
S-transferase (buffaloysheep)
(recombinant)

Glutathione Sj26-GST 26 All stages Enzyme 24–30 25–62
S-transferase (buffaloypigsysheep)
(recombinant)

Reduction in worm burdens. Significant egg reduction also recorded with the majority of candidates(see Refs.w12,31,36x.*

species and often strain-specific. Further, vaccina-
tion, at least of mice, with gamma-irradiatedS.
japonicum cercariae suggests that this model may
not be as effective as vaccination with UV-atten-
uated cercariaew29x. Considerable efforts have
been aimed at the identification of relevant schis-
tosome antigens that may be involved in inducing
protective immune responses, with a view to devel-
oping either a recombinant protein, synthetic pep-
tide or DNA vaccinew12x. Coordinated laboratory
and field research have identified a set of well-
defined S. japonicum molecules with protective
potential(Table 1).
One leading candidate is paramyosin, a 97 kDa

myofibrillar protein with a coiled-coil structure
that is found exclusively in invertebrates. It is
expressed on the surface tegument of lung-stage
schistosomula and may function as a receptor for
Fc w30x. Native and recombinant paramyosin con-
fer significant protection(approx. 35% decreased
worm burden and 45% decreased liver egg burden)
againstS. japonicum in mice and buffaloesw31x.

There is greater than 95% homology between the
paramyosin genes ofS. japonicum (Chinese and
Philippine strains), S. haematobium and S. man-
soni w31x. This may facilitate development of a
‘consensus’ molecule as a vaccine against all three
human pathogens, should efficacy be improved.
Currently, mathematical modelling of the likely
benefits of rec-Sj-97 at its current level of efficacy
as an anti-fecundity vaccine suggests, it would
prove a useful adjunct to existing control programs
w1,32x.
A calcium-activated neutral proteinase(calpain)

may be another ‘consensus molecule’ vaccine. It
has been identified inS. mansoni andS. japonicum
and has been localized to the extracellular domain
w33x. Immunization of BALByc mice with purified
recombinantS. japonicum calpain(r-calpain) w34x
emulsified in complete Freund’s adjuvant resulted
in a significant reduction in the number of recov-
ered worms and also in egg production per female
worm was observedw34x. These results point toS.
japonicum calpain as a vaccine candidate for both
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worm killing and disease prevention, possibly
through the induction of a strong Th1-dominant
environment in immunized mice. Vaccination of
water buffaloes or some other natural host forS.
japonicum with r-calpain is clearly the next step
in determining its true vaccine potential. The
protein is recognized by sera from infected patients
so it may also prove useful as a target for immu-
nodiagnosis of human schistosomiasisw33x.
The S. mansoni and S. japonicum 22.6 kDa

(Sm22.6 and Sj22.6) tegument-associated antigens
may also provide useful vaccine targets. Whilst
the function of this family of proteins remains
unknown, they are expressed near the surface of
lung-stage schistosomulaw35x and specific IgE and
IgA antibodies appear associated with resistance
to reinfection in human studiesw12x. Mouse studies
of bacterially expressed and purified recombinant
Sj22.6 have demonstrated specific IgG and IgE
production but no protectionw35x. Also, vaccina-
tion with Escherichia coli and baculovirus-
expressed recombinantS. japonicum aspartic
protease-cathepsin D—generated high levels of
specific antibodies but only a limited level of
protectionw36x.
More encouraging results have been obtained

with recombinant 26-kDa GST ofS. japonicum
which induces a pronounced anti-fecundity effect,
as well as a moderate but significant level of
protection in terms of reduced worm burden. The
molecule is capable of stimulating anti-fecundity
immunity in mice (up to 59% decrease in liver
eggs) w37x and pigs(54% decrease in liver eggs)
w38x following challenge infection withS. japoni-
cum. Similar vaccination experiments have been
carried out on water buffaloes(Bos buffelus), the
major reservoir for transmission of schistosomiasis
japonica in China, using purified reSjc26GST in
order to investigate its vaccine potentialw39x. Anti-
Sjc26GST antibodies were produced in the immu-
nised buffaloes and, following challenge withS.
japonicum cercariae, a small but significant reduc-
tion in worm numbers was evident in vaccinated
when compared with control animals. The typical
anti-fecundity effect was manifest, characterised
by a significant decrease in faecal egg output and
eggs deposited in host tissues with those in the
liver and intestine being reduced by approximately

50%. In addition to the anti-fecundity effect, re-
Sjc26GST reduced by nearly 40% the egg-hatching
capacity of S. japonicum eggs into viable
miracidia.
Schistosomes utilise haemoglobin from ingested

host erythrocytes as their main source of amino
acids and the enzyme cathepsin D aspartic protease
plays a key role in maturing and adult schisto-
somes in the proteolysis of host haemoglobin from
ingested erythrocytesw40x. Mice were vaccinated
with recombinantS. japonicum, expressed in both
insect cells and bacteria, in order to evaluate the
vaccine efficacy of the schistosome proteasew36x.
Mean total worm burdens were significantly
reduced in vaccinated mice and significant reduc-
tions in female worm burdens were also recorded
but vaccination did not reduce fecundity. Vacci-
nated mice developed high levels of antibodies
(predominantly IgG1, IgG2a and IgG2b isotypes),
but there was no correlation between antibody
levels and protective efficacy. Immune sera from
vaccinated mice did not inhibit the in vitro degra-
dation of human haemoglobin by the recombinant
protease, and passive transfer of serum or antibod-
ies from vaccinated animals, before and after
parasite challenge, did not significantly reduce
worm or egg burdens in recipient animals. These
results suggested that antibodies may not play a
key role in the protective effect elicited, and that
protection may be due to a combination of humoral
and cell-mediated responses. A subsequent study
showed that vaccination of mice with the schisto-
some protease induced a mixed Th1yTh2 cytokine
responsew41x.
Side-by-side comparisons of candidate defined-

antigen vaccines have been carried out in sheep,
another natural host forS. japonicum w42x. Recom-
binant antigens selected for testing were: the iso-
forms of glutathione-S-transferase(Sj28GST and
Sj26GST), the large hydrophilic domain of Sj23,
the homologue of the protectiveS. mansoni
membrane antigen Sm23 and a 39 fragment ofS.
japonicum paramyosin. In addition, Chinese strain
S. japonicum native paramyosin and GST were
purified and used for vaccination. Antigens were
co-administered with Freund’s adjuvant or BCG.
Also, examined was the effect of co-administration
of native unfractionated GSTs with keyhole limpet
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haemocyanin(KLH). KLH shares a cross-reactive
protective epitope with schistosomes. Partial but
significant protection was obtained with each of
the antigens tested. Less protection was obtained
with the recombinant fragment ofS. japonicum
paramyosin compared with the native protein. Co-
administration of native GST and KLH was no
more effective than vaccination with either antigen
alone. Although encouraging levels of protection
againstS. japonicum were demonstrated using each
of these antigens, further work is needed to opti-
mize vaccine delivery and vaccination schedules.
To summarize, all of the proteins mentioned

above have shown some promise as candidate
vaccines although they generally produce relatively
modest reductions in worm and egg burdens. In
the longer term, they may not prove to be the
most effective vaccine antigens and it is important,
therefore, to identify new target antigens and to
explore alternative vaccination strategies to
improve vaccine efficacy.

5. DNA vaccines

DNA vaccination offers many potential advan-
tages including cost-effective production, thermal
stability and the ability to induce a wide variety
of immune responses including induction of cyto-
toxic T-lymphocytesw43,44x. DNA vaccination has
been explored in a variety of parasite, including
helminthic, infections w44,45x with significant
reductions in parasite burdens being demonstrated
in animal models of some of these infectionsw46–
51x. Although a number of reports on schistosomes
have reported success in using DNA constructs to
induce encoded antigen-specific responsesw52–
55x, there has been limited success in inducing
protective immunity againstS. japonicum. One
group w56x has achieved some encouraging results
using a DNA cocktail in mice. The cocktail vac-
cine comprising four DNA plasmids encoding four
different S. japonicum antigens, Sj62, Sj28, Sj23
and Sj14-3-3 induced significant resistance against
S. japonicum cercarial challenge infection in two
of three experiments. The same groupw57x
obtained some protection in the field as well as in

the laboratory in sheep and water buffalo with
DNA vaccine formulations of Sj28GST and Sj23
and in field trials with both DNA vaccines in
cattle w58x. Protection against challenge infection
in mice has also been obtained with a nucleic acid
vaccine(Sj31BIN) combined with IL-12 as adju-
vant w59x and with a partial cDNA expression
library w60x.
A prime-boost strategy of DNA vaccination

followed by recombinant modified vaccinia virus
Ankara (MVA ) encoding pre-erythrocytic stage
and erythrocytic antigens has induced sterilizing
immunity to malariaw61,62x. A DNA prime-pro-
tein boost strategy using thePlasmodium falcipa-
rum 175 kDa erythrocyte binding protein induced
a significant reduction in parasitaemia inAotus
monkeysw63x. Similar prime-boost strategies hold
much promise for other apicomplexan parasites
such asTheileria spp. w64x. Prime-boost vaccina-
tion along similar lines may prove valuable against
schistosomiasis.
Unlike vaccination with native or recombinant

proteinw31,65x, DNA vaccination with paramyosin
has yielded conflicting results. Early studies dem-
onstrated specific antibody production without pro-
tectionw54x. However, another groupw66x recently
demonstrated 35–40% reduction in worm burden
and 50–80% reduction in visceral egg burdens
following intramuscular DNA vaccination into the
tibialis anterior muscle of a different inbred mouse
strain. The authors concluded that the differences
in mouse strain and site of injection could account
for the contrasting results. It is well described that
intra muscular immunization(IMI ) of DNA vac-
cines into tibialis anterior induces significantly
greater immune responses than IMI into the quad-
riceps muscle in micew43x. DNA prime-protein
boosting with paramyosin is an attractive prospect.
DNA vaccination with either the 22 kDa or 23

kDa S. japonicum tegument-associated antigens
w52,53x has induced high titres of specific murine
antibodies without protection. This is despite
manipulation of the route of administration and
fusion of the antigen cDNA to an Igk-chain
secretory leader sequencew53x. Equally, DNA
vaccination with a 62 kDa fragment ofS. japoni-
cum myosin did not induce protection in several
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strains of mice despite cationic lipid adjuvant and
additional CpG motifsw52x.

6. Antigen discovery

Vaccine candidate proteins are often secreted by
or anchored on the surface of pathogens, and they
usually possess N-terminal hydrophobic signal
peptides or signal anchors that direct traffic of the
protein through the secretory pathway to the cell
surface. Proteins that are secreted by or anchored
on the surface of the intramammalian stages of
schistosomes are exposed to host tissues and thus
present as potential candidate molecules for the
development of new intervention strategies. Signal
peptides are usually 15–30 amino acids and consist
of a basic N-terminus, a hydrophobic center and a
polar C-terminus. While they share a similar archi-
tecture, high levels of degeneracy make them
difficult to identify from primary sequence alone
and they cannot be cloned by degenerative PCR-
based methods. Signal peptides initiate export of
the precursor proteins across the endoplasmic retic-
ulum. Signal sequence trap(SST) is a recently
described technique that allows selective cloning
of cDNAs that encode open reading frames with
an N-terminal signal peptide that directs surface
expression of a reporter gene product that lacks its
endogenous signal peptide. cDNA libraries are
constructed in a plasmid vector so that they fuse
in-frame with a reporter gene that lacks its endog-
enous signal sequence.
Given the widespread interest in interactions

between host tissues and secreted and surface
proteins of pathogens, SST provides an ideal plat-
form by which to selectively screen parasite
genomes for mRNAs that encode proteins with
signal peptides. An alkaline-phosphatase signal
sequence trap methodw67x has been used to isolate
sequences encoding secreted and transmembrane
proteins from adult schistosome worm cDNA.
Amongst 18 clones identified and sequenced, two
encoded novel tetraspanin-like proteins, five
sequences had no known homologues and several
others were homologous to knownS. mansoni
ESTs. It remains to be seen whether any of these
molecules are expressed in the tegument and might

therefore warrant further investigation as potential
vaccine candidates.
B-cell antigenic determinants appear to be

dependent on the conformational integrity of the
molecule in question. Conformational epitopes
may be important in generating protective immu-
nity against parasites. One example is the recent
determination that the protection conferred against
experimental cystic hydatid disease by the EG95
vaccine, a recombinant oncospheral protein, relies
on conformational integrity rather than linear epi-
topesw68x. Indeed, the absence of tertiary structure
and therefore conformational epitopes in the
recombinant Sj22.6 vaccine is one possible expla-
nation for the apparent lack of protection associ-
ated with this moleculew35x. Clearly further
evaluation of synthetic protein vaccines may need
to take conformational epitopes into consideration.
As well, improved efficacy of anti-schistosome
vaccines may require more powerful adjuvants
than those currently available for clinical use. A
Lewis-type carbohydrate-Lacto-N-fucopentose III
(LNFPIII)-found in extractedS. mansoni egg anti-
gens, has been recently demonstrated to be a potent
inducer of a Th2-type responsew69x. LNFPIII can
also act as an adjuvant by inducing antibody
against coupled protein antigen(human serum
albumin) w69x. This molecule might prove useful
for future development as an adjuvant for appli-
cation with schistosome vaccines.

7. Schistosome vaccines-quo vadit?

Both S. mansoni w(http:yywww.tigr.orgytdby
e2k1ysma1y) (http:yyverjo18.iq.usp.bryschistoy)x
andS. japonicum (http:yyschistosoma.chgc.sh.cn)
have become the subject of major genome char-
acterization initiatives, through support from the
Tropical Diseases Research Program of the World
Health Organization and other agencies. This has
resulted in a rapid expansion of knowledge of the
schistosome genome including the development of
cDNA libraries from different developmental life
cycle stages and the generation of significant
numbers of expressed sequence tags(ESTs) from
S. mansoni and S. japonicum. It is likely that a
number of novel vaccine candidates will be iden-
tified for future study as a result of this important
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work. In the case ofS. japonicum, this new
research has generated 43 707 new expressed
sequence tags derived from adultS. japonicum and
their eggs; these have been assigned to 13 131
gene clustersw70,71x that probably encode the
entire transcriptome of the parasite. Six hundred
and twelve sequences have complete open reading
frames, the majority of which has sequence homol-
ogy with known proteins. Wide scale post-gen-
omics research, focusing on these newly
discovered genes and their expression products,
including the characterisation of new candidate
vaccine molecules could now be undertaken. The
EST data indicate that, remarkably,S. japonicum
encodes receptors for mammalian insulin, proges-
terone, various cytokines and neuropeptidesw70x,
suggesting that host hormones orchestrate schisto-
some development and maturation, and suggesting
also that schistosomes modulate anti-parasite
immune responses through inhibitors, molecular
mimicry and other strategies. Receptors such as
these may prove to be excellent candidates as
vaccine targets.
Taking the breadth of consolidated, international

efforts to generate anti-schistosome vaccines, there
is optimism therefore that these endeavors will
prove successful. When developed and employed,
anti-schistosome vaccines will not be a panacea.
They need to be regarded as one component, albeit
a very important one, of integrated schistosomiasis
control programs that complement existing strate-
gies including chemotherapy and health education.
Major challenges that remain include declining
numbers of young scientists attracted to the area
of schistosome vaccine development and the
decrease in funding for helminth research in gen-
eral. Major sponsors are crucial to provide finan-
cial support for the upscaling production of defined
vaccine candidates, their evaluation in human clin-
ical trials or large scale field trials ofS. japonicum
vaccines in water buffaloes. These challenges have
been highlighted also by othersw72,73x but it is
important to reinforce these views. With the new
and extensive data becoming available from theS.
japonicum genome project(and complementary
studies onS. mansoni w74x), the prospects for
developing effective anti-schistosome vaccines are

bright, and it is crucial that this momentum is
maintained.
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