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Introduction

The human parasitic disease schistosomiasis is caused by intra-
vascular diacious digenetic trematodes of the genus Schistosoma. 
Schistosoma spp are responsible for several distinct infections. 
The first step in human infection involves penetration of the skin 
by infectious larvae (cercariae) which come out from a freshwater 
intermediate snail host. Inside the human host, cercariae develop 
into juvenile worms or schistosomula, undergo a complex migra-
tion and finally develop into sexually mature egg-laying worms 
in the hepatic portal system. The eggs are passed out from the 
human body in feces or urine, depending on the species of the 
parasite. The eggs hatch on contact with water and release free-
swimming larvae (miracidia) which infect the intermediate snail 
host. This chronic infection can persist for decades causing dis-
ease of intestinal or urinogenital system. Intestinal schistosomia-
sis is caused by Schistosoma mansoni and occurs in Africa, the 
eastern Mediterranean, the Caribbean and South America. In 
addition, S. intercalatum causes a form of intestinal schistoso-
miasis that has been reported in central African countries. Yet 
another form of intestinal schistosomiasis, known as Oriental or 
Asiatic, is caused by the S. japonicum group of parasites (including 
S. mekongi in the Mekong river basin). S. japonicum is endemic to 
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Schistosomiasis is a major neglected tropical disease of 
public health importance to a billion people. An estimated 
200 million people are currently infected; an additional 779 
million individuals are at risk to acquire the infection in 74 
countries. Despite many years of implementation of mass anti-
parasitic drug therapy programs and other control measures, 
this disease has not been contained and continues to spread 
to new geographic areas. The discovery of a protective 
vaccine still remains the most potentially effective means for 
the control of this disease, especially if the vaccine provides 
long-term immunity against the infection. A vaccine would 
contribute to the reduction of schistosomiasis morbidity 
through induced immune responses leading to decrease in 
parasite load and reduced egg production. This vaccine could 
be administered to children between the ages of 3 and 12 y to 
prevent severe infection in a particularly high risk population. 
This review summarizes the current status of schistosomiasis 
vaccine development.
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South-East Asia and the western Pacific region. Finally, S. hema-
tobium is responsible for urinary schistosomiasis and is endemic 
to Africa and the eastern Mediterranean. Cumulatively, schis-
tosomiasis is a significant cause of morbidity for an estimated 
200 million people with an additional 779 million individuals at 
risk for infection.1,2 Approximately 10% of infected individuals 
(21 million people) suffer from severe hepatic periportal fibro-
sis, which can lead to portal hypertension, hepatosplenomegaly 
and esophageal varices and is the leading cause of death from 
schistosomiasis.3 Even mild to moderate fibrosis is correlated with 
poor nutritional status, anemia, fatigue, impaired cognitive abil-
ity and increased susceptibility to infection with pathogens, such 
as HIV-1.4-6 Certain estimates of disability adjusted life years 
(up to 70 million disability adjusted life years per annum) have 
shown schistosomiasis to be a more debilitating infection than 
even malaria.4-6

Current Control Strategies

Schistosomiasis and diseases caused by soil-transmitted hel-
minths have been targeted for eradication by the World Health 
Organization, and the World Health Assembly, resolution 54.19 
(WHA 54.19). Despite global efforts to reduce disease through 
chemotherapy via praziquantel (a drug developed in 1970s), 
infection rates continue to be high in endemic regions and overall 
prevalence either remains unchanged or has increased since the 
introduction of global efforts to eradicate helminth infections.1,4 
The procurement at low cost and continuous supply of praziqu-
antel (PZQ) for repeated doses by all those at risk of schistosomi-
asis remains a lingering concern.7,8 Even though schistosomiasis 
and geohelminths inflict a devastating toll on the inhabitants of a 
large number of underdeveloped countries, national control pro-
grams have not been instituted in many endemic countries. It has 
been estimated that 1–2 billion PZQ tablets will be required to 
treat the 400 million people per year in sub-Saharan Africa alone 
for at least 5 y at a cost of $US 100 million.4 Due to the high cost, 
lack of infrastructure and other logistical problems in many areas 
of the developing world, treatment with PZQ has primarily been 
restricted to children attending school. However, enrollment in 
school is usually a fraction of all school-aged children, resulting 
in large numbers of untreated children.6,7 Furthermore, even if 
the infrastructure for repeated PZQ doses were developed and 
maintained, history tells us that intensive PZQ treatment fails to 
eliminate disease. In Kenya, a well-characterized cohort has been 
treated since 1995, in some cases up to 25 times and still disease 
transmission persists in a relatively small area of Lake Victoria.9 
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that confers an initial 50% protection in humans should be effec-
tive in reducing overall morbidity and mortality,10,15,27 and in all 
likelihood would be an appropriate first generation schistosomia-
sis vaccine.28

Possible Mechanisms of Protection in Animal 
Models and Humans

The mechanism of protection (elimination of adult worms) in 
the mouse model has been well studied using multitudes of irra-
diated cercarial vaccine regimens and the topic has been exten-
sively reviewed in reference 29 and 30. Briefly, this immune 
mediated protection appears to be a highly orchestrated series of 
events starting in the skin, involving draining lymph nodes and 
lungs where most larvae are killed, 3 weeks post-challenge.30,31 
Vaccination with irradiated cercariae results in the development 
of various effector responses that can range from Th1-type cell-
mediated response to parasite-specific antibodies—all of these 
responses play some role in the immune killing of worms.29,30,32

In humans, evidence from multiple studies documents an 
age-acquired resistance to re-infection in older children and 
adults.5,33-35 Individuals living in endemic communities display a 
characteristic left-skewed convex distribution by age of prevalence 
and intensity of infection for schistosomes.36,37 Factors predictive 
of resistance in multiple immuno-epidemiologic studies include 
a high concentration of serum parasite-specific IgE, increased 
circulating CD23+ B cells, eosinophilia and secretion of IL-5 in 
response to crude worm extracts.9,38-41 However, whether any of 
these immune responses is directly involved in worm killing has 
not been elucidated and there are too few reports that delve into 
the mechanistic aspects of protective immunity.

Vaccine Candidates and Search of Functionally 
Important Vaccine Candidates

More than 100 schistosome antigens have been identified, of 
which over a quarter have shown some level of protection in the 
murine model of schistosomiasis. The list of antigens and associ-
ated prophylactic efficacy has been extensively reviewed in the 
last few years.10,12,16,27,42-45 From all of these antigens, only one  
S. hematobium antigen, Sh-28-GST, has advanced into clinical 
trials, though this occurred over a decade ago and detailed find-
ings are not available.46 Another important schistosome antigen, 
Sm-14, a fatty acid binding protein has also been developed for 
clinical trials.47,48

It is our belief that functionally important antigens will serve 
as appropriate targets for a schistosome vaccine. This is because 
schistosomes interact closely with their host, performing func-
tions such as immune evasion, nutrient uptake and attachment. 
We believe that host-exposed schistosome proteins that under-
take such essential functions will be effective targets for a schis-
tosomiasis vaccine.16 In this regard, our group has targeted a host 
interactive schistosome protein, calpain (Sm-p80) which plays an 
important role in the surface membrane renewal of schistosomes, 
a phenomenon which is widely considered to be a mechanism 
employed by hemo-helminths to evade host immunity.49

PZQ-based morbidity control for schistosomiasis has been useful 
but there are distinct disadvantages associated with this strategy. 
These include little impact on the reduction of disease transmis-
sion and the inherent danger of development of large scale drug 
resistance.10-12 Potential emergence of drug resistance makes long-
term planning solely based on PZQ uncertain. In addition, PZQ 
cannot provide protection from re-infection.13,14 Other efforts 
to reduce the impact of schistosomiasis in endemic regions have 
focused on control of intermediate snail hosts and improved 
sanitation, with minimal success.6 Calls for using limited funds 
to develop multi-faceted programs that integrate chemotherapy 
with vaccines need to be answered.15 There is now general agree-
ment among experts in the field that durable and sustained 
reduction in the disease spectrum and transmission can only be 
obtained through long-term protection via vaccination linked 
with chemotherapy.10,15,16 An effective anti-schistosome vaccine 
would contribute greatly to a decrease in morbidity associated 
with schistosomiasis via protective immune responses leading to 
reduced worm burdens and decreased egg production.10,12,15-18

Is a Vaccine Possible for a Complex Helminth  
like Schistosomes?

Diseases caused by different infectious disease pathogens for 
which no effective vaccines exist, such as HIV, malaria, tuber-
culosis and parasitic helminths remain uncontrolled.19 Attempts 
at developing vaccines for these diseases have proved challeng-
ing for a number of reasons.19 Obstacles that must be overcome 
include the need for the elicitation of an immune response greater 
than that induced by natural infection as well as an understand-
ing of mechanisms of protective immunity in humans. Vaccine 
development against parasitic helminths in particular has been 
hampered by a poor understanding of the complex interactions 
between the human host and parasites, including the mecha-
nisms behind protective immunity.

An effective vaccine against a complex metazoan schistosome 
parasite can be developed. This belief is based on the following: 
(1) the immunization of mice with one dose of irradiated cercariae 
results in 50%–70% reduction in adult worm burden which can 
be increased to over 80% with two or three immunizations;20 (2) 
in non-permissive animal models (e.g., rats and rhesus macaques), 
worm elimination proceeds via a coordinated immune response 
by the host;21,22 and (3) human populations following exposure 
in endemic areas invariably develop some degree of protection 
naturally.23,24 Moreover, this belief is strongly reinforced by the 
successful introduction of several effective anti-parasite vaccines 
(both against protozoa and helminths) in veterinary practice.25

Vaccinology for human helminth infections is defined by a 
paradigm that differs from that for bacterial or viral infections. 
Namely, sterile immunity is likely not achievable, but immuno-
therapy should confer sufficient levels of protection to reduce 
worm burdens to an intensity associated with healthy growth and 
development of children.26 A vaccine that would limit cercariae 
penetration and/or adult worm maturation would reduce egg 
accumulation, and thus, control pathology, the major source of 
morbidity. Additionally, the prevailing opinion is that a vaccine 
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was observed, thus minimizing the risk of hypersensitivity reac-
tion following vaccination with Sm-p80 in humans. Proof-of-
concept studies in rodent and nonhuman primate animal models 
have been completed. Sm-p80 protein has successfully been made 
in 50 L fermenters, purified to homogeneity with high yields and 
with Food and Drug Administration acceptable endotoxin levels 
by PREMAS Biotech Pvt., Ltd., (Gurgaon, India), with repro-
ducible efficacy in animals as observed using the protein gener-
ated in the laboratory. Based on these data, it is our assessment 
that Sm-p80, in a recombinant protein formulation, is now ready 
to be moved into the next phase, i.e., scale up and cGMP produc-
tion in preparation for Phase I/II human clinical trials. Overall, 
we believe that calpain has a great potential as an important vac-
cine antigen for the reduction of the morbidity associated with 
both S. mansoni and S. japonicum63,64,70 infections. The immuno-
biological goals of a Sm-p80-based vaccine would be blocking an 
essential parasite function via IgG. Furthermore, our preliminary 
studies indicate that calpain may also be useful for S. hematobium 
infection (Fig. 1).

Another important vaccine candidate in this regard includes 
the tetraspanins (TSP-1/2), which are present on the apical syn-
cytial surface of S. mansoni and have been identified and used in 
a defined vaccine formulation that upon administration provided 
protection ranging from 29–61% and reduction in egg burden 
from 50–61% in mice.71 It is speculated that, like their human 
counterparts, TSP-1/2 are involved in cell-cell interactions and 
maintenance of membrane integrity,71 and may thus be func-
tionally important antigens as vaccine candidates.43,72 Recently, 
though it has been reported that TSP-2, is not a reliable target 
for S. japonicum.73

Conclusions and Future Directions

Unquestionably, the development of an effective, protective schis-
tosomiasis vaccine would be of immense public health impor-
tance. This vaccine can be administered to children in order to 
prevent severe infection in the following years of high risk (3–12 y 
of age). This age group of children and young adolescents cor-
respond to those ages in which contact with infected water is 
maximal. Booster doses of schistosomiasis vaccine may not be 

We believe that a systematic and methodical approach is 
critical toward developing a vaccine for schistosomiasis. Over 
the past 20 y, we have attempted to follow this strategy toward 
developing Sm-p80 into a viable vaccine candidate. At pres-
ent, to our knowledge, Sm-p80 is the sole schistosome vaccine 
candidate that has been tested for its prophylactic, antifecun-
dity and therapeutic efficacy in different vaccine formulations 
and approaches (e.g., naked DNA alone; recombinant protein 
with adjuvants; and prime with DNA, followed by boost-
ing with protein plus adjuvants) in two experimental animal 
models (mouse and baboon) of infection and disease.16,50-62 
Furthermore, the validity of Sm-p80 as a viable vaccine candi-
date has been reinforced by the work of five “research groups” 
who have independently demonstrated reproducible and con-
sistent protective efficacy in mice following challenge infec-
tion using calpain or its peptides as an antigen (Nagoya City 
University Medical School, Nagoya, Japan;63,64 The John P. 
Robarts Research Institute and University of Western Ontario, 
London, Canada;65,66 Laboratory of Parasitic Diseases, National 
Institute of Allergy and Infectious Diseases, Bethesda, MD;67 
Cairo University, Cairo, Egypt;68,69 Texas Tech University 
Health Sciences Center, Lubbock, TX50-62).

Sm-p80-based vaccine formulations have three protec-
tive effects: worm reduction, antifecundity effect and protec-
tion against acute schistosomiasis.50-62 Some of the recent data 
generated by our group also demonstrate therapeutic effects of 
Sm-p80-based vaccine via killing of established adult worms in 
the nonhuman primate host. Protection and antifecundity levels 
recorded with Sm-p80 vaccine formulation(s) in both mice and 
baboons are approaching levels previously recorded only with the 
irradiated cercarial vaccine approach. Specifically, worm reduc-
tions of up to 70% in mice and up to 60% in baboons have been 
demonstrated, using recombinant protein formulations contain-
ing toll-like receptor (TLR) agonists (TLR4, TLR7/8 and TLR9). 
Complete elimination of egg-induced organ pathology has been 
achieved using Sm-p80-based vaccine with 100% reductions in 
liver/intestine egg counts in both mice and baboons. Human cor-
relate studies have revealed Sm-p80-reactivity with IgG in human 
sera from schistosome infected individuals. Additionally, lack of 
prevailing Sm-p80-specific IgE in a high risk/infected population 

Figure 1. Western blot analyses of three species of schistosomes. Parasite extracts of Schistosoma mansoni (Sm), S. japonicum (Sj) and S. hematobium 
(Sh) were separated via polyacrylaimde gel electrophoresis and resultant immunoblots were probed with (first part) rabbit polyclonal antibody raised 
by using peptide of S. mansoni calpain (position 737–758); (second part) mouse sera obtained from animals vaccinated with Sm-p80; (third part) sera 
from baboons immunized with Sm-p80. S. hematobium calpain (Sh-p80) has 95% and S. japonicum calpain (Sj-p80) 85% sequence homology with 
S. mansoni calpain (Sm-p80). This preliminary study indicates that immunogenic epitopes of Sm-p80 which may play a role in vaccine-mediated 
protection may be conserved in the three species of schistosomes. Thus Sm-p80 based vaccine formulation may have potential for cross-species 
protection.
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This is partly because of a developing paradigm which suggests 
that mechanisms of protection in the permissive mouse model 
of schistosomiasis cannot completely be generalized to human 
protection. This belief is based on the failure to know exactly 
whether a successful schistosome vaccine should induce Th1 or 
Th2 or both responses that will result in acceptable protection/
resistance. Overall, while schistosomiasis represents a major pub-
lic health burden in areas of the world least-equipped to shoulder 
it, the future is bright for the development of a vaccine to combat 
this disease, but more funding and resources should be dedicated 
to these efforts.
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necessary since subsequent exposure to infective larvae could 
provide continuous re-stimulation to immunity. Such a vaccine 
would greatly reduce the need for logistically difficult and expen-
sive drug-based programs and will save millions of lives. There 
is a very good likelihood of having a starter vaccine by the next 
decade. It is also important to realize that the most appropriate 
clinical endpoint for vaccine efficacy is reduction in morbidity 
associated with schistosomiasis. To this effect, emphasis should 
also be placed on exploring the therapeutic potential of antigens 
in addition to the conventional prophylactic and antifecundity 
efficacy estimations. Obviously, further research is required 
on the development of novel adjuvant vehicles as well as cock-
tail vaccine formulations to enhance protection levels with the 
eventual aim of 100% worm reduction. Furthermore, it would 
be sagacious if partly characterized antigens are not rushed 
pre-maturely into clinical trials without first testing their pro-
phylactic and therapeutic potential in both rodent and nonhu-
man primate systems. There are several reasons for this cautious 
approach. For example, Lebens et al.18 have pointed out, and we 
concur, that some of the proposed vaccination strategies based on 
studies performed only in the mouse model could have undesir-
able effects in some individuals if taken to human clinical trials. 
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