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A review Article

SCHISTOSOMIASIS: THE DISEASE, ANTI-SCHISTOSOMA VACCINE
CANDIDATES AND BABOONSASIDEAL MODELSIN SCHISTOSOMIASIS
STUDIES

ABSTRACT

Schistosomiasis is a parasitic disease caused b6gdbflukes of the genuschistosoma. Acute
schistosomiasis (Katayama's fever) may occur waéks the initial infection, especially & mansoni
and S japonicum. Manifestations include fever, cough, abdominahpdiarrhea, hepatosplenomegaly
and eosinophilia. Pathology is due to host resptmsantigens released by tBehistosoma eggs lodged

in tissues. Chronic infection may cause granulomsteactions and fibrosis in the affected orgarmschv
may result in manifestations that include: colopayposis with bloody diarrhea; portal hypertension
with haematemesis and splenomegaly; cystitis amderitis with hematuria, which can progress to
bladder cancer; pulmonary hypertension; glomerybangs; and CNS lesions. Cerebral granulomatous
disease may be caused by ectoRigaponicum eggs in the brain, and granulomatous lesions aroun
ectopic eggs in the spinal cord fré@nmansoni andS. haematobium infections may result in a transverse
myelitis with flaccid paraplegia. At present thesneffective control method is chemotherapy with ab
praziquantel as the drug of choice. With the pdlitsilof drug resistance and re-infection, the feds on
development of vaccine(s) that can significantlduee the incidence of the disease. Many different
Schistosoma antigens that are capable of protecting experiateartimals against schistosomiasis have
been identified. The potential of these vaccinedaates need to be validated fully in humans. As a
starting point, the antigens need to be testedh iarémal model that is biologically and immunolaig
closely related to humans. The baboons may bed#ée models for this purpose as prelude for human
clinical trials. This article reviews the diseashistosomiasis; antehistosoma vaccine candidates; and

also looks at baboons as ideal models in schistesisrstudies.

Key words. Antigens; Baboons; Control; Model; Pathology; Ztqaentel; Protection; Resistance;
Schistosomiasis; Snails; Vaccine; Vector

Introduction

Schistosomiasis also known as bilharzia, bilhargios snail fever is a parasitic disease caused
by several species of fluke of the gerfithistosoma, which affects human beings, domestic
livestock and wild animals including non-human pates (Pearce, 2003). The disease is a major
health hazard in tropical countries, especiallyaneas with water that is contaminated with
freshwater snails which may carry the parasitess #stimated to affect between 200 and 300
million people, particularly children who may aceuihe disease by swimming or playing in
infected water (Anon., 1993). More than 80% of thogected are in sub-Saharan Africa, where
it is a poverty related health problem and a megarse of morbidity (Chitsulet al., 2000).

The parasites cause chronic morbidity in large nensilof infected individuals, with severe life
threatening consequences in a small percentadgmseé affected. Although it has a low mortality
rate, schistosomiasis often is a chronic illnesg ttan damage internal organs and in children
impair growth and cognitive development. It is estied that 280,000 people die from this
disease in sub-Saharan Africa each year (van def &/al., 2003), and 4.5 million disability-
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adjusted life years (DALYSs) lost on account of sthbéomiasis world-wide (Anon., 2002).
Schistosome infections may also be impacting tleogly and transmission of HIV/AIDS, TB
and malaria, and vice versa (Kallestrepal., 2005; Brownet al., 2006). In particular, the
interaction between schistosomiasis and HIV/AIDSeiseiving increasing attention, given the
role of immune responses in both diseases andebgraphic overlap in distribution; low CD4
T-cell counts resulting from HIV infection may imase susceptibility to schistosome infection
and influence egg excretion (Gryseetial., 2006).

A number of Schistosoma species have been reported to affect humans dret atammals
(Farahet al., 2000), but only three are of significant impada in human schistosomiasis;
Schistosoma haematobium, S.mansoni andS. Japonicum (Cheesbrough, 1985%. haematobium
causes urinary schistosomiasis and occurs in AfAsg and Europe (Anon., 1993. mansoni
which cause intestinal schistosomiasis occurs incaf South and Central America, white
Japonicum the other causative agent of intestinal schistagsisis restricted to the Far East
counties such as Philippine, China, Thailand, Lawwd Cambodia (Anon., 1993). Other species,
such asS. intercalatum andS. mekongi also affect humans, but to a lesser extent. Spacdeh as

S bovis, S curassoni, S. margrebowiel, S. matheei andS. rhodhiani infect animals but may also
infect human being on rare occasions (Sturrock1200

Schistosomiasis is endemic in 74 countries globalhd in Africa it is endemic in 46 out of 54
countries (Boelee and Madsen, 2006). More than &D#orbidity /pathology cases associated
with S. mansoni are found in Tanzania, DR Congo, Nigeria and KeSyadan and Somalia have
very low endemicity forS. mansoni. Schistosoma haematobium infections are low in Ethiopia,
Uganda and Madagascar (prevalercg%). Burundi, Rwanda, Equatorial Guinea and Eaitre
have also very low endemicity f& haematobium (van der Werkt al., 2003). But establishment
of irrigation and other water resource developmegmbjects, increase in population,
resettlement/migration, and diseases in Africa hiameeased transmission, and also made it
possible for schistosomiasis to spread to areasenibh@as not common (Boelee and Madsen,
2006; Gryseelst al., 2006; Liet al., 2007). The Diama dam on the Senegal River inted&.
mansoni to Mauritania and Senegal (Gryseetsal., 2006). Egypt's Aswan Dam helped to
eliminateS haematobium from the Nile Delta but aided in establishingSimansoni in Upper
Egypt. S. mansoni was introduced into Somalia and Djibouti due tgudation disarticulation
(Gryseelst al., 2006). Schistosomiasis and other water relaitsghdes may become more acute
as a result of the growing human population, amdethsuing demands on energy and food that
will lead to expanded and intensified exploitatioh water resources in Africa (Boelee and
Madsen, 2006).

In Kenya, where about 1.5 Million people are aféectvith schistosomiasis, the species &e;
haematobium andS. Mansoni (van der Werft al., 2003).S. haematobium is found in the coastal
counties, eastern and western Kenya (Kaha@l., 2003), butS mansoni is mainly found in
Central and Western regions of Kenya (Highton, 1924 der Werkt al., 2003).

Diagnosis of schistosomiasis

Microscopic identification of eggs in stool or wiis the most practical and standard method for
diagnosis (Feldmeier and Poggensee, 1993). Staohi@ation is performed when infection with
S mansoni or S. japonicum is suspected and urine examined wBehaematobium is suspected.
Eggs are identified by size and shape (Grysetedb., 2006). Eggs can be present in the stool in
infections with allSchistosoma species. The tests may be negative during theatogr phase
proceeding egg excretion (Anon., 2014). Since eggy be passed intermittently or in small
amounts, their detection can be enhanced by repeataminations and/ or concentration
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procedures (Elliott, 1996). The egg out-put cao &ks quantified by use of Kato-Katz technique
or the Ritchie technique. Tissue biopsy (rectapbyofor all species and urinary bladder biopsy
for S haematobium) may demonstrate eggs when stool and urine exaimmsaare negative.
Several widely used immunological methods are absl for schistosomiasis antibody
detection. The most important ones are the indiraotunofluorescence test (IFT), the indirect
haemagglutination test (IHAT) and the enzyme-linkachunosorbent assay (ELISA). ELISA is
the commonly used test for the serological detaatioSchistosoma infection, particularly in the
diagnosis of egg-negative cases (Anon., 2014).

Molecular assays offer high sensitivity, which ngpiortant in the context of low parasitic loads
as observed in low transmission setting. Theseyassan be useful to identify species (species
specific DNA amplification), determine the origifh the parasite by comparing the results with
the international gene sequence databases, andsasseue or multiple introductions in a
transmission focus. Real-time PCR is an alternatnathod for quantifying parasitic load. In
addition a 28S rRNA gene based nested PCR assdyebasused to defirgchistosoma species

in migrants and international travellers (Cnepal., 2012).

The morphology and life cycle of the parasites

The males ofS mansoni are creamish in colour, broader, bear a gynaecaplvanal and
measure 6-12mm long with a diameter of 1.1mm. Tin@ber of testes varies from 4-13 and
these are anteriorly placed (Cheesbrough, 19819. iirphology of malé&. haematobium is
similar to that ofS. mansoni except it is longerS. japonicum has also similar morphology ®
mansoni, but like S haematobium it is longer and narrower. The females of thedlspecies are
darker, slender and relatively larger than the sjateeasuring 10-20mm long by 0.6mm wide
(Yole, 1996).

The eggs ofs haematobium have a terminal spine, while thoseSimansoni andS. japonicum
have lateral spine (Cheesbrough, 1981). The eg§snainsoni andS. japonicum are laid by the
female adult worms in the mesenteric blood vedsets where they penetrate into lumen of the
intestines of the definitive hosts and are passgdvith faeces (Cheever and Andrade, 1967).
haematobium eggs are passed out in urine, rarely in faeceausecthey are laid in the walls of
the urinary bladder (Cheesbrough, 1981). Humanséstted after recreational or occupational
contact with freshwater that has free-swimming agae. The main types of exposure to
infected water are connected to agricultural, fighidomestic and recreational activities (Anon.,
2014).

Mature eggs once passed with faeces or urine ishfwater hatch into female and male
miracidia, under condition of light and warmth (IKBes and Gilberton, 1976). A miracidium
swim actively by means of cilia until it encountens appropriate snail or die within 48 hours.
Penetration into the vector snail is through th& gparts of the body and is achieved by
secretions from the anteriorly placed penetratitamds of the parasite (Jourdane and Theron,
1987). Once inside the snail, miracidia lose thatliated epidermal layer and develop into
mother sporocysts (Cheesbrough, 1981). A furthexws multiplication takes place to yield the
final larval stage, the cercariae, which are shethfthe snail between 4-6 weeks after infection
depending on light and temperature (> 20-25°C) €¥bhl., 1996; Anon., 2014). The optimum
temperature for infection of the snails ranges fr@830°C, which explains the tropical and
subtropical distribution of schistosomiasis. Caadashedding occurs mainly during the warmest
hours of the day, and one snail can shed about-2000 cercariae daily, but these numbers
decrease with time. The cercariae in fresh watarsvam for about 72 hours, and when they
come into contact with wet skin of the host, thepgtrate between the hair follicles (Jourdane
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and Theron, 1987; Anon., 2014). The penetratiorcgss takes 5-15 minutes and cercariae lose
their tails and become schistosomula (Bustindykind, 2009).

The schistosomula enter the peripheral lymphatigemous vessels and are carried to the lungs
via the heart and appear in the lungs 4-7 days péeetration. From the lungs they move to the
portal vessels via the heart, where they grow méte and female adult worms (Anon., 2003).
The adults, male and female then pair up, and menmacopula with the female lying in the
gynaecophoric canal of the male. In this statewthem pairs migrate to their ultimate vascular
bed, specifically, superior mesenteric veir inansoni), inferior mesenteric and superior
hemorrhoidal veins§ japonicum), or the vesical plexus and veins draining thetasse S
haematobium) where the females begin to lay eggs. A proportibtihe eggs o8. japonicum and

S mansoni are carried to the lumen of the colon and remdtienligh faeces. But the eggsf
haematobium are concentrated in urine (Cheever, 1969; Andil4® The life cycle continues
when eggs come into contact with fresh water artdhhento miracidia (Lyons, 1978; Anon.,
2003). Figure 1 detail the life cycles of three@pe of schistosome.
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Figurel. The life cycle ofSchistosoma parasites: adapted from Center for Disease Control.
Laboratory Identification of Parasites of Publiaicern, 2nd edition, 2003.

Host preference and tissue localization of Schistosoma

Schistosoma mansoni affect humans and non-human primates (Sturreickl., 1978). Many
primates are naturally infected. Miller, (1960)ufal out that in endemic areas, baboons, vervets
and sykes are affected, suggesting presence oéadonosis. The parasites may also develop to
maturity in a number of experimental animals, nefdrto as permissive hosts. These hosts
include mice, hamsters and Rhesus monkeys. Rodaeaolsas rats are rarely infected (Kuatz
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al., 1971; Cheeveset al., 1974). The hosts fo8 japonicum are humans and other mammals.
Humans are considered to be the only reservdd leiematobium (Anon., 2014).

Snails of various groups act as intermediate hiostdifferent species ofchistosoma (van der
Werf et al., 2003). The geographical distribution of the sndhgrefore influence the endemicity
of the parasiteS mansoni is transmitted by species of the gemismphalaria. In East Africa;
Biomphalaria pfeifferi is the vector (Lyons, 1978%. haematobium and S. intercalatum are
transmitted byBulinus species. In KenyaBulinus africanus and B. trancatus complex are the
vectors forS. haematobium (Anon., 2014) S. japonicum is transmitted byOncomelania species
and S mekongi by Neotricula species (Gryseekt al., 2006). Snails live in well aerated water
with vegetations. The vegetation serves as foodadsa supply leaf surface for egg deposition.
Although snails can survive at higher temperatutiesy thrive well at an optimum temperature
range of 22-26°C. Snail population decreases duhegainy season and increases in the drier
and warmer months of the year. However, where wataperatures are more stable, some snail
population, show no seasonal trends. But droughdsflaods reduce their populations (Brown,
2005).

In tropical lakes the extraordinary growth of cert@pecies of floating plants, particularly
Eichlornia crassipes (water hyacinth),Salvinia auriculata (water fern) andPistia stratiotes
(water lettuce), provide rich support for multiglioon of vector snails, especialBulinus and
Biomphalaria species, and of insects (Anon., 1993). Snail dssdealong water-courses is also
assisted by floating islets of vegetation. The agref water hyacinth is having a severe
economic impact on Eastern African lakes. Submengsgktation, of whichCeratophyllum
demersum, Polygonum senegalense and Utricularia inflexa are examples, may support large
snail colonies, especially when the aquatic plares growing vigorously. As it sometimes
occurred in Lake Nasser, bottom algae can supposnal population that ensures the
transmission of schistosomiasis (Anon., 1993).

Pathology

The parasitological and pathological changes dueadote and chronic schistosomiasis in
humans, non-human primates and mice have been @mtedh (Warren, 1966; Sadu al.,
1966; Cheever and Andrade, 1967; Myetsal., 1970). Baboons infected witB. mansoni
develop similar signs of acute human schistososyiastluding eosinophilia and fever (Damian
et al., 1992). The immune responses that develops foligwifection with schistosomiasis often
proceeds to cause pathological changes that aragyricause of the illness (Kariuki and Farah,
2005). The pathology of schistosomiasis may beddiviinto three main stages. These stages
include; the invasion phase, the maturation ofatié® and the chronic phase of the disease. The
invasion phase is the actual penetration of thentiee host by the cercariae and the following
2-7 days during which the cercariae migrate from $kin to the lungs (Cheesbrough, 1981).
This phase is marked by a moderate to intenserskictions called "Swimmer’s itch” at the site
of penetration depending on individual's sensyivd the parasites (Capron and Capron, 1994).
Individuals in endemic areas show little or no teax; while visitors develop marked skin rashes
and urticaria (Clarket al., 1970).

The acute phase starts 6-12 weeks after infecind, coincides with peak egg deposition and
the characteristic pathological manifestation is #tage, in moderate and heavy infections is an
acute febrile reaction often referred to as thetélgama syndrome” (Clarket al., 1970). The
symptoms includes; fever, fatigue, urticaria, cougid asthma-like symptoms. The eggs
produced induce an inflammatory reaction in therliand walls of the colon and rectum, with
formation of granulomas where giant and epitheloedls infiltrate around the egg and held
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together by an extra cellular matrix (Farethal., 1997). The clinical signs at this stage are;
abdominal pain and tenderness and intermittentndgege or diarrhoea (King and Mohmoud,
1998). The intestines may have serosal nodulasriesialled “Sandy patches” or in severe cases
polyps leading to pseudo-tumours or bilharziomdse@ver and Andrade, 1967). There is also a
remarkable enlargement of the mesenteric lymphs(Qkarkeet al., 1970).

Histologically, the acute granuloma is seen to s a centrally place&chistosoma ovum
surrounded by concentric layers of inflammatoryssgdredominantly eosinophils (Lenet al.,
1987). Lymphocytes, macrophages, plasma cells amdrophils are also present in the
granulomas. The chronic phase which is a sequemtaulation of the granulomatous
inflammation, is characterised by reduction in gtama size and diminished cellular infiltration
particularly eosinophils. This stage is largely-slihical, but it contributes to long term debility
associated with chronic schistosomiasis (Mitchresaeh Oliviera, 1986).

In some cases of schistosomiasis, the granulomas faih to modulate resulting in the
hepatosplenic disease (Wyler and Telebian, 199i)s & the main cause of schistosomiasis
related mortality. The reaction to the eggs in kiker may eventually cause the peri-portal
fibrotic reaction known as “Symmers clay pipe stiionosis” which may lead to formation of
varicose around the rectum, stomach and oesopl{Agusade, 1987). In other cases the eggs
can be lodged in the brain, spinal cord, lungs tredkidneys. Neurological schistosomiasis is
due to eggs being trapped in the brain or spinal (®ittella and Lana-Peixoto, 1981), and renal
schistosomiasis manifest as nephropathy or gloroeephritis (Andrade, 1987). Death duesto
mansoni infection is as a result of haematemesis, poryplehtension and occasionally upper
gastro-intestinal haemorrhages (Dessein, 2003; D@®93). Figure 2 and 3 show the
histopathology in the liver and colon of baboone thS. mansoni eggs.

Schistosoma haematobium in endemic settings affects mostly children of3kears old. The
skin penetration may also cause skin eruption andtps. The parasites migrate through blood
to reach the venous plexuses and mature to thé stdgke. During the first month of infection, a
non-immune individual can present with general imewallergic reactions during migration
phase and early egg deposition (Anon., 2014). Galysmall proportion of cases will
progressively develop chronic symptoms, which aceeniikely in people with heavy infections
and recurrent exposure as seen in endemic setlihgsinfection can remain pauci-symptomatic
for a long period but still cause progressive dagnaghe urogenital tract (Anon., 2014).

The chronic stage of the infection &fhaematobium corresponds to urogenital complications as
the female worm releases eggs which migrate throluighwall of the bladder and the urogenital
system. These retained eggs provoke a granulomatthammatory response, which is the main
cause of pathology in the human host. While medioaiplications are progressive, microscopic
haematuria is an early sign that should be invasd) for individuals with known exposure to
the parasite. Haematuria and dysuria are the nyanpt®oms of urogenital schistosomiasis, and
early complications are infections of the upper #&wler urogental tract and lithiasis (Anon.,
2014). Chronic infections are characterized by ltergh complications such as obstructive and
fibrous lesions of the urogenital tract, chronicstys, calcification in the bladder and renal
impairment.S. haematobium is considered a risk factor cancer of the urifdagder in endemic
settings (Anon., 2014).
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Figure2. Liver and large intestine of a baboon infected V@timansoni. A: Section ofliver showing a larg
portal egggranuloma with an ovum surrounded by large numb&eosinophils, neutrophils, histiocytes ¢
lymphocytes.B: Section of the colon of same baboon having m&@ngnansoni eggs and infiltrated wit
inflammatory cells.
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Figure3. The liver and colon of baboon infected wihmansoni. A: Liver section showing eggranuloma surrounds
with inflammatory cells, mainly mononuclear celisdaa few eosinophils. The granuloma is smll.Section of th
colon of same baboon showing an ovum, and alsltratéd with inflammatory cells.
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I mmune responses to Schistosoma infection

All stages ofSchistosoma induce a very pronounced immunological responsé) e more
predominant being directed against the eggs (OntiegtAl., 1988). The adult worms are largely
unaffected due to development of evasive mechanmgmish enable the worms to survive in the
hostile environment of the host (Dunne, 2003). €hexgasive mechanisms of the adult parasite
include induction of anti-inflammatory molecules afRaswamy and Kumar2000),
incapacitation of lymphoid cell function (Angedt al., 2001), coating of the host’s surface
antigens (Loukaset al., 2001) and production of anti-oxidant enzymes amarany other
mechanisms (LoVerdet al., 2004).

Schistosomula are the most susceptible to immutaekatoth in-vitro and in experimental
murine models. The surface of a schistosomulum ¢igsoprotein antigens that share
carbohydrate epitopes with large polysaccharidégans in the parasite egg. These antigens
induce IgE and IgG dependent cellular cytotoxicitgactions involving eosinophils,
macrophages, platelets and complement mediatedlareltytotoxicity (Caproret al., 1979;
Gressneet al., 1998). Infection withS. mansoni has been shown to elicit both the cellular and
humoral arms of the immune response. Cellular imemgsponse t& mansoni infection in
baboons is largely of mixed Th1\Th2 phenotype, lsimio the situation in the human hosts
(Mola et al., 1999). Studies to determine the role of antibsdn the immune response in
baboons have demonstrated IgM as the predomingibbdy in the primary response, while the
secondary response is characterised by producfiasther classes specifically IgG and IgE
(Nyindoet al., 1999).

Cytokine levels peak during acuf mansoni infection, but decline with chronic infection and
become almost undetectable after treatment (Moblat., 1999). Re-infection after treatment
induces two to three fold increases in soluble &gigen (SEA) specific interleukin-4(IL-4), IL-
5, IL-10, IL-2 and transforming growth fact@ (TGF{f) production. SEA-induced IFN-
production does not increase with re-infection rafteatment, but induced TQFproduction
remains elevated as the infection become chrontt @mrelates with diminished hepatic
granuloma size, implying its participation in thewsh-modulation (Moleet al., 1999). SEA in
baboons also induces lymphocytes proliferationrduthe acute phase of the disease (Mwla
al., 1999).

Control of schistosomiasis

The main approaches that have been applied intampgit to control schistosomiasis include;
control of snail vectors, chemotherapy, improveditasion, prevention of water contact and
health education (Pearce, 2003). Molluscicides saagmiclosamide have been widely used to
control snails. However, this approach has sevnghtions. First, the chemicals are expensive
and their application must be undertaken frequerBgme molluscicides are harmful for
example sodium chlorphenate cause skin irritationl dence dangerous to the handlers.
Molluscicides also kill some of non-target benefianolluscs and other organisms such as fish.
These disadvantages have largely limited the useatiiscicides, and make it necessary to opt
for other methods to control snails (Klump and CHe87; Anon., 2014). This is even important
in areas where irrigation water is used intensivetyfishing, livestock, domestic purposes and
even drinking (Boelee and Laamrani, 2004; Nguyed&édt al., 2005).

Biological methods have also been tried. Birds lange snails such adarisa carmuarietus and
Tarebia granifera that feed on other snails have been used to dahteovector snails (Yole,
1996). The other methods of control involves prafisposal of faecal and urinary waste in order
to avoid contamination of the environment wibhistosoma ova (CairnCross and Feachem,
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358 1983). The building of latrines would if practisedsure that this is achieved. But in practice, not
359 every homestead in endemic areas has a latrinenasdme cases the local population has
360 cultural beliefs that are opposed to the use ahke$ (CairnCross and Feachem, 1983).

361 Chemotherapy has been the only successful methadntrolling schistosomiasis. The drugs
362 currently available for treatment of schistosonsamie praziquantel, metrifonate, oxamnaquine
363 and artemisinins (Richter, 2003). Praziquantehis drug of choice and all species that cause
364 pathology in humans and other animals are susdeptibit (Anon., 1998). Apart from the
365 original product, generic praziquantel is also EAé and because of this, the price of the drug
366 has come down considerably (Richter, 2003). Thieafy of oxamnaquine and praziquantel is
367 comparable, with a slightly better efficacy for pruantel. Resistance to oxamniquine has
368 however been observed in Brasil (Lambertuecial., 2000; Saconato and Atallah, 2000).
369 Mirazid, the oleo-resin extract from myrrh @dmmiphora molmol tree was established in Egypt
370 as a novel drug against schistosomiasis and otlr@spic diseases, but the drug is not being
371 produced on commercial scale and its use is onijirned to a few people in Egypt (Hamed and
372 Hetta, 2005; Aly and Aly, 2006).

373 Even though schistosomiasis control can be appeshelith praziquantel alone, the possibility
374 of developing resistance to this drug must be takémaccount. This drug is effective against
375 adult worms only, and has little or no effect oe #ggs and immature worms. The preferred
376 timing of follow-up is therefore 4-6 weeks afteedtment. After a single dose of 40mg/kg body
377 weight, 70-100% of the patients cease to excretgs €dnon., 2014). But under vigorous
378 selection in the laboratory, it has been possiblddmonstrate that some schistosomes possess
379 the genes that carry a lesser susceptibility taziguantel. Reduced cure rates have also been
380 observed in Senegal due to very high re-infectiates with a relatively high number of
381 developing immature parasite not susceptible taiguantel (Stalmat al., 1995; Falloret al.,

382 1995; Anon., 1998; Kussel and Hagan, 19)mansoni isolates that tolerate high doses of
383 praziquantel have been characterized from Egypf{isnsail et al., 1996). The other problem is
384 that in spite of recent reduction in price of peae&ntel, the drug is still out of reach for many
385 people in the endemic areas especially in Africasdtreatment does not also prevent re-
386 infection (Richter, 2003; Kariuki and Farah, 200Re-infection occurs rapidly in exposed
387 populations in most areas of endemicity such thi#tinva period of 6 to 8 months following
388 chemotherapy, the prevalence returns to its basétwvel. Due to these reasons, it is clear that
389 the most feasible long-term solution to schistosmisi control is a protective vaccine (Pearce,
390 2003).

391 Anti-schistosome vaccine development

392 A reduction in worm numbers is the “gold standd@” anti-schistosome vaccine development,
393 but as eggs are responsible for both pathologytem$mission, a vaccine targeted on parasite
394 fecundity and egg viability is also entirely reletdCapronet al., 2002). The effective vaccine
395 should prevent the initial infection and reduce gggnuloma associated pathology (McMagus
396 al., 1998).

397 Recently, significant efforts have been made tcettgva protective vaccine agairgshistosoma

398 infections, and several vaccine candidates have lomtified (Ahmedkt al., 2001; Da darat

399 al., 2001; Zhangt al., 2001; Dupreet al., 2001; Capromt al., 2001), but as the efficacy of any
400 of these against schistosomiasis remains uncertiagnidentification and characterization of
401 novel anti-Schistosome vaccine molecules remainpriarity (Hanem et al., 2006). The
402 development of vaccine remains an important movhencontrol of schistosomiasis (Hafadia
403 al., 1999).
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Vaccination with irradiated cercariae has constbteproduced high levels of protection in
experimental animals, but delivery problems, thednér a standardised product and safety
considerations rule out this approach for use imdm beings (Kariuki and Farah, 2005).
However, it appears feasible to develop them fdemary application. Nevertheless, many
Schistosoma antigens continue to be tested as possible vacciimese vaccine candidates may
not be the final answer to controlling schistos@isiabut may provide measurable protection
and since morbidity rather than sterile immunityhe target, only partially protective vaccine is
required (Bergquist, 1998). In view of the facttthi@e pathology in schistosomiasis is directly
correlated to the number &histosoma eggs in the host, a vaccine can achieve its elfgct
offsetting parasite entry and development, and a&hganterfering with the production and
delivery of eggs (Bergquist, 1998; Pearce, 2003).

In this review, we look at some of the major vaecentigens for schistosomiasis and their
protective efficacies. Those that were indepengiéatited under the umbrella of the TDR/WHO
committee in the mid-1990s that have been the faduattention for many years are also
discussed briefly in this review. A number of pdialty promising vaccine antigens fro®
mansoni and, to a lesser extei®,haematobium, have been discovered and published, but only a
few, namely, BILHVAX, or the 28-kDa GST fro® haematobium and Sm14 a member of Fatty
acid binding protein (FABP) family frors. mansoni have entered clinical trials (Sh28 GST at
Phase Il and Sm14 at Phase |) (sponsored by OswWaldoFoundation- Brazil).

Vaccine candidates for Schistosoma mansoni

In mid 1990s under the coordination of UNDP/Worlank/ WHO special program for Research
and Training in Tropical Diseases (TDR/WHO comngjtesix vaccine antigens frors.
mansoni; GlutathioneStransferase 28 (Sm 28-GST), paramyosin, Ir-V5,09&i phosphate
isomerase (TPI), Sm 23 and Sm 14, were independesgted (Bergquistt al., 2005). They
yielded protective responses, but the stated gbatoasistent induction of 40% or more
protection was not achieved with any of testedgems. The failure may be due to; a negative
influence of insufficient antigen stability and theed to use standardized and effective adjuvant
formulations or due to the fact that these antigams not exposed onto the parasite surface,
except Sm23 which is exposed on the apical memisarface of the parasite, though not an
abundant apical membrane protein on the parasifaceu(Wrightet al., 1991). These antigens
are not exposed to the host immune system andfoherdo not induce the required protective
responses in the host (Braschi and Wilson, 2006k Tailure to develop an efficacious
schistosome vaccine can also be attributed intpdahte complex immunoevasive strategies used
by schistosomes to avoid elimination from theirraniscular environment (Pearce and
MacDonald, 2002). Nonetheless, the following argnotseare in support of possibilities of
developing effective vaccines against the variaigssosome species (Bergquesial., 2005): 1)

as mentioned above, irradiated cercariae regularjuce high levels of protection in
experimental animals, and additional immunizatibosst this protection further, 2) humans in
endemic areas develop various degrees of resistaotie naturally and drug-induced, and 3)
antihelminth recombinant vaccines against cestotyhelminths have been developed
successfully and applied in veterinary practicea(@ret al., 2007). Due to these arguments, a
large number of schistosome antigens has been thedafutilizing the complete genome
sequence), and additional candidates are now Heungd through proteomic and immunomic
approaches.

Tetraspanins. These are four-transmembrane-domain proteins foandthe surfaces of
eukaryotic cells, including B and T cells. They bawo extracellular loops; a short loop 1 of 17
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to 22 amino acid residues (EC-1) with little tengigtructure and a larger, 70- to 90-amino acid
residues loop 2 (EC-2), which has four or six dystgesidues that form two or three disulfide
bonds. Although their functions are unknown, in@sv apparent from proteomic studies that a
family of tetraspanins is expressed in the schistestegument (Braschi and Wilson, 2006), and
at least three of these show promise as vaccime23$s a tetraspanin expressed in the tegument
of S. mansoni and is one of the independently tested WHO/TDRcwe&ccandidates (Bergquist
and Colley, 1998). Sm23 has been shown to be tist efi@ctive when given as a DNA vaccine
(Da'Dara.et al., 2003), but not effective as a recombinant proteien formulated with alum. It
induces 40-50% protection in mice (Bergquestal., 2002). Recently two nev mansoni
tetraspanins (SmTSP-1 and SmTSP-2) were disco{&mgthet al., 2003). Both proteins are
expressed in the tegument membran& ofiansoni (Tranet al., 2006), and TSP-2 was identified
as one of a subset of proteins that were biotiaglabn the surfaces of live worms and
subsequently identified using tandem mass spectrgr{Braschi and Wilson 2006). TSP-2 in
particular produced high levels of protection aseeombinant vaccine in the mouse model of
schistosomiasis, and both proteins were strongipgeized by IgG1l and 1gG3 (but not IgE)
from putative resistant (PR) individuals but nobnfr chronically infected or unexposed
individuals (Traret al., 2006). Both proteins induce good levels of pbte (> 50% reductions

in liver egg burdens) in immunized mice given @&rmansoni challenge. Knox, (2010), noted
that TSP-2 provided protection in excess of 40%cherark set by WHO for schistosome
vaccine antigens to proceed to clinical trails. o membrane-spanning protein, Sm29, has
also been assessed as a vaccine candidate. Lik&,TSi®29 is preferentially recognized by
antibodies from naturally resistant individuals gared with chronically infected individuals
(Tranet al., 2006), although the extent of selectivity is astgreat as that reported for TSP-2.
Studies in mice have shown that recombinant Sm29&dee effective (Loukast al., 2007).
Other apical membrane proteins from the tegumeattwlarrant attention as vaccines include the
structural membrane proteins with large extracatloégions, such as annexin and dysferlin, and
other proteins that are accessible to antibodiésviib no homologues of known function, such
as Sm200 (Braschi and Wilson, 2006). Murine DNA ciaation with gene encoding Sm200
induced 38.1% protection (Fonseztal., 2012).

SmTPI. The glycolytic pathway enzyme triose-phosphate s@se (TPI) is found in each cell

of each stage of the schistosome life cycle, aa&thmansoni enzyme (SmTPI) has long been
targeted as a schistosomiasis vaccine candidatgqBistet al., 2005).

Sm28/Sh28Glutathione-S-Transferase, GST. Sm28-GST is an enzyme expressed in
subtegumental tissues of most developmental stEgbe parasite (Porchetal., 1994). GSTs
are thought to have detoxification role in the péaea Vaccination of rats and hamsters with
recombinant Sm28-GST resulted in significant redunst of worms (Balloukt al., 1987). Trials

in Primates demonstrated antifecundity effect (Bogkret al., 1999), and an anti-Sm28
monoclonal antibody showed antifecundity and ag{-embryonation effects (Xet al., 1993).
Clinical testing of Sh28-GST in people showed thatcine was immunogenic and induced
antibodies capable of neutralizing the enzymatiovigg of the recombinant protein (Caprah

al., 2005). However, the data on the efficacy of trascine in phase Il clinical trials are not
available.

Sm-p80 Calpain. This is a calcium-activated neutral cysteine prededhe calpain large subunit
was first discovered fror8. mansoni by immunoscreening of a lambda phage cDNA libxaiti
sera from infected humans (Andrestral., 1991). Calpain is localized to the tegumentaref
and underlying musculature in adults and in theepration glands and secretions of cercariae of
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both S mansoni andS. japonicum and is involved in surface membrane turnover (Sjdickt al.,
1993) and associated with the inner tegument memeb(@raschi and Wilson, 2006). Calpain
has been shown to be the target of a protective "CDdell clone that induce peritoneal
macrophages from syngeneic recipients to kill gob@mula in vitro (Jankoviet al.,1996). In
addition, mouse recipients of this T-cell clonepthyed significant resistance against cercarial
challenge, making calpain the first vaccine antigiemtified on the basis of T-cell reactivity.

The large subunit Sm-p80 calpain was expressedaculovirus, and the semipurified protein
induced 29 to 39% reductions in worm burdens (Hdii@hell et al., 1997). Subsequent efforts
to improve the efficacy of this vaccine have focusm DNA vaccine constructs, with and
without Thl1-type cytokine cDNAs, in mice and babsd8iddiquiet al., 2003). Sm-p80 antigen
is a promising vaccine target because of its immgenity, protective efficacy and anti-
fecundity effects observed in both experimental imaurand non-human primate models of
schistosomiasis (Zharg al., 2010). In VR1020, a vector approved for humas, @& Sm-p80
based DNA vaccine formulation conferred 46% redurcin worm burden in an olive baboon
(Papio anubis) model. These baboons also had a 28% decreagg joreduction after challenge.
The vaccine elicited robust immune responses taifgpantigen Sm-p80, including 1gG (it's
subtypes IgG1 and 1gG2), and IgA and IgM in vact@daanimals. When stimulated in vitro with
recombinant Sm-p80, peripheral blood mononucledls cend sphenocytes from baboons
vaccinated with Sm-p80-VR1020 produced higher wlIL-2 and IFNy, the Thl response
enhancing cytokines, than IL-4 and IL-10 which &2 response enhancing cytokines. A mixed
Th1/Th2 type of T-cell and humoral responses isegaied after immunization with Sm-
p80VR1020 (Zhangt al., 2010). Prophylactic and antifecundity efficacxésSm-p80 have been
tested using a variety of vaccine approaches it botlent and nonhuman primate models.
Siddiqui et al., (2014), evaluated the therapeutic efficacy of S@-pusing two different
strategies and three Sm-p80-based vaccine formokatn baboons. Vaccine formulations were
able to eliminate 10-36% of established adult womaduced retention of eggs in tissues from
10-57% and decreased the egg excretion in fecas I833:. The ability of Sm-p80 to provide
cross-species protection agaiSsthaematobium challenge has also been evaluated in hamster
and baboon models. In hamsters vaccinated with mbg@mnt Sm-p80 admixed with
glucopyranosyl lipid adjuvant-stable emulsion (GB&), a reduction in worm burden (48%)
and in tissue egg load (64%) was observed. Buthaboons, the Sm-p80/GLA-SE vaccine
produced a 25% reduction B haematobium adult worms and decreased the egg load in the
urinary bladder by 64%. The egg output reductionfaoes and urine was 40% and 53%,
respectively, in vaccinated baboons. A balancedmftammatory (Th17 and Thl) and Th2 type
of response was generated after vaccination andaappndicative of augmented prophylactic
efficacy. These data on cross-species protectiopled with the prophylactic, therapeutic and
antifecundity efficacy against the homologous p&as mansoni, reinforces Sm-p80 as a
promising vaccine candidate. It is currently bemmgpared for GMP-compliant manufacture and
for further pre-clinical development leading to hammclinical trials. These results solidify the
expectation that the Sm-p80 vaccine may providiefrébr both the intestinal and the urinary
schistosomiasis and thus will be greatly benefiaml reducing the overall burden of
schistosomiasis (Karmakatral., 2014).

Paramyosin (Sm 97). Paramyosin is a 97-kDa myofibrillar protein witlcailed-coil structure,
expressed on the surface tegument of lung-stagstesbmula in the penetration glands of
cercaria and may function as a receptor for Fc kbset al., 2001). The vaccine efficacy of
paramyosin againsg mansoni was first described in the 1980s; mice immunizedadermally



542
543
544
545
546

547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586

14

with S. mansoni extracts andycobacterium bovis BCG adjuvant were significantly protected
against subsequent infection, and antibodies predorly recognized paramyosin (Laretral .,
1986). Vaccination of mice with native and reconalbihparamyosin was then shown to provide
modest (26 to 33%) but significant protection aghtiohallenge infection witls. mansoni
(Pearcest al., 1988).

Sm 22.6. This is also a tegumental protein. With its homalkegn S. japonicum (Sj22.6), are
involved in resistance to re-infection in endemieas (Santiaget al., 1998). Immunization of
mice with recombinant 22.6 formulated with Freurdjuaant resulted in 34.5% reduction in
worm burdens, but Sm 22.6 formulated with alumefdilto induce any protection against
schistosomiasis but ilicited a regulatory respotieg was able to modulate allergic asthma in
mice (Fonsecatal., 2012).

SmMFABPs. The S mansoni fatty acid binding protein (FABP), Sm14, is a ®dbc protein
expressed in the basal lamella of the tegumentlangut epithelium (Britet al., 2002). Sm14
has been assessed thoroughly as a recombinaninprateine and, to a lesser extent, as a DNA
vaccine. Despite a high efficacy of recombinant 8mpfotein in mouse vaccine trials (Tendder
al., 1996), Sm14 failed to induce protection levels>40% when tested in other laboratories
(Fonsecaet al., 2004) and as part of the WHO/TDR-sponsored stri@lo-administration of
recombinant Sm14 protein with either IL-12 (Fonsetcal., 2004) or tetanus toxin fragment C
boosted protection. Immunization of mice with recmant Sm14 expressed Mycobacterium
bovis BCG showed no induction of specific antibodie$Stn14, but splenocytes from vaccinated
mice produced IFN- upon stimulation with recombinant Sm14. Moreowveiice that were
vaccinated once with Sm14-BCG and then challengéd S8y mansoni cercariae showed a 48%
reduction in worm burden, which was comparablehtt bbtained by immunization with three
doses of recombinant Sm14 protein (Varadtlal., 2004). Sm14 has entered human clinical trial
(Phase 1) in Brasil. The data on the efficacy o traccine in phase | clinical trials just as ie th

case of Sh 28 GST in phase Il clinical trials ds® @ot available

Sm SOD, Sm GPX and Sm FILAMIN. Several studies of immunity in schistosomiasishhbiot
experimental models and human beings have showrihibdarval stage is the most susceptible
and the target for immune elimination (Smithers82;9LoVerde, 1998). The schistosomula
elimination involves a cellular response that igeptiated by cytokines and/ or antibodies
(Butterworth, 1984; LoVerde, 1998). Once the paessmature to adult worms and reach the
portal circulation, they are able to evade the adgeed immune response of the host through the
evolution of several defence mechanisms (Smithe Berry, 1969; Maizekt al., 1993;
LoVerde, 1998). The host cells involved in cytotoresponse against the schistosomula produce
reactive oxygen species such as superoxide anebmyroxyl radicals capable of attacking the
parasite apical membrane and initiating a lipidog&fation that set off a chain reaction that
results in the death of the parasite (LoVergeal., 2004). The adult worms are able to evade
immune elimination by expressing anti-oxidant enegnCu/Zn superoxide dismutase (SOD),
Glutathione peroxidase (GPX) among other mechani§@alahanet al., 1988; Mei and
LoVerde, 1987). Honet al., (1992) and Mei and LoVerde, (1997) were able to aestrate that
the expression of these anti-oxidant enzymes arelalementally regulated such that the lowest
gene expression and enzyme specific activity athenlarval stage and highest in adult worm.
The anti-oxidant enzymes protect an organism freactive oxygen species derived damage
(James, 1994; LoVerde, 1998). These enzymes hareitrenuno-localized to the tegument and
gut epithelia of adult worms (Mei and LoVerde, 197
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To provide direct evidence that antioxidant enzymesimportant in immune evasion and thus
viable candidate vaccines, DNA vaccination stragdiave been used to evaluate the efficacy of
DNA constructs containing genes encodBignansoni Cu/Zn cytosolic superoxide dismutase
(Sm-CT-SOD), Signal peptide-containir§ mansoni SOD ( Sm-SP-SOD) ands. mansoni
glutathione-S-peroxidase (Sm-GPX) B mansoni infection murine models. After use of
different doses of plasmid cDNA constructs contagngenes that encode these enzymes, mice
exhibited a significant level of worm burden redoct when challenged witts mansoni
cercariae, with Sm CT-SOD showing 54%, and Sm-GRBX% protection (Shalabgt al.,
2003). In addition to the anti-oxidant enzymes, famin a structural protein has been
identified as a vaccine candidate that also caarsiistinduces significant levels of protection in
murine model of schistosomiasis. The targets ofegtive response due to filamin vaccination
seem to be the larval and adult stages of thetsslisie parasite (LoVerde, 1998).

To demonstrate whether the protection observed ioe roan be replicated in baboons as a
prelude to human vaccine trails, the author anckrsthiested these three vaccine candidates
(SMCT-SOD, Sm GPX and Sm-filamin, all as DNA vaesinin olive baboon$Pppio anubis).
These vaccines were able to induce production e€ip IgG against worm antigens, SEA and
SWAP. CT-SOD and GPX showed slight anti-fecundifiect, but the reduction in the worm
burden that had been reported in murine model waobserved in baboons vaccinated with
these vaccines. These vaccines also did not d&phenotype of the hepato-intestinal egg-
associated pathology @& mansoni infection in vaccinated baboons (no antipatholegfgct)
(un-published report).

Vaccine candidates for Schistosoma japonicum

The leadingS. japonicum vaccine candidates (as recombinant protein ari2ifk vaccines) are
membrane proteins, muscle components, or enzynies.ré@view looks at some of the vaccine
candidates foEchistosoma japonicum that have been identified recently, giving a briedntion

of their characteristics and efficacies.

S26GST. The GSTs are a group of enzyme isoforms thatlyzatathe detoxification of
lipophilic molecules by thio-conjugation. Some em@ging data are available for the protective
efficacy of Sj28GST againg japonicum in different mammalian hosts in China (McManus,
2005; Wuet al., 2005). But recent work has focused on the 26-kifadorm. Recombinant
Sj26GST (rSj26GST) induces a pronounced anti-fetyreffect as well as a moderate but
significant level of protection in terms of reduc&drm burdens in mice, sheep, cattle, and pigs
following challenge infection withS japonicum. Similar levels of vaccine efficacy were
obtained in water buffaloes vaccinated with pudfi§j26GST (Wt al., 2005).

Paramyosin (§97). Native and recombinant paramyosin (Sj97) protetosfer protection
againstS. japonicum in mice, water buffaloes, and other mammalian h@¥fu et al., 2005).
Furthermore, recent studies of human antibody pot{fNaraet al., 2007) and Th2 cytokine
responses to Sj97 add further support to this mitdeas a leading vaccine candidate agast
japonicum (Leenstreet al., 2006).

SVLBP. An S japonicum very-low-density lipoprotein binding protein (SVEB molecular
size, 20 kDa) is a membrane associated and logatibé teguments and subteguments of adult
male schistosomes (Fa&hal., 2003). In a study that used affinity-purifiedcoenbinant SVLBP
(rSVLBP) to vaccinate mice, the worm numbers angl mgmbers recovered from the veins and
livers of the immunized mice reduced by 33.5% and% respectively (Gaet al., 2005). The
antibody response in vaccinated mice was greathgased: the titers of IgG1, IgG2a, and 1gG2b
of the vaccinated group were significantly highwart those of the controls (Geinal., 2005).
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STPI. Results of Chinese SjTPI (SJCTPI) plasmid DNAnmce have been good (Zteh al.,
2002). Therefore, Zhet al., (2006) examined the transmission-blocking paaérnin larger
animals by determining its vaccine efficacy in mapigs. Pigs vaccinated with SjCTPI DNA had
adult worm burdens reduced. The reduction was mor&orm burdens, i.e., 53.6% for SjCTPI
alone and 59.6% for SjCTPI plus IL-12. Vaccinatisith SJCTPI DNA reduced liver egg
numbers by 49.4%, and this response was significarthanced by the addition of IL-12
(65.8% reduction in liver eggs). In addition to theamatic protective effects seen in vaccinated
pigs, it was also noted that granuloma size wasced 42% in both groups. Coimmunization
with a DNA plasmid of SJCTPI fused to heat shocktpin 70 (SJCTPI-Hsp70) and IL-12 DNA
induced protective immunity against experime®@ghponicum infection in water buffaloes (Yu
et al., 2006).

§j23. Sj 23 is a tetraspanin integral membrane proteire Thineses. japonicum form (SjC23)
has been shown to induce protection in mice asnéhestic peptide vaccine and as a plasmid
DNA vaccine. Also induces protection in sheep, pasd water buffaloes. Vaccination with
SjC23 DNA induces significant reductions in wormggeburdens and the size of egg
granulomas; thus, like SjCTPI, SjC23 produces dipatinology effect as well. The protective
effect of the SjC23 plasmid DNA vaccine was enhdnagh IL-12 in pigs (Zhuet al., 2004)
and mice (Gamt al., 2005; Zhuwet al., 2004) and by a CpG immunostimulatory sequenceiae
(Zhaoet al., 2005). As with the other candidate vaccinesemsive large animal field trials are
now required to determine the precise protectiveenpry of SjC23, with or without IL-12 or
CpG

Sj14. This is one of FABPs that are critical for schistoes to take up fatty acids from host
blood as essential nutrients and are thus primgetsrfor both vaccination and drug
development. The 14-kDa FABP of Chine&sgaponicum (SjFABPCc) has at least eight different
variants encoded by a single-copy polymorphic gearel it is particularly important t&
japonicum for uptake, transport, and compartmentalizatiohadt-derived fatty acids, playing a
vital role in the physiology and survival of therasite. Several Chinese groups have obtained
encouraging protection in mice by using SjFABPcthbas a recombinant protein and as a
plasmid DNA vaccine.

Calpain. Immunization of BALB/c mice with purified recombina S japonicum calpain
emulsified in complete Freund's adjuvant resultedignificant reductions in the number of
recovered worms and also in egg production per lemerm. In addition, raised levels of
inducible nitric oxide synthase expression wereeoled in immunized mice, while adhesion of
peritoneal exudate cells also occurred in the pesef sera from immunized mice, suggesting
the involvement of both cellular and humoral prtitec mechanisms. In addition, spleen cells
from the immunized mice showed enhanced producifd&N-y by activated CD4T cells, and
subsequent work with calpain-specific mouse T-bgthridomas identified the T-cell epitope
involved (Osadeet al., 2005). Localization studies have shown that aalps present in the
penetration glands and in the secretions of cexegiumagaeét al., 2005).

DNA vaccination

The effectiveness of DNA vaccines against virugesiasites and cancer cells has been
demonstrated in animal models (LoVerde, 1998; B, téP99; Seder and Gurunathan, 1999).
The DNA immunization induces both antigen-specd&lular and humoral immune response
(Ramsayet al., 1999; Alarcoret al., 1999; Gurunathaet al., 2000). DNA vaccination strategies
include the incorporation of immuno-stimulatory seqces in the backbone of the plasmid, co-
expression of stimulatory molecules, utilizationlo€alization/secretory signals and utilization
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of appropriate delivery system (Garmatyal., 2003). The vaccines usually consist of plasmid
vectors that contain DNA coding for a specific cament of a disease-causing organism. The
heterologous genes (transgenes) are inserted godéol of a eukaryotic promoter, allowing
protein expression in the mammalian cells (Dati897). To optimize the efficacy of DNA
vaccines an appropriate choice of plasmid vectoulshbe used. The basic requirements for the
backbone of DNA vector are; a eukaryotic promadecjoning site, a polyadenylation sequence,
a selectable marker and a bacterial origin of capilbn (Gurunathast al., 1998).

With DNA vaccination, the actual production of immzing proteins takes place in the
vaccinated host. This eliminates any risk of infacthat has been observed with some live and
attenuated virus vaccines. Other advantages of D#écines are; production of long lived
immune responses, vaccines for multiple diseasesaltebe given in a single inoculation, all
DNA vaccines can be produced using similar techesgNA vaccines are extremely stable and
candidate DNA vaccine can be recovered from diseisgues (Gurunathaal., 2000).

DNA vaccination against schistosomiasis has regebden investigated using a panel of
plasmids encodin§chistosoma antigenic proteins such as Sjc 26 GST, Sj79 (Wediak, 1997,
Zhou et al., 1999; Zhangt al., 2001), Sm-CT-SOD and Sm-GPX (Shaladtyal., 2003),S.
japonicum paramyosin (Yangt al., 1995), Sm 23, 28 GST fro8chistosoma mansoni (Dupreet

al., 1997), and Sm-p80 (Zhamrgal., 2010).Sj14 (Luet al., 2004), Sj23(Gaet al., 2005; Zhuet

al., 2004), Sm200 (Fonseetal., 2012) etc. the list is long.

By the use of techniques such as immunomics, gesgmioteomics etc, new target antigens are
being identified, and alternative vaccination ggas to improve vaccine efficacy are also being
explored. Extracellular vaccine candidates needbdoexpressed in bacteria or eukaryotic
expression systems. Many of the selected targetdikaly to require processing through the
endoplasmic reticulum by virtue of their expressisites in the parasite (i.e., secreted or
anchored in the tegument), and this may prove ehglhg. An additional important
consideration is that antigen identification andcassful protective results are of little value if
GMP cannot be applied for scaling up of productbmny vaccine candidate (Bergquist al.,
2005). The selection of a suitable adjuvant andvelst system to aid in the stimulation of the
appropriate immune response is a critical stepenpath to the development and employment of
successful anti-schistosome vaccines, and a nuoftesproaches have been tested, with some
success.

Baboon as an ideal model in schistosomiasis studies

A number of animal species have been used as mtmlstsidy the basic biology, immunology
and pathogenesis of schistosomiasis (Fatath., 2001). But the baboon is the most frequently
used non-human primate in schistosomiasis resdachuse of a multiplicity of qualities that
make them more relevant models than rodents (NyamibFarah, 1999). Baboons are similar to
humans in their anatomy, genetics and immunologiesponses (Villingeet al., 2001). They
acquire natural infections and are highly suscéptib experimental infections (Farah al.,
1997). Baboons develop hepatic and intestinal pagiyoduring the acute phase, modulate this
pathology in chronic phase of the disease and eequotective immunity as do humans (Farah
and Nyindo, 1996; Farakt al., 1997; Molaet al., 1999; Nyindoet al., 1999). In the wild,
baboons show age-dependent prevalence of infeatidh, high rates of infection in juvenile
baboons and young adults, a similar charactergigerved in humans (Fulfort al., 1999).
Baboons are also abundant especially in East Afdnd are not an endangered species. They
adapt readily in captivity and to changes in tlegivironment; can give birth twice in 18 months
and live up to 20 years; and attain body weigh@fkg (Faratet al., 2000). It is also easy to
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monitor the immune and disease progression in ndhifgrent organs in individual baboons
during the course of infection by performing soraeggcal manipulations (Molet al., 1999).
Baboons acquire immunity on vaccination. For exanphmunization with irradiated cercariae
stimulates over 50% protection (Yadeal., 1996) which is associated with elevated serwmal$e

of schistosome-specific IgG and IgE. In additioaceination with irradiated cercariae results in
reduction of the intestinal pathology (Farah andndg, 1996). Some protection to challenge
infection following vaccination with recombinant tegens has also been reported in baboons
(Soissoret al., 1993). The moderate size, possibility of repeatatpling, and ease of perfusion
for recovery of adult worms make the baboon a goodel for vaccine efficacy studies (Farah
et al., 2000). Baboons can also sustain repeated ssbmt infections without any untoward
lesions such as portal-caval shunting (Sturrgick., 1984) and with subsequent development of
acquired immunity and increased resistance to fexfion. Such re-infection episodes are
characterized by reduced adult worm burden anduiparatous inflammation (Mola&t al.,
1999) which, as in humans, are associated with Bigjum levels of parasite specific IgE
(Nyindo et al., 1999). Therefore, for these reasons, vaccindidates that have been tested in a
baboon model and have shown encouraging resutts,asithose obtained with Sm-p80VR1020
DNA vaccination in baboons should be moved forwdwdugh development leading to human
clinical trials.

There are however, a few constraints limiting tee baboons in schistosomiasis research, which
include the high costs involved in trapping andmtaining them in captivity; the data from wild
caught baboons may vary due to their heterogengeunstic background; and immunologic
reagents suitable for baboon work are currentliiteyr(Farahet al., 2001).

Conclusion

Schistosomiasiss a chronic disease that is endemic in 74 couninieAfrica, Asia and South
America. Worldwide, an estimated 200 million people infected, of which 20 million is
assumed to suffer from more or less a severe fdrtheodisease creating 4.5 million DALYs
lost. Although it has a low mortality rate, sch®tmiasis can damage internal organs and in
children impair growth and cognitive developmentislestimated to kill 280, 000 people in sub-
Saharan Africa each year. At present the mosttefeecontrol method is chemotherapy with use
of praziquantel as the drug of choice. With thesgmbty of drug resistance and re-infection, the
focus is on development of a vaccine that can sogmtly reduce the incidence of the disease.
Many different schistosome antigens that are ca&pablprotecting experimental animals from
challenge have been identified and many more vellidentified. These antigens need to be
standardized and effective adjuvant formulation¢g)ected.The potential of these vaccine
candidates need to be validated fully in humans. aAstarting point, these antigenas native,
recombinant or cocktail DNA vaccin@sed to be tested in an animal model that is ofasdhted to
humans. As mentioned above, the parasite biology, the g@atly, immune response and
immunity to Schistosoma infection in humans differ significantly from theumine model of
schistosomiasis but correlate better with the disea baboons. Therefore, baboons may be ideal
models for this purpose as prelude for clinicall$ri Vaccines that show good results in baboons
should then be moved forward to human clinicaldria
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