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Abstract: Schistosomiasis 1s a snail-bome trematode infection of humans, domestic
and wild animals in different parts of Asia, Africa, the Middle East, South America
and the Carnbbean. Approximately 200 million people in 74 countries are affected;
120 million of these are symptomatic and 20 million have severe disease. Elimination
of schistosomiasis has been mainly accomplished by control of the snail host. As
measures of snail control, cement-lining of ditches and chemical mollusciciding
were most effective in many countries. But the cost of this joint program is too
expensive compared with health budget in almost developing countries. Due to
persisting conditions of poor health infrastructure, lack of access to clean water and
poverty, re-infections in humans still poses a challenge for the long-term control of
schistosomiasis. Tt is hoped that vaccines and better diagnosis of human will help
alleviate some of these challenges. However, until these become available,
altemnative strategies, mcluding blocking parasite transmission i the snail host
have been considered. Several studies have been conducted in recent years to
begin to understand the molecular basis of the snail-parasite interaction and to
identify genes that may be involved in rendering snails resistant to infection.
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INTRODUCTION

Schistosomiasis 1s considered the second most pre- valiant world wide parasitic disease
ranked next to malaria. Tt has significant economic and public health consequences in many
developing countries (Engels ef af., 2002). Egypt 1s one of the most lughly endemic areas in
the world with infection rates exceeding 80% (5-6 million) in some localities in the Nile valley
(El-Khoby et al., 1998).

Various human-pathogemc species of schistosomes are known of, which are
dependent on various intermediate hosts and therefore occur in various regions of the world.
S. haematobium causes urinary sclustosomiasis and 1s the most prevalent and widespread
species in Africa, Eastern Mediterranean and the Middle East. The other four species cause
mntestinal schistosomiasis; S. infercalatum occurs 1n 10 countries m the rainforest belt of
Africa; S. mansoni is found in over 52 countries in Africa, Caribbean, Eastern Mediterranean,
Latin America; S. japonicum and S. mekongi are prevalent in Africa and the Pacific region
(Utzinger et al., 2001) (Table 1).

Biomphalaria alexandrina snail as specific intermediate host of Schistosoma mansoni
are prevalent i both upper and lower Egypt, but during the last decade, it became the most
dominant species in the Nile Delta forming a main threat for schistosomiasis transmission in
the North of Egypt. This snail species mvades the wrigation areas and drainage systems and
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Table 1: Various human-pathogenic species of schistosomes

Schistosoma Schistosoma Schistosoma Schistosoma Schistosoma
Species HIAnsoni haemaobiim irtercalatum Japoricum mekongi
Intermediate host Biomphdalaria Bulinus Bulinus Oncomelania  Tricula
glabrata LPURC (LS Jorskedi hupensis aperta
Biomphdalaria Budinus
alexamdring globosus
Biomphdalaria
pliffer
Form of the disease Tntestinal Urogenital Tntestinal Tntestinal Tntestinal
bilharziasis bilharziasis bilharziasis bilharziasis bilharziasis

also water sources in reclaimed areas leading to infection in previously umnfected
populations which eventually leads to increase schistosomiasis transmission in Egypt
(World Health Orgamzation, 2002).

Schistosome Life Cycle

The life cycle of Schistosoma mansoni provides an example for all species of
schistosomes. After the eggs of the human-dwelling parasite are emitted in the feces into the
water, the ripe miracidium hatches out of the egg. The miracidium searches for a suitable
fresh water snail to act as an intermediate host and penetrates it. Following this, the parasite
develops via a so-called mother-sporocyst and daughter-sporocyst generation to the
cercaria. The purpose of the growth in the snail 15 the numerical multiplication of the parasite.
From a single miracidium results of a few thousand cercaria, every one of which is capable
of mfecting man. The cercariae propel themselves m water with the aid of their bifurcated tail
and actively seek out their final host. When the recognize human skin, they penetrate it
within a very short time. Following a migration through the body within the bloodstream, if
they meet a partner of the opposite sex, they develop into sexually mature adults, laying eggs
and complete its life cycle (Ghandour, 1978) (Fig. 1).

Disease Complications

The ova reaching the liver imtiating Schistosoma granulomata in variable numbers as
well as pathological changes in the liver ranging from early to advanced stage of fibrosis,
depending on the degree of ova deposition (Aly and Hamed, 2006; Hamed, 2006). Worm
embolism in the mtrahepatic portal veins has a role in hepatic fibrosis, portal vein obstruction
occurs with continuing infection and fibrogranulomatus reaction due to ova deposition, lead
to massive schistosomal fibrosis and blockage of venules by numerous ova either with or
without thrombosis (Silva et al, 2003) (Fig. 2).

So, schistosomiasis might pass from the 1solated granulomata to hepatomegaly due to
wide-spread granulomatous cellular infiltration of the portal tracts where ascites and
oesophagogastric varices could be demonstrated in advanced cases of Schistosoma fibrosis
(Njenga et al., 1998). Patients with both schistosomal and hepatitis C virus induced highly
significant degree of fibrosis due to the addition of schistosomal hepatic periportal fibrosis
(Amin et al., 1999).

Control of Schistosomiasis

Several ways have been practiced mn order to bring the disease under an adequate
control through the breakage of the life cycle of the parasite (Fig. 1).
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125



Asian J. Epidemiol., 3 (3): 123-140, 2010
CONTROL THROUGH THE MAIN HOST

Health Education

Key to long term control of schistosomiasis are improvements in hygiene and sanitation.
By eliminating human waste in fresh water bodies, part of the complex life cycle of the
schistosome can be eliminated (Brinkmann and Stemgruber, 1986). High rates of reinfection
demonstrated the need for health education through programs established by the
government.

Immunological Control

Generating immunity through the use of vaccines is complex. In the presence of high
prevalence, vaccine would not be given to naive patients. Rather, those receiving the vaccine
can be expected to have already been exposed and to experience repeated exposure to
schistosomiasis after getting the vaccine. It is precisely the host immune response that gives
rise to the granulomas responsible for the morbidity of schistosomiasis. Potentially, by
tniggenng the production of immunity to various schistosomiasis antigens, the vaceine could
promote the production of granuloma formation. In fact, however, progress is being made in
phase 1 and 2 climcal trials of different vaccines. Even without eradication of schistosomes
from the environment, the vaccine appears to reduce susceptibility to re-infection. It is
postulated that the vaccine’s artificially-induced immunity is boosted by re-exposure to the
not-yet-eradicated schistosomes. This suggests that immunogenicity may need to be
assessed if and when schistosomes are eliminated (World Health Organization, 2002). Many
trials of vaccinations are based on homologous or heterologous antigens. Bashtar et al.
(2006) found that schistosomal worm and egg antigen had a potency role in protection
against schistomiasis, while Hamed (2006) postulated the immunization against
schistosomiasis by using the excretory-secretory product of Fasciola hepatica worms.

Chemotherapy

Praziquantel (PZQ)), a pyrazinoisoquinoline derivative, is the mainstay of treatment and
a critical part of community-based Schistosomiasis Control Programs. Recent reports on
praziquantel elucidate its fail to stop reinfection as a result of development of drug resistant
Schistosoma strain (Silva et al., 2003), beside it induces hemorrhages in the lung tissue of
the host (Flisser and McLaren, 1989) as well as abdominal pain and diarrhea by long term
application of the drug (Kabatereine ez al., 2003).

Mirazid, the oleo-resin extract from Myirh of Commiphora molmol tree, was established
in Egypt as a new diug against schistosomiasis and other parasitic diseases (Hamed and
Hetta, 2005, Aly and Aly, 2006).

Hamed ef af. (2004) mentioned that the methanolic extracts of Pulicaria crispa and
Citherexylum quadrangular Tacq. were used as prophylactic treatments in S. mansoni
infected mice through mmprovement of certain liver enzymes representing different metabolic
pathways.

CONTROL THROUGH THE INTERMEDIATE HOST
Snail control could be regarded as a rapid and efficient of reducing or eliminating

transmission and remains among the methods of choice for schistosomiasis control. The
importance of snail control should be overlocked, for despite greatly improved chemotherapy
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by single dose oral treatment with praziquantel, there are logistical problems in mass
treatment that threat of reinfection (Wilkins, 1989) and absence of a completely and safe
schistosomiasis vaccine support the use of snail control as an important means n control
programs ( Butterworth, 1992).

Snail control can be divided mto three categories; environmental, molluscicides and
biological control.

Environmental Control

Environmental factors which influence snail distribution and which might be manipulated
to be achieved were suggested by Thomas and Tait (1984). These factors are classified as
follows:

Water Chemistry

Water chemistry includes calcium concentration, total dissolved chemical content and
oxygen. The densities of all snail species were very low in salt water, high in medium water
and somewhat lower in hard water, where low calcium concentration appears to be the direct
or indirect cause of the poor snail fauna (Utzinger et al., 1997).

The effect of NaCl concentration and other aspects of salimty on freshwater pulmonate
snails were reviewed by Madsen (1990). It appears that high salimity will rarely prevent the
establishment of intermediate hosts for schistosomes in water, where the free living stages
of the parasite are likely to survive.

The level of oxygenation may be an important influence on distribution within habitats.
There is a zone of high concentration of oxygen available to snails immediately beneath the
floating leaves of, however dense floating vegetation preventing snail from reaching the
surface where there is a shortage of dissolved oxygen (Brown, 1994).

Temperature

The power of temperature to limit distribution was simply demonstrated by Pitchford
(1981) who observed that Biomphalaria snails were killed during the winter when night
temperature fell gradually below freezing.

Coelho and Bezerra (2006) studied the influence of temperature on the development of
Schistosoma mansoni infections in Biomphalaria glabrata. The results show a direct
relationship between temperature and infection rate, i.e., the lower temperature the lowest is
the infection level of B. glabrata with S. mansoni. The snails were infected at 15, 20 and 30°C
and the cercarial release was recorded after 30 and 60 days post-infection

Yang et al (2007) found a positive relationship between the development of
S. japonicum within Oncomelania hupensis and temperature. Tn snails kept at 15.3°C,
S. japonicum arrested their development, while the fastest development occurred at 30°C.
The temperature at which half of the snails were in hibernation was 6.4°C.

Current Speed

Some snails are adapted to fast-flowing water and have the shell modified to resist
dislodgement, while in small rivers and streams that are slowly flowing or stagnant for most
of the year the sudden spates following heavy rainfall sweep away many snails and cause
major fluctuations in population density. So, the water current may be an important means
for the dispersal of snails. The adverse effect of strong current on snail populations was
attributed also to sweeping away of food and stress caused to the snails (Marti, 1986).
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Light and Shade, Circadian Rhythms

Snail hosts for schistosomes showed a regular pattern of activity in relation to the 24 h
cycle of day and might (circadian rhythms) (El-Emam and Madsen, 1982).

In assessing the effect of solar radiation on snails in the field it 1s difficult to separate
the effects of light and temperature. Shaded sites are unfavorable for B. pfeifferi and shading
by trees is suggested as a mean for controlling this snail. Dense shade beneath mats of
floating vegetation 1s generally unsuitable for snails. The adverse effect of shade 1s thought
to be indirect due to depression of the growth of sub-aquatic vegetation that provides
snails with food and oxygenates the water. Yet some species such as Lymmnaea libycus and
Physa waterloti may found most frequently in high shaded places (Ndifon and Ukoli, 1989).

Snail-Plant Association

The greatest species diversities of freshwater snails are usually associated with aquatic
or sub-aquatic (emergent) leafy plants (Macrophytes). There may be a symbiotic relationship
between snails and aquatic macrophytes, evolved over a long period. Plants provide snails
with shelter from solar radiation and the water current, sources of food and egg-laying sites
(Thomas, 1987).

Most aquatic habitats contain rich microflora which, together with decaying vegetable
matter, provide the principal food of snails, although there may be no preference for any
particular species of microflora (Madsen, 1992).

Control by Molluscicides
Chemical Molluscicides

Molluscicides consider as an effective mean for control of snail populations and it has
played an important role in schistosomiasis control. The use of molluscicides as one of the
strategies to control schistosomiasis began by using niclosamide, an ethanolamine salt of
2!, 5-dichloro-4"-mtrosalicylanilide, manufactured under the trade name Bayluscide, whose
efficacy had previously been established Application of this product caused biocidal action
on non-target plants and animals, besides causing genotoxicity and carcinogenic effects.
The high cost, the possibility of recolonization of breeding grounds and the ecological
toxicity of this product were limitations on its use as an official molluscicide program of
schistosomiasis control (Mello-Silva et al., 2006).

Contradictory, Takougang et al. (2006) studied the effect of lower Bayluscide doses on
snail host and non-target fish, frog and tadpole. Bayluscide concentration of 0.50 g m™
applied to ponds under investigation resulted high snail mortality and show low lethality to
fish, frogs and tadpoles.

Zhu et al. (1998) and Lima et al. (2002) postulated the effect of bromoacetamide and
potassium salts of isolapachol and lapachol as safe and effective molluscicides against adult
snails of Biomphalaria glabrata and Oncomelania species as well as snail egg masses.

Some N-p-substituted phenyl uracil-5-sulphonamide derivatives have been synthesized
to be evaluated as molluscicides against Biomphalanaria alexandrina snails and also its
role as immunostimulatory effect on S. mansoni infected mice. The selection of the
concentration based on the predetermined dose which caused mortality of less than 50% of
snails/24 h. Therefore, treatment of hemolymph obtained from pre-treated snails with these
derivatives can stimulate specific immune response and induce protective effects against
S. mansoni infection by 44-50% reduction in worm burden (Fathalla et al., 2003).

Thymol, Linalool and Eugenol {monoterpenes) showed considerable molluscicidal effect
agamst Biomphalaria alexandrina, Bulinus truncatus and Lymnneae natalensis, where a
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significant decrease in succinate dehydrogenase together with a concomitant increase in
glucose-6-phosphate dehydrogenase, acid phosphatase and alkaline phosphatase activity
levels were investigated. Treated snails also showed an elevation in the hemolymph glucose
content, while the tissue glycogen content was reduced. The infection of B. alexandrina
with S. mansoni miracidia was greatly reduced by thymol LC10. The infection rate reduction
was 43.1%. The treated snails’ prepatent period was prolonged (34.2£3.3 days) compared to
control (28.4+1.2 days) and a highly significant reduction of total cercarial production per
snail was also observed (El-Din, 2006).

Fenitrothion and anilofos (aniloguard) were tested as molluscicides against
Lymnaea natalensis and Biomplhalaria alexandring. The results obtained showed that
sublethal concentrations of femtrothion caused reduction in growth rate of B. alexandrina
and reduction in the hatchibility of snails eggs. The mortality rates of miracidia and cercariae
were elevated by increasing both the concentrations of fenitrothion and the time of exposure.
Also, total protein, alkaline phosphatase, alanine and aspartate aminotransferases enzyme
activities were markedly disturbed in treated snails (Tantawy, 2006).

Saad and Sayed (2000) postulated that caprylic acid, margaric acid and lenoleic acid, are
three fatty acids which could be chemoattractive of Schistosoma miracidium and could be
used as safe control compounds, which needs further research.

Mostafa (2006) tested three oils for their molluscicidal activity, Caple-2, Kemasol and
Super-max. Super-max had the strongest toxic effect on B. alexandrina and other non target
snail species, where the hatchability of snails’ eggs was stopped completely and 100%
mortality of miracidia. The infection rate of B. alexandrina with S. mansoni miracidia was
greatly reduced, a highly sigmficant reduction of total cercarial production per snail, decrease
of total protein content and increase of alkaline phosphatase, alanine and aspartate
aminotransferases enzyme activities were also demonstrated.

Plant Molluscicides

The high cost of synthetic molluscicides used in the control of the intermediate snail
hosts of schistosomiasis, along with increasing concern over the possible built up of snail
resistance of these molluscicides and their toxicity to non-target organisms, has drawn
much attention during recent years in renewed interest in the use of plant molluscicides
(El-Ansary ef al., 2001a; Mantawy and Mahmoud, 2002). These plant molluscicides may
provide cheap, locally produced, biodegradable and effective control agents in rural areas
of developing countries where schistosomiasis is endemic (Clark et al., 1997). The same
authors suggested that plant molluscicides could be used in low doses at transmission
foci to reduce schistosome in infected snails and recommended the use of sublethal
concentrations. El-Ansary e# al. (2000a, b, 20014, b) recorded that sublethal concentrations
of selected plant molluscicides were effective in reducing the compatibility of B. alexandrina
snails to S. mansoni infection as seen through reduction in cercarial shedding and elongation
of the prepatent periods.

Molluscicidal potency of many plants as Ambrosia maritime, Solanum nigrim,
Thymelaea hirsuta, Callistemon lanceolatus and Peganum harmala were previously
studied by Ahmed and Ramzy (1997), El-Ansary ef al. ( 2000a, b, 2001a, b). They attributed
the molluscicidal effect of these plants to the disturbance occurs m glycolytic pathways.
They reported that reduction of snail compatibility for the developing parasite was due to
the disturbance of hexokinase, glucose phosphate isomerase and pyruvate kinase as three
glycolytic enzymes. Moreover, they declared that glycolysis 1s the most important metabolic
pathway for infected snails which should be targeted by synthetic or plant molluscicides.
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Rug and Ruppel (2000) studied the toxic activity of methanolic extract of
Jatropha curcas .. (Euphorbiaceae) against snails transmitting Schistosoma mansoni and
S. haematobium. It showed the highest toxicity with LC100-values of 25 ppm for
Biomphalaria glabrata and 1 ppm for Bulinus truncatus and B. natalensis.

Dodonaea viscosa and Haplophyllum tuberculatum herbs also showed molluscicide
potency through marked alteration in AMP, ADP, ATP and adenylate energy charge of
B.alexandrina snails (El-Ansary et al., 2001 a).

Mantawy and Mahmoud (2002) added that, Allium cepa (onion) and Allium sativum
(garlic) have molluscicidal effect through disturbance in the protein profile, glucose and
glycogen content of B.alexandrina snails.

Dry powder of Capparis spinosa and Acacia arabica plant leaves seem to have a
molluscicides potency against Biomphalaria alexandrina snails through disturbance in
glycolytic and gluconeogenic pathways as well as protein, glucose and glycogen content
(Aly et al., 2004, Mantawy et al., 2004).

Truiti et al. (2005) stated that the aerial parts of Melochia arenosa plant was 100% lethal
to Biomphalaria glabrata snails at 200 ug mL ™" and showed LD, of 143 ug mL ™",

El-Sayed (2006) stated that treatment of Biomphalaria alexandrina snails with the dry
powder of the plant aerial part; Cupressus macro-carpa (Cupressacea) was significantly
reduced pyruvate kinase, lactate dehydrogenase, hexokinase and phosphoenol pyruvate
carboxylinase which are very important in metabolism of the protein and carbohydrate in
both haemolymph and tissue of Biomphalaria alexandrinag snail.

Mello-Silva et al. (2006) considered that the latex of Euphorbia splendens var. hislopii
15 the most promising plant molluscicides because it meets the recommendations of the
World Health Organization (WHO, 2002). The researchers found that 0.6 mg L ™" of the latex
of Euphorbia splendens var. hislopii causes a sharp reduction in the reserves of glycogen
in the digestive gland and elevation of the protein content in the hemolymph of B. glabrata.

Commiphora molmol (Myrth) has molluscicidal effect on Biomphalaria snails, where
the number of dead-snails increased with increasing the time of exposure. One day-old egg
masses were more susceptible to the ovicidal effect of C. molmol than the five-day old ones,
hence the embryogenesis began to stop and the fecundity decreased. Based on safety to
man and animals, C. molmol is recommended as a safe molluscidide (Massoud ef ai., 2004,
Al-Mathal and Fouad, 2006).

Dos Santos et al. (2007) evaluated the latex of Euphorbia conspicua (Euphorbiaceae)
for its molluscicidal and cercaricidal activities. Tt exhibited high activities against adult
snails with L.C,; values of 4.87 pg mL.~" and showed a lethal effect to the cercaria of
Schistosoma mansoni at concentrations of 100 pg mL ™"

Biological Control
Snails and Different Organisms’ Relationship

Biological methods for the control of fresh water snails were reviewed by Madsen (1992),
who concluded that more emphasis should be put on searching for pathogens or
microparasites as agents for control that can affect directly or indirectly on the intermediate
snail hosts.

Fishes as Trematocranus placodon are employed in the biological control of
schistosome intermediate host, where snails are consider as its preferred food (Evers et al.,
2006). In addition, Kloos et al. (2004) recommended the possible use of tilapia fish for
biological control of Biomphalaria m fishponds as well as modeling of S. mansoni
transmission and re-infection.
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Muschovy ducks (Cairina maschata) seem also to be predators of snail populations
(Ndlela and Chimbari, 2000).

Host Parasite Relationship

The mteraction of Schistosoma mansoni and the intermediate host has been the object
of several studies. These studies show that the mnate defense system 1s basically composed
of phagocitary cells named hemocytes and their soluble products. Parasite recognition and
hemocyte activation are mainly mediated by lectins. Besides lectins, the hemocytes in snails
also produce some proteins, which are similar to mammal cytokines, such as TNF-¢, that is
depleted in S. mansoni infections and TL-1 "like", that was also found in snails and is
associated to the activation and cellular proliferation, as well as to the increase of
phagocitary activity of hemocytes and to the production of super-oxydes. This defense
system play a major role in the resistance of different snails to infection, however there are
no strain completely resistant to S. mansoni infection, the snail strain which was reported as
resistant to S. mansoni, posteriorly proved to be susceptible to this parasite, when juvenile
specimens were used (Coelho ef al., 2004).

Grassi ef al. (2001) attributed the resistance of B. straminea to S. mansoni miracidia to
an efficient defense system that destroys miracidia once they have penetrated, where 94%
of the penetrating miracidia appeared encapsulated by the B. siraminea defense system.

Smit et al. (2004) found a novel internal defense peptide of the snail Lymnaea stagnalis
which increases upon infection with the avian schistosome Trichobilharzia ocellata. This
protein, named granularin, is secreted by granular cells. The protein is unique because it
comprises only a single Von Willebrand factor type C domain that is normally found in large
transmembrane and secreted extracellular matrix proteins. The granularin gene is twice
up-regulated during parasitation. Hence, purified granularin stimulates phagocytosis of
foreign particles by blood hemocytes which indicate that granularin represents a novel
protein that acts as an opsonin in the molluscan mternal defense response.

Khayath et al (2006) demonstrated the possible central role of glutamine in
mollusc-schistosome interactions, where it i3 massively expressed in larval forms as
compared to adult parasites, suggested that glutamine could also be used for glucose or
glycerol production, hence several hypotheses can be proposed concerning the importance
of glycerol for the adaptation of this helminth to its host osmotic and energetic environment.

Blair and Webster (2007) characterized the impact of dose-dependent schistosome
exposure and/or infection establishment on intermediate host survival and reproduction of
Biomphalaria glabrata snails exposed to increasing doses of Schistosoma mansoni
parasites. Increased mortality was observed amongst both snails infected and also those
snails exposed to the parasite but within which infection did not establish. Snails also
facultatively altered their reproductive output in response to parasite exposure, where the
egg mass production decreased with mcreasing parasite dose in patently infected snails.
These results umquely suggest an exposure-dose-dependent post-patent fecundity
compensation occurring in relation to the risk of future parasite-associated mortality.

Lehr et al. (2007) postulated the concept that the parasite synthesizes a wide array of
glycoconjugates, exlubiting, m part, umque carbohydrate structures and expresses defimitive
host-like sugar epitopes, such as Lewisxdeterminants, supporting the concept of
carbohydrate-mediated molecular mimicry as an invasion and survival strategy. The results
demonstrated the presence of common carbohydrate epitopes at the level of S. mansoni and
its intermediate host Biomphalaria glabrata.
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Genetic Control

The concept of snail control on genetic basis has gained a considerable interest, to bring
this hazardous disease under an adequate control, since snail control 1s one of the most rapid
and effective means available for reducing transmission of schistosomiasis. The objective
was to change high susceptible stramns to non-susceptible state through the release of
resistance snails into natural habitats as reported by Joubert et al. (1991). This approach
however, requires a more thorough understanding of the complex mterrelationship between
parasites and snails (Spada et al., 2002; Coelho et al., 2004; Da Silva et al., 2004).

Since, the development of the Schistosoma parasite in the intermediate host snail is
influenced by a number of parasite and snail genes as reported by Rollinson et al. (1998),
genetic control of the snails plays an important role in schistosomiasis control. A
growing interest revolves around identifying the products of the snail and parasite genes
influencing these associations. Previous studies have demonstrated the great variability in
the suitability of different snail genera and species to act as carriers for S. mansoni species
(Da Silva et al., 2004; Lotfy et al., 2005).

The detection of specific DNA sequences by Polymerase Chain Reaction (PCR) has
proved extremely valuable for the analysis of genetic disorders and the diagnosis of a variety
of infectious disease pathogens especially that the recommendation of the World Health
Orgamzation 1s to focus the researches of schistosomiasis on the development and
evaluation of new strategies and tools for control of the disease, hence recent studies
describe sensitive and specific PCR systems to detect S. mansoni, indicating possible
applications in the detection of snail infection, monitoring of transmission sites and
diagnosis of human infection (Lardans and Dissous, 1998; Abath et al., 2006).

Due to difficulties of morphological identification of Biomphalaria species, five
Biomphalaria populations from the Colombian Amazon region were identified and
characterized by polymerase chain reaction-restricion fragment length polymorphism
directed at the internal transeribed spacer region of the rRNA gene. These species
known as, B. straminea, B. peregrina, B. kuhniana, B. intermedia and B. amazonica
(Velasquez et al., 2002).

Caldeira et al. (2004) detected DNA from traces of organic material from mside shells,
which found empty m the filed, in order to identify molluses through polymerase chain
reaction and restriction fragment length polymorphism and to detect S. mansoni into these
snails as well as the infection rate in B. tenagophila, B. stramina and B. glabrata.

Lotfy et al. (2005) used PCR technique for survey of Biomphalaria glabrata presence
i Egypt. The authors found no evidence for B. glabrata in Egypt, so if it 1s present, it is
uncommon, while Biomphalaria alexandrina remain common and no evidence for
hybridization with B. glabrata was found.

A smmple and single-step technique based on multiplex PCR (multiplex polymerase chain
reaction) has been developed for simultaneous identification of Brazilian Biomphalaria
species, the intermediate hosts of Schistosoma mansoni and their diagnosis of mfection by
the trematode. The species-specific primers directed both to the mnternal transcribed spacer
2 of ribosomal DNA from 3 of the S. mansoni host species and to the mitochondrial DNA
from the trematode, revealing the presence of specific bands efficient for identification of
Biomphalaria species and diagnosis of snails infected by S. mansoni during prepatent
periods (Tannotti-Passos et al., 2006).

Chen et al. (2006) established a sensitive and specific PCR assay for detecting
Schistosoma japonicum-infected Oncomelania hupensis, based on 18S-rRNA gene of
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S. japownicum. They found the location of PCR product of detecting Oncomelania snails
infected with S. japomnicum was similar to the target DNA, with a length of 469 base pair and
the same sequence as the target DNA.

Polymerase Chain Reaction (PCR) techmque was also established to determie the state
of susceptibility and resistance of snails to infection. Lockyer ez al. (2004) studied the
changes in gene expression in response to parasite infection in a susceptible and a resistant
strain. Ten transcripts were mitially identified, present only in the profiles derived from snails
of the resistant strain when exposed to infection. The differential expression of five of these
genes, including several novel transcripts with one containing at least two globin-like
domains, has been confirmed by semi-cuantitative RT-PCR.

Theron and Coustau (2005) found that the susceptibility and resistance of Biomphalaria
glabrata snails to S. mansoni infection does mnot depend on the snail
susceptibility/resistance status, but on the matched or mismatched status of the host and
parasite phenotypes.

Rosa et al. (2005) observed that the Taim population of B. fenagophila is dominant
resistant and presents a molecular marker of 350 base pair, a missed band from juvenile of
B. tenagophila which is highly susceptible. Barbosa et al. (2006) added that transplantation
of the haematopoietic organ from Biomphalaria tenagophila (Taim strain), resistant to
Schistosoma mansoni, to a highly susceptible strain (Cabo Frio stramn) of the same species,
showed in the recipient snails resistance agamst the trematode, when a successful transplant
occurred. The success of transplantation could be confirmed by a typical molecular marker
of the Taim strain in haemocytes of the recipients of 350 base pair.

Abdel- Hamid et al. (2006) postulated that there is a genetic variations between
susceptible and resistant strams to Schistosoma infection within B. alexandrina snails using
random amplified polymorphic DNA analysis technique, where in the resistant genotype
snails, OPA-02 primer produced a major low molecular weight marker of 430 base pair.

Lockyer et al (2007) identified transcripts involved i Biomphalaria glabrata
snail-schistosome mteractions. Subtractive cDNA libraries were prepared, using suppression
subtractive hybridization between a parasite-exposed schistosome-resistant and a
susceptible strain of B. glabrata and also between schistosome-exposed and unexposed
snails from the resistant snail line. Eight genes differentially expressed between the
haemocytes of resistant and susceptible snail strains were 1dentified and confirmed with
reverse transcriptase PCR, including two transcripts expected to be involved in the stress
response mechanism for regulating the damaging oxidative burst pathways involved in
cytotoxic killing of the parasite. These regulatory machineries include; the iron
storage- immunoregulatory molecule; ferritin and a serine protease involved in the cellular
stress response. Transcripts with elevated levels in the resistant strain had the same
expression patterns; higher levels in exposed resistant snails compared to susceptible
ones and down-regulated m exposed compared with unexposed resistant snails.

Several studies have been done for determiming the susceptibility and resistance of
Schistosoma snails to infection according to the metabolic disorders occur in gastropods
using PCR technique. This is in accordance to Hahn et al (2001), who demonstrated the
defensive role of reactive nitrogen species in interactions between hemocytes derived from
the resistant 13-16-R1 stramn of B. glabrata and Schistosoma mansoni parasite. The
researchers suggested that NO and H,0, are both involved in hemocyte-mediated toxicity
of B. glabrata against S. mansoni sporocysts.

Bender et al. (2005) studied the production level of reactive oxygen species by
hemocytes from the gastropod Biomphalaria glabrata and their ability to kill the trematode
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parasite Schistosoma mansoni. The findings suggest that the capacity to produce hydrogen
peroxide in resistant snails 1s more than susceptible one and could be critical in determining
susceptibility or resistance to S. mansoni.

Lockyer et al. (2005) postulated the role of cytochrome p450s as a family of structurally
related proteins, with diverse functions, including steroid synthesis and breakdown of toxins.
Hence, solation and amplification of cytochrome p450 gene was carried out using PCR
both totally resistant or susceptible snail lines when exposed to infection which, suggests
ubiquitous expression. Therefore, this protein did not determine resistance or susceptibility
of snail, but seems as metabolically important protein.

Goodall et al. (2006) 1dentified alleles of the gene coding for cytosolic copper/zinc
superoxide dismutase (SOD1), where resistance to the parasite was found to be significantly
assoclated with one allele of the SOD1 gene while a separate SOD1 allele was significantly
associated with susceptibility of B. glabrata to infection. Contradictory, the anti-oxidant
enzyme manganese superoxide dismutase (MnSOD) did not determine resistance or
susceptibility for parasites, but expression of MnSOD is consistent with its nvolvement in
a stress response of B. glabrata to infection (Jung et al., 2005).

Humphries and Yoshino (2006) proposed that p38 mitogen-activated protein kinase play
a role in B. glabrata immune signaling, which are known to be associated with stress and
inflammatory signaling. Tn a comparative study, activated haemocyte p38 mitogen-activated
protein kinase could also be detected using the anti-phosphorylated p38 antibody following
cell treatment with anisomycin. The results suggesting fundamental differences in the role
of p38 mitogen-activated protein kinase m signal transduction pathways between
haemocytes and B. glabrata embryonic cells. Similar comparative studies, based on
proteomics of either snail or parasite protemn extracts are also begmmning to reveal key
molecules (such as mucin-like proteins from both parasite and snail) that may play a role in
snail/schistosome compatibility (Ittiprasert et af., 2010). A stress response, manifested by the
modulation of genes encoding the stress response protein such as heat shock protein 70 may
also underlie the snail-host/parasite encounter. Ittiprasert et af. (2009, 2010) founded that
stress-related genes, heat shock protein 70 and reverse transcriptase were dramatically
mnduced early in susceptible snails, but not m resistant/non-susceptible ones.

Most studies aimed towards deciphering differences in gene regulation between
resistant and susceptible snails during the snail/schistosome encounter have focused mainly
on this relationship in adult, but not juvenile snails. Age dependent variability in B. glabrata
susceptibility to S. mansoni has been well documented with results showing that juvemnle
snails (even within the same stock) are, in general, more vulnerable than their adult
counterparts to infection (Tttiprasert et al., 2010).

In summary, the concept of snail control has gained a considerable interest being easier,
cheaper, safer and more promising, since; there 1s a ligh degree of specificity of
schistosomes, as well as of other trematodes, to their intermediate snail hosts. Despite
abundant emerging molecular information, very little 1s known about which snail genes to
specifically target to develop transmission-blocking strategies for the eventual goal of
disease control. For more permanent control method of schistosomiasis, understanding of
the host/parasite association is necessary, since the host-parasite relationship is complex
and question remams concerming the susceptibility of snails to infection by respective
trematodes and their specificity and suitability as hosts for continued parasite development.
Understanding the genetics mvolved in the complex host/parasite relationship may lead to
select actively resistant snails and mass culture them to increase the proportion of alleles for
msusceptibility as a possible mean for biological control of schistosomiasis in natural
population.
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