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Abstract: Schistosomiasis remains one of the most prevalent parasitic infections and has significant

economic and public health consequences in many developing countries. Understanding the host/parasite

association is important for control this parasite. Thus, this research aims to learn more about the genetic

basis of the snail/parasite relationship to explore novel techniquel for disrupting the transmission of this

disease. Therefore, susceptibility of three Egyptian populations of Biomphalaria alexandrina (from Damitta,

Giza and Fayoum Governorates) and one of Biomphalaria glabrata from Germany (Bayer Com.) to an

Egyptian strain of Schistosoma mansoni from Giza was tested. In addition, genetic variations between

these snail populations were determined by PCR technique. The snail B. alexandrina from Damitta and

B. glabrata were less susceptible to infection with the tested strain of S.mansoni than B. alexandrina from

Giza and Fayoum Governorates. The genetic variations between B.glabrata and the Egyptian populations

of B. alexandrina were obvious. However, no variations were detected between snail populations from

Giza and Fayoum. These genetic variations should contribute to a better understanding of the correletions

between vectors, parasites and transmission of the disease.
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INTRODUCTION

Biomphalaria alexandrina snails play an important

role in transmission of Schistosoma mansoni in Egypt.

Control of schistosomiasis in Egypt was the goal of an 

ambitious 10-year program coordinated by the Egyptian 

Ministry of Health and Population and the U.S. Agency 

for International Development . [5]

Adaptation of parasites to their local hosts is a

common phenomenon, but not universal, and

sometimes the pattern is even reversed . Compatibility[9]

between Schistosomes and their snail vectors was

found to be related to: (i) the geographic origin of the

snail, and (ii) sympatric combinations of snails and

parasites produced a greater proportion of compatible

infections than allopatric combinations. Schistosomiasis

cercarial output of infected snails was found to be

related to the geographic origin of the parasite .[16]

Understanding of the genetic basis for schistosome

resistance/or susceptibility in the snail vectors is

important, because schistosome eradication programs

may benefit from the knowledge of the genetic

polymorphism of these snails since association between

hosts and parasite tend to generate and maintain

genetic polymorphism , as has been predicted in[1 7 ]

models of schistosome-snail interactions . [18]

Several molecular techniques for genetic variability

in schistosomiasis snail vectors have been studied [11 ,

.8,30 ,3 ,27 ,28]

Many attempts have been made to define markers

for susceptibility/resistance in either Biomphalaria

glabrata  or Biomphalaria tenagophila . Most[25 ,10] [1]

attempts involved linkage analysis by examining

pigmentation and allozyme phenotypes in resistant and

susceptible snails. To date, no single association

between such markers and linkage to the resistant

phenotype has been identified in these snail species.

Recently, several investigators showed that random

amplified polymorphic DNA-polymerase chain reaction

(RAPD-PCR) is useful for distinguishing between and

within different Biomphalaria snail species .[1 ,11 ,12 ,25]

Due to the high applicability of RAPD-PCR and

the quality of the results obtained, this technique have

been used to investigate the intra- and inter-

populational variability infection to detect genetic

markers associated with resistance/or susceptiblity of B.

glabrata and B. tenagophila snails to S.mansoni

infection . [19]

The present study aims to study susceptibility of

Biomphalaria snails to infection with an Egyptian strain

of S. mansoni and also, to determine the genetic

variability between Egyption populations of B.



J. App. Sci. Res., 5(9): 1142-1148, 2009

1143

alexandrina and B.glabrata (from Bayer Com.) using

PCR technquie.This research will help to learn more

about tha genetic varations between Biomphalaria

species with the hope of finding novel ways to disrupt

the transmission of this disease.

MATERIAL AND METHODS

Biological Materials: Biomphalaria alexandrina snails

were collected from the irrigation canals at Giza,

Fayoum and Damietta Governorates (Egypt) and

maintained at Medical malacology laboratory in

Theodor Bilharz Reseach Institute (TBRI) under

suitable conditions. In addition, B. glabrata snails

laboratory stock from Bayer Company (Germany) were

included in this study. S.mansoni miracidia of the 

Egyptian strain(from Giza) were obtained from

Schistosome Biological Supply Centre (SBSC), TBRI,

Egypt.

Snails' Infection: Four identical groups (5-7mm) of

Biomphalaria spp (25 snails/ group), the first group

was B. glabrata, the 2 , 3rd and 4  groups were B.nd th

alexandina from Giza, Fayoum and Damietta,

respectively. Five replicates were prepared for each

group.The snails were individually exposed to miracidia

(10 miracidia/ snail) for 24 hours at 24°C and ceiling

illumination. 

After exposure, snails from each group were

collected, washed and transferred to clean aquaria with

dechlorinated water. They were daily fed boiled lettuce

leaves. Dead snails were daily removed from the

aquaria and the mortality rate was calculated. After

three weeks post miracidial exposure; surviving snails

were individually examined for cercarial shedding in

multidishes under artificial light for 3 hours. The

produced cercarial suspension was poured in a

graduated Petri-dish and all cercariae were counted

after adding few drops of Bouin’s fluid using a

dissecting microscope. Infected snails were isolated and

kept in special aquaria in complete darkness and

examined for cercarial production twice weekly (3hours

each) till all snails dead. Prepatent period, total

cercarial production/snail and duration of cercarial

shedding were calculated.

Molecular Analysis: At least six snails per population

(B. glabrata and B. alexandrina from three Egyptian

Governorates) were singled out for molecular study. 

Snails were preserved in absolute ethanol (96-100%) at

4°C. The nuclear first internal transcribed spacer (ITS1) 

and 5.8S-AS (ITS2) sequences (GenBank U65223) for 

Biomphalaria spp (Eurofins MWG GmbH) were

reported by .[15]

DNA was extracted from the tip of the head foot

region of snails individually, the isolation of genomic

DNA from small size of tissues by the peqGOLD

MicroSpin Tissue DNA Kit (PeqLab Biotechinologie

GmbH Erlangen,Germany) ,this method used by .[2]

DNA integrity and concentration were estimated by

comparison with molecular weight standard on 1.5

agarose gel electrophoresis. 

DNA Amplification by PCR: The genotypes of the

both Biomphalaria snails species were determined

using primers which complemented conserved regions 

in the 3' end of the 18S gene (ITS1-S, 5'

CCATGAACGAGGAATTCCCAG 3') in combination

w i t h  5 . 8 S - A S  ( I T S 2 -  5 '

TTAGCAAACCGACCCTCAGAC 3'), by PCR as in 

the method of Simpson et al , with some[2 4 ]

modifications.

Genomic DNA was amplified with a Thermal

Cycler (MJ Research MiniCycler PTC-150, Canada)

using PCR. Each reaction was carried out in a final

volume of 25 µL containing 12 µL of marker PCR, 3

µL of prime ITS1-S, 3 µL of prime ITS2, 2 µL of

distal water and 5 µL of DNA of snails and 2.5 unit

Taq DNA polymerase was prepared. The amplification

conditions were as follows: 1 cycle at 95°C for 15

min, 2 cycles at 94°C for 1min,3 cycles at 59.8 °C for

1 min, 4 cycles at 72°C for 1 min, 5 cycles at 72°C

for 10 min and 6 cycles for 40°C for 24 hours and 36

cycles during which the annealing temperature was

changed to 40°C and the time of the extension step

was increased to 5 min during the final cycle. As

control, PCR was run without DNA genome. After

DNA thermal cycle, PCR products were analyzed by

using 1.5 agarose gel electrophoresis (electrophoresis

power supplies E455) and silver stained to resolve

amplified fragments as described by .[23]

All PCR reactions and other molecular analyses, 

and snail infection were carried out in the institute for 

Zoomorphologie, Zellbiologie and Parasitologie,

Heinrich-Heine University, Dusseldorf, Germany.

Statistical Analysis: Analysis of data was carried out

by student’s t-test for comparing the means of

experimental and control groups .[26]

RESULTS AND DISCUSSION

The results (Fig.1) indicated that after 25 days

from exposure to miracidia the survival rates of B.

glabrata and B. alexandrina from Damietti (88% and

80% respectively) were significantly higher than to of

B.alexandrina Fayoum and Giza (64% and 72%,

respectively, P<0.001).
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Fig. 1: Survival and Infection rates of B  . glabrata (Bayer Com.) and B. alexandrina snails from three Egyptian
governorates ( Damietta, Giza and Fayoum ) post exposure to miracidia of S.mansoni Egyptian strain. 

Susceptibility of Egyptian Biomphalaria snails and

B. glabrata to S. mansoni infection was studied starting
25 days post-infection. The results (Fig.1) pointed out

that infection rates of B.glabrata and B. alexandrina
from Damietta 8% and 16%,respectively) were

significantly less than those of B. alexandrina from
F a y o u m  a n d  G i z a  ( 5 6 %  a n d  6 4 % ,

respectively,P<0.001). The prepatent (Incubation) period
(Fig.2) of Schistosoma in B. alexandrina from Giza and

Fayoum was significantly (p<0.05) shorter (28 and 34
days, respectively) than in B.alexandrina from Damietta

and B.glabrata snails (38 and 44 days, respectively).
The mean number of periodic cercarial production per

snail (Fig.3) of infected B. alexandrina from Giza (230
cercariae per snail) was higher than that of infected B.

glabrata snails (33 cercariae per snail). The same
phenomenon was recorded for the mean duration of

cercarial shedding for B. alexandrina from Giza as it
was significantly (p<0.001) longer (9.4 days) than that

of B. glabrata and B. alexandrina snails from Damietta
(3.5 and 4.2 days, respectively.

It is concluted that B.glabrata from Bayer strain
(Germany) and B.alexandrina snails from Damietta

(Egypt) were less susceptibile to infection with an
Egyptian stra in of S . mansoni (Giza) than

B.alexandrina from Fayoum and Giza Egypt).
Regarding to the genomic DNA amplified with

primer 1, 2, the results showed a polymorphic band of
nearly 640 bp in B. alexandrina from Damietta (Fig.4),

while that of the same snail species from Fayoum and
Giza exhibited 501 bp. However, a higher bp was

recorded for B. glabrata snails, 1080 bp. The results
indicated that there is no genetic varations between

B.alexandrna from Fayoum and Giza. Although, the
specimens from Damietta within the same species

showed few differences. There are more genetic
varations between B.glabrata (Bayer strain) and

Egyption populations of B. alexandrina.
The present results showed that B. glabrata and B.

alexandrina snails from Damietta were less susceptible

to infection with the Giza Egyptian strain of S.
Mansoni than B. alexandrina snails from Giza and
Fayoum. This agrees with the previous findings of
Yousif et al , on susceptibility of B. alexandrina, B.[32]

glabrata and a hybrid snail of both, from natural
habitats in Egypt, to infection with six human Egyptian
strains of S. mansoni and a laboratory strain of human
origin. They found that the infection rate of all
Egyptian S. mansoni strains was significantly higher in
B. alexandrina than each of B. glabrata and the hybrid
snail. Moreover, Maning et al  carried out cross-[16]

infection experiments with Bulinus snails of two
geographic strains and exposing them to parasites of
both geographic strains and suggesting the existence of
geographic compatibility among natural populations of
snails and trematodes. The same results were concluded
by  using Biomphalaria amazonica and Biomphalaria[6]

occidentalis from Manso Dam, Mato Grosso, Brazil
and infected them with three strains of S. mansoni.
Lively  indicated a strong evidence for local[14]

adaptation by the parasite and there is a genetic basis
to the host-parasite interaction. 

The dynamic interaction between molluscs and
their trematode parasites leads either to a state of co-
existence, in which the trematode thrives and produces
subsequent stages of its life-cycle, or to incompatibility,
where the trematode is either destroyed and eliminated
by the host snail defensive responses or fails to
develop because the host is physiologically
unsuitable . [29]

In the present study B .glabrata and B.
alexandrina from Damietta have significantly longer
incubation (prepatent) period and duration of cercarial
production than those of B. alexandrina snails from
Fayoum and Giza. This result agrees with Yousif et
al  who showed that B. glabrata has significantly[31]

longer incubation period and duration of cercarial
production than B. alexandrina when exposed to
laboratory strain of S. mansoni (SBSC,TBRI) from
Egypt. 
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Fig. 2: Incubatiom period and Duration of cercarial shedding of B . glabrata (Bayer Com.) and B. alexandrina

snails from three Egyptian governorates infected with an Egyptian strain of S. mansoni.

Fig. 2: Total periodic cercarial production/snail for B. glabrata (Bayer Com.) and B. alexandrina snails from three

Egyptian governorates infected with an Egyptian strain of S. mansoni.

Fig. 4: Genetic variability among Egyptian populations of B. alexandrina and B.glabrata (Bayer.Com) evaluated

by analyzing the electrophoretic band patterns obtained on the gels. A=Marker (0.5µg/lane,8cm length gel,

1xTBE,5V/CM,1.5h), B= B.glabrata (Bayer. Com.) C= B.alexandrina from Damietta, D= B.alexandrina

from Fayoum, E= B.alexandina from Giza.
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The cercarial production of B. glabrata and

B.alexandrina from  Damietta was significantly lower
than that of B. alexandrina from Fayoum and Giza.

This is in parallel with that of Frandsen and Madsen[7]

who found that B. glabrata infected with various

strains of S.mansoni from St. lucia, the West Indies
produced variable amounts of cercariae. Moreover,[32]

found that each of B.glabrata, B. alexandrina and their
hybride snails had different rates of infection and

different values of total periodic cercarial production
with various strains of S. mansoni.

The results indicated no genetic varations between
B.alexandrna from Fayoum and Giza were recorded.

Howevers, the specimens from Damietta within the
same species showed few differences.Moreover, more

genetic varations between B.g labra ta  (Bayer
Com.Germany) and Egyption populations of B.

alexandrina were seen. These results support the data
of  on genetic variability among susceptible and[19]

resistant strains within and between B. glabrata and B.
tenagophila using RAPD-PCR. They indicated great

genetic variations within the two snail species using
three different primers (intrapopulational variations),

while specimens from the same snail species showed
few individual differences between the susceptible and

resistant strains. Several investigators showed that
random amplified polymorphic DNA- polymerase chain

reaction (RAPD-PCR) is useful for distinguishing
between and within different Biomphalaria snail species

(1 and 25).
The extremely low amount of variation among the

B. alexandrina sequences suggests that this species may 

have had a restricted geographic range in the past and 

may now be expanding its range. However, because the 

sequence variability is so low, there is very little 

phylogeographic signal to indicate the direction of B. 

alexandrina expansion .[6]

Similarily,  compared the genetic population[4]

structures of the freshwater snail Bulinus globosus and

its trematode parasite Schistosoma haematobium  from
8 river sites in the Zimbabwean highveld using

randomly amplified DNA markers. There was
significant variability between snail populations

collected at different sites, but schistosome populations
only showed differentiation at a wider geographical

scale (between 2 non-connected river systems). For
snails, genetic distance was better correlated with

proximity along rivers than absolute geographical
separation. In contrast, schistosome genetic distance

was better correlated with absolute geographical
separation than proximity along rivers. 

Species-specific PCR assays and of ITS1 and ND1
sequencing data show that Biomphalaria snails collected 

from some Egyptian water courses were B. alexandrina 

and no evidence for the presence of B. glabrata or 

hybrids of B. alexandrina with B. glabrata , even[15]

though 19 of these field Egyptian samples came from

the Nile Delta or nearby, where both B. glabrata and 

hybrids had been previously reported [31 ,32]

The delay in development of the parasite within
some snail strains was declored by  on the baseis of[2 0 ,2 1 ]

susceptibility or resistance of the snails to S. mansoni
was dependent on host genetic background and/or on

the interaction between the gene products of the
mollusk and the parasite.

In the present study, the identification of
polymorphic bands was based on comparison of the

band patterns on the same gel for the two snail species
and those detected in all individuals of the same strain

according to Larson et al  technique.[13]

The result indicated that there are more genetic
varations between B.glabrata (Bayer.com, Germany)

and Egyptian populations of B. alexandrina, meanwhile
the specimens from Damietta within the Egyptian

species showed few individual differences. These
genetic varation could be responsible for low

susceptibility of these snails to infection with an
Egyptian strain of S. mansoni and should contribute to

a better understanding of the correlations between
vectors, parasites and transmission of the disease.

This finding supports the results of Rizk and
Abdel-Hamid  that the genetics of the vector snails[22]

play a major role in determining various outcomes of
the parasite. The dynamic interaction between molluscs

and their trematode parasites leads either to a state of
co-existence, in which the trematode thrives and

produces subsequent stages of its life-cycle, or to
incompatibility, where the trematode is either destroyed

and eliminated by the host snail defensive responses or
fails to develop because the host is physiologically

unsuitable .[29]

Conclusion: It is concluded from this work that the
snail B. alexandrina from Damitta and B. glabrata

were less susceptible to infection with the tested strain
of S.mansoni than B. alexandrina from Giza and

Fayoum Governorates. The genetic variations between
B.glabrata and the Egyptian populations of B.

alexandrina were obvious. However, no variations were
detected between snail populations from Giza and

Fayoum. These genetic variations should contribute to
a better understanding of the correletions between

vectors, parasites and transmission of the disease. This
approach has indeed attempted to add more to our

knowledge about the genetic diversity of both snail
species in the field and their roles in transmission of

schistosomiasis in different localities in Egypt. It is
anticipated that the development of molecular markers

associated with resistant/susceptible phenotypes should
lead to a thorough strategy for the control of

schistosomiasis disease.
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