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The relationship between genetic variability and the susceptibility of
Biomphalaria alexandrina snails to Schistosoma mansoni infection
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In the present study, Biomphalaria snails collected from five Egyptian governorates (Giza, Fayoum, Kafr El-
Sheikh, Ismailia and Damietta), as well as reference control Biomphalaria alexandrina snails from the Schistosome
Biological Supply Center (SBSC) (Theodor Bilharz Research Institute, Egypt), were subjected to species-specific
polymerase chain reaction (PCR) assays to identify the collected species. All of the collected snails were found to be
B. alexandrina and there was no evidence of the presence of Biomphalaria glabrata. Randomly amplified polymor-
phic DNA (RAPD)-PCR assays showed different fingerprints with varying numbers of bands for the first genera-
tion (F) of B. alexandrina snail populations (SBSC, Giza, Fayoum, Kafr El-Sheikh, Ismailia and Damietta). The
primer OPA-1 produced the highest level of polymorphism and amplified the greatest number of specific bands. The
estimated similarity coefficients among the B. alexandrina populations based on the RAPD-PCR profiles ranged
from 0.56 (between SBSC and Ismailia snails) to 0.72 (between Ismailia and Kafr El-Sheikh snails). Experimental
infection of the F, of progeny from the collected snails with Schistosoma mansoni (SBSC strain) showed variable
susceptibility rates ranging from 15% in the Fayoum snail group to 50.3% in SBSC snails. A negative correlation
was observed between the infection rates in the different snail groups and the distances separating their correspond-
ing governorates from the parasite source. The infection rates of the snail groups and their similarity coefficients
with SBSC B. alexandrina snails were positively correlated. The variations in the rates of infection of different
B. alexandrina groups with S. mansoni, as well as the differences in the similarity coefficients among these snails,
are dependent not only on the geographical distribution of the snails and the parasite, but also on the genetic vari-
ability of the snails. Introduction of this variability into endemic areas may reduce the ability of the parasite to infect
local hosts and consequently reduce schistosomiasis epidemiology.
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The geographic distribution of Schistosoma man-
soni is closely tied to that of susceptible species of
Biomphalaria snails, which support the development of
the asexually reproducing sporocyst stages of this para-
site (Frandsen 1979). One of the keys to understanding the
present and future of S. mansoni in Egypt is obtaining ad-
ditional information about the freshwater snails that play
an indispensable role in its transmission. Identification of
Biomphalaria species is important to better understand
schistosomiasis epidemiology. Considering that morpho-
logical identification may become difficult or even impos-
sible under certain circumstances, use of molecular-based
methods has permitted the generation of more consis-
tent information concerning the population structure of
Biomphalaria, furthering knowledge regarding the tax-
onomy of and diagnosis of infection in these species. In
studying schistosomiasis epidemiology, it is important to
correctly identify host snail species because snail popula-
tions might be misidentified in some cases due to their
morphological similarities as refractory species that do
not constitute a host species (Caldeira et al. 2009).
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Biomphalaria alexandrina has historically been im-
plicated in the transmission of S. mansoni in Egypt. This
snail species is very closely related to several other Af-
rican Biomphalaria species constituting a Nilotic spe-
cies complex found in the Nile River basin (DeJong et
al. 2001). Historically, S. mansoni has been confined to
the north central Nile Delta, while Schistosoma haema-
tobium has been the predominant species within Egypt.
Infections with S. haematobium were once common
throughout parts of the country containing water chan-
nels. Over several decades, during which substantial
changes in irrigation patterns have occurred, there have
been major changes in the distribution of snail hosts and,
hence, the pattern of schistosomiasis endemicity (Miller
et al. 1981). Changes in the hydrology of the Nile basin,
controlled water flows and new irrigation networks fol-
lowing construction of the High Dam at Aswan have in-
creased the availability of still water habitats, which rep-
resent the ideal setting for the growth and reproduction
of Biomphalaria snails (Vrijenhoek & Graven 1992).

The situation with respect to Biomphalaria in Egypt
has become complicated in recent years by the introduc-
tion of Biomphalaria glabrata. In 1996, snails identi-
fied morphologically as B. glabrata were found in many
kilometres of irrigation canals and drains along certain
areas of the Nile Delta (Yousif et al. 1996). Two years
later, snails that were neither of the B. alexandrina or



B. glabrata species were reported to be widespread
throughout the Nile Delta. Morphological examination
of hundreds of specimens of this type showed that they
exhibit features in common with both B. alexandrina and
B. glabrata. Therefore, these snails are considered to be
a hybrid of the two species (Yousif et al. 1998a). Among
the differentiating characters of these snails, it was found
that in the case of B. glabrata, the head-foot appears faint
greenish yellow in colour, while it is dark grey in both
B. alexandrina and the hybrid. Both of these snails show
dense black pigmentation on their mantle surface, while
B. glabrata presents patchy pigmentation, especially close
to the mantle edge. In median-sized snails, the radula pat-
tern in B. alexandrina shows teeth numbers of 133-151
x 49 for transverse and longitudinal rows, while in both
B. glabrata and the hybrid snails they are (133-146 x 43).
The mesocone of the lateral cone is simply triangular
in B. alexandrina, while it is arrowhead-shaped in B.
glabrata and the hybrid snails. In both B. alexandrina and
the hybrid snails, the vergic sheath length is equal to that
of the preputium, while in B. glabrata it is 20% longer
than the preputium (Yousif et al. 1998a). Based on these
data, Yousif et al. concluded that one of the new snail
populations consists of hybrids of B. alexandrina and B.
glabrata. Since that study, B. glabrata and the hybrids
identified in comprehensive morphological and molecu-
lar studies have been reared at the Theodor Bilharz Re-
search Institute (TBRI), Giza, Egypt. However, in 2005,
a molecular survey was performed to identify the species
of Biomphalaria present in Egypt. The survey concluded
that there was no evidence of the presence of B. glabrata
or of a species that was a hybrid of B. alexandrina and B.
glabrata (Lotfy et al. 2005a).

The susceptibility of Biomphalaria to S. mansoni
infection varies among snails according to their age,
genetic variation, immune system status and the geo-
graphic areas in which both snails and the trematode
occur (Richards & Shade 1987). Research performed
by Grosholz (1994) and Wiehn et al. (2002) has demon-
strated that the establishment of parasites in intermedi-
ate hosts can vary significantly based on host genetics.
In addition, Grech et al. (2006) extended this work to
show that intermediate host genetics could potentially
impact the transmission of parasite genotypes between
hosts associated with a complex life cycle. Genetic pre-
dictability in Biomphalaria populations, in addition to
the negative effects associated with inbreeding (such as
the expression of deleterious alleles), could enhance S.
mansoni infections in these populations and the subse-
quent transmission of this parasite to definitive human
hosts. Introduction of genetic variability to snail popula-
tions via migration may reduce the parasite’s ability to
infect and exploit local hosts, decreasing parasite fitness
and enhancing host fitness (Trouve et al. 2003, 2005).

In Brazil, there are three intermediate snail vectors
and two potential hosts of S. mansoni. Previous studies
detected three variant molecular profiles of Biomphala-
ria amazonica and demonstrated intraspecific variations
using sequence data. To verify whether such differences
might correspond to either B. amazonica or Biomphalaria
cousini, Teodoro et al. (2010) performed morphological
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examination and molecular analyses using polymerase
chain reaction-restriction fragment length polymorfism
(PCR-RFLP) and sequencing. In addition, B. cousini
were subjected to S. mansoni susceptibility experi-
ments. The morphological data on Brazilian specimens
predominantly matched the morphology described for
B. amazonica. Additionally, the PCR-RFLP results also
showed three variant molecular profiles for the speci-
mens previously identified as B. amazonica and the phy-
logenetic analyses showed two groups, one similar to B.
amazonica and another to B. cousini. Furthermore, B.
cousini proved to be susceptible to S. mansoni. These
results confirmed the occurrence of B. cousini in Bra-
zil and indicated the risk of introducing schistosomiasis
mansoni into new areas.

Random amplification of polymorphic DNA (RAPD)
analysis has many uses in diverse fields of study, such as
for assessment of genetic diversity among investigated
species or classification of both plant and animal taxa.
The fact that arbitrary primers are potentially capable
of amplifying numerous /oci in the genome and that the
DNA fragments produced have a taxon-specific nature
makes the RAPD technique particularly attractive for
analysis of genetic distance and phylogeny reconstruc-
tion (Clark & Lanigan 1993, Borowsky et al. 1995).
DNA markers provide the opportunity to perform genet-
ic characterisation and allow direct comparison of dif-
ferent genetic materials, independent of environmental
influences (Ogunkanmi et al. 2009).

RAPD-PCR products can be interpreted as dominant
single-locus markers that are inherited in a Mendelian
fashion. In addition, the amplified fragments are primer
specific but randomly distributed throughout the genome
and therefore allow essentially unbiased sampling of ge-
netic similarity among organisms (Welsh & McClelland
1990, Williams et al. 1990). The RAPD technique has
long been found to be useful for studying molluscan spe-
cies. Several investigators have shown that RAPD-PCR
is useful for examining differences both between and
within different Biomphalaria snail species. The genetic
diversities of B. glabrata and Biomphalaria pfeifferi,
which are intermediate hosts of S. mansoni, have been
analysed both within and between populations using
RAPD (Vidigal et al. 1994, Langand et al. 1999). In ad-
dition, promising results concerning the use of RAPD-
PCR for genetically differentiating experimentally se-
lected B. glabrata snails that are resistant and susceptible
to S. mansoni miracidia have been reported by different
authors (Larson et al. 1996, Knight et al. 1999, Lewis et
al. 2003). In Africa, Webster et al. (1996) demonstrated
the effectiveness of RAPD analysis for investigating in-
tra-specific variation within a population of B. pfeifferi
in Zimbabwe. Abdel-Hamid et al. (1999) used RAPD
analysis to study the resistance of Biomphalaria tenago-
phila to S. mansoni. Furthermore, Oliveira et al. (2008)
used RAPD-PCR to gather data indicating great genetic
variability among susceptible and resistant strains both
within and between B. glabrata and B. tenagophila us-
ing three different primers, while specimens from the
same snail species showed few individual differences
between the susceptible and resistant strains.
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The present study was undertaken to explore the role
that genetic variation plays in the susceptibility of B. ale-
xandrina snails from different Egyptian localities to S.
mansoni using similarity coefficients and dendrogram
trees generated from RAPD-PCR profiles.

MATERIALS AND METHODS

Collection of Biomphalaria - Biomphalaria snails were
collected from populations in water courses in five Egyp-
tian governorates (Giza, Fayoum, Kafr El-Sheikh, Ismail-
ia and Damietta) (Fig. 1). The 6th investigated population
consisted of B. alexandrina snails from the Schistosome
Biological Supply Center (SBSC), TBRI, which served
as a reference control. Additionally, B. glabrata snails
were obtained from the Medical Malacology Laboratory
(TBRI). These field snail populations, as well as their first
offspring (F1), were used throughout this study.

Snail identification using species-specific PCR-DNA
extraction - Three snails from each governorate’s field
population were dissected for DNA extraction as de-
scribed by Winnepennickx et al. (1993) with some modi-
fication (Abdel-Hamid et al. 1999). Briefly, the snails’

Fig. 1: A map of Egypt showing the governorates from which Biompha-
laria snails were collected.

head-foot region was dissected out, powdered in liquid
nitrogen using a mortar and pestle and transferred to a
centrifuge tube containing 15 mL of pre-heated (60°C)
CTAB buffer 2% w/v CTAB, 1.4 M NaCl, 0.2% v/v
B-mercaptoethanol, 20 mM EDTA, 100 mM Tris HCI pH
8, 0.1 mg/mL proteinase K). After incubation at 60°C for
30 min, the suspension was extracted with an equal volume
of phenol:chloroform:isoamyl alcohol (25:24:1). Follow-
ing centrifugation (8,000 rpm, 10 min), the aqueous phase
was incubated with 5 mL RNase for 1 h at 37°C. DNA was
extracted with an equal volume of chloroform:isoamyl al-
cohol (24:1). After centrifugation (8,000 rpm, 10 min), the
aqueous phase was transferred to a centrifuge tube. DNA
was precipitated by adding a ~2/3 volume of isopropanol,
gently inverting the tube and incubating it overnight at
room temperature. DNA was then collected by centrifu-
gation at 8,000 rpm for 10 min. The obtained DNA was
washed in 76% ethanol, 10 mM ammonium acetate for
30 min and recovered by centrifugation (8,000 rpm,
10 min). After air drying, the DNA was dissolved in 20
uL deionised water and the DNA concentration was esti-
mated using 2% agarose gel electrophoresis.

DNA amplification - Two pairs of species-specific
primers (Genetech, Egypt) were used as previously de-
scribed by Lotfy et al. (2005b) (Table I). One primer
pair (GITS2F1 and GITS2R1) was used to amplify an
approximately 361 bp fragment of B. glabrata internal
transcribed spacer (ITS) 2 of the ribosomal DNA (ITS2),
while a second primer pair (AITSIF1 and AITSIRI)
was used to amplify a 316 bp fragment of B. alexan-
drina ITS1. The volume of each amplification reaction
was 20 pL and included approximately 200 ng of DNA,
0.8 mM dNTPs, 2 mM MgCl,, 0.5 uM each primer, 0.5
units of Taq DNA polymerase (Promega) and 2.5 pL of
10 x reaction buffer. The thermocycler (Whatman Bi-
ometra T Gradient) was programmed as follows with a
1°C per second rate of change: 1 cycle of 95°C for 1 min,
62°C for 2 min and 74°C for 1 min 30 s, followed by 30
cycles of 95°C for 30 s, 62°C for 30 s, 74°C for 1 min
30 s, plus a final extension step for 7 min.

Exposure of snails to miracidia - S. mansoni ova
were obtained from SBSC from an Egyptian strain origi-
nally collected from Giza that has been routinely main-
tained in B. alexandrina and an albino Mus musculus

TABLE I

Species-specific primers used in the present study

Forward primer
(species-specific difference sites)

Amplified region

Reverse primer
(species-specific difference sites)

Biomphalaria alexandrina 1TS1
species-specific primers
Biomphalaria glabrata 1TS2
species-specific primers

AITSIFI (4 sites)

5. TTGCTATCGACGATAACAGCAC-3’
GITS2F1 (7 sites)

5-CTGCTGGTGTTATGGGTTTCCC-3’

AITSIRI (2 sites)
5-AGGGGCATAGGTACCCTGGAAC-3’
GITS2R1 (12 sites)
5-CCGATCTGAGGTCGGAGATTAA-3’

ITS: internal transcribed spacer.



CDI strain. The ova were left to hatch in dechlorinated
water (24 £ 1°C) under a desk lamp (Chernin 1970).
Three replicates, each of which included 30 lab-bred
B. alexandrina snails (4-6 mm) from offspring of the
snails collected from each governorate as well as a con-
trol snail group from SBSC were individually exposed
to ten newly hatched S. mansoni miracidia, which were
suctioned using a micropipette according to Theron et al.
(1997). From day 21 post-miracidial exposure, the snails
were examined individually and repeatedly for cercarial
shedding in multi dishes under artificial light for 2 h
(stimulant period) using 2 mL of dechlorinated tap wa-
ter/snail. After initial shedding was observed, the snails
were screened individually once per week until their
death. All snails that died during the prepatent period
were crushed between two slides and inspected under a
microscope to detect immature parasite stages (Chernin
& Dunavan 1962). The infection rate was calculated at
the end of the experiment by dividing the number of
shedding and positive crushed snails by the number of
exposed snails and the survival rate was calculated by
dividing the number of snails at first shedding by the
total number of exposed snails (Yousif et al. 1998b). On
the first day on which cercariae were detected, positive
snails were separated individually into plastic cups. The
cercariae produced per snail were transferred to a small
Petri dish using a Pasteur pipette, fixed in Bouin’s solu-
tion and counted under a stereomicroscope. This exami-
nation was repeated weekly.

RAPD-PCR - Snail DNA was extracted from the
offspring of snails from each governorate, as previously
described, and RAPD-PCR reactions were conducted
using four random primers (Matrix, Egypt) with the
sequences shown in Table II. The reaction conditions
were optimised and the mixtures (25 pL total volume)
contained the following components: 3 pL dNTPs
(2.5 mM), 2.5 uL. MgCl, (25 mM), 2.5 uL 10 x buffer,
5.0 pL primers (10 mM), 1.0 pL template DNA (50 ng/
pL), 0.2 uL Taq polymerase (5 units/ pL) and the remain-
ing volume consisted of sterile distilled H,O.

Amplification was performed in a thermocycler
(Perkin Elmer 9700) programmed to perform an initial
denaturation step at 95°C for 5 min, followed by 40 cy-
cles of 95°C for 1 min, annealing at 30°C for 1 min and
polymerisation at 72°C for 1 min, with a final extension
step at 72°C for 10 min.

TABLE II

List of the random primers used in random amplification
of polymorphic DNA-polymerase chain reaction analysis
and their nucleotide sequences

Number Name Sequence (57 ...oevvvviiiiiinnnne. 3"
1 OPA-18 AGGTGACCGT

2 OPA-9 GGGTAACGCC

3 LROR ACCCGCTGAACTTAAGC

4 OPA-1 CAGGCCCTTC
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Detection and analysis of the amplified products -
Electrophoresis in an agarose gel is the standard method
used to separate, identify and purify DNA fragments
(Sambrook et al. 1989). This technique is simple, rapid
to perform and capable of resolving fragments of DNA
that cannot be separated adequately by other procedures,
such as density gradient centrifugation. Furthermore, the
location of DNA within the gel is determined directly
by staining with a low concentration of the fluorescent
intercalating dye ethidium bromide and bands contain-
ing as little as 10 ng of DNA can be detected by direct
examination of the gel in ultraviolet light. The size of the
bands obtained via PCR in this study was determined
using a 100 bp DNA ladder (Promega, USA).

Statistical analysis - The statistical analyses applied
included calculation of the mean, standard deviation,
standard error and a ¢ value at p < 0.05 (Zar 1999). These
calculations were performed for both the control (SBSC
snails) and other snail groups. Correlation, homogene-
ity, chi-square (continuity adjusted), analysis of variance
(ANOVA) and linear regression analyses were conduct-
ed using SPSS version 11.5.0 (SPSS Inc, Chicago, IL).
Data on the number of cercariae produced were square
root transformed prior to statistical analyses to satisfy
the distributional assumptions of the test. ANOVA was
performed according to Sokal and Rohlf (1995) to anal-
yse cercarial shedding, with one week as a repetition
factor and parasitic infection as the treatment factor. The
overall sample means for cercariae production were cal-
culated and compared using the Student-Neuman-Keuls
test for multiple pairwise comparisons of means.

The experimental infection rates of every snail group
pair were compared by means of 2 x 2 contingency ta-
bles using the chi-square (y*) test or Fisher’s exact test.
Significant associations (p < 0.05) between the infection
rate and the distance between the source of parasites and
the origin of snails were analysed with the Spearman
correlation coefficient (r).

RAPD-DNA fragments were scored as 1 or O for the
presence or absence of bands, respectively. Only sharp
bands were scored (“ghost” bands were not scored). The
obtained binary data were subjected to analysis with
GelAnalyzer3 (Egygene) software. The genetic similar-
ity among isolates was determined using Nie’s genetic
distance (Nie 1987). A dendrogram was constructed
based on the matrix of genetic similarity employing the
unweighted pair group method with arithmetic average
(UPGMA). All calculations were performed with the
NTSYS-pc 2.02 software package (Rohlf 2000).

RESULTS

Identification of Biomphalaria species using PCR
- Species-specific PCR assays using B. glabrata 1TS2
primers yielded the expected 361 bp product for the lab-
oratory control B. glabrata population (Medical Mala-
cology Lab, TBRI), while no products were obtained
for any of the Biomphalaria snail populations collected
from the field (Fig. 2A). To ensure that all of the collect-
ed snails were B. alexandrina, three snail populations
(Giza, Fayoum and Kafr El-Sheikh) were selected for the
next species-specific PCR experiment. Positive results
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(316 bp product) were obtained for these snails using
the B. alexandrina 1TS1 primers, indicating that these
snails are indeed B. alexandrina (Fig. 2B). According to
the results of these assays, the Biomphalaria snails col-
lected from the field were B. alexandrina and there was
no evidence of the presence of B. glabrata. Positive and
negative controls (using laboratory populations of each
species) gave the expected results in all assays.

Experimental infection - The results of experimen-
tal infection of the B. alexandrina snail groups with S.
mansoni are presented in Table III. Snails were classi-
fied depending on their infection rates according to the
method of Saoud (1965), in which snails were considered
refractory at an infection rate below 10%, low suscepti-
bility at 10-25%, moderate susceptibility at 25-50% and
high susceptibility at an infection rate over 50%. The ex-
perimental snail groups were classified as follows: high
susceptibility (SBSC), moderate susceptibility [Giza
(43.3%), Ismailia (20%) and Kafr El-Sheikh (20%)] and
low susceptibility [Fayoum snails (15%)].

DNA ladder 1 2 3 4 5 6 7
(bp)

700
400

100

DNAladder 1 2 3 4 5
(bp)

700
400

100

Fig. 2: agarose gel electrophoresis of polymerase chain reaction
(PCR) products using species-specific primers to amplify. A: Biom-
phalaria glabrata internal transcribed spacer (ITS)2 [Lane 1: 100-bp
DNA ladder; 2: B. glabrata lab. strain; 3-7: Biomphalaria snails from
five different field localities (3: Giza; 4: Fayoum: 5: Kafr El-Sheikh;
6: Damietta; 7: Ismailia)]; B: Biomphalaria alexandrina ITS1 [Lane 1:
100-bp DNA ladder; 2: B. alexandrina Schistosome Biological Sup-
ply Center snails; 3-5: Biomphalaria snails from three different field
localities (3: Giza; 4: Fayoum; 5: Kafr El-Sheikh)].

TABLE II1
Survival, infection rates and cercarial output parameters of Schistosoma mansoni infected Biomphalaria alexandrina snail groups

from the Schistosome Biological Supply Center (SBSC) and five Egyptian governorates

Duration of
cercarial shedding

[mean + SD (days)]

Number of Total of of cercarial

cercariae/snail

Number of cercariae/

Survival rate at first
cercarial shedding

Incubation period
[mean = SD (days)]

Production

snail/week
(mean + SD)

Infection rate

(n)
33,486
62,378

5,070

(mean £ SD)

(o)

(o)

Snails origin

29.23 +£3.00
31.50 £ 5.60
28.40 +3.50

34.15 £ 16.63
62.50 £ 23.90¢

2575.85 + 1699.63
5198.17 + 2486.10¢

446.48 +331.86
1267.50 + 1120.50

533.15 £ 410.47

503+4.4
433+32

60 +4.8

SBSC
Giza

87 £ 6.4

47.75 £ 17.84¢

163.55 £ 171.86¢

15.0 £2.4¢
20.0 + 2.6

20.0 +1.8¢

85+8.2¢

Fayoum

1175.33 + 626.99¢ 7,052 23.17 +8.18 30.50+3.83

249517 £ 1221.80

261.19 +238.70

50+4.5

Kafr EI-Sheikh

Ismailia

23.50 +13.97 33.70 £ 6.21

30.40 + 8.60

14,971
17,448

598.8 +343.67

335.5 +284.40

40 +3.8¢

33.00 £ 0.00¢

1744.80 + 1398.30

33.3+£3.3¢

43 +4.2¢

Damietta

a: p <0.05 significant differences; SD: standard deviation.



DNA analysis using RAPD-PCR - RAPD-PCR was
used to investigate the genetic diversity among the B.
alexandrina snail groups (SBSC, Giza, Fayoum, Kafr
El-Sheikh, Ismailia and Damietta) using similarity coef-
ficients and a dendrogram tree. All of the applied prim-
ers successfully amplified products from genomic DNA
from pooled samples (3 snails) of each snail group. Only
bands that showed clear amplification from the pooled
samples were scored to ensure the reproducibility of
the RAPD marker information. Amplifications using 4
primers (OPA-1, OPA-9, OPA-18 and LROR) produced
RAPD fingerprints (Fig. 3A-D) with varying numbers of
bands ranging in size from 123.6-796.6 bp, depending on
the origin of the snail and the primer used.

The frequency of each band was considerably dif-
ferent. Three monomorphic bands (123.6 bp, 184.2 bp
and 406.2 bp) were recorded at a 100% frequency among
the examined B. alexandrina snail groups, which were
produced by OPA-18, LROR and OPA-9 primers, respec-
tively. These bands were found in all snail groups and
were considered to be characteristic bands for B. alexan-
drina snails. There were 59 bands that showed the lowest
frequency (17%) among the examined snail groups.

The number of amplified and polymorphic bands
generated by each primer is shown in Table I'V. The high-
est total number of bands (37 bands) was obtained using
primer OPA-18, while the lowest number (16 bands) was
obtained with the OPA-9 primer. The primers LROR and

DNA ladder 1
(bp)

2 3 4 5 67

DNAladder 1 2 3 4 5
(bp)

6 7

1,500
1,000

500

1,500

700

400
200

100
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OPA-1 amplified the same total number of bands (33).
The highest number of polymorphic bands was recorded
with primers OPA-18 and LROR, which produced 14
bands, while the lowest number (5 bands) was obtained
with primer OPA-9.

Regarding the total number of bands amplified using
all primers in each snail group, Ismailia snails showed
the highest number of bands (24), while the lowest num-
ber (16 bands) was recorded for the SBSC and the Kafr
El-Sheikh groups.

The specific detected fragments obtained from each
snail group showed that primer OPA-1 amplified the
highest number of specific fragments (26 fragments),
producing six fragments with molecular weights ranging
from 132-538 bp in SBSC snails, another six fragments
with molecular weights of 215-622 bp for Giza snails
and four bands for the Fayoum (230-506 bp) and Ismailia
(265-779 bp) groups. Three fragments with different mo-
lecular weights were recorded for Kafr El-Sheikh and
Damietta snails. The OPA-9 primer amplified only five
specific fragments, one of 264 bp for the SBSC snail
group, two for the Giza group (302 bp and 269 bp), one
fragment of molecular weight 270 bp for the Ismailia
group and one (308 bp) for the Damietta snail group.

The band polymorphisms detected with each primer
used indicated that the highest level of polymorphism was
obtained with primer OPA-1, which produced 100% poly-
morphism, while the lowest (87.5%) was obtained with

5 6 7

DNAladder 1 2 3 4
by

DNAladder 1 2
by

Fig. 3: agarose-gel electrophoresis of randomly amplified polymorphic DNA products generated in the six Biomphalaria alexandrina groups
investigated with four different arbitrary primers: A: OPA-18; B: OPA-9; C: LROR; D: OPA-1; Lane 1: X174 DNA ladder; 2: Schistosome Bio-
logical Supply Center; 3: Giza; 4: Fayoum; 5: Ismailia; 6: Kafr El-Sheikh; 7: Damietta.

TABLE IV

List of primers and number of bands for each Biomphalaria alexandrina snail group investigated with four different random primers

Number of amplified bands

Amplified  Polymorphic
Primer SBSC Giza Fayoum  Ismailia Kafr El-Sheikh Damietta Total bands bands
OPA-18 3 6 8 8 5 7 37 24 14
OPA-9 2 4 2 4 2 2 16 8 5
LROR 3 6 8 7 4 5 33 18 14
OPA-1 8 7 4 5 5 4 33 29 7
Total 16 23 22 24 16 18 119 89 40

SBSC: Schistosome Biological Supply Center.
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primer OPA-9. The number of amplified bands per primer
varied from eight bands (with primer OPA-9) to 29 bands
(with primer OPA-1), with a mean of 22.25 (Table V).

Genetic relationships among different B. alexan-
drina snail groups - The RAPD marker differences
among the pooled DNA samples from each B. alexan-
drina group were analysed to determine the genetic re-
lationships among populations. The estimated similarity
coefficients among the B. alexandrina groups ranged
from 0.56-0.72. The highest value (0.72) was recorded
between the Ismailia and Kafr El-Sheikh groups, while
the lowest (0.56) was detected between the SBSC and
the Ismailia groups (Table VI).

An UPGMA dendrogram was produced including all
of the DNA bands obtained from all of the tested prim-
ers for the six B. alexandrina snail groups (Fig. 4). The
dendrogram showed three major groups. The first major
group contained two groups, SBSC and Giza. The second
major group was split into two subgroups, with the first in-
cluding only the Fayoum group and the second containing
two snail groups (Ismailia and Kafr El-Sheikh). The third
major group included only the Damietta snail group.

TABLE V

Comparison of the bands polymorphism
with each random primer used

Gel polymorphism OPA-18 OPA-9 LROR OPA-1
Unique bands (n) 17 5 13 26
Polymorphic 6 2 4 3
(without unique) (n)

Polymorphic 23 7 17 29
(with unique) (n)

Monomorphic bands (n) 1 1 1 0
Total of bands (n) 24 8 18 29
Polymorphism (%) 95.8 87.5 94 100
Mean of band frequency  0.257  0.334 0.306 0.190

SBSC: Schistosome Biological Supply Center.

TABLE VI

Similarity coefficients among six Biomphalaria alexandrina
groups from SBSC and five Egyptian governorates
based on RAPD-PCR profiles

Kafr
SBSC Giza Fayoum EI-Sheikh Ismailia
Giza 0.66
Fayoum 0.62 0.60
Kafr El-Sheikh  0.69  0.68 0.67
Ismailia 0.56  0.60 0.67 0.72
Damietta 0.64 0.58 0.59 0.69 0.59

RAPD-PCR: random amplification of polymorphic DNA-
polymerase chain reaction; SBSC: Schistosome Biological
Supply Center.
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Impact of geographic distances on infection rates
and similarity coefficients between B. alexandrina
groups from the five governorates and B. alexandrina
from SBSC - In the present study, both S. mansoni ova
and B. alexandrina snails were obtained from SBSC and
were Egyptian strains originally obtained from Giza.
Therefore, the distance between SBSC (source of par-
asite) and Giza was considered to be 0 km (Fig. 5). A
negative correlation was observed between the infection
rates of the different snail groups with the distance be-
tween their corresponding governorates and the source
of the parasite (Fig. 6A) (r = -0.664, p < 0.01).

The infection rates of the different snail groups and
their similarity coefficients with B. alexandrina (SBSC)
were found to be positively correlated (Figs 5, 6B) (r
=0.724, p < 0.01 using RAPD-PCR profiles). Moreover,

SBSC

Giza

Fayoum

‘ Ismailia

‘Kafr EL-Sheikh

Damietta

L S S s S A N ) BN B B S |
0.62 0.65 0.67 0.70 0.72

Coefficient

Fig. 4: unweighted pair group method with arithmetic average cluster
analysis showing the diversity and relationship among six Biompha-
laria alexandrina groups from Schistosome Biological Supply Center
and five Egyptian governorates based on random amplification of
polymorphic DNA-polymerase chain reaction profiles.

Damietta
A: 33.3%
B: 0.64

Fayoum
A:15%
B: 0.62

B. alexandrina
S. mansoni
From SBSC
(Giza origin)
A: 50.3%
B:1

Ismailia
A: 20%
B: 0.56

KafrEL-Shiekh
A: 20%

B: 0.69

Fig. 5: relationships between the distance, similarity coefficients (B)
and susceptibility to Schistosoma mansoni [Schistosome Biological
Supply Center (SBSC)] infection of different Biomphalaria alexan-
drina groups from different localities compared to reference host-
parasite system form SBSC. A: infection rate.
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coefficients (C) of different Biomphalaria alexandrina groups.

negative correlations were obtained between the similar-
ity coefficients of SBSC B. alexandrina snails with dif-
ferent snail groups and the distance to their correspond-
ing governorate (r = -0.56, p < 0.05 using RAPD-PCR
profiles) (Figs 5, 6C).

DISCUSSION

This study demonstrated clear differences in suscep-
tibility to S. mansoni infection, as well as genetic varia-
tion between populations of B. alexandrina snails. There
was no evidence of the presence of B. glabrata or hybrids
found in the analyses described herein. These findings
have significant implications regarding the understand-
ing of the relationship between genetic diversity and sus-
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ceptibility to parasitism, both in the context of B. alexan-
drina in Egypt as well as in other areas where intestinal
schistosomiasis continues to be a public health problem.

Species identification of Biomphalaria - B. ale-
xandrina, B. glabrata and hybrids between these spe-
cies have all been previously reported to occur on the
Nile Delta in Egypt (Yousif et al. 1996, Kristensen et
al. 1999). Specifically, Kristensen et al. (1999) utilised
RAPD-PCR to differentiate species and populations of
Biomphalaria from Egypt and other countries and con-
firmed that both B. glabrata and B. alexandrina can be
found on the Nile Delta and it appeared that hybridisa-
tion may be occurring between these two species. How-
ever, in the present study, species-specific PCR assays
were performed to identify Biomphalaria snails col-
lected from the field. According to the results of these
assays, all of the Biomphalaria snails collected from the
field were B. alexandrina.

This finding agrees with results reported by Lotfy
et al. (2005a), who found no evidence of the presence
of B. glabrata or of hybrids of B. alexandrina with B.
glabrata in snail samples collected from the Nile Delta
or nearby (including 8 samples from the Giza, Qualuo-
biya and Kafr El-Sheikh). These results, in combination
with the findings presented here, suggest that B. glabrata
may not have persisted on the Nile Delta, though further
surveys should be conducted to verify if this is the case.
In the same context, Abou-El-Naga et al. (2011) conduct-
ed morphological and molecular studies in reference B.
alexandrina, B. glabrata and hybrid snails, as well as
the first generation (F,) of Biomphalaria snails from two
areas in the Alexandria. Their morphological analyses
included both external shell morphology and the internal
anatomy of the renal ridge and their molecular analysis
used a species-specific PCR technique. The results of
these authors demonstrated that there was an absence of
B. glabrata and the hybrid snails in Alexandria water
channels. Removal of B. glabrata, which is an extremely
susceptible host of S. mansoni, would be an important
step in the fight to reduce schistosomiasis transmission
in the Nile Delta region.

Population-level susceptibility to S. mansoni - In
the present study, survival and infectivity rates and cer-
carial output parameters for B. alexandrina snails (F))
originally obtained from Giza, Fayoum, Kafr El-Sheikh,
Ismailia, Damietta and SBSC and infected with S. man-
soni from SBSC were evaluated. Snail progenies usually
reflect the same pattern of susceptibility as the parent
snails (El-Khayat et al. 2005). The present results show
clear differences in the degree of susceptibility to infec-
tion with the S. mansoni strain from SBSC among snail
populations originating from various localities in Egypt.
B. alexandrina from SBSC and Giza exhibited the high-
est degrees of susceptibility among the snail populations
studied during this investigation. The infection rates of
snails from these populations were 50.3% and 43.3%, re-
spectively. These variations in susceptibility agree with
the findings of Frandsen (1979), who reported that B.
alexandrina snails from various localities showed dif-
ferent susceptibility rates to a strain of S. mansoni. In the
same context, Bakry (2009) reported that B. alexandrina
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snails from Damietta were less susceptible to infection
with an Egyptian strain of S. mansoni (Giza) than B.
alexandrina from Fayoum and Giza.

The higher infection rates exhibited by the SBSC
(50.3%) and Giza (43.3%) snails reflect a higher suscep-
tibility to schistosome infection as the source of both the
snails and the parasite are considered to be the same. This
agrees with the theory of local adaptation of the parasite
to its local snail host (sympatric compatibility) (Maning
etal. 1995, Lively 1999). In a few instances, however, this
generalisation does not apply and less compatibility ex-
ists between a snail population and its local parasite strain
(Cridland 1968, Mohamed 1987). In the present study, the
lowest infection rate of only 15% was recorded in Fayoum
snails, which was an unexpected finding because of the
proximity of Fayoum to the origin of the parasite (Giza).
This may be attributed to the geographic location of the
Fayoum, which is considered to be an area isolated from
the Nile Delta. This is in agreement with Sapp and Loker
(2000), who suggested that the geographic isolation of the
parasite and snail strains is the cause of the inability of
Schistosoma douthitti to develop in Lymnaea stagnalis.
Additionally, Coelho and Bezerra (2006) noted that some
lineages or geographic isolates of the same species of
Biomphalaria present great variation in their susceptibil-
ity to the parasite. For example, a geographic lineage of B.
tenagophila isolated at the Biological Reservoir in Taim
(Rio Grande do Sul, Brazil) was found to be complete-
ly resistant to the development of all tested S. mansoni
isolates (obtained after passage through hamsters and B.
glabrata at the Snail Biology and Parasite Research Labo-
ratory at the Federal University of Ceard, Brazil).

RAPD-PCR methods for determining population ge-
netic diversity - The present study demonstrates that a
short primer of 10-20 bp nucleotides can be used to re-
producibly amplify segments of DNA from different B.
alexandrina groups. The greatest total number of bands
(37 bands) was obtained using primer OPA-18, while the
lowest number was obtained with the OPA-9 primer (16
bands). Ismailia snails exhibited the greatest number of
bands (24), while the lowest number (16 bands) was re-
corded for the SBSC and Kafr El-Sheikh snail groups.
The identification of polymorphic bands was based on a
comparison of banding patterns on the same gel for each
of the six snail groups investigated (Larson et al. 1996).
The number polymorphic bands obtained was highest
with primers OPA-18 and LROR (14 polymorphic bands)
and lowest with primer OPA-9 (5§ bands). Employing an
equivalent sequence of oligonucleotides, Vidigal et al.
(1994) detected polymorphic bands in individuals of B.
glabrata species collected from different sites in Brazil.
However, the results obtained here using primer OPA-18,
which produced numerous polymorphic bands in the B.
alexandrina groups investigated, differ from the find-
ings obtained by Abu El-Enin (2004) who reported that
the OPA-18 primer was the only reproducible marker for
identifying different strains of Biomphalaria in Egypt.

The greatest number of specific fragments obtained
using all of the tested primers was recorded in snails of
the Giza and Damietta groups (12 fragments), while the
lowest (5 fragments) was reported for the Kafr El-Sheikh

snails. Regarding the band polymorphisms obtained with
each primer used, the highest amount of polymorphism
was obtained with primer OPA-1, which showed 100%
polymorphism. This primer may be useful in differen-
tiating between different B. alexandrina snails through-
out the governorates, as it produced the highest number
of specific fragments for each group of snails. The es-
timated similarity coefficients among B. alexandrina
groups based on RAPD profiles ranged from 0.56-0.72.
The dendrogram constructed including all DNA frag-
ments produced by the four primers among the six B.
alexandrina groups showed three major groups. The first
contained the SBSC and Giza snail groups. The second
split into two subgroups: one included the Fayoum snails
and the other the Ismailia and Kafr El-Sheikh snails. The
third major group contained only snails obtained from
Damietta. Nevertheless, these data are not sufficient to
indicate that the close populations in the dendrogram
may have a common origin, whereas the most distant
populations might be introduced from other locations.

Relationship between geographic distance and
susceptibility - In the present study, the impact of geo-
graphic distances on the infection rates and similar-
ity coefficients between different B. alexandrina snail
groups from the five investigated governorates and B.
alexandrina from SBSC was evaluated. A negative cor-
relation was observed between the infection rates in dif-
ferent snail groups with the distance between their cor-
responding governorates and the source of the parasite
(Giza) (r = -0.664, p < 0.01). Furthermore, the infection
rates of snails from different governorates were found to
be positively correlated with their similarity coefficients
with reference to control B. alexandrina snails (SBSC) (r
=0.724, p < 0.01 using RAPD-PCR profiles). Moreover,
negative correlations were obtained between the similar-
ity coefficients of SBSC B. alexandrina snails with the
snail groups of different governorates and the distance
to their corresponding governorate (r = -0.56, p < 0.05
using RAPD-PCR profiles).

This phylogeographical pattern may be partly related
to the geographical distribution of these populations and
allows these correlations between genetic variability and
geographic distance to be established. This finding con-
firms that not all Biomphalaria populations are equally
susceptible to S. mansoni and that susceptibility varies
among snails according to genetic variation, immune
system status and geographic areas in which both the
snails and the trematode occur (Richards & Shade 1987).
Many investigators have reported an expectation that a
particular strain of snails should be better adapted to lo-
cal parasites than parasites from other regions (Paraense
& Correa 1963, Sturrock & Sturrock 1970). However,
Cridland (1968) stated that although the distance from
Nawa to Qualuob (Egypt) is short, snail colonies from
Nawa exhibit a low-to-moderate susceptibility to S.
mansoni infection, which is approximately one-third as
high as that of a colony from Qualuob, and concluded
that there is no correlation between the degree of sus-
ceptibility of snails to infection with S. mansoni and the
distances separating the snail populations. Additionally,
Barbosa and Figueiredo (1970), Romero-Morrell and



Marta (1978) and Vera et al. (1990) claimed that when
parasite-snail compatibility is studied in the laboratory,
no correlation is generally found between the degree of
susceptibility and the geographical distance separating
the snails and the parasites.

The variation observed in the infection rate, which
ranged from 50.3% in the sympatric host-parasite com-
bination (SBSC) to 15% in the allopatric combination
(parasite from SBSC-TBRI and snails from the Fayoum),
is dependent not only on geographical distance, but also
on genetic variability as a positive correlation was found
between similarity coefficients obtained using RAPD-
PCR and the infection rates of different snail groups.
Variation in the susceptibility of the snail hosts of schis-
tosomes to infection with allopatric parasite strains is a
well-documented phenomenon, which was first noted by
Vogel (1941) and subsequently verified by numerous in-
vestigators. Michelson and DuBois (1978) suggested that
this phenomenon cannot be restricted to distantly geo-
graphically separated snail strains. Additionally, Wiehn
et al. (2002) demonstrated that parasite establishment in
intermediate hosts can vary significantly based on host
genetics. Narang et al. (1981) noted that inter-population
genetic variability might result in differences in suscep-
tibility to S. mansoni infection. Moreover, Mulvey and
Vrijenhoek (1981) concluded that these variations could
have implications in experiments where genetic unifor-
mity of the studied organisms is necessary. Knight et al.
(2000) found that there were different genetic strains of a
single species of snails from the same locality that exhib-
ited varying degrees of resistance and that even among
susceptible stocks, certain individuals were more resis-
tant than others. Moreover, Abdel-Hamid et al. (2006)
studied genetic variations between B. alexandrina strains
that are susceptible and resistant to Schistosoma infec-
tion using a RAPD-PCR analysis technique and showed
that 39.8% of the examined snails collected from the
field were resistant, while 60.2% of these snails showed
high infection rates. In addition, Ittiprasert et al. (2010)
claimed that the resistance or susceptibility of the snail
host B. glabrata to S. mansoni infection is determined by
the genetics of both the snail and the parasite. Although
Mendelian genetics governs adult resistance to infection,
juvenile resistance and susceptibility are complex traits.

In conclusion, all of the Biomphalaria snails collected
from sampling sites in five Egyptian governorates (Giza,
Fayoum, Kafr El-Sheikh, Ismailia and Damietta) were
found to be B. alexandrina. The B. alexandrina groups
included in this study showed variable S. mansoni infec-
tion rates according to their geographic origin and when
DNA from these snails was analysed via RAPD-PCR,
it was found that these variations in infectivity, as well
as the differences in the similarity coefficients among
these snails are dependent not only on the geographical
distribution of the snails and the parasite, but also on the
genetic variability of the snails.
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