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ABSTRACT
Bulinus truncatus is the main intermediate host for Schistosoma haematobium in Egypt. The fates of
Schistosoma miracidia in the snails varies between different populations of B.truncatus. The internal defense
system is one of the factors that influence the susceptibility pattern of the snails. The interaction between
Bulinus snail and S. haematobium need to be identified for each population, and even between the members
of the same population with different degrees of susceptibility. In the present study, the first generation of B.
truncatus collected from Giza and Damietta in addition to Schistosome Biological Supply Center (SBSC) was
examined histologically at the 5week post exposure. The study includes the characterization of the immune
response, as expressed by tissue reactions and hemocytes count of B. truncatus snail against S.haematobium.
The results showed that the experimental snail groups were classified as follows: moderate susceptibility [SBSC
(42.1%) and Damietta (39.4%)] and low susceptibility [Giza (17.85%)]. These results characterized the immune
response of B. truncatus snail against Schistosoma infection which was found to occur by two different
mechanisms. The results showed that granulocytes were present in significant greater number in all samples
as compared to hyalinocytes (p<0.001). Exposure of B. truncatus to S. haematobium caused gradual increase in
the number of circulating hemocytes in the three experimental groups. The variations in the rates of infection
and immune response of different B. truncatus groups with S. haematobium, are dependent on collection site
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.
Keywords: Bulinus truncatus, Schistosoma haematobium, susceptibility, immune response, hemocyte,
histopathology.
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INTRODUCTION
Schistosomiasis, is the most important parasitic disease in Egypt, has plagued its people since ancient
times [1-4]. Geographical distribution of intestinal schistosomiasis is directly associated with the presence of
susceptible freshwater snails of genus Biomphalaria with etiological agent, S. mansoni and genus Bulinus with
the etiological agent, S. haematobium. These trematodes are stenoxenic parasites, i.e., it uses specific
intermediate host species. However, not all Bulinus species are susceptible to S. haematobium, it varies among
snails according to different ages, genetic variation, immune system status and geographic areas in which both
snails and the trematode parasite were occurred [5-7].B. truncatus is the main intermediate host of S.
haematobium in Egypt [8].
As typical invertebrates, molluscs possess a well-developed internal immunodefense system [9], in
which phagocytosis is the main innate process by which the organism can protect itself against invading
microorganism and discriminate between self and non-self. The principal line of cellular defense against both
externally and internally generated injury is phagocytosis or encapsulation involving phagocytic cells [10]. The
internal defense system (IDS) of snails is composed of soluble components of hemolymph and circulating cells,
termed hemocytes, which work in association during the snail responses against infectious agents
[11].Circulating hemocytes in molluscs represent the primary effector component involved in the destruction
and elimination of metazoan parasites [12-14]. However, the parasite can escape the IDS.
The distribution of parasites among hosts is the result of interaction between numerous factors
including genetic, biological, behavioral, and ecological processes [15]. During the life cycle of trematodes,
parasites need to penetrate into this host, develop, multiply asexually and finally leave the host to continue
their life cycle [16].
The circulatory system of gastropod molluscs are opened, and the hemolymph bathes the organs and
supplies tissues by means of network of sinsoids. Consequently, the intramollus can stages of trematode
parasites develop in the tissues an intimate association with the hemolymph of their host snails [17].
Understanding the host-parasite interactions represents a major challenge in biology and may help in finding a
novel control method against Schistosoma in different snail species. Differences in the immune responses
were represented by different species of Biomphalaria against Schistosoma infection and even between
members of the same species with different degrees of susceptibility [18-25]. So, the mechanisms involved in
these interactions need to be specified for each species.
In Bulinus truncatus rohlfsi previous studies have generally shown two types of hemocytes:
granuolocytes and hyalinocytes [26].Granulocytes spread rapidly on glass, constituting 90% of the hemocytes
population and are directly involved in phagocytosis, having different cell organelles with numerous lysosomelike structures containing digestive enzymes. The other types of hemocytes, hyalinocytes, attach to and not
spread on glass. The present work was undertaken to study susceptibility and characterization of the immune
response of B. truncatus snails from different Egyptian localities to S. haematobium infection.
MATERIALS AND METHODS
Collection of snails: Schistosoma haematobium snails were found in large number in small dishes and several
minor snails at small depth and were scanty in big canals. On the other hand, Bulinus snails were found in main
stream and canals. Populations of Bulinus snail were collected from two Egyptian Governorates (Giza and
Damietta) [27] and the 3rd group lab bred strain was obtained from Schistosome Biological Supply Center at
Theodor Bilharz Research Institute (SBSC-TBRI).
Snails breeding: Snails were allowed to lay egg masses on small foam pieces placing on the water surface of
aquaria in dechlorinated tap water under laboratory conditions [28]. The egg masses of adult Bulinus snails
were collected, relocated and transferred to smaller plastic aquaria of one liter capacity containing
dechlorinated tap water at room temperature. Hatching snails were transferred with a fine brush to another
aquarium where they were feeding on blue green algae, mainly Nostoc muscorm and aseptic soil until they
reach to 5 mm shell height then feeding on lettuce leaves and Tetramin (Fish food). Water in aquaria was
continuously changed, a photoperiodicity of 12hr. light/12 hr. dark.
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Parasites: The Egyptian strain of Schistosoma haematobium, applied by the SBSC (TBRI, Giza) was used in this
study. Eggs and freshly hatched miracidia were collected from intestine of ten Syrian golden hamsters
Mesocricetus auratus (18-21 g) infected 6-8 weeks earlier with 300 S. haematobium cercariae[29]. About 200
ml of 0.85 % saline-solution were added to the minced tissue and the suspension was homogenized for 5-10
sec at very low speed using a warring blender. Homogenate was sieved using a tiered column of sieves
arranged in descending order of mesh opening (420 m, 177 m, 105 m and 45 m). The eggs were washed
through bottom sieve with 100 ml of 0.85 % saline solution and rinsed with 100 ml of aerated tap water. The
eggs were pipette into a small 1.5 x 6 cm petri dish (Nunc) and kept under ceiling illumination for about 5 min
for hatching.
Snail exposure and infection: The snails from each group were reared in the laboratory and their first
generations (F1) were used throughout the infection experiment.50 lab-bred Bulinus snails (4-6mm in shell
length) from each Governorate offspring as well as snail group from SBSC were exposed individually to 10
newly hatched S. haematobium miracidia. After exposure, groups of snails were maintained communally in
plastic tray (20 x 30 cm) containing 1.5 liters of dechlorinated tap water, supplied with lettuce leaves and
Nostoc algae. Starting from 4 week post-exposure (WEP), the snails were examined individually once a week
for cercarial shedding. They put in multi wells containing 2 ml of dechlorinated tape water/ snail under
artificial light for two hours (stimulated period). After initial shedding was observed, snails were screened
individually once weekly till the death of snails. Survival rate, infection rate and cercarial production per snail
per week were recorded. The classification of snails susceptibility to infection was dependent on the infection
rate of the snail in which snails were considered refractory below 10%, low susceptible 10-25 %, moderate
susceptible 25-50% and high susceptible at infection rate over 50%[30].
Light microscopic study: Ten infected snails from each group, together with the three non-infected snails were
subjected to histological examination. They were relaxed with menthol crystals (approximately 2 x 10 -4 M).
Each snail was carefully crushed between two microscope slides, and the broken shell was pulled away from
the body. The columellar muscle was separated from the shell, and the snail was extracted intact. Snails were
fixed in Bouin's fixative for at least 24 hr and then placed in ascending concentrations of ethanol. Hematoxylineosin-stained 5-µm sections were examined microscopically for histological condition of larval trematodes
[19].
Hemocytes count: The hemolymph was collected from control and experimental groups at 1, 2, 3 and 4 WPE
to S. haematobium miracidia[31]. Each snail shell was cleaned with 70% alcohol, dried with absorbent tissue
paper, and the hemolymph was collected by a cardiac puncture using a 21-gauge needle. It collected from
randomly selected 7snails, in each specified group. Total hemocyte count were performed using 10 μL of
whole hemolymph diluted (1/10) in CBSS buffer containing 0.5% neutral red solution. A 10% solution of lymph
in neutral red was placed in a Naubauer chamber and observed under an optical microscope at 400
magnification. Hemocytes present in 4 randomly selected fields were counted. Hemocytes that stained red
were considered granulocytes and those did not stain considered hyalinocytes[32].
RESULTS
Table 1: Classification of snail's susceptibility according to their infection rates
Snail groups

SBSC
(No. exposed=50)

Survival rate of snails (%)
Infection rate of snails (%))
Number of cercariae/ snail/
week (Mean ±S.D)

76
42.1
110 ± 33.16

Damietta
( No. exposed=50)
66
39.4
47.5 ± 20.2

Giza
(No. exposed=50)
56
17.85
29.66 ± 13.65

The results of experimental infection of the B. truncatus snail groups with S. haematobium are
presented in Table 1. The experimental snail groups were classified according to their infection rate: moderate
susceptibility SBSC (42.1%) and Damietta (39.4%) snails with mean number of cercariae/ snail/ week being 110
± 33.16and 47.5 ± 20.2, respectively for two snail groups. Giza snails showed low susceptibility 17.85% and the
mean number of cercariae/ snail/week was 29.66 ± 13.65.
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The infected snails from SBSC group showed a moderate degree of susceptibility. At 5 WPE, live
sporocysts were present in a large numbers with normal development (Fig.1A). The sporocysts were widely
spread in different organs especially the digestive glands and ovotestis. No cellular reaction was present
around the sporocyst(Fig. 1B). Mild generalized diffuse cellular infiltration was present in the tissues and in
between the organs.
The moderate susceptible snails from Damietta group showed sporocysts in different organs at 5
WPE. A large number of them were able to complete their development, although some dead ones were
present surrounded by cellular aggregations (Fig.1C). Moderate generalized diffuse cellular infiltration was
present in the tissues and between the organs. Sometimes granulomata were formed around the remnant of
sporocyst. These granulomata were spherical to oval in sections and appear in two forms. The first form is
consisted of hemocytes and fibers encircling the dead sporocyst (Fig. 1D),while the second form is consisted of
layers of flattened hemocytes and fibers encircling the dead sporocyst and surrounded by layers of unflattened hemocytes(Fig. 1E).

Fig 1(A-H): Histological sections of B. truncatus snails infected with S. haematobium.
(A)Live S. haematobium sporocysts (arrows) with normal development in a moderate susceptible snail.
(B) Developing sporocysts (arrows) between the organs of snail. Note the increase in size of sporocysts and
absence of hemocytic response in a moderate susceptible snail.
(C) Dead sporocysts surrounded by hemocytes (arrow) in a moderate susceptible snail from Damietta. (D)
Granuloma around a dead sporocyst in a moderate susceptible snail from Damietta and low susceptible
snail from Giza consisting of hemocytes (arrow head) and fibers (arrow).
(E)Second type of granuloma around a dead sporocyst in a moderate susceptible snail from Damietta and
low susceptible snail from Giza consisting of layers of flattened hemocytes (arrow head) and fibers (arrow)
and surrounded by layers of un-flattened hemocytes with no fibers (thick arrow).
(F) Intense diffuse hemocyte aggregation at the penetrating sites of miracidia (arrow) in low susceptible
snail from Giza. (G) A loose hemocyte rich nodule (arrow) in the cephalopodal tissues of in low susceptible
snail from Giza.
(H) Focal thickening of the stroma among the internal organs (arrow) in low susceptible snail from Giza. X
200.
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In contrast, the snails from Giza group exhibited low susceptibility, and most of sporocysts were dead
at 5 WPE. These snails showed an intense diffuse hemocytic reaction at the penetrating sites of miracidia (Fig.
1F). Loose hemocyte rich nodules were detected in the cephalopodal tissues (Fig. 1G). Dead sporocysts were
present and appeared as round eosinophilic masses surrounded by several layers of flattened hemocytes. The
tissue reaction was in the form of moderate diffuse cellular infiltration in between the organs. The two types
of granulomata with the same structure described before surrounding the dead sporocyst were present in
between the organs. Hemocyte proliferation with focal thickening of the stroma was present among the
digestive glands, the albumin glands and the ovotestis (Fig.1H).

A

Fig 2: Number of hemocytes (A), granulocytes (B) and hyalinocytes (C) of B. truncatus from the different
experimental groups after exposure to S. haematobium miracidium.
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Hemocytes pattern of the snail populations: When comparing the two types of hemocytes in control snail
(hyalinocytes and granulocytes) using the unpaired T-test, granulocytes were significantly greater as compared
to hyalinocytes (p<0.001). Figure (2A) showed that exposure of B. truncatus to S. haematobium caused gradual
increase in the number of circulating hemocytes in the three experimental groups. The increase in number of
circulating hemocytes in Damietta and Giza groups became significantly at 1 WPE and 2 WPE, then a gradual
decrease occurred. The increasing of hemocytes in Giza group was larger than the two other experimental
groups. The number of granulocytes from infected snails of Giza group was significantly elevated than control
from 1WPE till 3 WPE (Fig.2B). Indeed, the number of granulocytes in SBSC and Damietta groups increased
significantly at 2 WPE, then a gradual decrease occurred (Fig.2B). The number of hyalinocytes from infected
snails in the three experimental groups increased as compared with the control. The increase in number of
hyalinocytes in Damietta and Giza groups was not statically significant from 1 WPE, but became significant at
the 2WPE and 3WPE, then decrease occurred (Fig.2C).
DISCUSSION
Within the genus Bulinus, there is a large diversity in the susceptibility of strain to infection by
Schistosoma parasites. Pathological and genetic aspects of the snail hosts, as well as the genetic feature of the
Schistosoma parasites, contribute to this diversity as demonstrated in distinct experimental models [33-35].
Until now, most interaction studies have been conducted using Biomophlaria glabrate- S. mansoni as an
experimental model [36-39; 23; 14]. In addition, there is recent studies have been developed with another
important Mollusca host, B. tenagophila [40-44; 31]. This experimental model has an important advantage,
because the B. tenagophila Taim strain is resistant whereas the Cabo Firo strain is susceptible to S. mansoni
infection, thus it is possible to develop comparative experimental infections within the individual from the
same species [43].
After penetration of the snail tissue, S. haematobium miracidia undergo morphological and
physiological changes, and become primary sporocyst, which then go on to complete their life cycle within the
intermediate host. During this process, the sporocysts have to interact with the immune system of the snail
connective tissue, including soluble factors and hemocytes. Several authors have seen the presence of an
extracellular matrix surrounding and wrapping the sporocysts after penetration of the snail [39; 43; 45].The
present study is a comparative histopathological verifying the tissue reactions of B. truncatus snail groups from
different localities with different degrees of susceptibility to S. haematobium. Histopathological examination of
the snails obtained from SBSC showed a normal development of the parasites with wide spread of sporocysts
in the different organs at 5 WPE. There were neither dead sporocysts nor cellular reactions around the living
ones, they could shed high number of cercariae. It appears that there isa tolerance in the snail tissue to the
presence, growth and multiplication of sporocystsas [46]. However, Damietta snails could eliminate moderate
number of cercariae and some degree of the host tissue reactions was shown by these snails. This was
presented by the cellular aggregations surrounding the living sprocysts and by the formation of the granuloma
around some dead sporocysts. In spite of the presence of these host reactions, the susceptible B. truncatus
snail and those of other species were not able to clear the infection [18; 51; 52; 24] Parasitological
investigations on different snail species showed within the same species a small number of cercariae were
shed from the susceptible offspring because it has a proportion of resistant snails as parents [53;54]. These
parasitological results could be clarified by the previous immune reactions in the snail tissues.
The current results also showed a generalized hemocytic infiltration in the moderate susceptible
snails from the Damietta group at 5 WPE. This period represents the early phase of enormous colonization of
the snail tissue by the cercariae; the extremely pathogenic mobile larvae that are able to do directly ingesting
the host tissues. The mechanical and lytic tissue damage caused by the moving cercariae which themselves
might be protected by masking the snail antigens might be responsible for this reaction [11; 47]. By this time
the hemocytes have been exposed for a long time to non-self and changed self (damaging tissue brought
about by getting away cercariae) resulting in a higher state of responsiveness of the hemocytes [10; 48; 18]. At
that time, it was guessed that the tissue reactions eliminate the waste products resulting from the parasites,
and participate in the healing of the injured tissues [49].
The low susceptible snails from Giza population tested group could eliminate only a few cercariae and
showed many forms of tissue reactions against the sporocyst at 5 WPE, including diffuse cellular infiltration
with phagocytosis, granuloma formation, hemocyte rich nodules and focal thickening of the stroma.
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Phagocytosis was apparent by the presence of remnants of dead forms. It was showed that parasiteamoebocytes contact happened and prompted to phagocytosis and by 48 h only scattered remnants of
sporocysts remained [50].
The hemocyte rich nodules are another form of tissue reactions found in this study, mainly in the low
susceptible snails and occasionally in the moderate susceptible ones. They were present in the anterior portion
of the snails and in between the organs. These nodules were also detected in the strongly resistant B. glabrata
and B. tenagophila [55; 19; 13]
The two types of granulomata formed in the current study around the dead sporocysts were
described as type 1 and type 2 granulomata [56].It has been attributed this variability to the individual
difference in the host and the parasite[57]. Both types of granulomata appeared in the routinely stained slides
as a mixture of hemocytes and fibers. It has been found that the hemocytes in the granuloma had expanded
cytoplasmic processes that gave the appearance under light microscope as containing fibers [58].
By observing the tissue reactions of low susceptible snails in this study, the immune responses might
be happened by two different mechanisms. One type of defense utilized direct miracidial destruction soon
after their penetration. In these snails, the intense hemocytes aggregation and the hemocyte rich nodules
were found at the site of the penetration of the miracidia. These reactions may lead to direct miracidial
destruction soon after their penetration. In B. tenagophila, a diffuse and focal hemocytic infiltration was
observed in the cephalopodal tissue of the infected highly resistant snails and found to be associated with
rapid parasite destruction after penetration [13]. The second type of the immune reactions demonstrated that
the diffuse cellular infiltration, the hemocyte rich nodules and the focal thickening of the stroma were found in
the deep tissues. [55; 19] considered these reactions as a delayed development of resistance that happened
after spread of sporocysts in the snail tissues. They considered this type of delayed developed resistance
represents an alternative sort of host internal defense mechanism against S. mansoni miracidia. It happens
regardless the evidence suggesting that S. mansoni sporocysts can sometimes develop their capacity, in a
better way, to interfere with internal defense mechanism of the snail as they grow older [59].
There is a little information about the nature of the factors that determine encapsulation and death
of Schistosoma sporocysts. It was revealed that encapsulation process occurs in either resistant or susceptible
strains, but only results in parasite death in the resistant snail strain [60].It was administrated that sporocyst
previously treated with concanavalin Alectin become encapsulated, but it do not die in snails that are usually
resistant to infection[61]. Other authors hypothesized that it is necessary to have specific recognition for
encapsulation and effective cytotoxic response. It is possible that during hemocyte attachment, a process of
cellular activation occurs that triggers the release of peroxidase enzymes and other cytotoxic substances
around the parasites as suggested in B. tenagophila [43].
The internal defense system (IDS) is stimulated by the excretory secretory products of the penetrating
miracidia [62]. It has been identified three subpopulations of hemocytes in hemolymph of B. glabratasnails
based on their size and ultrastructural aspects [63]. It has been identified subpopulations of hemocytes in
hemolymph of B. alexandrina, these three hemocytes are designated as round small hyalinocyte cells with
circular shape and clear cell membrane, while granulocytes which are characterized by their moderate size
with different size granules and amoebocytes are characterized by their large size, extending many
pseudopodia and central clear nucleus [64].Three circulating hemocytes subsets in Biomphalaria species were
identified [31]. In agreement to the present study the B. alexandrina hemocytes are classified according to cell
size and shape into two cell types, designated as small round hyalinocytes and granular spreading hemocytes
[65].
In the current result, the number of circulating hemocytes in infected B. truncatus snails increased
significantly at 1-2 WPE as compared to normal control and then a gradual decrease occurred. This may be due
to that the cells originating within organ would flow with the hemolymph to concentrate themselves at
locations of infection. In this way, a higher concentration of hemocytes in the hemolymph of infected snails
was observed [32]. The stage of the schistosome infection also is important. The results agreed with authors
who found a decrease in hemocyte number in snails with 4-6 WPE, which they attributed to a migration of
hemolymph cells to the interior of the tissues [66]. On the other hand, it was observed that significant increase
in hemocyte number in snails with 4-6 WPE as compared to normal controls [67].

May–June

2017

RJPBCS

8(3)

Page No. 1192

ISSN: 0975-8585

The present observation showed that the granulocytes were present in significant greater number as
compared to hyalinocytes. The results agreed with the authors [32]. It has been found that the successful
elimination of potential infective agents requires granulocytes to engulf particles and further eliminate living
pathogens through enzymatic or oxidative degradation [68]. However, they thought that hyalinocytes were
responsible primarily for wound repair, requiring aggregation at an injury site. Hyalinocytes are smaller
spherical cells, unable to adhere to substrates or to emit pseudopods. On other hand, granulocytes are large
amorphous cells presenting granules in cytoplasm, which easily adhere to substrates and emit pseudopods
[69; 39; 70]. The increase in number of granulocytes from Giza group was more than the two other
experimental groups, which may be predisposes Giza snails to exhibit low susceptibility in the present study.
Other studies carried out on B. tenagophila demonstrate that the temporary reduction in the number of
circulating granulocytes results in increased susceptibility to infection by S. mansoni [71].
CONCLUSION
In Egypt, B. truncatus snails have variant immune response against S. haematobium infection.
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