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Abstract 
   In this study, both digestive and hermaphrodite glands in Biomphalaria alexandrina snails 

were examined by light microscope (LM) and scanning electron microscopy (SEM) in a trial to 

clarify its immunological role as defense mechanism against the parasite infection. B. alexan-

drina snails used were exposed individually to Schistosoma mansoni miracidia; according to 

their response they were classified into infected snails (shed cercariae) and non-infected snails 

(failed to shed cercariae). Snails not exposed to S. mansoni miracidia used as control. LM 

showing great histological alteration in tissues of the both glands in infected snails, these 

changes represented by degenerated both oocyte and spermatocyte in hermaphrodite gland in 

addition to degenerated digestive gland while non-infected snails showing mild degenerated ova 

with normal spermatocytes also degenerated miracidia inside granuloma like structure with 

concentric layers of fibroblast and  haemocyte could be observed. By SEM we could detect ex-

tensively damaged and fibrosed non-motile cilia with exfoliation of tegumental surface in in-

fected B.alexandrina while non-infected ones showing attached numerous cilia with some bal-

looning of the folds. 

Key words: Immune response; Biomphalaria alexandrina; Light and scanning electron micros-

copy. 

Introduction 
   Schistosomiasis is one of the most signifi-

cant neglected tropical diseases affecting 

about 239 million people (WHO, 2012).The 

internal defense system (IDS) of snails is 

composed of cellular elements; haemocytes 

and soluble factors present in haemolymph. 

They play an important role in the innate 

immune responses of mollusks and have im-

portant factors in fighting snail infections 

(Farahnak et al, 2005). Haemocytes play the 

prominent role in parasite and pathogen 

elimination and may be circulating in haem-

lymph or fixed in tissues. Snail haemocytes 

are able to the mount a cytotoxic response 

against parasites (Bahgat et al, 2002). IDS is 

one of the factors that influence the suscep-

tibility pattern of the snails. This system is 

stimulated by the excretory secretory prod-

ucts (ESPs) of the penetrating miracidia 

(Zahoor et al, 2010). Parasites face many 

challenges such as gaining enough energy to 

grow and to evade the host defense system 

(Meuleman et al, 1987; DeJong-Brink et al, 

2001). 

   Infection of snails with schistosomes in-

volves two operations, namely the miracidal 

penetration into the snail and subsequent 

development of the parasite inside the snail 

body till production of cercariae. The host-

parasite relationship is complex and ques-

tions remain concerning the susceptibility of 

snails to infection by the respective trema-

todes and their suitability as hosts for con-

tinued parasite development. B. alexandrina, 

the intermediate hosts of intestinal schisto-

somiasis may be either susceptible or re-

sistant to infection by S. mansoni (Sasaki et 

al, 2003). Resistance can take several forms 

either parasite was not attracted to the snail, 

could not  penetrate it, the penetrated snail 

degenerated immediately or after some de-

velopment or actively destroyed by the snail 

defense system after penetration (Rizk et al, 

2011). 

   The digestive gland of mollusks is invo-

lved in the extracellular and intracellular di-

gestion absorbed of food material absorption 

of nutrients, storage of lipids, glycogen and 

minerals, in addition to its major role in de-
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toxification (Henry et al, 1989). Abdel Ha-

mid et al. (2007) showed harmful degenera-

tion and great damage in the cells of the 

hermaphrodite gland in infected B. alexan-

drina that affecting reproduction by destroy-

ing gametocytes and increasing snail mortal-

ity. 

   The present work was designed to study 

the immune response of infected B. alexan-

drina snails with S. mansoni miracidia by 

light and scanning electron microscope. 

Materials and Methods 

   Biomphalaria alexandrina snails were ob-

tained from the laboratory-bred stock in 

Medical Malacology (TBRI) Egypt. B. alex-

andrina snails were exposed individually to 

ten S. mansoni miracidia in the presence of 2 

ml of dechlorinated aerated tap water under 

florescent light at temperature (25±1ºC). 

They remained in contact with miracidia 

overnight and then transferred to the original 

aquaria at 25±1°C throughout the infection 

process. The fresh lettuce leaves were sup-

plied as food every couple of days and the 

dead snails were regularly removed. Thirty 

days post infection; the snails were checked 

individually for the cercarial shedding 

(Kamel et al, 2006; Helal et al, 2014a,b).  

Two groups (each group of 120 snails) were 

used, as follows: group (G1) snails non-

exposed to S. mansoni miracidia used as 

control. Group (G2) snails exposed to S. 

mansoni miracidia, this group include in-

fected snails (that shed cercariae) and non-

infected ones (that failed to shed cercariae).  

36 snails were used from each control, in-

fected and non-infected snails for examina-

tion under light and scanning electron mi-

croscopy. 

    Histological methods by light microscope: 

Each group was carefully crushed between  

two glass-slides, the shell fragments were   

removed under a dissecting microscope. Soft 

tissues were separated and immediately 

fixed in alcoholic Bouin’s fluid (15 ml picric 

acid (saturated aqueous solution), 5 ml of 

40% formalin, and 1 ml of 100% glacial ace-

tic acid) for 12 hours. After fixation, speci-

mens were dehydrated in an ascending series 

of alcohol (70%, 80%, 90% &100%) each 

15 minutes. The specimens were cleared in 

two changes of xylene and embedded in 

molten paraplast at 60ºC. The serial sections 

were cut at 5μ thickness using rotary micro-

tome and stained with Ehrlich’s haematoxy-

lin and counterstained eosin (Romeis, 1989). 

The sections were then mounted by DPX 

and covered by glass cover histological sec-

tions were examined and photographed with 

automatic camera using Olympus System 

Microscope.  

   Scanning electron microscope: The tissues 

were fixed in equal volumes of  glutaralde-

hyde 4%+ Cacodylate 0.2 % for 2 hours. It 

was then washed in equal volumes of Su-

crose 0.4 % and Cacodylate 0.2% for 2 ho-

urs, Post fixed in equal volumes of os-

mic acid 2% and Cacodylate 0.3 % for an 

hour, washed with distilled water. Final-

ly dehydrated in ascending grades of ethanol 

for 5 min each (30%, 50%, 70% and 90%) 

then absolute alcohol 100% for 10 min for 3 

times.  Samples were immediately processed 

(Glauert, 1974). 

   Statistical analysis: Data were analyzed by 

Statistical package for Social Sciences for 

Windows version 22.0 (SPSS, Chicago, IL, 

USA). Descriptive statistics for each varia-

ble was determined. Results for continuous 

variables were demonstrated as data were 

expressed as test of proportion. P-values of 

less than 0.05 were considered significant 

Results 

 The results are given (Tab. 1) 

Table 1: Effect of infection with Schistosoma mansoni in survival rate and percentage infection in Biomphalaria alexandrina. 

Groups 
Surviving  Infected snails, 

shed cercariae 

% 

Infected 

Non-infected snails, not 

shed cercariae 

%  

Non infected No. % 

Control group   (G1) 104 86.8     

Exposed to miracidia (G2) 92 76.7* 56/92 60.9**,# 36/92 39.1 

Number of snails used in each group 120.
 *

p< 0.0 5 significant decrease than control,
 **

p< 0.0 1 highly significant de-

crease than control,
#
p< 0.01 highly significant increase than non -infected. 
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   The survival rate of B. alexandrina in con-

trol group (G1) was 86.8% while in exposed 

snails to miracidia (G2) was 76.7% with 

significant difference than control (p< 0. 

05).  The majority of exposed snails to mira-

cidia were infected (60.9%), while 39.1% 

were non-infected. There was highly signifi-

cant decrease between infected snails than 

control (P< 0.01) and highly significant in-

creased between infected snails than non-

infected snails (p< 0. 01). 

   Histopathological examinations: Light mi-

croscope, examination of control group (G1) 

B. alexandrina tissue showed normal histol-

ogy of digestive gland (endothelial cell, lu-

men, Basment Membrane) (Fig. 1A), devel-

opmental stages of spermatocyts and oocyte 

(Fig.1B). 

   Exposed snails to miracidia (G2): Infected 

snails showed degenerated digestive gland, 

oocyte and spermatocyte (Fig.1 C, D, & E). 

Non infected snails showed: mild degenerat-

ed ova with normal spermatocytes (Fig.1F), 

degenerated miracidia inside granuloma like 

structure with concentric layer of fibroblast 

and  haemocyte (Fig. 1G), folded miracidia 

entrapped within snail hermaphrodite gland 

surrounded by haemocyte (Fig. 1H) and  

granuloma-like structure in digestive gland 

(Fig. 1I). 

   Scanning Electron Microscope: In control 

group (G1) showed densely attached numer-

ous cilia (Fig. 2A). High magnification 

showed many folds and cilia (Fig.2B), smo-

oth tegumental surface of mental visceral 

mass (Fig. 2C). Exposed snails to miracidia 

(G2).Infected snails showed extensively 

damaged and fibrosed non-motile cilia (Fig. 

2D & E), exfoliation of tegumental surface 

with appearance of sub-tegumental tissue 

(Fig. 2F). Non-infected snails showed at-

tached numerous cilia (Fig. 2G).High mag-

nification showed some ballooning of the 

folds (Fig. 2H & I). 

Discussion 
   Many studies investigated the mechanisms 

by which the snail resistance was achieved 

(Granath and Yashino, 1983; Loker and Ba-

yne, 1986). Dynamic interaction between the 

molluscs and their trematode parasites led 

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 re-

sponses or fails to develop because the host 

is physiologically unsuitable (Mohamed et 

al, 2011). 

   Susceptibility generally is viewed to be the 

result of hemocytes failure to recognize 

and/or mount an effective cytotoxic response 

against the invasive parasite larvae. Mo-

hamed et al. (1993) reported that the interac-

tion between S. mansoni and the internal de-

fense system of the snail is the main effecter 

element in the destruction of the parasite. 

Parasites need to penetrate into this host, 

develop multiply asexually and finally leave 

the host to continue their life cycle (Davies 

and Mckerrow, 2003; Parker et al, 2003). 

   In the present study, B. alexandrina expo-

sed to S. mansoni miracidia showed increase 

the mortality rate than control. This agreed 

with several authors who observed that lar-

val trematode infections frequently affected 

survivorship and fecundity of the snail hosts 

(El-Sayed et al, 1999; El-Dafrawy et al, 

2001). 

   De Jong-Brink et al. (1988) suggested that 

the parasite produces a factor that interferes 

with the activity of the reproductive hor-

mones. Also, Holmes and Zohar (1990) 

found that the most direct action occurred 

when a parasite localized in an organ and 

interfered with the function of that organ 

mechanically or through destruction of its 

tissue. Thompson (1993) also reported that 

infected snails with schistosomes showed a 

dramatic reduction in the snail’s ability to 

produce eggs or complete cessation of egg 

production which may be due to energy de-

pletion or may be resulted from direct nutri-

tional deprivation. Also, Bakry (2009) and 

Sullivan and Yeung (2011) found histologi-
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cal damage and evacuation in digestive gla-

nd & gametogenic stages of infected snails. 

   These findings were in a harmony with the 

histological results of infected B. alexan-

drina which showed sever histopathological 

changes of hermaphrodite gland represented 

by degeneration, vaculation and deformation 

of   oocyte and spermatocyte in addition to 

sever digestive gland degeneration. 

   Granuloma like structures in the present 

results were seen 30 days postmiracidial ex-

posure represented by a number of up to 

four layers of accumulating hemocytes sur-

rounded the miracidia. These multiple layers 

of hemocytes act as a wall that isolates them 

preventing the uptake of nutrients present in 

the hemolymph of the snails. Such haemo-

cytes responses were reported especially in 

snails resistant to dignean trematodes (Lem-

os and Andrade, 2001). Helal et al. (2014a) 

found that the haemocytes are directly in-

volved in the death of some encapsulated 

parasites. The study went on with the pre-

sent histological result of non-infected group 

that showed mild degenerated ova with 

normal spermatocytes, degenerated miracid-

ia inside granuloma like structure of concen-

tric layer of fibroblast, haemocyte and fold-

ed miracidia entrapped within hermaphro-

dite gland surrounded by haemocyte. Also, 

the results agreed with Mohamed et al. 

(2011) who found that although the miracid-

ia of the parasite successfully penetrate the 

snail, they are quickly subjected to strong 

tissue reactions leading into the encapsula-

tion of the parasite larvae followed by de-

generation and eventual exclusion from the  

resistant snails’ tissues where hemocytes 

could recognize and destroy parasite by a 

cellular encapsulation response that may in-

volve plasma activating or recognition fac-

tors, lysosomal enzymes or other cytotoxic 

elements and phagocytosis of the damaged 

parasite tegument. 

  The results were confirmed by SEM, which 

showed attached numerous cilia at the ven-

tral surface with only some ballooning of the 

folds in non-infected snails, while extensivly 

damaged and fibrosed non motile cilia, exfo-

liation of tegumental surface and appearance 

of sub-tegumental tissue in infected group 

could be observed which agreed with El-

Beshbishia et al. (2015) who found mark-ed 

distortion of the tentacle with exfoliation 

and erosion with exposure of subtegumental 

tissue in infected snails   

Conclusions 
   The outcome results clarified the link be-

tween snail immunity and its susceptibility 

to increase snail immunity and played a role 

in host protection against parasites and limit 

the spread of the pathogen and subsequently 

control parasites transmitted by host snails. 
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Fig. 1: Histological section in control Biomphalaria alexandrina snails showing (A): Normal structure of diges-

tive gland endothelial cell (Ec,) lumen (L), Basement Membrane (B.M). (B): Developmental stage of spermato-

cyts(sp) and oocyte (arrow) (40x). In infected Biomphalaria alexandrina snails showing (C): Degenerated oocyte. 

(D): Degenerated digestive gland. (E): Degenerated spermatocyt (arrow) (40x). In non-infected Biomphalaria 

alexandrina snails showing (F): Oocytes with mild degenerated ova (arrow) with normal spermatocytes (sp). (G): 

Degenerated miracidia inside granuloma like structure of concentric layer of fibroblasts with some haemocyts 

(arrow). (H): Folded miracidia entrapped within snail germ cells (arrow) surrounded by haemocytes. (I): Granu-

loma- like structure formed in digestive gland (arrow) (40x). 
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I Fig.2: Scanning Electron Microscopy of control Biomphalaria alexandrina snails soft tissue showed densely attached 

numerous cilia (arrows) (800x A). High magnification showed many folds, and cilia (arrows) (8000x B); Smooth tegu-

mental surface of mantal visceral mass (5000x C). In infected Biomphalaria alexandrina snails soft tissue showed exten-

sively damaged and fibrosed non-motile cilia (arrows) (6000x D, 6443x E). Exfoliation of tegumental surface, and ap-

pearance of subtegumental tissue (arrow) (800x F); In non-infected Biomphalaria alexandrina snails soft tissue showing 

attached numerous cilia at ventral surface (arrows) (2800x G); Some ballooning of folds start to appear on surface (ar-

rows) (12000x H, 6000x I). 
 

 

 

 

 

 
 

 

 


