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Abstract
Schistosoma mansoni is the main factor of human schistosomiasis which is responsible for high rates of mortality. Recently, 
the use of alternative biological control agents has gained importance in disease control because the intensive use of mol-
luscicides is very harmful to human health and poses risks to the environment. In the present work, the potential effect of two 
freshwater algae, Amphora coffeaeformis and Scenedesmus obtusus, on the immune response of Biomphalaria alexandrina 
snails against infection with S. mansoni was investigated. Two different concentrations 1 and 2 g L− 1 from each dried algal 
material were tested on snails before exposure to miracidial infection by one day. The use of Amphora coffeaeformis has a 
greater immunostimulatory effect than Scendesmus obtusus at a low concentration of 1.0 g L− 1. The tested algae affected 
the snail’s hemocytes and its immune response to S. mansoni as evidenced by a significant decrease in infection rate and 
cercariae production. In addition, increasing in total hemocyte count, the formation of vacuoles, the appearance of several 
pseudopodia, and the formation of coarse granules in hemocytes of infected snails treated with A. coffeaeformis. Intense 
tissue reactions were also observed. In conclusion, it was confirmed that these algae can be used as an immunostimulant in 
the prevention and control of S. mansoni.
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Introduction

Schistosomiasis is highly prevalent and second disease after 
malaria that affects millions of humans around the world, 
especially in developing countries (Kiros et al. 2014; Rees 
et al. 2019). Worldwide, Schistosoma mansoni (Sambon, 
1907) infects approximately 240 million people every year 
(WHO 2014). Biomphalaria alexandrina (Ehrenberg, 1831) 
snail is an aquatic gastropod mollusk (family Planorbidae) 
and the intermediate host of S. mansoni (Faro et al. 2013). 

To complete the life cycle of Schistosoma, mature eggs 
are deposited in freshwater, which then hatches into mira-
cidia that invade the snail, develop, multiply, and eventu-
ally become the mother sporocyst and stimulate the snail’s 
defense system. At the same time, the parasite attempts to 
escape the internal defenses of the snail host to continue 
its life cycle. Two weeks after penetration, the sporocysts 
reproduce multiple asexually, and finally, they migrate to the 
reproductive organs and hepatopancreas (digestive glands). 
After 30 days of its penetration, cercariae are shedded into 
the water to infect the final host (Nacif-Pimenta et al. 2012; 
Nelwan 2019).

Gastropods have an effective internal defense system 
(IDS) that differs from the immune system of verte-
brates. This system comprises both cellular and humoral 
elements that act together to combat the infection (Bayne 
2009; Saad et al. 2014, 2017; Coustau et al. 2015; Le 
Clec’h et al. 2016). The hemolymph of freshwater snails 
contains hemoproteins and different types of blood cells 

 *	 Shereen Mahfouz Mansour 
	 shery_83m@yahoo.com

1	 Medical Malacology Department, Theodor Bilharz Research 
Institute, Imbaba, Giza, Egypt

2	 Biological and Geological Sciences Department, 
Faculty of Education, Ain Shams University, P.C.11757, 
Roxy, Heliopolis, Cairo, Egypt

http://orcid.org/0000-0002-3522-2805
http://crossmark.crossref.org/dialog/?doi=10.1007/s11756-022-01262-w&domain=pdf


738	 Biologia (2023) 78:737–748

1 3

called hemocytes. There are different subpopulations and 
morphological variability of hemocytes, which play an 
important role in the recognition and attack of foreign 
bodies through different processes such as encapsula-
tion, phagocytosis, and releasing some cytotoxic media-
tors (Bayne 1990; Miller et al. 2001). Previous studies 
reported that the immune mechanism that influences 
compatibility between S. mansoni and Biomphlaria 
snails depends primarily on the immune cells of snails 
(hemocytes). Also, the fibrinogen-related proteins and 
humoral immune effectors are concerned with the anti-
schistosome immune response (Pila et al. 2017).

Microalgae exhibit different biological activities in the 
presence of a variety of phytoconstituents that are cre-
ated by metabolic enzymes. These metabolites are effec-
tive alternatives to antibiotics especially to combat the 
disease (Selvendran 2013; Ayoub et al. 2019). Several 
investigators enhanced the role of algae as immunostimu-
lants. They ensured that some algae like Amphora species 
and Chlorella species can increase the resistance of some 
animals like fish and mice (Morris et al. 2007; Ayoub 
et al. 2019). The enzymatic proteins of the green alga 
Chlorella vulgaris stimulate the defense activity of mam-
mals by enhancing mechanisms of innate and specific 
immune responses (Morris et al. 2007). Algae have many 
advantages, the most important of which is that they are 
an important source of food, their easy cultivation gives 
them importance in immunomodulating studies. Amphora 
coffeaeformis (Agardh) Kutzing, 1844 is one of the most 
abundant species in alkaline fresh, brackish, and marine 
water (Bhosleac et al. 1993). It contains high amount of 
photosynthetic pigments such as chlorophyll, carotenoids 
with high levels, and also a series of biologically active 
substances with antioxidant, antiobesity, antimicrobial, 
and other properties used in many medical applications 
(Gories et al. 2012; El-Sayed et al. 2018). Scenedesmus 
obtusus is one of the most common freshwater algae 
species, it has beneficial aspects, promoting enhanced 
immune response, good weight control, improved fertil-
ity, and a lustrous coat (Pulz and Gross 2004). The micro-
algae including A. coffeaeformis and S. obtusus are used 
in bioremediation for detoxification and to getting rid of 
environmental pollutants (Sayed et al. 2019). For these 
reasons, in recent years, the utilization of algae in phar-
maceutical and medical applications has attracted global 
attention (El-Sayed et al. 2018; Ke Ma et al. 2020).

The aim of the current study is the assessment of A. 
coffeaeformis and S. obtusus as immunostimulant agents 
on B. alexandrina snails against Schistosoma infection. 
This will be achieved by reporting and understanding the 
hematological responses and tissue interaction of treated 
snails with different concentrations of algae against infec-
tion with S. mansoni.

Materials and methods

Snails and Schistosoma mansoni infection

Biompholaria alexandrina snails (3-6 mm in diameter) were 
obtained and reared in the Medical Malacology Department, 
Theodor Bilharz Research Institute (TBRI), Imbaba, Giza, 
Egypt. They were put in plastic aquaria (16 × 23 × 9 cm) 
containing dechlorinated tap water (10 snails/L) at a tem-
perature of 25 ± 1 °C. They were provided with dried let-
tuce leaves for feeding. Schistosoma mansoni strain that is 
sympatric with B. alexandrina strain was used and applied 
by the Schistosomiasis Biological Supply Center (SBSC) 
(TBRI, Giza) in this study. Eggs were collected from the 
livers of twelve CD1 mice livers infected 5–8 weeks ear-
lier with 300 S. mansoni cercariae (El-Sheikha et al. 2008). 
About 200 ml of 0.9% NaCl were added to the minced liver, 
the suspension was homogenized using warring blender for 
5–10 s at low speed. The homogenate was sieved using a 
tiered column of sieves of mesh opening (420 μm, 177 μm, 
105 μm and 45 μm). The eggs were collected and rinsed with 
tap water. The eggs were transferred into a small petri dish 
and maintained under ceiling illumination for about 5–7 min 
to stimulate miracidial hatching.

Experimental material

Two freshwater algae Amphora coffeaeformis (C. Agardh) 
Kützing, 1844 and Scendesmus obtusus Meyen, 1829, were 
isolated from drainage water of Suez province by workers of 
the Algal biotechnology unit (National Research Centre, Dokki, 
Giza, Egypt) during summer of 2020. The collected algae were 
then dried by the method used by El-Sayed et al. (2001).

Exposure of snails to A. coffeaeformis and S. obtusus 
algae and S. mansoni miracidia

A number of 300 snails were divided into five groups of six rep-
licates (3 replicates for hematological investigation and 3 ones 
for counting cercaria). Group 1 represented untreated infected 
snails (control). Groups 2 and 3 snails were treated with 1.0 g 
L− 1 and 2.0 g L− 1of A. coffeaeformis, respectively, for one day 
and then exposed to miracidia. Groups 4, and 5 were treated 
with 1.0 g L− 1 and 2.0 g L− 1 of S. obtusus respectively for one 
day and then exposed to miracidia. Each snail was individu-
ally exposed to 8–10 S. mansoni miracidia with 2 ml dechlorin-
ated tap water for 24 h (Anderson et al. 1982). Then snails were 
transferred to clean aquaria and kept under the same laboratory 
conditions.

Three weeks post-infection (WPI), the surviving snails 
were individually examined for cercaria after three h of 
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exposure to light. Positive snails were transferred to new 
clean aquaria and maintained in dark under laboratory con-
ditions. Cercariae were counted under a stereomicroscope 
in a few drops of iodine solution. The survival and infection 
rates were calculated according to Youssef et al. (1998).

Hemolymph collection

Collection of hemolymph from all snail groups at 1, 2, and 
3 WPI with S. mansoni miracidia was carried out. Shells of 
snails were cleaned with 70% alcohol and dried. The hemo-
lymph was collected from randomly selected 5–10 snails 
from each group by a cardiac puncture using a 21-gauge 
needle, 20 µl of hemolymph was obtained from each snail 
according to Martins-Souza et al. (2006).

Total hemocytes count 

The freshly collected hemolymph was diluted in a leucocyte 
count solution 1:20 ratio. The Bürker-Turk hemocytometer was 
used for counting the number of hemocytes in each group.

Differential hemocytes count 

Hemocyte monolayers were prepared by placing of 10 µl of 
hemolymph on a glass slide for 15 min in a moist chamber 
for adherent hemocytes then fixed in 100% methanol for 
5 min and stained with Giemsa stain (Aldrich) (10%) in buff-
ered distilled water (0.021 M Na2HPO4/0.015 M KH2PO4) 
pH 7.2 for 20 min. Slides were then washed with buffered 
distilled water and subsequently examined under a light 
microscope (Barracco et al. 1993) to calculate the percent-
age of hemocyte population in the group.

Histological study

The infected snails that were previously exposed to different 
concentrations of A. coffeaeformis and S. obtusus were used 
for histopathological investigations. Three to five snails were 
selected randomly and dissected after six weeks of recovery 
from algal exposure. They were relaxed with menthol crys-
tals (approximately 2 × 10− 4 M). Each snail was then care-
fully crushed between two microscope slides, and the broken 
shell was removed from the body. The columellar muscle was 
separated from the shell and fixed in Bouin’s fixative for at 
least 24 h and then placed in gradually increasing concentra-
tions of ethanol, cleared with xylol, then embedded in paraf-
fin, and finally sectioned at 5 μm. Sections were stained with 
hematoxylin and eosin stain and dried, and then, the slides 
were examined microscopically (Borges et al. 1998) for the 
histological condition of larval trematodes and the effect of 
algae to stimulate tissue reactions of treated snails against 
S. mansoni.

Statistical analysis

The Chi-square test was used to determine the significant 
differences in survival rate, infection rate, and percent-
age of hemocytes between the control and the treated 
groups and between every two similar treatments. Total 
hemocyte count and the number of shedded cercariae 
were evaluated using one-way ANOVA at (p < 0.05). The 
obtained data were analyzed using SPSS 0.19 computer 
program.

Results

Effect of dried algal material of Amphora 
coffeaeformis and Scendesmus obtusus 
on the susceptibility of B. alexandrina snails 
to infection with S. mansoni miracidia

Figure 1 shows that there is no significant difference in survival 
rate between all experimental groups. Generally, the infected 
snails previously exposed to different concentrations of both 
algae have a significant decrease in their infection rate com-
pared to the control group (p < 0.05). In the snails that exposed 
to 1.0 g L− 1of both algae A. coffeaeformis and S. obtusus (group 
2 and 4), the infection rate decreased significantly than 2 g L− 1 
of the same algae. In addition, the infection rate decreased sig-
nificantly more in the infected snails previously treated with 
A. coffeaeformis than in those treated with S. obtusus (Fig. 2).

Also, over four weeks, the mean number of cercariae in all 
treated snails was significantly lower than that in the control group 
(p < 0.05). As shown in Fig. 3 the most effective concentration of 
both algae that suppressed snails to produce cercaria was 1.0 g L− 1 
with a significant difference between them (p < 0.05).

Fig. 1   Survival rate of B. alexandrina snails infected with S. mansoni 
miracidia in control and treated groups with algae A. coffeaeformis 
and S. obtusus. No significant differences were found between all 
groups
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Effect of dried algal material of A. coffeaeformis 
and S. obtusus on morphology and content of B. 
alexandrina hemocytes

Light microscopic examination of the normal hemolymph 
of B. alexandrina revealed three distinct cell types classified 
according to their shape and granular content. These cells 
are hyalinocytes, amoebocytes, and granulocytes. Granulo-
cytes contain abundant dense granules in their cytoplasm. 
Hyalinocytes have transparent cytoplasm while amoebocytes 
have distinct pseudopodia (Fig. 4). B. alexandrina hemo-
cytes of infected snails at 2 WPI to S. mansoni miracidia 
showed activation of some cells by the appearance of vacu-
oles in the cytoplasm, the formation of some pseudopodia 
and thick cell membranes (Fig. 5). In snails that treated with 
1 g L− 1 A. coffeaeformis algae and then exposed to S. man-
soni miracidia at 2 WPI, hemocytes showed greater activa-
tion by the formation of more pseudopodia, several vacuoles 
and many coarse granules (Fig. 6). The vacuoles that near 
to surface of the cell became ready to release their content 
out of the cell. The hemocytes of B. alexandrina were less 
activated than those with A. coffeaeformis after exposure to 
1 g L− 1 S. obtusus and subsequent exposure to S. mansoni 
miracidia for two weeks.

Total hemocytes count in unexposed and exposed 
snails to A. coffeaeformis and S. obtusus

The infected snails with miracidia previously exposed to 1.0 
and 2.0 g L− 1 of algal material A. coffeaeformis and S. obtu-
sus caused a gradual increase in hemocyte count compared 
with the unexposed snails. The increase in circulating hemo-
cytes became highly significant at 2 WPI compared with the 
control (group 1) then a decrease occurred. The increase in 
hemocyte count in snails treated with 1.0 g L− 1 of A. coffe-
aeformis and 1 g L− 1 of S. obtusus was significantly higher 
than in those treated with 2 g L− 1 of two algae. The hemocyte 
count in snails treated with A. coffeaeformis before infection 
with miracidia was significantly higher than in snails treated 
with S. obtusus (Table 1).

Fig. 2   Percentage of infection in B. alexandrina snails with S. man-
soni miracidia in control and exposed groups to algae A. coffeae-
formis and S. obtusus. (The values in bars marked with the same let-
ters are not significantly different while those marked with different 
letter(s) are significantly different (LSD at p ≤ 0.05 according to Dun-
can’s multiple range test)

Fig. 3   Mean number of cercaria per snail in control and treated 
groups with algae A. coffeaeformis and S. obtusus. The values in 
bars marked with the same letters are not significantly different while 
those marked with different letter(s) are significantly different (LSD 
at p ≤ 0.05 according to Duncan’s multiple range test)

Fig. 4   Light photomicrograph 
of hemocytes from control B. 
alexandrina snail showing a 
granulocytes (g) and amoebo-
cytes (a), and b haylinocytes (h)
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Fig. 5   Light photomicrograph of hemocytes from B. alexandrina snails at 2 WPI to S. mansoni miracidia showing cells with vacuolated cyto-
plasm (vc) and few pseudopodia (arrow)

Fig. 6   Light photomicrograph of hemocytes from B. alexandrina after exposure to 1 g L− 1 A. coffeaeformis algae then exposed to S. mansoni 
miracidia at 2 WPI showing a-f cells with vacuolated cytoplasm (vc), many pseudopodia ( indicated with arrows) and g coarse granules (g)

Table 1   Total hemocytes count/
ml in B. alexandrina snail’s 
hemolymph exposed to A. 
coffeaeformis and S. obtusus 
before exposure to S. mansoni 
miracidia

The values in the same raw indicated by the same letters are not significantly different while those indicated with 
different letter (s) are significantly different using LSD at p ≤ 0.05 according to Duncan’s multiple range test)

Algae A. coffeaeformis S. obtusus Control

Conc. 1.0 g L− 1 2.0 g L− 1 1.0 g L− 1 2.0 g L− 1

Period of 
exposure

1 WPI 3400 ± 200a 2866.6 ± 400 bc 3000 ± 400b 2733.3 ± 230.9c 2600 ± 200c

2 WPI 5226.5 ± 230.9a 3933.3 ± 305.5be 4200 ± 200 b 3666.6 ± 231d 3000 ± 346.4c

3 WPI 2866.6 ± 416.3a 2333.3 ± 115.4a 2533.3 ± 115.4a 2266.6 ± 230.9a 2066.6 ± 115.4b
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Differential hemocytes count

Three types of hemocytes were recorded in the present 
study; granulocytes, amoebocytes, and hyalinocytes with 
different percentages after exposure to miracidia. Table 2 
showed a significant increase in the percentage of granu-
locytes and amoebocytes in all snail groups compared to 
hyalinocytes. The percentage of hyalinocytes in all treated 
snails decreased compared to the control group.

Effect of algae on tissue reactions of snails against S. 
mansoni

Six weeks post-exposure in normally infected snails, 
numerous developing daughter sporocysts and develop-
mental stages of cercariae were observed within several 
tissues and organs with an increase in size and number 
of germ cells inside them (Fig. 7a, b). The sporocysts 
appeared as space-occupying lesions. No encapsulation 
was observed in infected snails. In contrast, the infected 

snails previously exposed to A. coffeaeformis algae, most 
sporocysts were dead at 6 WPE, many necrotic sporo-
cysts and a number of residual ones were observed in 
cephalopodal tissue (Fig. 8a, b). It was observed that the 
snails that exposed to algae revealed hemocyte prolif-
eration with focal thickening of the stroma and granu-
lomatous reaction (Fig. 8c). They also showed degrada-
tion of the sporocysts especially in the head-foot region 
and in tentacles because of retarded infection dynamics. 
Moreover, numerous hemocytes were found near these 
sporocysts (Fig.  8d, e). Dead sporocysts appeared as 
eosinophilic masses surrounded by multiple layers of 
hemocytes (Fig. 8f). Only a few sporocysts and a few 
developmental stages of cercariae were able to migrate 
around the digestive gland. Numerous large granulomata 
were observed around the remnant of sporocysts. These 
granulomata consist of hemocytes and fibers surrounding 
the dead sporocysts (Fig. 8g). Also, germinal cells were 
presented inside sporocysts that lacked nucleoli (Fig. 8h). 
A cellular reaction formed around some viable immature 

Table 2   Differential hemocytes 
count in B. alexandrina snail’s 
hemolymph exposed to A. 
coffeaeformis and S. obtusus 
then exposed to S. mansoni 
miracidia

The values in the same raw indicated by the same letters are not significantly different while those indi-
cated with different letter (s) are significantly different using LSD at p ≤ 0.05 according to Duncan’s multi-
ple range test)

A. coffeaeformis S. obtusus

Period of 
exposure

Type of cell 1.0 g L− 1 2.0 g L− 1 1.0 g L− 1 2.0 g L− 1 control

1 WPI Granulocytes 60% a 30%c 48%b 36%c 38%c

Amoebocytes 24%a 50%b 28%ac 40%bc 36%c

Hyalinocytes 16%a 20%ab 24%b 24%b 26%b

2 WPI Granulocytes 37%a 52%b 46%b 53%b 57%b

Amoebocytes 50%a 33%b 42%ab 29%cb 24%cb

Hyalinocytes 13%a 15%a 12%a 18%a 19%a

3 WPI Granulocytes 48%a 58%b 52%ab 36%c 50%ab

Amoebocytes 36%a 28%a 28%a 48%b 28%a

Hyalinocytes 16%a 14%a 20%a 16%a 22%a

Fig. 7   Histological sections of 
B. alexandrina snail infected 
with S. mansoni at 6 WPI. a, 
b Developing sporocysts (s) 
and differentiation of cercariae 
(arrows) between the snail 
organs. Note the increase in 
the size of sporocysts and the 
absence of hemocytic response
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cercariae. The stroma of the inflammatory foci and an 
increased amount of amorphous and fibrillar components 
of the extracellular matrix were noted (Fig. 8i).

On the other hand, a few sporocysts had died in infected 
snails previously exposed to S. obtusus. Small granulomata 
were formed around the remnant of sporocysts in cephalopo-
dal tissues. Some observed sporocysts exhibited morpho-
logical damage and were surrounded by numerous hemo-
cytes (Fig. 9a). Numerous fibrous cells of snails were seen 
surrounding these encapsulated and destroyed sporocysts, 
which had lost their normal structure (Fig. 9b). Hemocytes 
were settled near the destroyed sporocysts in the head foot 
region and the tentacles due to retarded infection and a 

small concentration of fibrous cells around the destroyed 
sporocyst forming a thin layer was also observed (Fig. 9c). 
A moderate number of sporocysts could be seen migrat-
ing around the digestive gland with a moderate number of 
dividing germ cells inside it and developmental stages of 
cercariae (Fig. 9d). This cellular response is not as intense 
as in infected snails previously exposed to A. coffeaeformis.

Histological examination revealed that there was a large 
difference between normally infected snails and previously 
treated snails with algae. The differences were evident in 
a low number of cercariae in the tissue, a high number of 
degenerating sporocysts, and intense cellular response in the 
treated snails compared to the normally infected snails.

Fig. 8   Histological sections of infected snails at 6 WPI previously 
exposed to A. coffeiformis. a, b  Number of necrotic sporocysts 
(S) and a number of residual sporocysts (arrows) were observed. 
c  Extensive hemocyte proliferation and granulomatous reaction are 
seen around a few disintegrating parasites in the head foot region. 
d Destroyed sporocysts in the tentacles of snails surrounded by sev-
eral layers of hemocytes (arrows). e Destroyed sporocysts (S) in the 
head- foot, numerous hemocytes (arrows) were settled in the proxim-
ity of the sporocysts. The size of the vacant space was wider than in 

normal sporocyst (arrows head). f The sporocysts (s) is destroyed and 
surrounded by several layers of flattened hemocytes (arrows). g  A 
granuloma around a dead sporocyst consisting of hemocytes (arrow-
head) and fibers (arrow) between digestive glands. -h- Destroyed 
immature cercariae and sporocysts which contained germinal cells 
that lacked nucleoli and were surrounded by numerous hemocytes 
(arrow). i The cercariae (arrow) encircled by a strong stromal reaction 
between digestive tubules
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Discussion

Schistosomiasis remains a serious public health problem 
around the world particularly in Africa, South America, the 
Middle East, and the Caribbean. The use of molluscicides 
to control transmission is not recent (Augusto and Mello-
Silva 2018). Recently, there has been an increased focus on 
immunostimulants to improve the host defense response and 
increase resistance to various diseases. The use of alterna-
tive biological control agents targeting the intermediate host 
Biomphalaria snail has gained importance in disease man-
agement because the intensive use of molluscicides is very 
harmful to human health and poses risks to the environment. 
So, scientists are increasingly turning their attention to algae 
as ingredient factories, particularly the nutritional compo-
nents. Microalgae including Amphora coffeaeformis and 
Scendesmus obtusus have been considered to be very useful 
and applicable organisms in many fields such as medicine, 
food, dietary supplement, and wastewater treatment (Torres 
2016; Ke Ma et al. 2020). So, the current work investigated 
the role of two species of freshwater algae A. coffeaeformis 
and S. obtusus as natural immunostimulant materials on B. 
alexandrina snails. The current data showed a significant 
reduction in the susceptibility of snails to S. mansoni infec-
tion and the number of shed cercaria in all treated groups as 
compared to the control one. The low concentration is the 
most effective. A similar reduction in cercarial production 
rate was obtained by El-Sayed et al. (2011) who observed 
a significant reduction in the infection rate of B. glabrata 
and B. alexandrina that maintained in LC10 of an aqueous 

solution of cryptostegia grandiflora prior to exposure to 
miracidia. The current study agrees with the obtained results 
by Soliman et al. (2017) who stated that snails exposed to 
the lowest concentration of β- glucan led to a decrease in 
their infection rate. Also, Ayoub et al. (2019) reported that A. 
coffeaeformis improved the serum protein, and the lysozyme 
and increased disease resistance of Nile tilapia Oreochromis 
niloticus (Linnaeus, 1758) fish.

The first line of defense in mollusks is controlled by circulat-
ing hemocytes in the hemolymph and their ability to respond 
strongly to stimuli (El Sayed et al. 2011; Mossalem et al. 2017). 
The present study showed that the hemolymph of the snails is 
composed of three types of hemocytes: granulocytes, amoebo-
cytes, and hyalinocytes which agrees with the results introduced 
by (El Sayed et al. 2011; Mossalem et al. 2017). The present 
study showed that the hemolymph of the snails is composed 
of three types of hemocytes: granulocytes, amoebocytes, and 
hyalinocytes which agrees with the results introduced by Kamel 
et al. (2006); El Sayed et al. (2011) and Helal et al. (2014). Con-
trary to the present study, Mohamed (2011) indicated that B. 
alexandrina hemocytes can be classified according to cell shape 
and size into two types: small, round hyalinocytes and granular 
spreading. The present work showed that the exposure of snails 
to algae can change the profile of their hemocytes and influence 
the immune response to S. mansoni. The hematological study 
of hemolymph of infected B. alexandrina snails previously 
exposed to A. coffeaeformis showed several vacuoles within 
hemocytes, the appearance of many pseudopodia, and the for-
mation of coarse granules in granulocytes. The hemocytes that 
contain coarse granules were occasionally detected and known 

Fig. 9   Histological sections of 
B. alexandrina infected snails at 
6 WPI previously exposed to S. 
obtusus. a Destroyed sporocyst 
(s) surrounded by several layers 
of hemocytes (arrow) in cepha-
lopodal tissue. b The sporocyst 
(s) is damaged and formation of 
a thick layer around the extremi-
ties of the parasite (arrows) in 
head foot. c The sporocyst is 
completely destroyed, a small 
concentration of fibrous cells 
(arrows head) around it form-
ing a thin layer and numerous 
hemocytes (arrow) were settled 
in the proximity of the sporo-
cysts in tentacles. d Sporocysts 
(s) between digestive glands 
contained few germinal cells 
and the size of the vacant space 
was wider than normal
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to transport metabolic substances from the digestive glands or 
may be involved in the aggregation process (Nakayama et al. 
1997; Kheder 2020). The present findings match those intro-
duced by Ibrahim and Abdel-Tawab (2020) who estimated that 
snails treated with LC50 of algal extract (Cystosiera barbata) 
caused the formation of pseudopodia in hemocytes. Similarly, 
Mossalem and Mossa (2014) recorded the same results due 
to the treatment of Biomphalaria snails with rice bran extract 
before and after infection.

The present work showed a significant increase in the per-
centage of amoebocytes and granulocytes in all treated snails 
compared to the control group while, percentage of hyalinocytes 
decreased. It was declared that granulocytes are the main cells 
engaged in snail defense, as they are involved in parasite encap-
sulation (Loker et al. 1982). The current results are in accordance 
with Sparks’s results (1972) who stated the role of granulocytes 
and amoebocytes in eliminating living pathogens and engulfing 
them through enzymatic or oxidative degradation. Granulocytes 
and amoebocytes are the most abundant cells type in snail’s 
hemolymph that perform phagocytosis process and encapsula-
tion reactions (Loker et al. 2004; Yoshino and Coustau 2011; 
Barçante et al. 2012). The increase in the number of granulocytes 
and amoebocytes in experimental groups was more than in the 
control group, which predisposes these snails to exhibit low sus-
ceptibility and significant reduction of cercarial production in the 
present study. In agreement with to present work, studies carried 
out on Biomphalaria tenagophila (Orbigny 1835) demonstrate 
that higher granulocytes count is related to resistance because of 
their role in encapsulation that leads to parasite removal (Pereira 
et al. 2006; Pila et al. 2017). It is known that hyalinocytes are small 
spherical cells unable to adhere to substrates. They were responsi-
ble primarily for wound repair, requiring aggregation at an injury 
site. On other hand, granulocytes are large amorphous cells with 
granules in the cytoplasm, which easily adhere to substrates and 
form pseudopods (Bezerra et al. 2003; Helal et al. 2014).

The current result showed that infected snails previously 
exposed to 1 and 2 g L− 1 of algal material A. coffeaeformis 
and S. obtusus caused a gradual increase in the number of 
hemocytes count in comparison with the unexposed snails. 
The increase in circulating hemocytes became highly signifi-
cant at 2 WPI compared to control (group1) then a decrease 
occurred. The number of hemocytes was significantly higher 
in snails treated with A. coffeaeformis than in snails treated 
with S. obtusus. This may be due to that the cells originating 
within amoebocyte-producing organs flowing with the hemo-
lymph to concentrate at the sites of infection. In this way, a 
higher concentration of hemocytes was observed in the hemo-
lymph of treated snails (Souza Sdos and Andrade, 2012). The 
alga A. coffeaeformis was able to stimulate this organ to pro-
duce more hemocytes than S. obtusus. Moreover, maintain-
ing a higher number of hemocytes plays an important role in 
the immune response of snails, as it is the driving force in a 
successful immune response. The present observations are in 

accordance with the results stated by Maftuch et al. (2012) in 
which marine algae (Gracilaria verrucosa) enhanced some 
innate immune responses in shrimp (Penaeus monodon) and 
increased its resistance against Vibrio harveyi infection. In 
the same way, Mossalem et al. (2017) recorded a significant 
increase in the hemocytes after exposure of infected B. alex-
andrina to Punica granatum peels extract. They attributed 
that to enhancing defense mechanisms against parasites pro-
duced by hemocytes. Saad et al. (2017) demonstrated that 
increased numbers of hemocytes in infected Bulinus trunca-
tus (Audouin, 1827) snails indicated low susceptibility to S. 
haematobium. These results are consistent with the present 
work, as exposure of snails to algae stimulated their immune 
response, resulting in a decrease in infection rate and the num-
ber of cercariae. Natural wild algae can be classified as immu-
nostimulants due to their ability to stimulate a non-specific 
immune response and enhance the growth process (Ke Ma 
et al. 2020).

The histological study revealed that there were great differ-
ences between normally infected snails and previously treated 
infected snails with algae mainly noticed as a proliferation of 
hemocytes, death of sporocysts in tissues with the presence 
of granulomatous structure, and retarded infection dynam-
ics. In the same way, Mansour et al. (2021) reported that the 
histopathological responses of infected Biomphlaria snails 
exposed to methyl gallate as an immunostimulant showed 
few cercariae and strong hemocytic reaction. The algae are 
able to influence S. mansoni in snail tissues, reducing the cer-
cariae shedding in water and changing S. mansoni life cycle. 
These results are in agreement with the results by Lewis et al. 
(1993) who stated that the ability of infected snails to shed 
cercariae is very correlated with histopathological studies. 
In B. glabrata highly susceptible snails, sporocysts and cer-
cariae are found in great numbers, and absence of any snail 
tissue reaction. On the contrary, less susceptible snails, shed-
ding few cercariae exhibit marked diffuse hemocyte prolif-
eration in many organs and tissues, resulting in the encap-
sulation of dead parasites. By observing tissue reactions of 
snails treated with A. coffeaeformis in the present study, the 
immune responses might be happened by one of two differ-
ent mechanisms: one type of defense utilized direct miracidia 
destruction soon after their penetration. In these snails, the 
intense hemocyte proliferation with focal thickening of the 
stroma was present in the cephalopodal tissue at the site of 
the penetration of the miracidia. A focal hemocytic infiltration 
was observed in the cephalopodal tissue of the highly resistant 
B. tenagophila infected snail that was associated with rapid 
parasite destruction after penetration (Negrão-Corrêa et al. 
2007). The second type of immune reaction demonstrated 
that the formation of granuloma around the digestive gland 
and encapsulating was formed around a collection of viable 
cercariae found in the treated infected tissues. Borges et al. 
(1998) considered these reactions as a delayed development 
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of resistance that occurred after sporocysts spread in the snail 
tissues and this represents an alternative type of snail internal 
defense mechanism against S. mansoni. Mansour et al. (2021) 
reported that exposure of infected B. alexandrina snails to low 
concentration of methyl gallate increased the tissue response 
in the digestive gland and cephalopdal region represented by 
many hemocytes around the sporocysts and cercariae trying 
to destroy the parasite. Amphora coffeaeformis stimulates the 
synthesis of hemocytes containing coarse granules that can 
activate the hemocyte aggregation process and granuloma for-
mation. The tissue reactions in infected snails treated with S. 
obtusus showed direct miracidial destruction soon after their 
penetration as numerous dense layers of host fibrous cells 
were seen surrounding these damaged parasites and all char-
acteristic structures were destroyed in cephalopodal tissues. In 
the same way, exposure of infected B. alexandrina snails to ¼ 
LC50 of inorganic fertilizers enhanced the tissue response by 
aggregation of hemocytes around mother sporocysts trying to 
attack them in the cephalopodal tissues (Hussein et al. 2016).

Conclusion

The snail’s immune response is an important determinant of 
Schistosoma compatibility. The tested algae have a schistostatic 
effect and can be used as indirect therapy because they can be 
put in the water to influence the life cycle in host and it is a natu-
ral product. Also, there is a modern trend to use these microalgae 
as immunostimulants in the prevention and control of infectious 
diseases such as schistosomiasis. Amphora coffeaeformis is 
more effective immunostimulant than Scendesmus obtusus. This 
was reflected in a reduction of B. alexandrina susceptibility to 
S. mansoni, hematological and tissue reaction of treated snails.
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