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ABSTRACT. The relationships between schistosomiasis and its 
intermediate host, mollusks of the genus Biomphalaria, have been a 
concern for decades. It is known that the vector mollusk shows different 
susceptibility against parasite infection, whose occurrence depends on the 
interaction between the forms of trematode larvae and the host defense cells. 
These cells are called amebocytes or hemocytes and are responsible for the 
recognition of foreign bodies and for phagocytosis and cytotoxic reactions. 
The defense cells mediate the modulation of the resistant and susceptible 
phenotypes of the mollusk. Two main types of hemocytes are found in 
the Biomphalaria hemolymph: the granulocytes and the hyalinocytes. We 
studied the variation in the number (kinetics) of hemocytes for 24 h after 
exposing the parasite to genetically selected and non-selected strains of 
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Biomphalaria tenagophila, susceptible or not to infection by Schistosoma 
mansoni. The differences were analyzed referred to the variations in the 
number of hemocytes in mollusks susceptible or not to infection by S. 
mansoni. The hemolymph of the selected and non-selected snails was 
collected, and hemocytes were counted using a Neubauer chamber at six 
designated periods: 0 h (control, non-exposed individuals), 2 h, 6 h, 12 
h, 18 h and, 24 h after parasite exposure. Samples of hemolymph of five 
selected mollusks and five non-selected mollusks were separately used 
at each counting time. There was a significant variation in the number of 
hemocytes between the strains, which indicates that defense cells have 
different behaviors in resistant and susceptible mollusks.
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INTRODUCTION

Schistosomiasis, a parasitic disease caused by a trematode of the genus Schistosoma, 
is pointed out as one of the most serious and outstanding public health problems worldwide, 
with 200 million infected individuals and 600 million living in risk areas in 76 countries, 
mainly in tropical and subtropical regions (WHO, 2008).

The schistosomiasis vector mollusks, genus Biomphalaria, show different levels of 
susceptibility to infection by Schistosoma mansoni (Ruiz, 1957; Paraense and Corrêa, 1963, 
1978; Mascara et al., 1999). Susceptibility may vary in relation to geographic areas, the local 
population, individuals, and individuals of different ages (Richards, 1984). In addition, some 
external and internal factors may play a role in the number of cercariae produced by the host 
snail. Among these factors, temperature, nutritional condition of the host snail, time life of the 
mollusk (Frandsen, 1979), and size of the snail (Richards, 1984) are pointed out, in addition to 
genetic differences in the parasite population (Richards et al., 1992).

Until recently, little was known about the modulation of the resistant and susceptible 
phenotypes, as well as about the origin of the physiological mechanism of defense of the mol-
lusk genus Biomphalaria. Nowadays, it is known that cells in the hemolymph and in the body 
fluids mediate this defense system. These cells are called amebocytes or hemocytes (Ratcliffe, 
1985), which are responsible for the recognition of foreign bodies, for encapsulation responses, 
and for phagocytosis and cytotoxic reactions (Allegretti, 1991; Yoshino et al., 2001). Two main 
types of hemocytes are found in the Biomphalaria hemolymph: the granulocytes, cells with 
pseudopods are capable of phagocytosis and encapsulation, and the hyalinocytes, more spheri-
cal and smaller cells, are without pseudopods (Ratcliffe, 1985).

Some authors suggest that the hyalinocytes and the granulocytes are distinct cell types, 
while others consider that they represent different developmental phases of the same cell type. 
Seasonal factors and diverse experimental physiological conditions affect the total number, 
type and behavior of the hemocytes (Oliver and Fisher, 1995). In this way, the number of he-
mocytes may vary according to certain stimuli, such as responses to infection by trematodes 
(Sullivan et al., 1984). The study of the hemocytes has been considered extremely important 
for understanding the processes leading to infection, as well as the processes that make the 
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mollusks resistant or susceptible to the parasite.
We studied the variation in the number (kinetics) of hemocytes for 24 h after expos-

ing the parasite to genetically selected and non-selected strains of Biomphalaria tenagophila, 
susceptible or not to infection by S. mansoni. This species is an important vector of schistoso-
miasis in Brazilian regions, especially in the southeast and south regions.

MATERIAL AND METHODS

Biomphalaria tenagophila, genetically selected and non-selected for susceptibility, 
were used. The selection was carried out by means of fertilization of susceptible parental gen-
eration. The non-selected mollusks pertain to natural B. tenagophila populations in breeding 
areas in the Vale do Paraíba do Sul region, São Paulo State, Brazil. The mollusks are main-
tained in the Laboratory of Schistosomiasis of the Parasitology Department, at UNICAMP 
(Campinas, São Paulo, Brazil).

The strain of S. mansoni used in this study was SJ, originating from São José dos Cam-
pos (São Paulo, Brazil) and kept in the laboratory by means of transfusions with B. tenagophila 
in Swiss mice. The snails were exposed to 10 SJ miracidia according to the methodology 
described by Zanotti-Magalhães et al. (1997).

Hemocyte (Figure 1) counts were carried out according to the protocol by Zanotti-
Magalhães et al. (1997), using a Neubauer chamber. Counts were done at 6 designated times: 
0 h (for non-exposed individuals), 2 h, 6 h, 12 h, 18 h, and 24 h after exposing the snail to mi-
racidia. Samples of hemolymph of five selected mollusks and five non-selected mollusks were 
separately used at each counting time. The hemolymph was collected by means of a puncture 
of about 7 mm in the snail cephalopodal region.

Figure 1. Types of hemocytes in hemolymph observed by phase contrast microscopy (400X). A. Granulocytes. B. 
Hyalinocytes.
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Statistical analysis of data was carried out by means of Friedman and Mann-Whitney 
U-non-parametric tests. Variance analysis of the hemocyte number among the counting times 
for non-selected and genetically selected snails for susceptibility was carried out using the 
Friedman non-parametric test for dependent samples at the 5% level of significance.

Comparisons between the non-selected and genetically selected snails for susceptibil-
ity with regard to hemocyte numbers were made using the Mann-Whitney U-non-parametric 
test for independent samples, at the 5% level of significance.

RESULTS

According to the hemocyte counting intervals, the data obtained revealed statistically 
significant differences (Tables 1, 2 and 3).

Tables 1 and 2 present the Friedman test results relative to the variation of the total 
numbers of hemocytes and of granulocytes, respectively, in the non-selected and geneti-
cally selected snails for susceptibility. The data show that there is a significant difference 
between the times for both strains of snails. Table 3, which presents the resulting data of 
the Friedman test for the variation in the number of hyalinocytes in selected and non-se-
lected mollusks, indicates that there was no statistically significant difference between the 
sampling times for this cell type in selected and in non-selected individuals, as well. Data 
variation was considered to be statistically significant with a significance level of 0.01407 
for the total number of hemocytes of the snails selected for susceptibility, and 0.3024 for 
the total number of hemocytes of the non-selected snails.

Table 1. Variation in the total number of hemocytes 24 h after the exposition to the miracidia in snails genetically 
selected and non-selected for susceptibility, according to the Friedman test.

Same superscript letters in the columns indicate values with non-significant differences between them 
(P < 0.05).

 Selected Non-selected
 Miracidia N Friedman test Miracidia N Friedman test

  0 h 44b 5 14.2571 48a 5 12.3563
  2 h 35a 5 14.2571 29b 5 12.3563
  6 h 65b 5 14.2571 45a 5 12.3563
12 h 59b 5 14.2571 30b 5 12.3563
18 h 48b 5 14.2571  35ab 5 12.3563
24 h 55b 5 14.2571 62a 5 12.3563

Table 2. Variation in the number of granulocytes 24 h after the exposition to the miracidia in snails genetically 
selected and non-selected for susceptibility, according to the Friedman test.

Same superscript letters in the columns indicate values with non-significant differences between them 
(P < 0.05).

 Selected Non-selected
 Miracidia N Friedman test Miracidia N Friedman test

  0 h 32b 5 11.37931 30a 5 13.2184
  2 h 18ª 5 11.37931 18b 5 13.2184
  6 h 47b 5 11.37931 15b 5 13.2184
12 h 38b 5 11.37931 16b 5 13.2184
18 h 36b 5 11.37931  24ab 5 13.2184
24 h 36b 5 11.37931 36ac 5 13.2184
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The Friedman test also revealed significance levels of 0.04438 for granulocytes of 
the snails selected for susceptibility and of 0.02143 for granulocytes of the mollusks non-se-
lected for susceptibility. The variation in the number of hyalinocytes was not considered to 
be statistically significant; the level of significance for the selected individuals was 0.10793, 
and for the non-selected ones 0.32031.

The non-parametric Mann-Whitney U-test was used for independent samples. The 
objective was to check the occurrence of statistically significant differences between the 
number of hemocytes in the snails genetically selected for susceptibility to the infection by 
the S. mansoni, and the number of hemocytes in the non-selected snails. The results of the 
Mann-Whitney U-test are presented in Tables 4, 5 and 6.

Table 3. Variation in the number of hyalinocytes in snails genetically selected and non-selected for susceptibility 
24 h after the exposition to the miracidia, according to the Friedman test.

Same superscript letters in the columns indicate values with non-significant differences between them (P < 0.05).

 Selected Non-selected
 Miracidia N Friedman test Miracidia N Friedman test

  0 h 13a 5 9.0294 18a 5 5.8579
  2 h 16a 5 9.0294 16a 5 5.8579
  6 h 17a 5 9.0294 21a 5 5.8579
12 h 19a 5 9.0294 17a 5 5.8579
18 h 12a 5 9.0294 16a 5 5,8579
24 h 18a 5 9.0294 24a 5 5.8579

Table 4. Variation in the total number of hemocytes in snails genetically selected and non-selected for 
susceptibility 24 h after the exposition to the miracidia, according to the Mann-Whitney U-test.

 Selected Non-selected

 Miracidia N Miracidia N Mann-Whitney U-test

  0 h 44ns 5 48ns 5  12.5
  2 h 35ns 5 29ns 5    9.5
  6 h 65* 5 45* 5 2
12 h 59* 5 30* 5 0
18 h 48ns 5 35ns 5 6
24 h 55ns 5 62ns 5 7
ns = non-significant. * = significant (P < 0.05).

 Selected Non-selected

 Miracidia N Miracidia N Mann-Whitney U-test

  0 h 32ns 5  30ns 5 11
  2 h 18ns 5  18ns 5 10
  6 h 47* 5 15* 5   5
12 h 38* 5 16* 5   0
18 h 36ns 5  24ns 5      4.5
24 h 36ns 5  36ns 5 12

Table 5. Variation in the number of granulocytes in snails genetically selected and non-selected for 
susceptibility 24 h after the exposition to the miracidia, according to the Mann-Whitney U-test.

ns = non-significant. * = significant (P < 0.05).
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At the 5% level of significance, the difference between the total number of hemocytes 
of selected and non-selected snails was statistically significant at times 6 h and 12 h after expo-
sure to miracidia: 0.02828 for the genetically selected snails and 0.00882 for the non-selected 
snails. There was no statistically significant difference between the number of hyalinocytes of 
the selected snails and of the non-selected snails. For the number of granulocytes, there was 
a significant difference between the two B. tenagophila strains at 6- and 12-h intervals after 
exposure to miracidia, with levels of significance of 0.012191 for the selected mollusks and 
0.009028 for the non-selected mollusks.

Figure 2 shows the average variation in the total hemocyte numbers 24 h post-ex-
posure to miracidia. In the first 2 h after exposure, there was a reduction in the number of 
hemocytes in both strains of B. tenagophila. Following that, distinct behavior patterns of these 
defense cells were observed between the two strains studied. These distinctions are higher 
for the granulocytes, as shown in Figures 3 and 4, which show a tendency toward a greater 
number of granulocytes in the hemolymph in the snails genetically selected for susceptibility. 
As observed in Figure 4, the number of granulocytes increased and then returned to its initial 
levels between 2 and 6 h after exposure to the parasite. In the non-selected snails, the number 
of granulocytes began to increase 12 h after exposure of the mollusks to the miracidia.

 Selected Non-selected

 Miracidia N Miracidia N Mann-Whitney U-test

  0 h 13ns 5 18ns 5 11
  2 h 16ns 5 16ns 5          11.5
  6 h 17ns 5 21ns 5          10.5
12 h 19ns 5 17ns 5   8
18 h 12ns 5 16ns 5   8
24 h 18ns 5 24ns 5    8

ns = non-significant. * = significant (P < 0.05).

Table 6. Variation in the number of hyalinocytes in snails genetically selected and non-selected for 
susceptibility 24 h after the exposition to the miracidia, according to the Mann-Whitney U-test.

Figure 2. Average variation in the number of hemocytes in Biomphalaria tenagophila snails genetically selected 
(S) and non-selected (N) for susceptibility to infection by Schistosoma mansoni, 24 h after exposure to miracidia.
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DISCUSSION 

The data obtained in this study showed statistically significant differences in the num-
ber of hemocytes between the two strains of B. tenagophila, when exposed to the parasite. 
These differences indicate a differential behavior that may be related to the resistant or suscep-
tible phenotype. The fact that no statistically significant differences for the hyalinocytes were 
seen during particular times, as shown in Table 3, is probably related to the immunological ca-
pacity of these cells. To date, the phagocytic potential of hyalinocytes is questioned, and only 

Figure 3. Average variation in the number of hemocytes of the hyalinocyte (H) and granulocyte (G) type in 
Biomphalaria tenagophila snails genetically selected for susceptibility to infection by Schistosoma mansoni, 24 h 
after exposure to miracidia.

Figure 4. Average variation in the number of hemocytes of the hyalinocyte (H) and granulocyte (G) type in 
Biomphalaria tenagophila snails genetically non-selected for susceptibility to infection by Schistosoma mansoni, 
24 h after exposure to miracidia.
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granulocytes are described as cells responsible for phagocytosis (Seta et al., 1996). For this 
reason, variations in the number of granulocytes in the face of infection by parasites are more 
expected to occur than variations in the number of hyalinocytes. Seta et al. (1996) described a 
response pattern to infection by S. mansoni species-specific for the snail genus B. tenagophila. 
These authors observed an initial peak in the number of hemocytes in infected B. glabrata, 
whereas in B. tenagophila, they reported a decrease in the number of hemocytes in the first 
2 h after infection. The results obtained in this study show a late increase in the number of 
hemocytes of B. tenagophila in response to infection by S. mansoni.

The results obtained show that, in the first 2 h after exposure to the parasite, there was 
a significant reduction in the number of hemocytes in the hemolymph of both strains of B. 
tenagophila (Figure 2). This event may be related to the migration of these cells toward the in-
fected tissue with the objective of attacking the parasite and repairing the lesions caused by the 
infection process. Up to now and in a general, few published papers about parasite-host inter-
actions discuss hemocyte activities other than those related to the defense against the parasite. 
Therefore, the suggestion that the hemocytes may also carry out tissue-repair activities can be 
taken as an alternative explanation for the observation of a similar reduction in hemocytes in 
the two strains during the first 2 h after infection. These results may be considered consistent, 
since Araque et al. (2003) observed that a similar migration occurs in resistant and susceptible 
mollusk strains, especially at the beginning of the interaction with the parasite.

This decrease in the number of hemocytes detected in the first hours after exposure 
to S. mansoni has been described as a characteristic feature of B. tenagophila (Seta et al., 
1996; Bezerra et al., 1997). Cochennec-Laureau et al., in 2003, when analyzing mollusks of 
the species Ostrea edulis, both infected and non-infected by Bonamia ostraea, observed that 
the number of hemocytes infiltrating tissues was higher in infected individuals than in non-
infected ones and that this number increased with the intensity of the infection. This observa-
tion reinforces the idea that there is cell movement toward the infection site, and as a response 
to the lesion, there is a migration of these hemolymph cells toward the affected tissues.

As observed in this study, there was a significant variation in the number of hyalinocytes 
and granulocytes in both strains of the mollusk. However, as shown in Figures 1 and 2, between 
6 and 12 h after exposure to the parasite, the number of granulocytes was higher in the mollusks 
selected for susceptibility to the infection. This fact may be related to the susceptibility feature 
of these individuals, that is, the defense process in this strain would be less efficient, since the 
granulocyte cells described in the literature as immunological active, are predominantly found in 
the hemolymph, instead of remaining in the damaged tissue to combat the infection.

As shown in Figure 2, there was a tendency of hemocytes to remain in the hemolymph 
in mollusks genetically selected for susceptibility. In the first 2 h, there was a decrease in the 
number of hemocytes in the hemolymph of both strains of mollusks; this fact may be associated 
with the migration of hemolymph cells to the injured tissues. Two hours after the exposure 
to miracidia, there was a significant increase in the number of hemocytes in the hemolymph 
of both strains of snails. Nevertheless, after this period, there was a greater oscillation in the 
number of hemocytes in individuals non-selected for susceptibility to the infection and there 
was a predominance of these cells in the hemolymph of those individuals selected for suscep-
tibility. This fact is quite evident in relation to the granulocytes, as shown in Figures 2 and 3.

The results obtained in this study allow us to establish a direct relationship with the 
concept of molecular mimetism, as described by Yoshino and Bayne in 1983. We can pro-
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pose the hypothesis of a differential migration behavior of these defense cells mediated by the 
recognition of the parasite as self or non-self. In both strains of B. tenagophila, the hemocytes, 
predominantly the granulocytes, migrate from the hemolymph to the lesion site, provoked by 
the intrusion of the parasite. However, in the snails non-selected for susceptibility, there would 
be a recognition of the larval forms of the parasite as non-self, which, therefore, would lead 
to the permanence of these cells in the damaged tissues in order to defend the snail against 
the parasite. In this way, a lower level of granulocytes would be found in the hemolymph, 
as shown in Figure 3. For the snails selected for susceptibility, it may be inferred that the 
larval forms of the parasite would be recognized as self due to the mimetic mechanisms of 
the Schistosoma. Thus, the hemocytes would remain in the injured tissue for a shorter pe-
riod of time with the objective of tissue repair and would rapidly return to the hemolymph, 
maintaining the number of circulating hemocytes. In the snails genetically selected for sus-
ceptibility to infection by S. mansoni, in the 24-h period after the exposure to the parasite, 
the number of hemocytes in the hemolymph returned to their original number; that is, the 
number of the hemocytes in the snails not exposed to the miracidia. This fact has already 
been pointed out by Seta et al. (1996). By means of histopathological analysis, these authors 
observed the presence of several fragmented sporocytes in relation to fewer complete sporo-
cytes. Therefore, in the resistant individuals, the majority of the sporocytes are dead in the in-
terval of 24 h. This explains the return of the circulating hemocytes to their initial number 24 
h after the exposure to the miracidia in mollusks genetically non-selected for susceptibility.

The differential migration of hemocytes based on molecular mimetism, suggested in 
this study, could be associated with the presence or absence of surface receptors in these cells 
to excretion-secretion products released by S. mansoni and to physiological components in the 
mollusks, which may or not favor the development of the S. mansoni larva. These factors should 
be considered within the complex network of the parasite-host relationship, as previously reported 
by several authors (Yoshiro and Bayne, 1983; Duvaux-Miret et al., 1992; Boyle et al., 2000; de 
Jong-Brink et al., 2001; Vasquez and Sullivan, 2001; Bayne et al., 2001; Yoshino et al., 2001).

The results described here provide a starting point for the establishment of correla-
tions with the mechanisms of resistance/susceptibility shown by the host species. In this way, 
these findings contribute to biological information leading to new studies that may support the 
development of new strategies to control schistosomiasis.
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