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   A comparative histopathological study of three snails species - Biomphalaria glabrata, B. tenagophila
and B. straminea -  which had been infected with Schistosoma mansoni miracidia revealed similar
qualitative features, consisting of areas of sporocyst proliferation and differentiation associated with
reactive host reaction,  at the time  they were actively eliminating great number of cercariae. However,
in specimens that were exposed to miracidia but failed to eliminate cercariae later on,  different histo-
pathological pictures were observed in different snail species.

While B. glabrata exhibited frequent focal (granulomatous) proliferation of amebocytes in several
organs, B. tenagophila and B. straminea only rarely showed such reactive changes, suggesting that the
mechanism of resistance to miracidial infection probably follows different pathways in the snail species
studied.
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 Biomphalaria glabrata is highly susceptible
to infection with Schistosoma mansoni miracidia
and represents the main intermediate host for that
trematode in the large endemic area of northeast-
ern and southeastern  Brazil (Paraense 1970). How-
ever, susceptibility to infection is variable among
different specimens, a high degree of resistance be-
ing sometimes exhibited by some of them (Pan
1965).  Recently, Godoy et al. (1997) reported  that
B. glabrata, which completely failed to emit cer-
cariae after a relatively prolonged time following
exposition to S. mansoni miracidia, exhibited fo-
cal inflammatory and granulomatous lesions in
several organs in the absence of demonstrable para-
sites, histopathologically.

Such lesions were interpreted as the aftermath
of a successful clearance reaction against invad-
ing sporocysts,  suggestive of high degree of resis-
tance.

There are two other important S. mansoni  in-
termediate host snails in Brazil: B. tenagophila and
B. straminea. Several studies have attempted to
comparatively evaluate the behavior of those sus-
ceptible snails regarding their interaction with S.
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mansoni (Barbosa 1975, Paraense & Correa 1978,
Souza et al. 1995a, b) but whether the peculiar tis-
sue reactivity described by Godoy et al. (1997)  in
resistant B. glabrata does ever occur in these other
two species, and to which extent and frequency,
has hitherto not been reported.

Present investigation is concerned with  a com-
parative study of the tissue reactions in three S.
mansoni  intermediate hosts: B. glabrata, B.
tenagophila and B. straminea. The purpose is to
comparatively describe the histopathologic find-
ings and attempt to correlate them with previous
malacological data indicative of different degrees
of susceptibility among the three snail species.

MATERIALS  AND  METHODS

Laboratory bred B. glabrata, B. tenagophila
and B. straminea from the State of Minas Gerais,
Brazil, were individually exposed to 50 miracidia
of S. mansoni. The strain used was the SJ-strain
which is better adapted to B. tenagophila snails
(Paraense & Correa 1981).  The exposed snails
were divided into two groups according to whether
they were or not emitting cercariae. Emission of
cercariae occurred after the first month from ex-
posure. Those snails that did not emit cercariae
were observed during three months and were then
selected for study.  Randomly chosen snails, rep-
resentative of the two groups and belonging to the
three species were submitted to histological exami-
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nation. Since B. glabrata presented high mortality
rate, the cases for histological study was comple-
mented with previously obtained material. As con-
trols, non-exposed snails belonging to the same
three species were also used. The snails  were re-
moved from the shell under menthol anesthesia,
fixed in totum in  Bouin’s  fluid  for 6 hr and then
transferred to 70% alcohol. Further procedures in-
cluded  dehydration in 100% alcohol, clearing in
xylol and paraffin embedding.   Five µm paraffin-
embedded sections  were stained with hematoxy-
lin and eosin, and eventually with the sirius-red
method for collagen and the Periodic-acid Schiff
(PAS) with and without previous diastase treat-
ment. Slides stained with sirius-red were also mi-
croscopically examined under polarized light.

RESULTS

 Table I shows the general comparative mala-
cological  results obtained with the infection of the
three snail species. B. glabrata was the most sus-
ceptible, followed by B. tenagophila and B.
straminea in that order. Table II  summarizes the
main histological results. Quantitative histological
findings were different for each snail species. De-
scription will consider the qualitative changes
which were common to all snails belonging to each
group, according to cercarial elimination.

Snails shedding cercariae - Developing sporo-
cysts were found in large numbers in all snails
which were eliminating cercariae, but not in those
that did not. The secondary sporocysts found ap-
peared  larger and more numerous in B. glabrata,
and slightly more frequent in B. tenagophila than
in B. straminea, but the general microscopical ap-
pearance was similar regardless snail species. Spo-
rocysts were usually formed as a space-occupying
lesion, without any visible changes in the neigh-
boring snail tissues. However, sporocysts were also
found in several locations, side by side with vari-
able degree of tissue reactions (Fig. 1). These lat-
ter consisted of either focal and diffuse prolifera-
tion of amebocytes, frequently forming encapsu-
lating or granulomatous structures centered by spo-
rocyst  and cercaria remnants, and limited periph-
erally by concentric laminations of thin fibers.

Sometimes an encapsulating, ring-like, cellular
reaction was formed around a collection of viable
cercariae, which  exhibited different degrees of
maturation (Fig. 2).  Cells involved in these reac-
tions  were mainly  macrophage-like amebocytes.
They varied in shape from round to fusiform, with
little variation in size. The stroma of the inflamma-
tory foci was represented by an increased amount
of  the  amorphous and  fibrillar components of the
extracellular matrix, sometimes mimicking the pro-

TABLE  I

Comparative results on the infection of three Biomphalaria species by 50 miracidia  of Schistosoma mansoni

Species Exposed No.  of positivesa Infection Mortality
 snails ratea  ratea

B. glabrata 50 26  96.3% 46%
B. tenagophila 50  17 68 % 50%
B. straminea 50    6 18.7% 36%

a:  37 days after exposition

TABLE  II

 Comparative histopathological study of Biomphalaria glabrata, B. tenagophila and B. straminea exposed to
Schistosoma mansoni miracidia, emitting (Positives) or not cercariae (Negatives) after three months from

exposure, regarding the presence of sporocysts (Sp.) and inflammatory lesions (L.)

Snail  species

Organs  B. glabrata B. tenagophila  B. straminea

Positive Negative  Positive Negative Positive  Negative
Sp. L. Sp. L. Sp. L.  Sp.  L. Sp.  L. Sp.  L.

Kidney +++ ++  -  ++  + ++  -  +  +  +  - -
Dig. Gl. + ++ - + ++ ++ - - ++ ++ - -
Ovotestis +++ + - ++ ++ +++ - + +++ ++ - +
Album. Gl. ++ + - +++ ++ + - - - - - -
Others ++ ++ - + - - - - - - - -

+: few (sporocyasts and/or lesions); ++: moderate; +++: intense; -:  absence
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cess of fibrosis seen in vertebrates. However, the
newly formed “fibrous” tissue, both within and at
the periphery of the inflammatory lesions, did not
stain with sirius-red  as  does vertebrate collagen. In
a  few instances it did stain, but without the  charac-

teristic polarization-light refringence. It  should be
mentioned here that some normal fibers of the ex-
tracellular matrix of the snail (especially in the foot)
do stain like vertebrate collagen and exhibit bire-
fringence under polarized light.

Fig. 1: aspect of  Biomphalaria glabrata digestive glands showing both parasites and tissue reaction. Parasites are seen above left,
with sporocysts and cercariae at several stages of development. At lower right there is dense amebocyte proliferation forming three
nodular (granulomatous) reactions. Structures of the digestive  glands can be seen at upper right. Hematoxylin & eosin, 200X.

Fig. 2: region of the ovotestis of Biomphalaria straminea showing foci of proliferation of Schistosoma mansoni sporocysts and
differentiation of cercariae encircled by a strong stromal reaction, represented by diffuse amebocyte infiltration and thickening of
the extracellular matrix. Hematoxylin & eosin, 150X.
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Exposed snails that failed to eliminate cercariae
- No viable sporocysts were found in  histological
sections taken from any of the three snail species.
However, focal inflammatory tissue reactions were
found in several organs in B. glabrata and only

rarely in the two other species. In the ovotestis and
renal tubular region in the case of  B. tenagophila
(Fig. 3) and only once, in the region of an atrophic
ovo-testis of B. straminea (Fig. 4). These reactions
were entirely similar to those seen in snails shed-

Fig. 3: region of the ovotestis of Biomphalaria straminea which had been infected, but did not eliminate cercariae. It shows
infiltration and proliferation of amebocytes and the formation of three nodular lesions, some of them containing dark irregular non-
identified material. The possibility of this latter being sporocyst  remnants has not been excluded. Hematoxylin & eosiin, 200X.

Fig. 4:  focal, nodular and dense sporocyst infiltration observed in region of the ovotestis of Biomphalaria tenagophila that did not
eliminate cercariae although being exposed to Schistosoma mansoni miracidia 32 days previously. Again, presence of a dark
structureless  inclusion (arrow) surrounded by reactive cells. Hematoxylin & eosin, 400X.
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ding many cercariae, and which were found encir-
cling or in close vicinity of proliferating sporocysts.
However, no evident sporocystic structures were
identified in any of the foci or in any other part of
the snail tissues.

Normal non-infected snails - They showed es-
sentially normal histology. No focal or diffuse in-
flammatory reaction was ever observed.

DISCUSSION

A tentative histological grading of susceptibil-
ity for  the three snail species was  attempted by
considering sporocyst distribution in different or-
gans, their size and number, as well as  the tissue
reaction elicited by them. In the present investiga-
tion this  would place  B. glabrata, B. tenagophila
and B. straminea, in that order, as the most sus-
ceptible S. mansoni  intermediate hosts. These re-
sults are in keeping with previous ones obtained
by a combination of malacological techniques
(Souza et al. 1995b).

Susceptible snails give rise to variable num-
bers of cercariae. Those which are very suscep-
tible can  shed numerous  cercariae, with no overt
reactions, their tissues appearing tolerant to the
presence of the multiplying and growing sporo-
cysts (Newton 1952). Others may eliminate only a
few cercariae and in them variable degrees of tis-
sue reactions take place (Pan 1965). These reac-
tions   usually consist of massive proliferation of
amebocytes, with encapsulation and destruction of
sporocysts,  the cells probably acting  in concert
with soluble factors in  the molluscan hemolymph
(Bayne et al. 1980).  Recently, some specimens
taken from a resistant F15 generation of B. glabrata
completely failed to emit cercariae several months
after being exposed to numerous miracidia. When
they were histologically examined, no sporocysts
were found,  but focal and diffuse inflammatory
reactions, similar to those seen in infected and re-
sistant snails,  appeared at several locations. Such
peculiar  reactions were not found in normal, non-
exposed control snails. They were thought to rep-
resent cicatrices left by destroyed sporocysts
(Godoy et al. 1997). This kind of delayed-devel-
oped resistance probably represents an alternative
and novel  kind of host defense mechanism against
S. mansoni miracidia, in spite of evidences sug-
gesting that  S. mansoni sporocysts can sometimes
better develop their ability to interfere with the
defense mechanism of the snail as they grow older
(Lie et al. 1980). Thus, the amebocytic reaction
that is already known to be partially inhibitory of
sporocyst development, appears sometimes to be
totally effective.

Therefore, protection against miracidial inva-
sion could  be provided by at least two mechanisms.

One being represented by the already known ex-
ample of direct miracidium destruction  which
occurs soon after penetration. Locker et al. (1986)
found miracidium-amebocyte contact within 3 hr
and phagocytosis of sporocysts microvilli and
pieces of tegument within 7.5 hr, while extensive
pathology was demonstrated within 24 hr and by
48 hr only scattered remnants of sporocysts re-
mained. The other mechanism would be repre-
sented by  the one here postulated, that is,  a suc-
cessful mounting of a destructive reaction when
several sporocysts have already disseminated
throughout the snail tissues.

This second mechanism appeared frequently
and widespread  in  B. glabrata, but it was only
rarely seen in the other two species. Strongly re-
sistant B. tenagophila  and B. straminea rather uti-
lize the second mechanism, the killing of invading
miracidia probably occurring soon after their pen-
etration into the snail tegument, which would leave
no residual changes.
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