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Study of the snail intermediate hosts for Schistosoma mansoni
on Itamaraca Island in northeast Brazil: spatial displacement
of Biomphalaria glabrata by Biomphalaria straminea
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Abstract. In 2012 a malacological survey of the breeding sites of Biomphalaria glabrata and B. straminea, the two interme-
diate host snails of Schistosoma mansoni, was carried out on Itamaraca Island in Pernambuco, Brazil. This study has now
been extended by studying the competition between the two species. Snails were collected and dissected to identify the species
and tests were performed to verify S. mansoni infection. Student’s ¢ test was used to compare the proportion between the two
species and their breeding sites and a parasitological survey was conducted among local residents, using the Kato-Katz
method. The spatial distribution of the two snail species was determined using TerraView, while a snail density map was con-
structed by Kernel estimate. The survey identified two breeding sites for B. glabrata with 17 specimens and 19 breeding sites
for B. straminea with 459 snails, all of them negative for S. mansoni infection. The statistical analysis revealed that the pro-
portion of the numbers of specimens and breeding sites of B. straminea (37.84 = 9.01) were significantly greater than those
of B. glabrata (8.50 = 6.50). Parasitological examinations from 41 residents diagnosed two cases of schistosomiasis with par-
asite loads of 60 and 84 eggs per 1 g of stool, respectively. This indiction of a competitive process between the two snail species
requires monitoring of schistosomiasis in the resident and travelling human populations occupying this environment, which
could potentially result in social and economic changes on the island risking its attraction as a centre for eco-tourism.

Keywords: urban schistosomiasis, Biomphalaria, competitive displacement, spatial analysis, geographical information sys-
tem, Brazil.

Introduction recorded significantly less egg-positivity in the 2008-

2012 period (49,062/826,269 = 5.9%) than in the

Schistosomiasis mansoni is a highly prevalent,
poverty-related disease caused by infection with a
trematode worm of the species Schistosoma mansoni.
From 2008 to 2012, a survey based on 7.1 million
stool examinations was carried out by the
Schistosomiasis Control Program (SCP) in 1,060
endemic municipalities throughout Brazil. Out of the
people tested, 5.4% was found to be positive for
S. mansoni, allowing an estimate of 2.1 million
infected and 38.3 million at risk in the country. In the
rural endemic areas of Pernambuco State, the SCP
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previous S-year period between 2003 and 2007
(149,079/1,063,282 = 14.0%) (Ministério da Saude,
2013). The part of the 2008-2012 survey, carried out
on the island of Itamaraca near the city of Recife on
the northern coast of Pernambuco, included 4,256
stool examinations. People in rural communities with
the exception of coastal villages were surveyed and
105 cases (2.5%) of S. mansoni infection were found
(Ministério da Saude, 2013).

The two intermediate hosts of S. mansoni in Brazil
are the planorbid snails Biomphalaria glabrata and
B. straminea. The first occurrence of B. straminea, at
different locations on Itamaraca Island, dates from
1977 and was found through a survey conducted by
the National Health Foundation (FUNASA).
Subsequent investigations detected the presence of two
species of Biomphalaria on the island, but always at
equidistant locations and with different ecological
characteristics (Barbosa et al., 2000, 2004). The first
records of autochthonous human schistosomiasis
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cases and infected intermediate host snails emanate
from Fort Orange beach in 1991, when four medical
students became infected through accidental exposure
in streets that were full of B. glabrata snails after being
flooded due to heavy rains. On that occasion, 19.7%
of 7,217 snails collected were releasing S. mansoni
cercariae and 12 streets were identified as snail breed-
ing (Gongalves et al., 1991). The first epidemiological
plan of the locality was produced in 1997 showing
two remnant lagoons from the original ecosystem and
a parasitological survey diagnosed 10 autochthonous
human cases among the 349 vacationers sampled
(Barbosa et al., 1998). Among the 91 local residents
sampled (fishermen, home caretakers and civil con-
struction workers), the prevalence of schistosomiasis
was 41.8%, thus showing the strong local expression
of the disease at that time (Barbosa et al., 1998).
Between 1997 and 2002, six malacological surveys
were conducted at Fort Orange beach by the
Schistosomiasis Laboratory of the Aggeu Magalhies
Research  Center (CPqAM), Oswaldo Cruz
Foundation (FIOCRUZ), comprising active searches
of 27 peridomestic foci, identified and georeferenced
in the streets. Over this period, a total of 5,009
B. glabrata snails were collected, with natural infec-
tion rates varying monthly from 3.3% to 28.8%. In
2003, georeferenced maps showing the potential envi-
ronmental risk of human contamination represented
by B. glabrata foci were drawn up and handed over to
the local health department. The episodic nature of
schistosomiasis at Fort Orange beach, highlighting the
ecological, environmental and sanitary characteristics
supporting local schistosomiasis transmission has been
discussed by Barbosa et al. (1998, 2000, 2004).
Between 2006 and 2008, the Schistosomiasis
Laboratory organised two field expeditions with the
aim of georeferencing snail breeding sites and foci
present along the entire coastline of the state of
Pernambuco (EpiSchisto Risk Modeling, 2008). The
ecological valence of the two potential intermediate
host snails differs. B. straminea has a high capacity to
populate extensive and varied environments and has
also a greater capacity to resist periods of drought,
qualities that enable and regulate the expansion of this
eurytopic species (Barbosa and Barbosa, 1994).
B. glabrata, on the other hand, has a smaller geo-
graphical distribution in the state of Pernambuco
where its occurrence is restricted to coastal localities.
However, the epidemiological importance of this
species stands out because of its high natural infection
rate, which threatens exposed human populations.
Barbosa et al. (2000) tested the potential for cercaria
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release by B. glabrata experimentally at Forte Orange
beach and found an average of 394.6 cercariae per
snail, after 5 min of light exposure.

Paraense (1970) formulated the hypothesis that
competitive exclusion between Biomphalaria species
influences the distribution of its populations. Authors
like Hubendick (1958) and Michelson and Dubois
(1979) have reported on the capacity of B. straminea
to replace B. glabrata under laboratory and field con-
ditions. Over a 3-year period, Barbosa (1973)
observed that autochthonous B. glabrata snails being
displaced by invasive B. straminea ones in a locality in
the metropolitan region of Recife, Pernambuco, sug-
gesting the possibility that competitive displacement
was taking place. In 1992, the same author followed
up this phenomenon between the two species by
means of laboratory experiments (Barbosa et al.,
1992) and in 1993, the competitive capacity of
B. straminea to replace B. glabrata was induced and
confirmed under experimental field conditions
(Barbosa et al., 1993). This observation confirmed
what was stated by Michelson and Dubois (1979) that
the competitive capacity of B. straminea, in compari-
son with B. glabrata, highlighting its higher reproduc-
tive rate and capacity to invade territories.

The objective of the present study was to conduct a
new malacological survey at Fort Orange beach, to
update available information on the distribution of the
two snail species in this locality. The findings would be
compared with previous records with the aim of
unravelling a possible process of competitive displace-
ment between these species.

Material and methods
Study area

The locality selected for this study was Fort Orange
beach, coastal village located in the southern part of
Itamaraca on the northern coast of Pernambuco State,
Brazil. Itamaracd is an island municipality forming
part of the metropolitan region of Recife, the state
capital. The sampling space was in the south-western
part of the island of Itamaraca and comprised 1 km of
coastline delimited to the East by the sea and to the
West by a highway (PE 001). The width between the
highway and the sea is 300 m (Fig. 1). The geoecolog-
ical limits defining the sampling space were a man-
grove swamp contiguous with the Forte das Cinco
Pontas to the South and to the North the Caboclo
lagoon and creek covering the area between the streets
Araras and Lavras.
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| Praia do Forte Orange ‘

Fig. 1. Metropolitan area of Recife and satellite image showing the study area in Fort Orange beach village, [tamaraca in 2010. The
mangrove forest in the South, the creek and lagoon to the North are outside the bounds of the satellite image.

Fort Orange beach is located 48 km from Recife. It
receives large numbers of visitors from this city and
the interior of the state of Pernambuco. The area
delimited by our investigation includes vacation
homes interspersed with small agglomerations of
workers’ homes occupied by local people, who are
traders or service providers to the vacationers. There
are also some uninhabited plots of land without land-
fills that forms depressions covered with vegetation
that retain rainwater, maintaining moisture levels
favouring snail survival during the dry season. The
Family Health Unit (USF) of the locality attends to
1,040 families consisting of around 3,200 permanent
residents. On public holidays and during the summer,
this population may triple through occupation of the
vacation homes and with the arrival of tourists at
guesthouses and hotels.

Malacological survey

The malacological survey for this study was con-
ducted in August 2012 after the area had been mapped
identifying and georeferencing the breeding sites. It
consisted of a systematic sweep (Oliver and
Schneiderman, 1956) collecting snails from all water
accumulations in the study area. These comprised
flooded plots of land, rainwater runoff ditches and
puddles of rainwater in the streets. The snails thus col-

lected were taken to the laboratory to identify the
species by dissecting the genitalia (Deslandes, 1951).
S. mansoni infection was investigated by means of
exposure to light stimulating cercaria release (Souza
and Lima, 1990). B. straminea snails remaining nega-
tive were subjected to molecular diagnostics using the
nested polymerase chain reaction (PCR) (Melo et al.,
2006). S.mansoni DNA was extracted from 459
B. straminea specimens, in batches of up to 50 speci-
mens/breeding site using the modified phenol-chloro-
form technique (Sambrook et al., 1989). During the
malacological survey, a few local residents asked for
parasitological tests to be performed. All in all, faecal
samples from 41 people were collected and sent to the
Schistosomiasis Laboratory at CPqAM for testing
using the Kato-Katz method (Katz et al., 1972).

Statistical analysis

Student’s ¢ test with the Welch correction (Welch,
1947) was used to compare the proportions of
B. straminea and B. glabrata at the breeding sites uti-
lizing the GraphPad Prism 5.0 software (Graph-Pad
Software, San Diego, USA). The results were present-
ed in terms of the mean number of snails per breed-
ing site = standard error (SE) and differences were

considered to be statistically significant when
P <0.0S5.
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Processing of spatial data

To create the cartographic base for the study,
graphical data in digital media were acquired from
the Municipal Development Foundation (FIDEM)
(http://www.condepefidem.pe.gov.br). The northern
growth map of the metropolitan region of Recife
(1997) was used at the scale 1:20,000 as well as the
topographic registration plans of the “Unificacdo das
Bases Cadastrais” (UNIBASE) project
(http://www.condepefidem.pe.gov.br) at the scale
1:1,000. To spatially locate the foci, the absolute
method (Hofmann-Wellenhof et al., 1997) was used,
with instantaneous positioning of points collected by
means of a Garmin global positioning system (GPS)
navigation receiver. Geographical coordinates were
captured in the UTM projection system with the ref-
erence ellipsoid SAD69. The spatial distribution of
the snails found was determined using TerraView
4.1.0 (http://www.dpi.inpe.br) and the analysis units
comprised the street and block system of the Fort
Orange beach, which have well-defined limits. For
the purposes of comparison with the spatial data
obtained in 2012, graphical and descriptive data
from 2002 relating to the distribution of B. glabrata
foci of at the same locality (Barbosa et al., 2004)
were used. To estimate the spatial population density
of the snail species collected, the technique of
exploratory interpolation with kernel estimates was
used (Bailey and Gattrel, 1995). By means of statisti-
cal smoothing or rounding, a density surface for
visual detection of hot spots was generated. These
hotspots were taken to be concentrations of events
that in some way indicated agglomeration of a spa-
tial distribution. This procedure made it possible to
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filter the variability of a dataset without altering the
essential shape of its local characteristics (Bailey and
Gatrell, 1995), thereby generating a continuous sur-
face from the point data (Cromley and McLafferty,
2002).

Results

In the malacological survey conducted in 2002, 26
breeding sites/foci of B. glabrata, the only intermedi-
ate host for S. mansoni existing at Fort Orange beach
at that time, were identified and mapped. In the cur-
rent investigation (2012), it was noted that the study
area remained unchanged with the same environmen-
tal and sanitary conditions observed in 1997: unpaved
streets, drainage of wastewater and sewage directly
into the streets and backyards full of snails (Fig. 2).
This current survey detected only two breeding sites
for B. glabrata and 19 new breeding sites for
B. straminea, whose geographical coordinates can be
seen within the street and block system of the locality
(Fig. 3). From these sites, 17 B. glabrata snails and
459 B. straminea snails were collected. Fig. 3 shows
the distribution of the population density of these two
snail species.

All specimens of both snail species were found to be
negative for cercariae of S. mansoni, in examinations
using the technique of light exposure during a 15-day
period and no vestiges of S. mansoni DNA were found
in the B. straminea snails using nested PCR. B. glabra-
ta was not investigated for DNA since landfills had
drastically limited the natural environment of this
species.

Considering the breeding sites together, the statisti-
cal analysis on the data revealed that the proportion of

-
e

Fig. 2. Biomphalaria straminea snails in backyard of a residential building in Praia do Forte Orange, Itamaracd Island (A) and in a

street in the same locality where the sewage is leaking (B).
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Fig. 3. Georeferenced map showing the spatial occupation by Biomphalaria glabrata and Biomphalaria straminea in Praia do Forte

Orange, Itamaraca Island in 2003 and 2012.

the number of specimens and breeding sites accounted
for by B. straminea (37.84 = 9.01) was significantly
greater than the proportion of B. glabrata (8.50 =
6.50) with P = 0.033. Fig. 4 shows the spatial concen-
tration of the population densities of the snails of each
species that were collected in the study area.

The stool examinations performed on the 41 resi-

dents diagnosed two cases of schistosomiasis, with
parasite loads of 60 and 84 eggs per 1 g of stool
(EPG). The resident population within the sampling
area of this study is around 450 people and, since
there was no active search aimed towards conducting
a coproscopic survey, no estimate of the real preva-
lence of schistosomiasis at this locality can be made.
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Fig. 4. Kernel map showing the current population density of Biompbhalaria glabrata and Biomphalaria straminea in Praia do Forte

Orange, Itamaracd Island in 2012.
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Discussion

Since the first records of schistosomiasis transmis-
sion in 1991, no environmental or sanitary improve-
ments at Fort Orange breach have occurred. During
the rainy season, the streets and backyards become
flooded as the drainage ditches overflow, thus forming
a water surface that is continuous with the snail breed-
ing sites. The snails survive the dry season by shelter-
ing in the damp conditions of freshwater marshes and
flooded plots of land. From there, they are transport-
ed passively by the rainwater currents to the streets
and to the backyards of people’s homes, which
become spaces presenting a risk of schistosomiasis
transmission.

The seasonal condition described above promotes
accidental confrontation between the two species of
Biomphalaria at the same breeding sites, thus starting
the phenomenon of competitive exclusion. These
species present a tendency to occupy different habitats
and, although they may occur in the same area, they
are mutually exclusive and almost never found in the
same water bodies due to their different ecological
niches. The significant territorial occupation and pop-
ulation density of B. straminea after introduction into
an area previously populated by B. glabrata for many
years confirm the data in the literature attesting that
B. straminea is not only an invasive and competitive
species, but also a good coloniser of natural environ-
ments (Barbosa and Oliver, 1958; Michelson and
Dubois, 1979).

Considering that B. straminea was found at this local-
ity for the first time in September 2006, one must con-
clude that the replacement of B. glabrata by
B. straminea has been occurring for at least 7 years.
Modifications to the ecological niche of the latter
species are likely to favour the exclusion of the former
from this environment. Originally, B. glabrata survived
throughout the year in the freshwater lagoon that exist-
ed there, but the surface area of this lagoon has been
drastically reduced through landfills, thus limiting the
natural environment of this species. On the other hand,
B. straminea is not only more resistant to infection by
S. mansoni, but tolerates also natural desiccation better.
These factors modulate the selection pressure, thus
favouring survival and colonization by this species in
vacant land plots during the summer drought.

It is known that changes to the distribution of the
intermediate host snail influences the morbidity caused
by the disease in the human population (Kawazoe et
al., 1980). Thus, it is possible that replacement of
B. glabrata by B. straminea at the study locality may
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have had an impact in terms of reduction of the risk of
disease transmission, considering that B. straminea is a
relatively poor intermediate host for S. mansoni and
that human exposure at that locality is accidental and
seasonal. Replacement of the species may represent a
protection factor for the population living in that envi-
ronment, thus minimizing transmission and the risk
related to exposure. However, it should be noted that
relatively high rates of natural infection of B. straminea
have been reported in the endemic areas of
Pernambuco (Favre et al., 2002) due to systematic
exposure of the rural populations to rivers, where they
perform domestic or leisure activities.

In the light of this evidence, a new epidemiological
scenario is formed. The observation that a competitive
process exists between the snail species and the possi-
bility that alternation in population density may exist
between them require monitoring in order to prevent
unforeseen consequences regarding the impact of schis-
tosomiasis in the resident and mobile populations that
occupy this environment. The discussion of these
results remains limited at this point because the epi-
demiological investigation was merely observational,
thus not allowing inferences regarding causality or any
validation of correlations on the process. However, fur-
ther research is called for, as postulated by Avila-Pires
(2011): “... human ecology is essentially interdiscipli-
nary, demanding a combination of theories and meth-
ods, both of exact sciences and of social sciences”.

The municipality of Itamaraca is currently consid-
ered to be priority for the governmental sector that
administrates the investment
Pernambuco. The situation detected through this
study may have social and economic repercussions for
a state that intends to explore its potential for eco-
tourism and tropical resorts. The spatial properties of
this coastal locality need to be reconfigured and lead
to solutions improving sanitation and infrastructure
actions in order to ensure that Itamaraca develops and
continues as an important centre for ecological
tourism.

in eco-tourism in
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