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Abstract

Due to contact and misuse of water drainage channels, schis-
tosomiasis has spread and become a constant concern in north-
eastern Brazil. The aim of this study was to monitor human cases
of Schistosomiasis mansoni and the breeding areas of the snail
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intermediate host Biomphalaria glabrata through spatial analysis
in a community named Invasdo do Canal do Guaxinim, located in
Barra dos Coqueiros City in an endemic coastal part of the state of
Sergipe, Brazil. This research was performed as a cross-sectional
epidemiological study conducted with parasitological and malaco-
logical surveys. To verify the spatial analysis, a two-year spatial
point pattern analysis was performed by means of Kernel intensity
estimation using TerraView software 4.2.2. A schistosomiasis
prevalence reduction from 8.1% (2013) to 4.9% (2014) was
observed but mild infection prevailed in adolescents and/or young
adults during the two-year study. In malacological research, 387
specimens of snails of the genus B. glabrata were collected and all
were negative with regard to schistosomiasis. Spatial analysis
showed a strong, spatial trend of increased transmission risk areas
north and south of the community, both in 2013 and 2014. In
Invasdo do Canal do Guaxinim itself, the increased risk was only
seen in the northern part. When combined, the human and the
malacological spatial analyses constituted an important method-
ological approach for monitoring and controlling this parasitic dis-
ease.

Introduction

Schistosomiasis is a serious parasitic disease prevalent in trop-
ical and subtropical regions, especially in communities with inad-
equate water supplies and sanitation (Chitsulo et al., 2000; Hotez
et al., 2010). The disease occurs in 78 countries in Latin America,
Asia and Africa, the latter of which is responsible for 85% of
cases. In 2013, the World Health Organization (WHO) estimated
that 249 million people need treatment for schistosomiasis, while
the actual number of people treated in 2012 was only 42.1 million
(WHO, 2014).

In Brazil, the disease is caused by Schistosoma mansoni, and
some data indicate that it affects approximately eight million peo-
ple with approximately 30 million are at risk (Brazilian Ministry
of Healthy, 2013; Sarvel et al., 2011). Schistosomiasis occurs in
18 states, including the Federal District and is particularly preva-
lent in the Northeast, Southeast and Midwest. In the Northeast,
Biomphalaria straminea and B. glabrata are the snail intermediate
host species responsible for its transmission (Barbosa et al., 2014).

Expansion of schistosomiasis to touristic localities has been
observed in several places in Brazil. The frequency of reports of
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urban schistosomiasis cases has been increasing, with transmission
patterns observed and recorded in several localities where tourist
developments have been stimulated without proper structural sup-
port and without environmental regulation and inspection (Enk et
al., 2010; Massara et al., 2008). In Sergipe, schistosomiasis has a
wide distribution in both rural and urban areas (Rollemberg et al.,
2011; Santos et al., 2016). Data from the Schistosomiasis Control
Program (DATASUS, 2015) show that this situation is also seen in
Barra dos Coqueiros City, the metropolitan area of the capital,
mainly because it has a flat relief which favours the formation of
temporary or permanent water basins that can act as snail breeding
sites. These geographic characteristics, coupled with poor sanita-
tion conditions and lack of health education, favour the initiation
and maintenance of the transmission cycle in these areas. This city
has a water drainage channel for excess rainfall along the commu-
nity of Guaxinin Creek, referred to as Invasdo do Canal do
Guaxinin which is located in the central urban area in the endemic
coastal area, where it offers multiple opportunities for S. mansoni
infection.

Geographic information systems (GIS) have been used world-
wide in various studies for disease monitoring through computa-
tional resources providing spatial analysis of information in a geo-
graphic context. In some studies of schistosomiasis, it has become
feasible to incorporate epidemiological information using GIS
tools and these studies have contributed towards an understanding
of the spatial distribution and expansion of intermediate host snails
in different endemic areas as well as the spatial dynamics of schis-
tosomiasis transmission including its temporal interactions. This
has led to a more efficient control of the infection and improved
the understanding of transmission dynamics (Yang et al., 2005;
Clennon et al., 2007; Barbosa et al., 2011, 2014; Scholte et al.,
2012, 2014).

The epidemiological relevance of schistosomiasis in north-
eastern Brazil, made us investigate the occurrence of schistosomi-
asis in Invas@o do Canal do Guaxinim. In this study, our research
group sought to evaluate the local prevalence of schistosomiasis
through spatial analysis because this place has been a favourable
setting for maintaining the biological cycle of S. mansoni for
decades. We describe here the prevalence and intensity of S. man-
soni infection as well as the occurrence and spatial distribution of
the breeding sites of the snail intermediate hosts.

Materials and Methods

Study design

An epidemiological cross-sectional study was conducted to
compare the prevalence of S. mansoni infection between the years
2013 and 2014; geoprocessing techniques were used and both par-
asitological and malacological surveys were conducted. Invasao
do Canal do Guaxinim was chosen because it is an urban area on
the banks of Guaxinim Creek, which is endemic for schistosomia-
sis. The community belongs to the Sergipe River Basin, where
water is channelled to assist in big rainfall runoffs from a housing
development built in the early 1990s.

Study area and climate

The study was conducted in Barra dos Coqueiros City, located
3 km from Aracaju, the state capital of Sergipe, Brazil (Figure 1).
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The city is located on Santa Luzia Peninsula on the banks of the
Sergipe River. According to the Brazilian Institute of Geography

and Statistic (IBGE) the geographic coordinates are
10°54°41”South and 37°1°47” (IBGE, 2015). The climate of Barra
dos Coqueiros is hot and humid to sub-humid with an average tem-
perature of 26°C and the annual rainfall amounts to about 1,560
mm. The rainy season is from March to August.

According to data from the Primary Care Information System,
Invasdo do Canal do Guaxinim comprised 239 households with a
total population of 877 inhabitants, 52.3% female, in 2012
(Brazilian Ministry of Healthy, 2013). All households have access
to safe drinking water, although intermittently, which leads people
to often use the channel drainage water for daily activities. Only
41% of the households are served by public garbage collection and
only 1% of the population has full access to sanitary conditions.
Even if this means that the channel receives sewage waste, local
people use water from it for household activities. In addition, it is
infested with Biomphalaria sp. snails. The combination of contam-
ination of surface water with open sewers and snail presence are
important determinants for the presence of schistosomiasis trans-
mission.

Parasitological survey

The surveys were conducted at the end of August in both years
(2013 and 2014); randomly selected housecholds were visited by
researchers and agents working for the Program of Control of
Schistosomiasis (PCE) distributing and collecting containers for
stool tests. However, we had some problems applying the second
questionnaire (in 2014) as we could not access all people
approached in 2013.The researchers considered the same house-
holds but due high people mobility some individuals had moved
out and were thus not included in the second survey. This limita-
tion was expected as people change address frequently in this area.
However, we felt that it would be possible to evaluate the infection
circumstances by evaluating the prevalence at the population level.
The minimum annual sample size required to obtain results with
statistical significance was conducted using the Barbetta formula
(2002) aiming for a maximum error of 5% for schistosomiasis in
the community based on the number of inhabitants. It was estab-
lished that a minimum number of 268 inhabitants were required for
a confidence level of 95%.

The parasitological material was prepared and shipped to a lab-
oratory belonging to the County Health Department. The parasito-
logical diagnosis was conducted by stool examination (Katz et al.,
1972) using two slides per sample. The rate of human infection, or
the individual parasitic load, was defined by multiplying the mean
number of eggs found on the two slides by a constant (=24), which
gives the number of eggs per gram (epg) of faeces as described by
Katz et al. (1972). Based on this survey, the following rates of
infection with S. mansoni were determined as recommended by the
WHO (Brazilian Ministry of Healthy, 2013): i) prevalence: the per-
centage of egg-positive persons; ii) intensity of infection: the aver-
age epg number among the positive individuals; and iii) percentage
of people with >100 epg, i.e., the prevalence of moderate to severe
infection.

The intensity was categorised as light (epg<99), moderate
(100-399 epg) or severe (400>epg). The results of the parasitolog-
ical examinations were revealed to the study population after the
survey and treatment was offered to all individuals who had tested
positive for schistosomiasis.
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Malacological survey

The malacological survey was conducted in the beginning of
August in 2013 and 2014 (the rainy season usually starts in May),
since it was then possible to collect the snails in the water puddles
along an area that measured 3 by 0.3 km stretching along Invasao
do Canal do Guaxinim which corresponded to all accessible exten-
sions of the basins with human contact and/or evidence of faecal
contamination. After the area had been mapped with the breeding
sites identified and georeferenced, the malacological survey was
carried out by systematically collecting rfelevant snails (Olivier
and Schneiderman, 1956) from all basins in the study area, such as
wetlands, water runoff ditches and rainwater puddles in the streets.
The snails were placed in labelled jars and taken to the Central
Public Health Laboratory of Sergipe (LACEN-SE). The specimens
were examined on the 15tand the 30™ day after initiation of the col-
lection scheme to check the infectivity rate, which was determined
by light exposure (Souza and Lima, 1990) and to confirm the
species through dissection of the genitalia (Deslandes, 1951).

&

Spatial data processing

The road network in the urban area of Barra dos Coqueiros City
was produced with help of Google Earth. To spatially locate human
cases of schistosomiasis and snails, the absolute method of
Hofmann-Wellenhof et al. (1997) with instantaneous point position-
ing was used; the data were collected with a Garmin, model Vista Cx
global positioning system (GPS) navigation receiver with a resolu-
tion of 2.5 m after correction set in the Universal Transverse
Mercator (UTM) projection system, Datum SAD 69 and the refer-
ence ellipsoid. The spatial distribution was determined using
TerraView software, version 4.2.2 (http://www.dpi.inpe.br/ ter-
raview), with the analytical unit comprising households around
Invasdo do Canal do Guaxinin which has well-defined limits. A
database was created using the GPS TrackMaker Pro software, ver-
sion 13.9 complemented with an image of the central part of the city
from the QuickBird satellite (http:/glcf.umd.edu/data/quickbird/).

The mapping of the spatial distribution of schistosomiasis in
the community was done to evaluate the geographical variation of
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Figure 1. Maps and satellite image of the study area.
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its prevalence and to identify the distribution of potential areas of
risk. The Kernel intensity estimator was used for spatial analysis,
which made it possible to estimate the number of events per unit
area in each cell of a regular grid covering the study area. This is a
non-parametric technique that promotes smoothing or statistical
softening to allow filtering the variability of datasets, while retain-
ing the essential characteristics of the sites. By smoothing or sta-
tistical softening, this technique generates a surface density for
visual detection of hotspots, defined as a concentration of events
indicating agglomeration in a spatial distribution and a continuous
surface from the data points (Cromley et al., 2002). The smooth-
ness was controlled by choosing a bandwidth indicating the area to
be considered in the calculation that should reflect the geographi-
cal scale of the hypothesis of interest as well as prior knowledge of
the event studied.

Statistical analysis of descriptive data

A database of the epidemiological data was created using
Microsoft Excel software, version 2010. To evaluate the strength
of the association between the variables, a descriptive statistical
analysis was performed by the chi-square test. The level of signif-

icance was set at 5% (P<0.05). All statistical analyses were per-
formed using BioEstat software, version 5.0.

Results

In 2013, we conducted 272 parasitological diagnostic faeces
tests in individuals aged 1-78 years, finding 22 positive for S. man-
soni. The prevalence of infection in 2013 was 8.1%, and the geo-
metric mean was 103.6 epg faeces. Among the positive individu-
als, 16 (72.8%) had a mild infection, five (22.7%) a moderate
infection and one (4.5%) a severe infection. In the survey conduct-
ed in 2014, 267 samples were examined in individuals 3-74 years
of age, out of which 13 were considered positive. The prevalence
of S. mansoni infection in 2014 was 4.9%, and the geometric mean
was 483.7 epg of faeces. Among the positive individuals, eight
(61.5%) had a mild infection, two (15.4%) a moderate infection
and three (23.1%) a severe infection. There was thus a prevalence
reduction of 39.9%.

In 2013, 54.6% of the infected individuals were male subjects.

o
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Figure 2. The spatial distribution of Biomphalaria glabrata breeding sites and households in Invasio do Canal do Guaxinim, Brazil.
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An analysis of the frequency of schistosomiasis cases by age
revealed that 41% of the cases were teenagers (10-19 years old),
36.3% were young adults (20-39 years old) and 22.7% were adults
(40-59 years old). There were no positive results for S. mansoni in
children (0-9 years) or in the elderly (>60 years). The chi-square
test (X2=- 53.0450) showed a significant difference in the distribu-
tion of cases in terms of age (P<0.0001). The mean age was 26.5
years.

In 2014, 62% of the affected subjects were women. Women
aged 20-39 years were the most affected (30.7%) followed by ado-
lescents aged 10-19 years (23.4%). Adults (40-59 years), children
(0-9 years) and elderly (>60 years) each represented 15.3% of the
infected population. The chi-square test (X?=-53.0450) showed a
significant difference in the distribution of cases in terms of age
(P<0.0001). The mean age was 29.8 years+0.45.

In the malacological investigationlO B. glabrata breeding
sites, the only snail intermediate host along Invasdo do Canal do
Guaxinim and its vicinity in 2013, were identified and mapped. In
the survey conducted in 2014, only eight breeding sites for this
snail species were detected Figure 2 shows the geographical coor-
dinates observed within the channel and in nearby areas.

The current two-year study area had the same environmental
and health conditions observed in previous years: unpaved streets,
homes with wastewater disposal and sewage discharged directly
into the channel, which was infested with the snail intermediate
host (Figure 3). A total of 387 snails were collected in the perido-
mestic collection referred to above. The number of snails collected

& N

varied from each of the identified breeding sites. All snails were
considered negative for cercariae in tests after exposed to light for
30 days.

The spatial snail distribution obtained through the kernel
investigation showed transmission along the whole channel.
However, the test results indicated the existence of two main areas
of risk in 2013: one with high intensity in the north and a second
less active south of the channel. In 2014, there was only a single
risk area north of the channel. It should be emphasized that
although the map shows a distinct spatial pattern between the two
years, as represented by varying densities of collected snails, the
entire channel carried the potential transmission risk (Figure 4).

The kernel intensity estimator identified two clusters of human
cases in 2013, north and south of the channel. In 2014, there was a
greater concentration of cases located north of the channel. Despite
differences with respect to the location of the concentration of
cases each year, almost all areas had human schistosomiasis cases
indicating the existence of a risk corridor throughout the entire
water drainage channel (Figure 5).

By relating the spatial distribution of human cases to the pres-
ence of S. mansoni vector breeding sites, we observed an overlap
of the areas with high intensity of human cases and the snail breed-
ing sites north of the channel. During the two years under study,
the northern area had the highest risk of transmission shown by the
existence of the highest concentrations of human cases as well as
B. glabrata breeding sites.

Figure 3. A) Snail collection in Canal do Guaxinim, Brazil. B) The use of channel areas for recreational activities together with open

waste disposal pipes.
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Discussion

Spatial approaches to monitoring risk areas in epidemiology
contribute to the understanding of which variables are associated
with schistosomiasis risk, while geostatistical, social, economic,
bioecological and sanitary factors emphasize the importance of
human behaviour with regard to this parasite infection (Clennon et
al., 2007; Yang et al., 2005). Several factors may be involved in
Invasdo do Canal do Guaxinim and this eco-epidemiological study
collected malacological and parasitological data in the area. Spatial
analysis re-evaluated these data, generating new information and
allowing re-interpretation of events, confirming the importance of
applying methods based on GIS in healthcare (Carvalho et al.,
2005).

Regarding the age distribution of infected cases, the preva-
lence of the disease was higher in young people and adults, where-
as the prevalence in older individuals 50 years and older was
lower. The same was observed in relation to the parasite load.
These values reflect that the younger age groups are more affected
by schistosomiasis as they are more prone to association with S.

EEROCNNR0

mansoni risk factors, such as the use of recreational areas (in this
case, run-off water sources) as well as exposure during profession-
al activities, e.g., fishing, laundry, agriculture and irrigation
(Sarvel et al., 2011).

As already noted by Gryseels (1994; young males are the most
affected, in our case probably because they are more exposed to the
snail breeding sites in the streets and backyards as they move in
these environments developing their social and professional activ-
ities. However, it was noted there was a higher incidence of S.
mansoni infection in women in 2014, which can be explained by
the need for household chores although why this so only in one of
the years studied is unclear.

Mild intensity prevailed in the two years studied, which may
be explained by the seasonality of transmission and the occasional
contact of individuals with outbreaks during the rainy season, a
time when B. glabrata breeds more actively (Barbosa et al., 2011).
The influence of biotic and abiotic characteristics such as climatic,
physical and chemical factors affect the survival and development
of S. mansoni-infected snail populations. Temperature and rainfall
have been pointed out by Sturrock (1993) as the most important

’ " el i High 0 0.003 0.006 0.009
Meters Meters
Figure 4. Kernel analysis of snail breeding sites in Invasao do Canal do Guaxinim, Brazil.
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determinants of snail population dynamics. Moreover, in the dry
season no snails were found in the water collections identified dur-
ing the rainy season.

In addition to the biological components, schistosomiasis has
complex social and cultural aspects related to human behaviour
and disorderly occupation of urban spaces (Barbosa et al., 2000,
2006). Poorly planned urban development in addition to the
destruction of the original ecosystem, creates the ideal environ-
mental conditions for the emergence of numerous snail-breeding
sites of in places suitable for human infection (Barbosa et al.,
2000; Araujo et al., 2007). Inadequate infrastructures favour the
emergence of natural and artificial breeding sites of Biomphalaria
snails, making the area a place primed for the transmission of this
parasitic disease (Brazilian Ministry of Healthy, 2010). These char-
acteristics are common in peri-urban areas where the population
has no access to sewage network systems (Gazzinelli et al., 2006).
Our research clearly suggests that re-infection is common along
the run-off channel underlining the fact that the infection is related
to poverty and low levels of hygiene and sanitation. Most commu-
nity residents are of low economic class with homes constructed of

§

@

pagepress

masonry. In spite of being equipped with closed septic tank sys-
tems, they often overflow, while other residue of household
sewage is directly released into Invasdo do Canal do Guaxinin or
streams and ditches around the houses, where snail intermediate
hosts breed and become infected. Transmission is seasonal, mainly
taking place during the rainy season when the overflow takes the
snail-infected contents of the channels to the streets, where people
become infected by simple contact with water puddles. In periods
of rain, the drainage of rainwater increases, with visible agglomer-
ations of snails, which end up and adapt to the wet backyards
where they are regularly found. In contrast, surrounding areas
composed of summerhouses and closed condominiums house peo-
ple of good socio-economic standing who do not frequent the canal
region and who are not infected.

Spatial analysis of schistosomiasis, as well as of other diseases,
have become frequent because it has become clear that public
health and the environment are influenced by spatial patterns of
occupation (Barbosa et al., 2005, 2010; Guimaraes et al., 2008).
Geoprocessing techniques reveal the spatial distribution of health
problems, permitting the determination of the local risks for the

[
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Figure 5. Kernel analysis of human schistosomiasis cases in Invasao do Canal do Guaxinim, Brazil.
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most vulnerable populations (disease occurrence, environmental
characteristics and habitat of the intermediate host/vector). Thus,
the use of GIS makes it possible to plan, schedule, manage, moni-
tor and evaluate diseases taking the risk of transmission into
account (Cromley and McLafferty, 2002). As found in the present
study, the distribution was not homogeneous in the community.
The cases were concentrated north and south of the channel in
2013, while in 2014 only north of the channel. The expanding
community has many water basins and puddles that provide
favourable conditions for infection by S. mansoni. The northern
regions of the community have a higher population density and the
spatial analysis reflected this distribution profile in the higher
prevalence of infection in this area. Furthermore, the location of
the permanent and temporary snail breeding sites may also have
contributed to the unequal distribution of schistosomiasis as evi-
denced by the presence of spatial units with different degrees of
risk during the two years of study. It was noted in situ that most
georeferenced addresses showed susceptibility factors for the dis-
case; these areas were marked by the presence of dwellings near
water bodies containing B. glabrata snails and with a low quality
of life with little leisure; these findings corroborate the findings in
other studies (Gazzinelli et al., 2006; Barboza et al., 2012).

Spatial analysis shows the importance of knowing the local
distribution of a disease under study as it delivers data useful for
surveillance and control and facilitates finding new cases through
indicating systematic patterns of collection. However, results
based on GIS techniques alone do not show the areas of greatest
risk of the disease, it is necessary to also collect field data to com-
plete the epidemiological interpretation provided. Together, these
data serve as a relevant source of information for improving our
understanding of the dynamics of the distribution of infections in
the communities studied. They also bring to attention the collective
risk suffered by vulnerable populations living under difficult con-
ditions. In this way, spatial analysis supports public health pro-
grammes designed to control, prevent and monitor infections, sim-
ilar to a previous, spatial analysis of schistosomiasis that was con-
ducted in the state of Pernambuco (Barbosa ef al., 2010, 2011).

As there is no short- or medium-term global solution to the
socio-economic and environmental problems in these areas, spe-
cific and efficient measures for schistosomiasis control need to be
implemented, taking into account the local epidemiological and
ecological features. Thus, chemotherapy should be complemented
by measures to minimise snail abundance and prevent, or drastical-
ly reduce, individual behaviour (bathing and leisure) increasing the
risk of infection, especially among members of the most vulnera-
ble age groups. The present study highlights the importance of
local studies designed to improve understanding of the processes
leading to infection. Identification and location of the space-time
areas where there are different levels of risk for transmission can
help guide-planning decisions for health interventions. The pres-
ence of the host snail in areas becoming urbanised reflects a con-
cern about the possible occurrence of new breeding sites and pos-
sible schistosomiasis foci in these surroundings. It is in this impor-
tant connection that the municipality of Barra dos Coqueiros is cur-
rently considered a priority area for real estate investment and
tourism, something that can bring social and economic change to a
state that intends to exploit its potential for ecotourism.
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Conclusions

Less densely populated coastal areas with population charac-
terized by underdeveloped social and behavioural conditions are
strongly associated with the prevalence of S. mansoni infection.
Statistical and geospatial analysis contribute to the identification of
potential areas of risk of transmission and continued maintenance
of this endemic disease. The epidemiologic data observed in this
study has shown the importance of basic sanitation, snail control,
epidemiological surveillance, promotion of health education along
with increased risk awareness, emphasising that these measures
should be promoted, as they are needed in addition to chemother-
apy. Effective action by PCE staff and training of health profes-
sionals can reduce the local high prevalence of S. mansoni.
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