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APRESENTACAO

A colecdo “A Estruturacdao e Reconhecimento das Ciéncias Bioldgicas na
Contemporaneidade” da Atena Editora € uma obra composta de dois volumes e refere-
se a uma série de investigagdes e contribuicbes nas areas das Ciéncias Biologicas e que
se fundamentam na discusséo cientifica e em trabalhos categorizados e interdisciplinares
desenvolvidos por autores de varios segmentos, potencializando discussdes e abordagens
contemporaneas em temas variados das Ciéncias Biologicas. Assim, a colegéo é para todos
os profissionais pertencentes as Ciéncias Biolégicas e suas areas afins, especialmente
aqueles com atuacdo no ambiente académico e/ou profissional. Cada volume foi organizado
de modo a permitir que sua leitura seja conduzida de forma simples e com destaque por
area da Biologia, onde os capitulos podem ser lidos na ordem que vocé desejar e de acordo
com sua necessidade.

O Volume | — “Meio Ambiente e Biodiversidade”, através dos seus 16 capitulos
aborda a heterogeneidade e aplicagéo de conceitos nas areas de meio ambiente, ecologia,
sustentabilidade, botanica, micologia e zoologia, como levantamentos/inventarios e
discussoes sobre a importancia da biodiversidade e do conhecimento popular sobre as
espécies. As tematicas exploradas neste volume sdo de grande relevancia, pois apesar
da preocupacéo com a biodiversidade e com o estado do meio ambiente nédo ser recente,
sabe-se que foi nas Gltimas décadas do século XX que essa teméatica entrou definitivamente
no discurso dos cidadaos, na sociedade civil, na agenda dos governos, na imprensa e
ganhou as ruas. No entanto, se observa que essa preocupacéo ainda néao se transformou
efetivamente em praticas educativas, administrativas e operacionais efetivas, o que coloca
em risco todos os seres vivos e recursos naturais. Desta forma, o volume | procura auxiliar
a realizagdo de trabalhos nestas areas e no entendimento e desenvolvimento de praticas
que podem ser adotadas no &mbito da educacédo, em espacgos formais e ndo formais de
ensino, para o meio ambiente e manutencgéo da biodiversidade de forma de compreender,
refletir, responder e/ou minimizar os graves problemas ambientais.

O Volume Il — “Saude e Biotecnologia”, rene 18 capitulos que apresenta de
forma categorizada discussdes e estudos desenvolvidos em diversas instituicbes de
ensino e pesquisa do pais, que apresentam resultados bem fundamentados de trabalhos
de experimentos laboratoriais, de campo e de revisado de literatura realizados por diversos
professores, pesquisadores, graduandos, e pos-graduandos, cujas pesquisas seréo
apresentadas de maneira objetiva e didatica. A producéo cientifica no campo da Saude e
da Biotecnologia € ampla, complexa e interdisciplinar. Portanto, os capitulos que compdem
este volume refletem essa diversidade de olhares.

Assim, o resultado dessa experiéncia, que se traduz nos dois volumes organizados,
objetiva apresentar ao leitor a complexidade e a diversidade de questdes e dimensdes
inerentes as areas de Meio Ambiente, Biodiversidade, Saude e Biotecnologia, como pilares



estruturantes das Ciéncias Biolégicas na contemporaneidade. Por fim, esperamos que
a leitura aqui proposta possa disseminar e apoiar a constru¢do novos estudos, saberes
e praticas pautadas no reconhecimento da importancia dos seres vivos e dos recursos
naturais, com uma visédo multidimensional para a saude planetéria e para o enriquecimento

de novas atitudes e praticas multiprofissionais nas Ciéncias Biologicas.

Boa leitura!

Clécio Danilo Dias da Silva
Daniele Bezerra dos Santos
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ABSTRACT: Schistosomiasis is a parasitic
waterborne disease. In the state capital of
Maranhdo, S&o Luis, the presence of snails
infected with Schistosoma mansoni has been
recorded in the Vila Embratel neighborhood.
This study aimed to investigate the population
dynamics of snails of the genus Biomphalaria as
well as to map breeding sites of snails vectors
of schistosomiasis in a locality of S&o Luis,
Maranh&o. Mollusks were collected monthly,
between November 2016 and October 2017,
by active search. They were identified and
submitted to the infection verification test for
S. mansoni. The relation between rainfall and
the abundance of snails was analyzed, and a
thematic map was drawn up highlighting breeding
sites of epidemiological importance. 375 snails
were collected, distributed among the species
Biomphalaria straminea (95.2%), Physa spp.
(3.5%) and Pomacea spp (1.3%). B. straminea
was the most abundant species. There was no
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evidence of infection by S. mansoni. There was a significant difference in the abundance of
mollusks collected in the rainy and dry seasons and a moderate correlation between rainfall
and the abundance of snails in the period of study. It is expected that these results will help to
structure the schistosomiasis vector control policy in the capital of Maranhao.

KEYWORDS: Biomphalaria, Geoprocessing, Malacology, Public Health Surveillance, Vector
Ecology

EXPANSAO DA ESQUISTOSSOMOSE EM UMA LOCALIDADE DE SAO LUIS,
MARANHAO, BRASIL

RESUMO: A esquistossomose é uma doencga parasitaria de veiculagédo hidrica. Na capital
do estado do Maranh&o, Séo Luis, foi constatada a presenca de caramujos infetados com
Schistosoma mansoni no bairro da Vila Embratel. Este estudo objetivou investigar a dindmica
populacional de caramujos do género Biomphalariabem como mapear criadouros de caramujos
vetores da esquistossomose em uma localidade de Sao Luis, Maranhao. Os moluscos foram
coletados mensalmente entre novembro de 2016 e outubro de 2017, por busca ativa. Foram
identificados e submetidos ao teste de verificagédo de infeccdo para S. mansoni. Foi analisada
a relagdo entre a precipitagao pluviométrica e a abundancia de caramujos, e elaborou-se um
mapa teméatico destacando os criadouros de importancia epidemiolégica. Foram coletados
375 caramujos, distribuidos entre as espécies Biomphalaria straminea (95.2%), Physa spp.
(3.5%) e Pomacea spp (1.3%). B. straminea foi a espécie mais abundante. Nao se evidenciou
infeccdo desta por S. mansoni. Houve diferenca significativa na abundéancia de moluscos
coletados nas estac¢des chuvosa e de estiagem e correlacdo moderada entre a pluviosidade e
a abundancia de caramujos no periodo estudado. Espera-se que estes resultados auxiliem na
estruturag¢do da politica de controle de vetores da esquistossomose na capital maranhense.
PALAVRAS - CHAVE: Biomphalaria, Geoprocessamento, Malacologia, Vigilancia em Saude
Publica, Ecologia de Vetores

11 INTRODUCTION

Schistosomiasis is a parasitic water-borne disease whose etiologic agent, the
trematode Schistosoma mansoni Sambon, 1908, has a complex life cycle, which occurs
through its interaction with intermediate hosts, snails of the genus Biomphalaria, and
definitive, of which the most epidemiologically important is man (COLLEY et al., 2014; LIRA
et al., 2016).

The disease affects 240 million people worldwide. In Brazil, it is recorded in 18 states
of the federation, where approximately 1.5 million people are infected with S. mansoni
(BRASIL, 2019; WHO, 2020). In Maranh&o, schistosomiasis is currently registered in 36 of
the 217 municipalities (MARANHAO, 2016). In the state, 29,103 cases of the disease were
recorded between 2007 and 2017 (Brasil, 2020).

In Maranhéo, the highest prevalence of schistosomiasis in the state has been
registered in the region known as Baixada Maranhense, an endemic area for the disease
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(CANTANHEDE et al., 2014). Despite the reduction in the number of cases in recent
years, Sao Luis, capital of the state, has neighborhoods that have factors favorable to the
expansion of the disease, such as inadequate housing and the lack of basic sanitation and
garbage collection services (DAVID et al., 2018).

The presence of the intermediate host is a necessary condition for the parasite’s
biological cycle to develop. Thus, studies that focus on these hosts are necessary, as they
assist in the interpretation of the role they play in the transmission of the disease and in the
guidance of control measures directed at these mollusks (BRASIL, 2008).

Despite the importance of studies on population dynamics to understand the
mechanisms related to schistosomiasis, there are few works published in Maranh&o. In
addition, the cases recorded by the State Schistosomiasis Control Program (PCE) do not
always demonstrate the actual epidemiological situation of the disease, which reveals the
problem of underreporting (TIBIRICA; GUIMARAES; TEIXEIRA, 2011).

This study aimed to investigate the population dynamics of snails of the genus
Biomphalaria and the factors that influence it, in addition to mapping outbreaks of snails
vectors of schistosomiasis in a neighborhood on the outskirts of Sdo Luis, Maranh&o.

21 MATERIAL AND METHODS

Study area

The study was carried out in the Vila Embratel neighborhood, located in the western
region of the city of Sdo Luis, capital of the state of Maranh&o. Three points were selected
in Riacho Doce Street for the collection of snails based on data provided by the Department
of Epidemiology of the Municipal Health Department, which were named: breeding site A (S
02.56669 °; W044.30794 °), breeding site B (S 02.56689 °; W 044.30830 °) and breeding
site C (S 02.56764 °; W 044.30712 °).

Mollusk collection and identification

The captures were carried out monthly, for a period of 12 months between November
2016 and October 2017, in peridomiciliary breeding sites, which contained snails of the
genus Biomphalaria. The active search technique, adapted from Brasil (2008), was used.
For each selected point, the mollusks were collected for one hour. A sampling of 10% of the
collected snails was identified according to anatomical and conquiological criteria, based on
the dissection techniques described by Brasil (2008).
Schistosoma mansoni infection test

For the analysis of infection with Schistosoma mansoni, snails were selected
according to the size of the shell. Among the 357 mollusks of the species Biomphalaria
straminea collected, 285 individuals were selected, which had an average diameter of 8
mm (SD = 0.81).
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The tests followed the method described by Smith & Terry (1974) and Brasil (2008).
The mollusks were weekly exposed to the light of a 60W lamp for 2 hours and then examined

under a stereomicroscope (Stem SV6, Zeiss®, Jena, GE).

Rainfall monitoring

A survey of data regarding the index of rainfall accumulated during each month was
carried out, as well as variations in rainfall during the survey. These data were acquired from
the Geoenvironmental Nucleus of the State University of Maranhdao (UEMA).

Breeding sites mapping

The geographic coordinates of the collection points were determined using a
GPS device (eTrex 2.0, Garmin®, Chicago, USA) through the decimal UTM coordinate
system. Based on this information, a thematic map was made highlighting breeding sites of
epidemiological importance, using data referring to the urban network of the neighborhoods,
made available by the Brazilian Institute of Geography and Statistics (IBGE). For the
computational treatment of geographical references, the Geographic Information System
(GIS) was used in an ArcGIS environment. The thematic map was made by the National
Institute for Research in the Amazon (INPA), at the Federal University of Amazonas (UFAM).

Statistical analysis

In order to verify whether there was a difference between the abundance of mollusks
collected in the rainy and dry periods, the Mann-Whitney test was used. Spearman’s
correlation test was carried out to verify the relationship between rainfall and the abundance
of mollusks collected in the following month. For both tests, a significance level of p <0.05
was considered. The Excel 2016® and Statistic 7.0® programs were used.

31 RESULTS AND DISCUSSION

Most of the neighborhoods on the outskirts of S&o Luis, like Vila Embratel, developed
without any type of planning, presenting a precarious water distribution infrastructure and the
absence of a sewage collection network. This situation favors the occurrence of infectious
and parasitic diseases such as schistosomiasis. A study by Souza et al. (2008) in Jaboatédo
dos Guararapes, state of Pernambuco, Brazil, showed that the process of environmental
degradation caused by anthropic action favors the establishment of endemic diseases, a
situation similar to that observed in Vila Embratel.

The presence of water collections, such as streams and ditches that often
overflow and invade houses during rainy periods is one of the problems observed in the
neighborhood. Some of these collections are peridomiciliary and serve as breeding sites for
mollusks that transmit parasitosis, increasing the risks of contact between these snails and
humans (TIBIRICA; GUIMARAES; TEIXEIRA, 2011). The water that supplies the breeding
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sites comes largely from domestic sewage, so that many of them are permanent. A similar
situation was described by Barbosa et al. (2008) in coastal areas of Pernambuco, where the
authors stated that there is a seasonal model of exposure to the disease.

In our research, 375 mollusks were collected. 357 of the species Biomphalaria
straminea Dunker, 1848 (92.5%), 13 specimens to Physa spp Draparnaud, 1801 (3.5%)
and 5 individuals corresponding to Pomacea spp Perry, 1810 (1,3 %). No snails of the
species Biomphalaria glabrata Say, 1818, main host species of Schistosoma mansoni in
Sao Luis. According to Massara et al. (2012), the record of malacological fauna is important
for generating knowledge about the species present in a given location.

B. stramineais described as an intermediate host of S. mansoni. The other specimens
of limnic mollusks, Pomacea spp. and Physa spp., usually occur associated with the genus
Biomphalaria in natural or modified water environments (CARVALHO; COELHO; LENZI,
2008). Specimens of the species B. straminea and the genera Pomacea and Physa were
found in a malacological survey carried out by Cantanhede et al. (2014) in municipalities
in the Baixada Maranhense region. It is noteworthy that some characteristics of the Vila
Embratel neighborhood, such as wetlands and thick vegetation, resemble the environmental
conditions of that region, which may explain the occurrences of the aforementioned mollusks.

The analyzes of infection with S. mansoni showed that the mollusks of the species B.
straminea were not infected by the helminth. The variation in susceptibility of Biomphalaria
sp. to S. mansoni is influenced by several factors, such as the genetic, behavioral and
physiological aspects of the mollusks (MONTEIRO, 2017). The species B. straminea has
natural resistance to infection, presenting generally low rates (GOMES et al., 2018). In a
previous analysis of S. mansoni infection carried out for the same species and in the same
neighborhood, no infected snails were found (OLIVEIRA et al., 2013).

The abundance of snails of the species B. straminea followed the periodicity of the
rains, being greater in the rainy season. The peak occurred in May (n = 105), in the end of
the rainy season. During the dry season, there was a drop in the abundance of mollusks.
No snails were found in the months of November and December, which correspond to the
end of that period (Figure 1).
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Figure 1: Relationship between total rainfall and abundance of mollusks collected on Riacho
Doce Street, Vila Embratel neighborhood, from 2016 to 2017.

A moderate and positive correlation was observed between rainfall and the
abundance of snails collected in the studied period (r = 0.5785; p = 0.0487) and also a
significant difference in the abundance of mollusks collected in the rainy periods (January to
June) and drought (July to December) (p = 0.0187) (Figure 2).
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Figure 2: Relation between the abundance of mollusks collected in the rainy and drought
periods on Riacho Doce Street, Vila Embratel district, from 2016 to 2017.
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In Maranhao, the rainfall regime is related to the distribution of three major climatic
types, the tropical humid being the one that encompasses most of the state. This climate is
characterized by two well-defined seasons, comprising a rainy period between the months
of January and June, and a dry period between the months of July and December (GOMES,
2018). Rainfall is an environmental variable that plays a key role in the transmission cycle of
schistosomiasis. The amount of water from the rains combined with temperature variations
causes fluctuations in the birth rates and mortality of mollusks, being relevant factors for
their population dynamics as well as the formation and expansion of breeding sites and
outbreaks (BARBOSA et al., 2017; CARVALHO; COELHO; LENZI, 2008)

Much of the work relating the abundance of snails and rainfall shows a negative
influence on mollusks, so that a higher abundance is observed during the dry season
(GOMES et al., 2016). The authors attribute this fact mainly to the dragging effect caused
by the rains, which end up carrying the mollusks to other locations, preventing them from
being found during the collections.

In our study, the lower abundance of snails observed during the dry season may be
related to the reduction in vegetation and the availability of water observed in breeding sites.
This scenario was reversed in the rainy season, especially at the end, when there was an
increase in vegetation that served as food and substrate for snails, and consequently, of
its abundance. A study conducted in Porto de Galinhas, Pernambuco, by Leal Neto et al.
(2013).

It is noteworthy that in the present study, the rainfall regime for the analyzed period
was considered atypical, not corresponding to the expected volume for the rainy season in
the region (LABMET/UEMA, 2017), a phenomenon also observed in the previous year, as
shown by Miranda et al (2016). Thus, it appears that the rainfall in the period was insufficient
to cause the dragging effect of the mollusks. Divergent data on the relationship between
rainfall and mollusks abundance indicate that there may be a change in this abundance
according to the intensity of the rainfall regime, the period of the year or even the location
and type of breeding sites (natural or artificial).

A malacological survey carried out in the Vila Embratel neighborhood, in S&o Luis,
Maranhao, found the presence of the species B. glabrata and B. straminea (OLIVEIRA et
al., 2013). In that study, only the latter species was found. These data demonstrate that from
that time to now, there was a shift in the presence of species of the genus Biomphalaria in
this neighborhood.

The hypothesis raised to explain this event was that B. straminea caused the
disappearance of B. glabrata through competitive exclusion (TOWNSEND; BEGON;
HARPER, 2010). A study on the population interaction between the two species in the state
of Minas Gerais demonstrated the replacement of B. glabrata by B. straminea, through
this type of interspecific competition (KLOOS et al., 2001). In a study carried out on the
ltamaraca island, in the state of Pernambuco, the authors showed that the number of
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breeding sites and the number of specimens of B. straminea were significantly higher than
those of B. glabrata (BARBOSA et al., 2014)'. This competitive mechanism may explain the
fact that mollusks of this species were not found in the present study.

The planorbidic chart for Riacho Doce Street, in the Vila Embratel neighborhood,
is shown in Figure 3. This map highlights breeding sites of epidemiological importance,
represented by points A, B and C and named respectively: breeding site A, breeding site
B and breeding site C. This also demonstrates the proximity of these breeding sites to the
Bacanga River, used by residents for recreational and fishing activities. According to Neto et
al. (2012), thematic maps are important tools for the representation of models on surveillance,
prediction and prevention of disease risks, as they allow visualizing the association between
health events and different aspects of the natural and built environment.

According to the PCE of the municipality of Sdo Luis, between 2013 and 2017,
31 cases of the disease were reported in Vila Embratel (MARANHAO, 2017). With the
exception of the year 2014, in which 19 cases were registered, a decrease in the number of
cases was observed. In 2017, when most of the collections in this study were carried out,
no case of the endemic disease was reported in the neighborhood.
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Figure 3: Planorbidic chart of Riacho Doce Street, Vila Embratel, So Luis, MA, in the period
from 2016 to 2017. Made by Jamerson Santos (INPA/UFAM).
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41 CONCLUSIONS

Despite the results found, the presence of the species B. straminea, in addition
to environmental and socioeconomic conditions existing in the neighborhood constitutes
notable risk factors for the spread of the disease, since this species is the main transmitter of
schistosomiasis in other states in the Northeast region. It is necessary a constant monitoring
by the health organs of the state and municipal spheres through actions that aim to interrupt
the emergence of outbreaks of transmission in this location. Therefore, one of the main
strategies must be the control of the vectors. We hope these data will serve as a basis for
strengthening the monitoring of the disease in the region.
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