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Current epidemiological status of schistosomiasis in the
state of Pernambuco, Brazil

Constanca Simdes Barbosa'/*, Karina Conceicao Aratijo?, Manuel Alexander Amarista Sevilla',
Fabio Melo', Elainne Christine de Souza Gomes'?, Reinaldo Souza-Santos*

'Centro de Pesquisa Aggeu Magalhaes-Fiocruz, Av. Moraes Rego s/n?, 50670-420 Recife, PE, Brasil 2Departamento de Morfologia, Uni-
versidade Federal de Sergipe, Sao Cristévao, SE, Brasil *Centro Académico de Vitéria, Universidade Federal de Pernambuco,
Vitéria de Santo Antao, PE, Brasil *Departamento de Endemias Samuel Pessoa, Escola Nacional de Satde Publica Sérgio Arouca-Fiocruz,
Rio de Janeiro, RJ, Brasil

Uncontrolled peripheral urbanisation coupled with environmental degradation has affected the status of schisto-
somiasis in Pernambuco (PE), Brazil. This endemic disease continues to perpetuate its transmission in rural areas
and has also become a cause for concern in coastal towns of the state. The lack of basic infrastructure (sanitation
and health programmes) to support the new urban areas leads to faecal contamination of natural aquatic envi-
ronments, resulting in consequent infection of vector snails and the emergence of new sources of schistosomiasis
transmission. In the present paper, we discuss the current epidemiological status of schistosomiasis in PE. We have
consolidated and analysed information from parasitological, malacological and morbidity surveys undertaken by
the group of researchers at the Laboratory of Schistosomiasis, Centro de Pesquisas Aggeu Magalhdes-Fiocruz.
The results of our analysis show: (i) the maintenance of the levels of schistosomiasis in the rural Zona da Mata, PE,
(ii) the record of the human cases of schistosomiasis and the foci of infected snails detected along the coast of PE
through 2007, (iii) the high record of the severe clinical form of schistosomiasis in the metropolitan region of Recife
(RMR) and (iv) new breeding sites of schistosomiasis vector snails that were identified in a 2008 survey covering the
RMR and the coastal localities of PE.
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In the state of Pernambuco (PE), uncontrolled de-
velopment of peripheral urban areas together with envi-
ronmental degradation has led to new health hazards for
the human population. Among these is schistosomiasis,
which was previously considered to be a rural endemic
disease. The agricultural industry, comprised of large
landholdings of sugarcane monoculture, which is social-
ly and economically excluding by nature, has invested
little in healthcare for rural workers. Opportunities for
employment on the land have been decreasing and this
has led to the migration of large proportions of the rural
populations to urban centres. This has resulted in the ap-
pearance of schistosomiasis in the coastal regions where
it has reproduced the transmission model found in rural
areas and has demonstrated a concerning tendency to-
wards endemisation.

On the periphery of coastal urban areas, the lack of
basic infrastructure (sanitation and health services) to
support new urban development has resulted in faecal
contamination of natural aquatic environments. Conse-
quently, vector molluscs have become infected and new
foci of schistosomiasis transmission have arisen. Envi-
ronmental, climatic and human-engendered disturbances
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have put populations at risk that have never been previ-
ously exposed to this disease. The heavy rains that occur
on the coast of PE between the months of May and Au-
gust cause breeding sites to overflow, thereby carrying
infected molluscs into streets and backyards. Healthy
individuals become exposed through this rout and out-
breaks of acute cases of schistosomiasis now occur even
among middle and upper-class individuals (Barbosa et
al. 1998, 2000, 2001a, b, 2004, Silva et al. 2006, Araujo
et al. 2007, Souza 2008, Souza et al. 2008).

The Schistosomiasis Laboratory of the Centro de
Pesquisas Aggeu Magalhaes-Fiocruz (CpqAM-Fiocruz)
has 20 years of experience researching schistosomiasis
epidemiology and control and, in partnership with re-
searchers from other institutions, has accumulated an
important collection of published papers on the occur-
rence of this endemic disease in PE. Recently, the re-
searchers and collaborators at this laboratory created a
research group that has been registered as the XisCanoé
Program at the website http://200.17.137.109:8081/xisca-
noe. The purpose of this program is to assemble knowl-
edge in order to understand and analyse structures and
processes related to schistosomiasis transmission on the
coast of PE. The program brings together postgraduate
students from different fields and provides training to
enable a holistic view of the biological, socioeconomic
and cultural determinants of Manson’s schistosomiasis.

The aim of this paper was to compile the information
resulting from various epidemiological surveys and a re-
cent scientific expedition conducted by the researchers
of the Schistosomiasis Laboratory of CpqAM-Fiocruz
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in order to assess the current epidemiological status of
schistosomiasis in PE. The results of those investigations
have allowed us to (i) determine the prevalence among
humans in the endemic area (Zona da Mata), (ii) record
the human cases and the foci of infected molluscs oc-
curring in coastal areas from 1998-2007, (iii) survey the
occurrence of severe clinical forms of the disease and
(iv) identify new breeding sites and foci of vector snails
in the metropolitan region of Recife (RMR) and coastal
area through a recent malacological survey.

MATERIALS AND METHODS

The epidemiological surveys analysed in the present
study were coordinated by researchers who form part of
the Schistosomiasis Laboratory of CpqAM-Fiocruz and
resulted from several research projects that were imple-
mented between 1998-2008. In addition, a scientific ex-
pedition was undertaken in 2008 to update the records
regarding foci of vector molluscs for schistosomiasis
along the entire coastline of PE. The methodological
procedures are described as follows:

The prevalence of schistosomiasis in the endemic
area of PE was updated by means of a coproscopic sur-
vey carried out in 2005 on representative samples from
schoolchildren aged 9-12 years. The 46 municipalities
that make up the Zona da Mata of PE [(ZMP); “forest
zone”], the endemic area for schistosomiasis in PE, were
included in this survey (Barbosa et al. 2006) (Fig. 1). The
tests were performed using the Kato-Katz method (Katz
et al. 1972) with one sample from each individual.

Epidemiological studies that have been conducted
since 1998 were used to investigate human cases of the
acute and/or chronic clinical forms of schistosomiasis
in beach localities where tourism and leisure activities
are prevalent. Human cases and foci of vector molluscs
were identified through active searches of sampled or
census-based coproscopic or malacological surveys of
coastal localities. The choices of areas to be investigated
were made based on the index of human cases referred to
CpgAM-Fiocruz by local health services and on active
random searches for snails that were positive for Schisto-
soma mansoni in litoral areas (Barbosa et al. 1998, 2000,
2001a, b, Araujo et al. 2007, Souza et al. 2008).

Positivity for S. mansoni (%)
N
o

Y T T E0 O NE T T OO EC O R T E T O
OO0 D EC C T T O EC 9 0D E C gL Q2. ¢ 0@
cC 5 c g »PE ®®=EO0 T ELC C @ © T L 3 g c T
T F 20T T OO 5 5200 g=21B€ET2G
= S 0 g 5 €5 &5 . @ o S <
<‘”30<Oo®00—:~oﬁ‘“=° € 2 5
o g ° w8 o= 88 go oo E 35 82
c w O S o O g O = © c
55 £8° g “fgsy e 5
!

@ = S SQEQ =9
O ] o 9 P °

©
— 8
=
L
>

Municipalities of ZMP
Fig. 1: positivity for Schistosoma mansoni among schoolchildren
in the municipalities of the Zona da Mata of Pernambuco (ZMP),
September 2005.

The severe clinical forms of schistosomiasis were sur-
veyed by means of a case series study on schistosomotic
myeloradiculopathy cases that were found by searching
and reviewing the medical records of Hospital das Clini-
cas, Hospital da Restaura¢ao and Instituto Materno In-
fantil de Pernambuco, between 1994-2006 (Aratjo et al.
2006, Cunha et al. 2007, Lobo et al. 2007).

Updated observations of the schistosomiasis breeding
sites and foci on the coastline of PE were made between
September 15-20th 2008 through a scientific expedition
formed by 11 researchers from CpqAM-Fiocruz who are
specialists in malacology and epidemiology (Barbosa et
al. 2008). They carried out a malacological survey cov-
ering the RMR and coastal localities of the state with
the objective of updating and mapping the presence of
new foci of the schistosomiasis vector snails. This scien-
tific expedition covered a distance of 780 km along the
northern and southern coastlines of PE in a zone parallel
to the coast and at a distance of 2 km from the sea. The
expedition investigated all water bodies in urbanised ar-
eas and other areas of epidemiological importance (i.e.,
areas with easy access and human contact). Snails were
collected systematically by sweeping these areas for 30
min-2 h, depending on the extent and accessibility of the
breeding site. Subsequent examination using the light
exposure test in the laboratory determined whether the
specimens were positive for S. mansoni (Standen 1952).
The batches of molluscs that remained negative were
subjected to a molecular diagnostic test (PCR-single
tube) to identify the DNA of the parasite (Abath et al.
2002). The breeding sites were georeferenced and the in-
dex of relative abundance was estimated as the number
of molluscs collected per unit of time and effort. This
analysis, together with mollusc infection rates, was used
to generate a map of the disease in PE coast areas.

RESULTS

The survey carried out in 2005 to update the preva-
lence data in rural zones of PE covered 271 schools that
had been randomly selected in 179 localities in the 43
municipalities that make up the rural region of the ZMP
(Fig. 2). In this survey, 11,234 schoolchildren ranging in
age from 9-12 years were examined and 1,625 individu-
als presented parasitism with S. mansoni. The mean rate
of positive findings was 14.4%. The geometric mean
parasite burden among the population sampled was 67.9
eggs per gram of faeces. These indicators attest to the
significant morbidity caused by schistosomiasis, espe-
cially considering the severity of the infection that had
already become established in this young population.

Human cases of the acute and/or chronic clinical
forms of schistosomiasis and foci of vector molluscs
have been recorded through epidemiological studies
conducted at beach locations where tourism and leisure
activities are prevalent. Thirty-three acute cases were
identified at Praia do Forte on Itamaraca Island (1998)
and 442 acute cases were identified at Praia Porto de
Galinhas in Ipojuca (2000). The clinical form of the dis-
ease could not be differentiated at the other coastal local-
ities investigated because there has not been any clinical
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Fig. 2: intensity of infection by Schistosoma mansoni among school-
children in the municipalities of the Zona da Mata of Pernambuco
(ZMP), September 2005. epg: eggs per gram.

investigation of the 539 positive human cases detected
in Lagoa das Garcas (RMR) in 2003, the 231 cases de-
tected in Praia Carne de Vaca (Goiana) in 2006 and the
12 cases detected in Praia Ponta de Pedras (Goiana) in
2007. In the latter two localities, no previous record of
the disease was found.

At coastal localities where no parasitological sur-
veys were performed, such as Enseada dos Golfinhos
(Itamaraca), Janga and Pau Amarelo (Paulista), non-
systematic malacological investigations were conduct-
ed during the rainy season and immediately afterwards
(March-September) to collect, identify and investigate
the infectiveness of the snails that are the intermediate
hosts for S. mansoni. All of the snails collected between
2000-2007 were of the species Biomphalaria glabrata.
Between 2000-2002 in Porto de Galinhas, 2,214 snails
were collected. Of these, 16.1% eliminated cercariae of
S. mansoni. In the Sotave settlement (RMR), 1,212 B.
glabrata snails were collected in 2003 and the infec-
tion rate was 12.9%. The specimens of B. glabrata from
Porto de Galinhas and Sotave were exposed individu-
ally to light in laboratory tests. A mean of 750 cercariae
were eliminated after 20 min of exposure, with 1 mL
pipetted from the 50 mL that was homogenised in each
vessel. The results demonstrate the infective power of
B. glabrata collected at the two localities. Between
2003-2005 in Janga and Pau Amarelo (Paulista), 445
molluscs were caught. Of these, 3.4% and 20%, respec-
tively, were found to be infected. The localities that were
determined to be transmission sites of schistosomiasis
between 2000-2007 are detailed in Fig. 3.

The occurrence and persistence of severe clinical
forms of schistosomiasis in PE are evident in the survey
of cases of schistosomotic myeloradiculopathy that was
carried out by investigating 11,145 medical files referred
by PE hospitals over the last 13 years (Aratjo et al. 2006,
Cunha et al. 2007, Lobo et al. 2007). It was found that
529 medical files involved cases of myelopathy. Of these,
139 were cases of schistosomotic myeloradiculopathy
(26.3%). There were greater percentages of cases among
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Fig. 3: foci of schistosomiasis and vector molluscs identified on the
coast of Pernambuco, Brazil, between 2000-2007.

TABLE

Distribution of cases of schistosomotic myeloradiculopathy at
three hospitals in Recife, Pernambuco (1994-2006),
according to age group and sex

Men Women Total

Age group

(years) n % n % n %
<20 30 326 22 468 52 374
20-40 39 424 16 34 55 39.6
40-60 20 217 7 15 27 19.4
>60 3 33 2 42 5 3.6
Total 92 100 47 100 139 100

young individuals, those with the hepatointestinal clini-
cal form and those from the RMR (Tables I, IT)

The scientific expedition, which provided a system-
atic and detailed investigation of the entire coastline of
PE and the RMR, served to update previous records of
the occurrences of breeding sites and foci of Biompha-
laria. The expedition also recorded the introduction of
new breeding sites and foci in these two regions, both
in beach localities and in peripheral districts of the
RMR (Fig. 4). Investigations were conducted in 11 mu-
nicipalities and the 97 points investigated were georef-
erenced. In localities where B. glabrata that have been
collected for several years, including Praia do Forte
(Itamaracd), Janga, Pau Amarelo (Paulista), the pres-
ence of Biomphalaria straminea was detected for the
first time. The B. straminea breeding site at Praia do
Forte is situated 20 m from the sea. In Praia Mangue
Seco (Igarassu) several specimens of B. straminea
were collected 30 m from the sea. In Apipucos lake
(RMR), specimens infected with B. straminea were di-
agnosed using the nested PCR technique to detect the
DNA of S. mansoni.
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TABLE 11

Distribution of cases of schistosomotic myeloradiculopathy at
three hospitals in Recife, Pernambuco (1994-2006),
according to the systemic clinical forms of schistosomiasis

(Aradjo 2008)

Clinical forms HR HC IMIP Total %

Acute - 3 - 3 2.2
Intestinal - 5 - 5 3.6
Hepatosplenic - 2 - 2 1.4
Hepatointestinal - 6 - 6 4.3
Not available 100 13 10 123 88.5
Total 100 29 10 139 100

HC: Hospital das Clinicas; HR: Hospital da Restauragio;
IMIP: Instituto Materno Infantil de Pernambuco.
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Fig. 4: updated map of breeding sites and foci of schistosomiasis on the
coast of Pernambuco and the metropolitan region of Recife resulting
from the scientific expedition of September 2008 (Barbosa et al. 2008).

DISCUSSION

Due to the tradition of research on schistosomiasis in
PE, there is an important and up-to-date body of knowl-
edge relating to the epidemiology, control, malacology,
clinical characteristics, therapy, sociocultural relation-
ships and behavioural traits of Manson’s schistosomia-
sis. Previous and current studies provide insight regard-
ing the current epidemiological status of this endemic

disease in this state. The investigations that have been
conducted in various areas of the state have made it pos-
sible to identify and record sites that present a potential
biological and environmental risk of schistosomiasis
transmission and to identify concentrated areas of epi-
demiological vulnerability.

Along the coastal strip of the state and in the pe-
ripheral areas of the RMR, the environment is clearly
being altered by the spatial occupation patterns and the
destruction of natural resources. In particular, landfill
in mangrove swamps and the use of sandbank areas for
construction, small hotels and residential complexes of
vacation homes for the middle and upper classes are af-
fecting the environment. These patterns of land use and
occupation are creating conditions that may be favoura-
ble for the establishment and proliferation of colonies of
the vector snails that transmit schistosomiasis (Barbosa
et al. 2000, 2001b, 2004).

The coast of PE, with its beautiful beaches and natu-
ral resources, stimulates internal and external tourism.
At the same time, it is the target of unrestrained real
estate speculation. The demand for unskilled labour (in
civil construction, domestic services, craftwork sales and
bars and restaurants) is attracting enormous numbers of
individuals from unemployed rural populations. These
people migrate to invaded areas on the urban periphery
of the seashore in the RMR. Since not even minimal lev-
els of sanitation infrastructure or access to healthcare
and information are available to these populations, they
end up contaminating the environment with faecal mate-
rial that often contains eggs of S. mansoni.

A recent study of the Praia Porto de Galinhas carried
out by environmental analysts revealed that “[...] uncon-
trolled urban development has caused Porto de Galinhas
to lose its characteristics. Severe environmental impacts
can be seen in the form of devastation and indiscriminate
landfill in mangrove swamp areas [...] and in the form of
sewage discharge into the rivers that cross the municipal-
ity; construction on the scrub vegetation along the shore-
line; destruction of the coconut groves to keep up with
the frenetic pace of the real estate sector and, finally, in
the form of the increasing density of development in the
central areas of Porto de Galinhas, which lack potable
water and a basic sanitation network” (Barros 2002).

The recent map of the distribution of schistosomiasis
foci in the RMR and along the coastline of PE shows the
geographical expansion and spatial distribution of the
mollusc’s breeding sites and schistosomiasis foci in these
arecas. This gives rise to specific situations of risk for
the resident population or for individuals who frequent
these localities and it requires new forms of prevention
and provision of care from the health services. Further-
more, the snails collected in these coastal localities were
highly infected. This not only attests to the biological
quality of the principal vector on the coast (B. glabrata),
but also proves that active disease transmission is occur-
ring in these places.

With regard to control measures for this endemic dis-
ease, the municipal healthcare services have had diffi-
culty in meeting the standards for decentralised control
defined by the Unified National Health System. This is
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perhaps because of the occurrence of many other health
problems, but it is also due to lack of defined priorities
and lack of planning. Evaluation of the information sys-
tem used by the schistosomiasis control programme,
the Sistema de Informagdo do Programa de Controle
da Esquistossomose (SISPCE), has revealed problems
such as poor reliability of the prevalence estimates for
S. mansoni (Pieri & Favre 2007). The percentage of the
population studied was very low, which prevented deter-
mination of the prevalence and severity of schistosomia-
sis infection for the whole municipality. Recent studies
have shown the inadequacy of the programme’s actions
with respect to schistosomiasis control in the RMR. It
has been determined that 80% of the municipalities do
not meet the standards recommended by the Ministry of
Health for controlling the disease. There is no symmetry
between the actions of different municipalities, suggest-
ing that each municipality in the RMR has a different
understanding regarding the SISPCE. The lack of con-
nectivity and continuity among the control actions may
contribute heavily to maintenance of transmission, since
one activity depends on another for the control to be ef-
fective (Quinino et al. 2009).

In some municipalities of PE, the municipal teams re-
sponsible for controlling endemic disecases demonstrate
a lack of readiness regarding their knowledge of the epi-
demiological situation, their skills for parasitological and
malacological diagnosis and their planning for control
actions. Special attention has been given to the coastal
municipalities with localities in which schistosomiasis is
still not perceived as a serious health hazard for the pop-
ulation. In this respect, the Schistosomiasis Reference
Service of CpqAM-Fiocruz has been providing train-
ing for the municipal and state health services regarding
techniques for parasitological and malacological diagno-
sis and has been holding workshops to develop projects
aimed at controlling the disease. So far, 37 courses and
training sessions have been held with the objectives of
capacitating healthcare professionals, strengthening the
experience of the municipal administration with the use
of modern parasitological techniques and epidemiologi-
cal tools that enable precise diagnosis and in planning
actions to minimise situations of risk. For the munici-
palities of Itamaraca and Goiana, applications were con-
structed (Supplementary data) using the Geographical
Information System. This is a valuable instrument for lo-
cating and characterising foci of schistosomiasis vectors
and it allows managers to plan interventions according to
whether the risk of schistosomiasis transmission is mod-
erate or severe. However, much of the knowledge passed
on through these training sessions has been ineffective
because of rotation within the municipal teams and the
particular criteria established by each municipality ac-
cording to the availability of resources and equipment.

The studies outlined here illustrate the epidemiologi-
cal complexity of schistosomiasis in PE and indicate the
need for new studies to develop low-cost products with
negligible environmental impact to facilitate control over
vector molluscs (Favre et al. 2006). In addition, there is
need to be new intervention strategies that allow greater
diagnostic and treatment coverage for the communities

affected, which could be used as alternative tools for in-
tegrated control over schistosomiasis. Such control can-
not be viewed outside of the social and economic context
of the communities affected and it will only be achieved
through social changes that involve improvements in the
living conditions of the least favoured populations.

REFERENCES

Abath FG, Melo FL, Werkhauser RP, Montenegro L, Montenegro R,
Schindler HC 2002. Single-tube nested PCR using immobilized
internal primers. Biotechniques 33: 1210-1214.

Araujo KC 2008. Perfil clinico e epidemiolégico da mielorradiculo-
patia esquistossomotica em Pernambuco, PhD Thesis, Centro de
Pesquisa Aggeu Magalhaes-Fiocruz, Recife, 120 pp.

Aratijo KCGM, Resendes APC, Souza-Santos R, Silveira Junior JC,
Barbosa CS 2007. Analise espacial dos focos de Biomphalaria
glabrata e de casos humanos de esquistossomose mansonica em
Porto de Galinhas, Pernambuco, Brasil, no ano 2000. Cad Saude
Publica 23: 409-417.

Aratijo KCGM, Rosa e Silva C, Barbosa CS, Ferrari TCA 2006.
Clinical-epidemiological profile of children with schistosomal
myeloradiculopathy attended at the Instituto Materno-Infantil de
Pernambuco. Mem Inst Oswaldo Cruz 101 (Suppl. I): 149-156.

Barbosa CS, Albuquerque J, Gomes ECS, Sevilha MAA, Melo F,
Souza-Santos R 2008. Expedigdo cientifica para investiga-
¢a0 malacologica no litoral de Pernambuco. Available from:
http://200.17.137.109:8081/xiscanoe/.

Barbosa CS, Araujo KC, Antunes L, Favre T, Pieri OS 2004. Spatial
distribution of schistosomiasis foci in Itamaraca Island, Pernam-
buco, Brazil. Mem Inst Oswaldo Cruz 99 (Suppl. I): 79-83.

Barbosa CS, Domingues AL, Abath F, Montenegro SM, Guida U,
Carneiro J, Tabosa B, Moraes CN, Spinelli V 2001a. Epidemia de
esquistossomose aguda na praia de Porto de Galinhas, Pernam-
buco, Brasil. Cad Saude Publica 17: 725-728.

Barbosa CS, Favre TC, Wanderley TN, Callou AC, Pieri OS 2006.
Assessment of schistosomiasis, through school surveys, in the
forest zone of Pernambuco, Brazil. Mem Inst Oswaldo Cruz 101
(Suppl. 1): 55-62.

Barbosa CS, Gongalves JF, Barbosa FS, Albuquerque Y 1998. Urban
schistosomiasis in Itamaraca Island, Pernambuco, Brazil: epide-
miological factors involved in the recent endemic process. Mem
Inst Oswaldo Cruz 93 (Suppl. I): 265-266.

Barbosa CS, Montenegro SML, Abath FGC, Domingues ALC 2001b.
Specific situations related to acute schistosomiasis in Pernam-
buco, Brazil. Mem Inst Oswaldo Cruz 96 (Suppl.): 169-172.

Barbosa CS, Pieri OS, da Silva CB, Barbosa FS 2000. Ecoepidemio-
logia da esquistossomose urbana na ilha de Itamaraca, estado de
Pernambuco. Rev Saude Publica 34: 337-341.

Barros JNF 2002. 4 dindmica espacial e a reorganizagdo territorial
do litoral de Ipojuca: Porto de Galinhas - A emergéncia de um
espago turistico, MSc Thesis, Universidade Federal de Pernam-
buco, Recife, 189 pp.

Cunha CP, Lobo RF, Araujo KC, Barbosa CS 2007. Perfil das crian-
¢as portadoras de mielorradiculopatia esquistossomotica atendi-
das no Hospital da Restauracdo, Recife, PE. Revista de Ciéncia,
Empreendedorismo e Tecnologia 4: 88-95.

Favre TC, Pieri OS, Barbosa CS 2006. Aspectos malacologicos e epide-
miolégicos envolvidos na transmissao da esquistossomose em Per-
nambuco. In SB Santos, RS Absaldo (org.), Malacologia brasileira,
Sociedade Brasileira de Malacologia, Rio de Janeiro, p. 267-276.

Katz N, Chaves A, Pellegrino J 1972. A simple device for quantitative
stool thick-smear technique in schistosomiasis mansoni. Rev Inst
Med Trop Sao Paulo 14: 397-400.



554 Status of schistosomiasis in Pernambuco ¢ Constanca Simoes Barbosa et al.

Lobo RF, Cunha CP, Barbosa CS, Araujo KC 2007. Perfil das crian-
¢as portadoras de mielorradiculopatia esquistossomotica atendi-
das em duas unidades de saude do Recife. Revista de Ciéncia,
Empreendedorismo e Tecnologia 4: 80-86.

Pieri OS, Favre TC 2007. Incrementando o Programa de Controle da
Esquistossomose. Cad Saude Publica 23: 1733-1734.

Quinino LRM, Costa JMBS, Aguiar LR, Wanderley TNG, Barbosa
CS 2009. Avaliacao das atividades de rotina do Programa de
Controle da Esquistossomose em municipios da regido metro-
politana do Recife, Pernambuco, entre 2003 e 2005. Epidemiol
Serv Saude 18: 335-343.

Silva PB, Pieri OS, Travassos A, Florencio L, Barbosa CS 2006. As-
pectos fisico-quimicos e biologicos relacionados a ocorréncia de

Biomphalaria glabrata em focos litoraneos de esquistossomose
em Pernambuco. Quim Nova 29: 901-906.

Souza HP 2008. Indicadores de risco para esquistossomose mansoni
na localidade de Carne de Vaca, Goiana, Pernambuco: and-
lise do padrao espacial, MSc Thesis, Escola Nacional de Saude
Publica, Rio de Janeiro, 86 pp.

Souza MA, Barbosa VS, Wanderlei TN, Barbosa CS 2008. Criadouros
de Biomphalaria, temporarios e permanentes, em Jaboatao dos
Guararapes, PE. Rev Soc Bras Med Trop 41: 252-256.

Standen OD 1952. Experimental infection of Australorbis glabratus
with Schistosoma mansoni. 1. Individual and mass infection of
snails and the relationship of infection to temperature and season.
Ann Trop Med Parasitol 46: 48-53.



Supplementary data Status of schistosomiasis in Pernambuco ¢ Constanga Simoes Barbosa et al. 1

- ArcView GIS 3.2
Eile Edt ¥iew TIheme Graphics Uiltaicos ‘window Help

R EEE

] Coordenadas - Fosos 2
®

ﬂ Sistema viario

ol “E-ﬂ-!f-l;‘.-a 5 ez
bl ¢

i Identify Results

L

L2LEEETEEI T - B
Clear Clearsl | |4l [+
—

Oceano Atlantico

Quadias

I Serim T
F [

=

uinta-feira, 19 de fevereiro de 2ﬁ0l1
HAmicar| | & 5 [ 5 || ‘ﬂ—ﬁwr'—rm—‘w g

Fig. 5: application for monitoring the foci of schistosomiasis vectors at Forte beach, Itamaraca, Pernambuco, Brazil (KC Araujo, unpublished
observations).
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Fig. 6: application for monitoring the foci of schistosomiasis vectors at Carne de Vaca, Goiana, Pernambuco, Brazil (KC Araujo, unpublished
observations).
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