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ARTICLE INFO ABSTRACT

This present research focused on establishing the prevalence, geospatial distribution and epidemiological risk
factors for bovine cysticercosis in the state of Sao Paulo, Brazil, in cattle slaughtered for human comsumption.
Data about the inspection of 104,180 bovine carcasses from 215 farms and from 70 municipalities were gathered
between January and December of 2012. A cluster analysis was performed in order to correlate some variables:
prevalence of bovine cysticercosis, total coffee harvesting area (hectares), orange producing areas (hectares) and
Human Development Index. Afterwards, distribution maps were created in order to help the results
interpretation. An average prevalence of 2.9% was established in the state of Sao Paulo during the studied
period. The Administrative regions of Sdo José do Rio Preto and Campinas had higher risk for cysticercosis
(OR > 1 and 95% CI > 1). The cluster analysis showed a grouping (G1 cluster) of the variables: prevalence of
bovine cysticercosis, total area of sugar cane harvested, total area of orange harvested and total area of coffee
harvested. This agrroupment allows us to infer that cyticercosis cases in this region are correlated with those
variables distribution. Such aspects indicate that the presence of temporary rural workers and other socio-
economic and cultural features in each region can contribute to bovine cysticercosis dissemination in some areas.
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1. Introduction

Taenia saginata teniasis is a disease caused by T. saginata adult stage,
which parasitizes human's small intestine (definitive host).
Cysticercosis is the disease caused by the larval stage of the same
parasite, Cysticercus bovis, which parasitizes muscular tissues of cattle
(intermediate host) (Lopes et al., 2014).

The presence of this helminth in cattle and human is worldwide
reported however, variations in prevalence are very common. In some
countries like Brazil, Belgium, Holland and France this parasite is
largelly distributed in animals and humans (Praet, 2007; Dupuy et al.
2014; Rossi et al., 2015).

Lopes et al. (2011) stated that cyticercosis does not have clinical
significance for beef and dairy cattle, once animals usually have mild
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infections with the absence of clinical signs. On the other hand, those
authors emphasized producers' economical losses for slaughterhouses
due to carcass depreciation or total condemnation caused by the
presence of cysticerci in slaughtered cattle. An anual economic loss of
aproximatelly US$ 164 millions due to bovine cysticercosis is estimated
in Latin America according to Schantz et al. (1994). In the state of
Paran4, Brazil, Guimaraes-Peixoto et al. (2012) estimated losses of
aproximatelly US$ 31,500,000.00, between years 2004 and 2008,
caused by carcasses condemnated due to cysticercosis. Rossi et al.
(2015) estimated that farmers suffered economic losses of US$
312,194.52 due to the occurrence of cysticercosis in some Brazilian
states.

Risks factors associated with cysticercosis are described in litera-
ture, such as: access of cattle to non controlled water sources, use of
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Fig. 1. Spatial distribution of the Administrative Regions that had cattle slaughtered in the slaughterhouse located in Barretos municipality, state of Sao Paulo, Brazil, during 2012.

Cysticercosis cases

-1 ~2
[I2~a

4 ~12
12 ~ 1315
[ IMissing Data

Fig. 2. Spatial distribution of bovine cysticercosis cases by municipality in the state of Sao Paulo, Brazil, during 2012.

urban sewage sludge on pastures, presence of recreational sites adjacent
to pastures cattle feeding using contaminated food, organic farming,
presence of fishermen in surroundings of farm and human population
size in some areas (Kyvsgaard et al., 1991; Cabaret et al., 2002; Fliitsch
et al., 2008; Calvo-Artavia et al., 2013a; Calvo-Artavia et al., 2013b;
Jenkins et al., 2013; Rossi et al., 2015; Rossi et al., 2016). However, a
better understanding of the global epidemiology of the complex is still
required (Laranjo-Gonzalez et al., 2016).

This study focused on establishing the prevalence, geospatial
distribution and epidemiological risk factors for cysticercosis cases in
cattle slaughtered for human consumption during year 2012 in a
slaughterhouse supervisioned by Federal Inspection Service in
Barretos municipality, state of Sao Paulo, Brazil.

2. Material and methods

A total of 104,180 bovine carcasses, of both sex, with age ranging
from 18 to 60 months were inspected. The animals came from 215
different farms, located in 70 municipalities in the state of Sdo Paulo,
Brazil. The bovines were slaughtered between January and December
2012 in a slaughterhouse under Federal Inspection Service (SIF) located
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in the municiplaity of Barretos, state of Sao Paulo, Brazil.

The carcasses and viscera inspection was performed according to
the Brazilian technology standard for bovines. Inspection agents are
properly trained to perform post mortem inspection of carcasses and
viscera. The routine inspection consisted on visual inspection and
incisions of specific regions as heart, tongue, diaphragm, liver and
masseter and pterigoyd muscles in accordance with the Federal
Inspection Service from Brazilian Ministry of Agriculture, Lifestock
and Food Supply (Brazilian MAPA, 1971, 1980, 1988, 1997)

If any cysticerci were detected in carcasses or viscera during
inspection, the lesions were identified and half the carcasses and
viscera were turned to Final Inspection Department (DIF), where they
were examinated by a veterinary (Federal Inspector). Later, the
cysticerci were classified into viable or calcified (Biondi et al., 2000;
Costa et al., 2012). Each carcasse was classified according to severity of
infections with C. bovis in low and high infections (more than one
cysticerci in a area about 22 cm?).

Prevalence was established in municipalities belonging to each
Administrative Regions. The studied area is divided into 11
Administrative Regions according to the Sdo Paulo State Agriculture
and Livestok Office, as: Aracatuba, Barretos, Bauru, Campinas, Franca,
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Table 1

Association analysis among Administrative Regions in state of Sao Paulo, Brazil, relative to apparent prevalence of bovine cysticercosis.

95% CI

Odds ratio
(OR)*

Representativeness of the region relative to total
slaughtered cattle (%)

Total of slaughtered

cattle

Cysticercosis

Amplitude of prevalence for cysticercosis

in farms

Administrative Region Prevalence (%) 95% CI

Positive

Negative

0.67-1.38

0.96
0.56
1.25
1.84
2.43
1.05
1.87
1.46

1.10

1067

30

1037

1.82t0 3.80 0.00 to 3.36
1.58 to 1.76  0.00 to 2.30

2.63t04.65 2.91 to 6.00

2.81
1.67
3.64
5.26
1.29
3.07
2.55
4.22

Aracatuba
Barretos
Bauru

0.53-0.60
0.94-1.68

74.40
1.26
0.23
4.38
0.12
2.22
0.06

77,508

1318
246

1295
48
13
58

76,213
1270
233

1.05-3.22
0.33-3.56
0.39-2.85
0.67-1.92

2.47 t0 8.05 3.57 to 8.00
0.96 to 1.62  0.00 to 4.83

Campinas
Franca

4507
130

4449
126

Not applied

1.90 to 3.19  0.00 to 8.62

3.08to 0.11

Marilia

59 2317
71

2258
68

Ribeirao Preto

Central

0.46-4.65

Not applied

1.45 to
11.70

2.16-3.54
0.11-8.65

3.32
4.14

16.10
0.09

16,859
117

1531

15,328
107

0.00 to 18.68

8.65 to 9.51

3.85 to
18.37

9.01
7.69

Sao José do Rio Preto
Sao0 José dos Campos

5.50 to 16.60

0.03-0.66

0.41

0.04

40

40

Not applied

0.00

Sorocaba
Total

100%

104,180

101,130 3050

# Administrative Regions with odds ratio (OR) > 1 (95% CI > 1), have higher odds of having bovine cysticercosis.
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Marilia, Ribeirao Preto, Central, Sdo José do Rio Preto, Sao José dos
Campos and Sorocaba (Fig. 1).

2.1. Data analysis

Statistical analysis was performed using the softwares Epiinfo 3.5.1
and SAEG 9.0. Homogeneity and normality was assessed through
Bratlett test and Lilliefors test, respectively. In order to evaluate the
risk factor associated to each region of the State, odds ratio (OR) were
calculated comparing the occurrence of bovine cysticercosis of each
administrative region with the total of the State of Sdo Paulo.

Data regarding total area of sugar-cane production (hectares), coffee
production (hectares), orange production (hectares), bovine population
(number of animals) and the human development index (life expec-
tancy) in the municipalities during the same period that cysticercosis
data were gathered (during year 2012) were obtained through the site
of the Brazilian Institute of Geography and Statistics (IBGE, 2015).
Using this information, spatial distribution maps were created using
Terraview® software, in order to better understand the results.

Thus, the prevalence of bovine cysticercosis and these variables
were submitted to cluster analysisusing the nearest neighbor method
(complete linkage) and metric Euclidean distance, using STATISTICA
software 10th version, Statsoft®, Inc. (2011). The variable bovine
population was not submitted to cluster analysis.

3. Results

104,180 carcasses from animals reared in 70 municipalities in the
state of Sao Paulo (Fig. 2) were inspected from which 3050 (2.92%)
animals were considered as infected with Cysticercus bovis. Calcified and
degenerated cysticerci were more common (65.3%) than live ones
(34.7%).

The administrative regions that obtained the highest values of
prevalence in the studied period were Sao José do Rio Preto (9.01%),
Sao José dos Campos (7.69%), Campinas (5.26%), Central (4.22%),
Bauru (3.64%) and Marilia (3.07%) (Table 1). In Table 1, it can be
observed that the regions of Sao José do Rio Preto, Campinas, Marilia,
Central, Bauru, Franca, Ribeirdo Preto and Sao José dos Campos, had
higher odds of having an infected animal (OR > 1). However, only Sao
José do Rio Preto (OR = 3.32) and Campinas (OR = 1.84) had a
confidence interval higher than 1 (95% CI: 2.16-3.54 and 95% CI:
1.05-3.22, respectively).

The dendrogram obtained using cluster analysis is presented in
Fig. 3. Two main clusters were observed: G1 = prevalence of cysticer-
cosis; sugar cane harvesting area; orange harvesting area; coffee
harvesting area and G2 = HDI general; HDI education; HDI income;
and HDI life expectancy. The geospatial distribution of sugar cane
(Fig. 4), coffee (Fig. 5), and orange production (Fig. 6) in the state of
Sao Paulo illustrate this variables distribution.

Data of total bovine population (number of animals reared in the
state of Sao Paulo state during 2012 is presented in Fig. 7).

4. Discussion

The established prevalence (2.9%) of bovine cysticercosis was lower
than the values reported by Ungar and Germano (1992) and Carvalho
et al. (2006) in the state of Sao Paulo, and in the state of Minas Gerais,
where the authors found an average prevalence value of 5.5% and
6.2%, respectively. On the other hand, the prevalence values obtained
were similar to those found by Souza et al. (2007) and Guimaraes-
Peixoto et al. (2012) in the state of Parania (3.83 and 2.23%,
respectively) and by Bavia et al. (2012) in the state of Bahia (0.7%).

Ungar and Germano (1992) analyzed the cysticercosis occurrence
also by Administrative Regions in the state of Sdo Paulo and the authors
established higher-risk areas as Ribeirdo Preto, Bauru and Marilia
regions. These authors found that significant areas for the occurrence
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Fig. 3. Dendrogram generated by cluster analysis of the variables prevalence of bovine cysticercosis, sugarcane, orange and coffe production areas and Human Development Indexes

(General, Education, Income and Longevity) using Statistica software.
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Fig. 4. Spatial distribution of sugarcane production (hectares) by municipality in the state of Sao Paulo, Brazil, during 2012.

of bovine cysticercosis were those that amounted 80.8% of the state
total cattle population. In contrast, in our results the Administrative
Regions with higher risk for bovine cysticercosis (Sdo José do Rio Preto
and Campinas) hosted only 23.19% of the State total cattle population.
From these results, it is possible to infer that bovine cysticercosis
occurrence is not strictly related to cattle presence, but more related to
the presence of infected humans near areas of bovines rearing.
Regarding to cluster analysis, Haliki et al. (2002a,b) reported that
the cluster analysis is performed using statistical indexes that judge the
structures found in a group of observations in a quantitative way. Metz
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(2006) highlights that the relation among the variables in a cluster is of
utter importantce in the discovery process. According to these authors,
the use of cluster analysis allows us to identify concepts that can explain
the variables within the same cluster. Consequently, it is possible to
evaluate subjectively the clusters formation in order to discover the
existence of any practical meaning. It was possible to detect a clustering
composed by the variables: prevalence of bovine cysticercosis, total
area of sugar cane harvested, total area of coffee harvested, total area of
orange harversted (G1 cluster) based on the cluster analysis result.
Regarding to Sao José do Rio Preto and Campinas regions, the
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Fig. 6. Spatial distribution of orange production (hectares) by municipality in the state of Sao Paulo, Brazil, during 2012.

higher risk for bovine cysticercosis occurrence (OR > 1) could be
related to some epidemiological features. According to Dedeca et al.
(2009), Sao José do Rio Preto region is the less industrialized in the
state of Sao Paulo. Farming is the main economical activity, responsible
for employing > 40% of the inhabitants. The main farming products in
this region are cattle, sugar cane, orange and coffe to a lesser extent. As
to Campinas region, the coffee and orange are the mainly produced
products. Due to the fact that the mountainous topography of those
regions precludes the use of machinery, farming on those areas depends
on temporary workers that migrate from other places. In conclusion, it
is possible that humans with taeniasis could be involved in the bovine
cysticercosis in those areas, mainly where harvesting occurs near
bovine populations in pastures and there are no bathrooms available
for the rural temporary workers. Consequently, such features could
justify the significant risk for bovine cysticercosis in Sao José do Rio
Preto and Campinas.

The results found in this study are important to highlight the needs

of prophylatic practices adoption in areas of higher occurrence of
bovine cysticercosis in the state of SAo Paulo. Main measures are related
to provide better education for the population and rural temporary
workers that might be present in those areas. The adoption of chemical
and portable bathrooms for temporary workers is also an advisable
measure to reduce environment contamination. Moreover, more studies
performed in other regions and slughterhouses are required to assess
other possible associations between this complex with socioeconomic
and cultural aspects.

In conclusion, it was possible to establish a prevalence of 2.9% in
the state of Sdo Paulo during 2012. The regions of Sao José do Rio Preto
and Campinas had the highest numbers of cases (OR > 1). The cluster
analysis showed that cyticercosis cases in the municipalities are related
to presence of sugar cane, orange and coffee production. These results
indicate that the presence of temporary rural workers and socio-
economic and cultural features in each region could contribute to
widespread bovine cysticercosis in some areas.
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Fig. 7. Spatial distribution of cattle population (number of animals) by municipality in the state of Sdo Paulo, Brazil, during 2012.
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