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RESUMO.- [Distribuição espacial e fatores de risco 
para a cisticercose bovina no Estado de Rondônia, 
Brasil.] Este estudo objetivou avaliar a prevalência, distri-
buição espacial e fatores de risco para a ocorrência de cis-
ticercose bovina em animais abatidos oriundos do Estado 
de Rondônia, Brasil, entre os anos de 2012 a 2015. A pre-
valência observada foi de 0,014% (I.C. 95% 0,013-0,014), 
com maior detecção de cisticercos inviáveis (84,80%). 
Os municípios de Itapuã do Oeste, Candeias do Jamari, 
Nova Brasilândia D’Oeste, Pimenteiras do Oeste, Porto Ve-
lho, Nova Mamoré, Urupá e Guajará-Mirim apresentaram 
maior risco (OR>1; p<0.05) para a ocorrência da enfermi-
dade quando comparadas ao município de Castanheiras 
(OR=1). As Regiões Administrativas de Porto Velho, Gua-
jará-Mirim, Colorado D’Oeste, Cacoal, Ji-Paraná, respecti-
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vamente, apresentaram maior risco (OR>1; p<0.05) para 
a ocorrência de cisticercose nos bovinos abatidos com-
paradas à Região Administrativa de Ariquemes (OR=1). 
Algumas variáveis como a densidade populacional huma-
na (OR=2,15; 2,15-2,16), percentual de domicílios urba-
nos com saneamento inadequado (OR=1,91, 1,91-1,92) 
e percentual de saneamento rural inadequado (OR=1,14, 
1,14-1,14) apresentaram-se como fatores de risco signi-
ficativos (p<0.05) para a ocorrência de cisticercose bovi-
na. Conclui-se que a prevalência de cisticercose bovina no 
Estado de Rondônia foi 0,014% (I.C. 95% 0,013-0,014) e 
que áreas de maior ocorrência puderam ser identificadas, 
fornecendo informações a serem utilizadas pelo Serviço 
de Inspeção Federal para melhorar a detecção dos casos. 
Ainda, a densidade da população humana e a deficiência 
de sistemas de tratamento de esgotos urbanos e rurais es-
tão intimamente relacionadas com a ocorrência da cisti-
cercose bovina neste estado.
TERMOS DE INDEXAÇÃO: Epidemiologia, Sistemas de Informa-
ções Geográficas (SIG), Taenia saginata, zoonoses.

INTRODUCTION
The teniasis-cysticercosis complex is a disease caused by 
Taenia saginata, a parasite that has humans as definitive 
hosts and cattle as intermediate host. Even though the di-
sease presents worldwide distribution, the highest preva-
lence rates are present in developing and underdeveloped 
countries (OIE 2008), such as Brazil (Dutra et al. 2012). 
Scientific studies in several different brazilian states such 
as Paraná (Guimarães-Peixoto et al. 2012), Espiríto Santo 
(Avelar et al. 2016), Mato Grosso (Rossi et al. 2016) and 
Bahia (Bavia et al. 2012), have been performed in order to 
improve the understanding regarding bovine cysticercosis 
epidemiology and perpetration in Brazil.

Among the identified risk factors, the most important 
were cattle herds’ access to contaminated water sources, 
presence of fishing activities near grazing areas (Rossi et 
al. 2015); contaminated feed sources (Jenkins et al. 2013), 
organic production systems (Calvo-Artavia et al. 2013a), 
use of sewage sludge to irrigate pasture (Cabaret et al. 
2002) and proximity to densely populated areas (Rossi et 
al. 2016).

Despite the disease’s epidemiology is unraveled, more 
studies are necessary to identify new associated risk fac-
tors, to provide more substantial data for decision-making 
process in intervention procedures in order to reduce the 
disease’s prevalence in endemic areas, and consequently 
reducing economic losses for beef production chain (La-
ranjo-González et al. 2016).

Regarding the economical losses for beef production 
chain, 29,708,550 kg of beef were condemned due to cys-
ticercosis only in the state of Paraná, Brazil, through the 
years 2010 to 2015 (Guimarães-Peixoto et al. 2012). Also, 
economical losses on around £4.0 million are estimated 
annually in England (Gracey et al. 1999). Furthermore, 
the performance of Geographic Information System (GIS) 
analysis is recommended to evaluate interlinks in health, 
human population and environmental data, turning possi-

ble to better understand diseases epidemiology and social-
-environmental risk factors (Fletcher-Lartey & Caprarelli 
2016). So, studies using GIS and statistical analyses are re-
quired to reduce economic losses due its occurrence.

Considering the facts mentioned above, this study ai-
med to establish the prevalence, spatial distribution and 
risk factors for bovine cysticercosis in the state of Rondônia 
through the years 2012 to 2015.

MATERIALS AND METHODS
A set of data regarding the slaughter of 8,451,453 bovines from 
all the 52 municipalities in the state of Rondônia, Brazil throu-
gh the years 2012 to 2015 was obtained. The state of Rondônia 
(11º30’20’’ South/63º34’20’’) is located in Brazilian Northern Re-
gion and it is bordered by the states of Mato Grosso (east), Ama-
zon (north), Acre (west) and Bolívia (south and west). Rondônia 
state has 237,765.376 km² of area, a human population estima-
ted on 1,787,279 human beings and a cattle population in around 
13,397,970 animals (IBGE 2016). The cattle production is consi-
dered mostly extensive, showing low production indexes, mean 
stocking of 1.5 AU/ha and also a recent increase of pasture’s areas 
(Taborda 2015).

All data were gathered from reports of carcasses rejection 
occurrence from Brazilian Federal Inspection Service (SIF). The-
se reports contained the number of slaughtered animals and the 
number of animals infected with viable or unviable cysticerci. 
Also, data was analyzed according to Administrative Region in 
which municipalities were included. The studied area was divided 
into eight Administrative Regions: Alvorada D’Oeste, Ariquemes, 
Cacoal, Colorado do Oeste, Guajará Mirim, Ji-Paraná, Porto Velho 
and Vilhena (Fig.1).

The animals’ slaughter was performed according to the stan-
dard production technology and sanitary inspection model adop-
ted in Brazil. The routine examination regarding the detection of 
cysticerci is performed on inspection lines, including palpation 
and incisions in head, tongue, heart, diaphragm and esophagus 
(Brazil 1952).

The statistical analysis was performed using the software 
Epiinfo 7.1.5.2 (WHO 2015). The calculation of prevalence’s and 
95% confidence interval (95% CI) were performed by Wilson’s 
Method (Thrusfield 2010). To establish the municipalities and 
Administrative Regions that had a higher risk for cysticercosis oc-
currence, those one with the lowest prevalence were used (and 
considered as OR=1), and the others were compared with them 
using Z-test to verify significance (p<0.05) (Thrusfield 2010).

Fig.1. Geospatial distribution of the Administrative Regions which 
had cattle slaughtered in the state of Rondônia, Brazil, through 
the years 2012 to 2015.
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Data regarding the banana production (ton), coffee produc-
tion (ton), beans production (ton), yucca production (ton), per-
centage of houses with inappropriate sewage system, percentage 
of houses with open sewer, number of houses without bathroom, 
percentage of inadequate sewage system in rural area was obtai-
ned through the website of the Brazilian Institute of Geography 
and Statistics (IBGE 2015) for the same period than the cysticer-
cosis occurrence data. Associations analyses between the preva-
lence (dichotomized by median value) with these variables were 
performed using linear regression analysis for each independent 
variable, considering p<0.2 as significant.

A logistic regression analysis was performed later (adopting 
the variable total slaughtered animals as the weight variable), 
using the variables significant on the univariate analysis. The 
association strength was estimated by odds ratio (OR), obtained 
from logistic regression analysis and adopting significant p<0.05. 
Maps using quantiles method (four categories) were created 
using the Terraview® Software.

RESULTS
In the period of 2012 to 2015, there were 1,151 cases of 
cysticercosis among 8,451,453 slaughtered animals, re-
sulting in a prevalence of 0.014% (95% C.I. 0.013-0.014). 
When analyzing by each year separately, the prevalence 
values for 2012, 2013, 2014 and 2015 were respectively 
0.024, 0.011, 0.009 and 0.009. Out of all detected cysticerci 
175 (15.20%) were viable, while 976 (84.80%) were con-
sidered as unviable.

Regarding the occurrence by municipality, the preva-
lence varied from 0% in Castanheiras to 0.072% (95% C.I. 
0.050-0.094) in Guajará-Mirim. The spatial distribution 
of bovine cysticercosis prevalence in the municipalities is 
shown in Figure 2.

The cities of Itapuã do Oeste (OR=1.89; 1.01-3.52), 
Candeias do Jamari (OR=2.76; 2.04-3.75), Nova Brasilân-
dia D’Oeste (OR=2.96; 2.04-4.31), Pimenteiras do Oeste 
(OR=3.55; 2.69-4.67), Porto Velho (OR=5.24; 4.58-5.99), 
Nova Mamoré (OR=4.73; 3.98-5.62), Urupá (OR=5.06; 3.22-
7.97) and Guajará-Mirim (OR=5.44; 3.97-7.46) presented 
higher risk (p < 0.05) to disease’s occurrence when compa-
red to the municipalty of Castanheiras (OR=1) (Fig.3).

Table 1 presents the results of prevalence and risk oc-
currence for bovine cysticercosis in eight Administrative 
Regions of the state of Rondônia. The Administrative Re-
gions of Porto Velho, Guajará-Mirim, Colorado D’Oeste, Ca-

Fig.2. Geospatial distribution of bovine cysticercosis prevalence in 
the state of Rondônia, Brazil, through the years 2012 to 2015.

Table 1. The total number of cattle slaughtered, number of cysticercosis negative and positive 
animals, cysticercosis prevalence, odds ratio (OR) and 95% Confidence Interval for cysticercosis 

occurrence and significance level in the eight Administrative Regions located in the state of Rondônia, 
Brazil, through the years 2012 to 2015

 Administrative Animals Cysticercosis Prevalence OR
 Regions  Negative Positive  Value 95 % CI z statistic Significance level

 Ariquemes 1,050,018 1,049,951 67 0.006% 1.00 - - -
 Vilhena 1,045,417 1,045,347 70 0.007% 1.05 0.75 to 1.47 0.28 0.7780
 Ji-Paraná 1,627,477 1,627,335 142 0.009% 1.37 1.02 to 1.83 2.11 0.0347
 Cacoal 1,591,893 1,591,751 142 0.009% 1.40 1.05 to 1.87 2.26 0.0238
 Alvorada D’Oeste 464,766 464,713 53 0.011% 1.79 1.25 to 2.56 3.16 0.0016
 Colorado do Oeste 666,306 666,229 77 0.012% 1.81 1.31 to 2.51 3.56 0.0004
 Guajará-Mirim 523,313 523,251 62 0.012% 1.86 1.31 to 2.62 3.51 0.0004
 Porto Velho 1,482,263 1,481,725 538 0.036% 5.69 4.41 to 7.33 13.42 <0.0001
 Total 8,451,453 8,450,302 1,151 0.0136%

Fig.3. Municipalities located in the state of Rondônia, Brazil, that 
had significant risk (OR>1, p<0.05) compared with Castanhei-
ras (no detection) through the years 2012 to 2015.
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coal, Ji-Paraná and Vilhena, had higher risk for cysticercosis 
occurrence when compared to the Administrative Region of 
Ariquemes, which presented the lowest prevalence (OR=1).

A logistic regression analysis was performed in order 
to assess the risk factors involved in the prevalence values 
found in the cities of the Rondonia state. The variables live 
cysticerci, calcified cysticerci, banana production (ton), 
coffee production (ton), beans production (ton), yucca 
production (ton), percentage of houses with inappropria-
te sewage system, percentage of houses with open sewer, 
number of houses without bathroom, percentage of ina-
dequate sewage system in rural area and Administrative 
Regions were significant when assessed individually. Later, 
it was created a model in which the variables: human po-
pulation density (OR=2.15; 2.15-2.16), percentage of ur-
ban houses with inappropriate sewage system (OR=1.91; 
1.91-1.92) and percentage of inadequate sewage system in 
rural areas (OR=1.14; 1.14-1.14) were significant (p<0.05) 
regarding bovine cysticercosis. The geospatial distribution 
of those variables in the municipalities is shown in Figure 
4, 5, and 6.

DISCUSSION
The prevalence established in the state of Rondônia 
(0.014%) (95% C.I. 0.013-0.014) is lower than other esta-
blished in several other Brazilian states, such as São Pau-
lo (2.92%), Minas Gerais (1.81%), Goiás (0.71%), Mato 
Grosso do Sul (1.11%) (Rossi et al 2015), Paraná (2.23%) 
(Guimarães-Peixoto et al. 2012), Espiríto Santo (1.02%) 
(Avelar et al. 2016) and Mato Grosso (0.0873%) (Rossi et 
al. 2016). Other paper published regarding bovine cysticer-
cosis prevalence in the same state, showed a prevalence of 
0.07% (4,420/6,239,172) through the years 2007 to 2010 
(Dutra et al. 2012), enforcing the theory that a reduction in 
the prevalence might be ongoing in this state.

 The low prevalence value can be related to the low hu-
man population density observed in this state (6.58 inhab/
km²), compared to other states such as São Paulo, Espiríto 
Santo, Paraná, Minas Gerais and Goiás, where the respecti-
ve population densities are 166.23, 76.25, 52.40, 33.41 and 
17.65 inhab/km² (IBGE 2016). High human population 
density is considered as a risk factor for bovine cysticerco-
sis occurrence in cattle herds in Brazil (Rossi et al. 2016).

The Brazilian law states that carcasses free of cysticerci 
or with only one, the affected muscled must be removed 
and the rest of the carcass may be sold. Carcasses with a 
single cistycerci are unsuitable to export. On the other 
hand, carcasses with intense cysticercosis, i.e. more than 
one cysticerci in an area of about 22 cm2, must be rendered. 
Finally, mild to moderate infections require freezing or can-
ning (Brazil 1952), resulting in economical losses to beef 
production chain. Fukuda (2003) established economic 
losses of US$ 23.27/infected due freezing treatment (-10oC 
for at least 10 days) of infected carcasses, the most com-
monly used method in Brazil. Hypothetically, considering 
1,151 infected carcasses and that 30% was treated by free-
zing (Rossi et al., 2015), it is possible to estimate economi-
cal losses of at least US$ 8,035.00 due freezing of infected 
carcasses through the years of 2012 to 2015 in this state.

Fig.4. Geospatial distribution of the Human Population Density in 
the state of Rondônia, Brazil.

Fig.5. Geospatial distribution of the residences on unsatisfactory 
sanitation conditions in the state of Rondônia, Brazil.

Fig.6. Geospatial distribution of the Inappropriate Rural Sanita-
tion in the state of Rondônia, Brazil.
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The authors do not discharge the possibility of this pre-
valence be underestimated due the current sanitary ins-
pection performed in bovine carcasses be unable to detect 
all infected animals because discreet infections or their 
occurrence on uncommon muscles such as shoulder blade, 
chuck, strip loin and full tenderloin, knuckle, back ribs and 
top round are reported (Lopes et al. 2011), consequently 
allowing human infections with taeniosis (González et al. 
2015).

Using Geographic Information System (GIS) and statis-
tical analyses, we identified the municipalities and Admi-
nistrative Regions with high prevalence and the associated 
risk factors. However, one bias in our study is the cattle 
movement between properties and areas, a fact that could 
allow mistakes regarding the real local where infection oc-
curred (Dupuy et al. 2015).

The municipality of Guajará-Mirim presented the hi-
ghest risk for bovine cysticercosis occurrence (OR=5.44; 
3.97-7.46; p<0.005). This municipality is a common place 
for fishing and other water related leisure activities in the 
Mamoré-Guaporé valley and Pacaás river beaches, which 
are described as risk factors for bovine cysticiercosis oc-
currence (Flütsch et al. 2006, Rossi et al. 2015). In addi-
tion, the municipalities of Candeias do Jamari (OR=2.76; 
2.04-3.75) and Itapuã do Oeste (OR=1.89; 1.01-3.52) also 
had higher risk, which could be related to the presence of 
Jamari river, the hydroelectric powerplant of Samuel and 
the fishing activity in the Guaporé river which can be in-
volved in the higher occurrence in these areas (Rossi et al. 
2015).

Moreover, the cities of Porto Velho, Nova Mamoré and 
Guajará-Mirim are in the route of the railway Madeira-Ma-
moré, a feature also pointed out as risk factor for cysticer-
cosis occurrence (Flütsch et al. 2008).

Densely human populated areas (Fig.4) were associa-
ted as a risk factor for bovine cysticercosis, as previously 
described in the state of Mato Grosso, Brazil (Rossi et al. 
2016), and pointed as potentially involved in the different 
prevalence established among Brazilian states (Rossi et al. 
2015). Only one proglote of T. saginata can harbor up to 
100,000 eggs resulting in a high environmental contamina-
tion (CDC 2016).

Nevertheless, the percentage of urban houses with ina-
proppriate sewage system (OR=1.91; 1.91-1.92) and inap-
propriate rural sewage system (OR=1.14; 1.14-1.14) (Fig.5 
and 6) were significantly associated with the occurrence 
of bovine cysticercosis. Laranjo-González et al. (2016) hi-
ghlight that the consumption of water contaminated with 
domestic sewage, the access to risky water with sewage 
treatment plant effluent in proximity, grazing next to stre-
ams and flooding on pastures were risk factors associated 
with cysticercosis occurrence, contributing to relations ob-
served in this study. Furthermore, Kyvsgaard et al. (1991) 
established that to allow cattle accesses to drink water 
from streams carrying effluent from sewage treatment was 
considered as risk factor for cysticercosis occurrence due 
to water sources overflow containing T. saginata eggs and 
consequently widespread eggs on grassland and on other 
water sources (Cabaret et al. 2002).

Control measures such as the adoption of Good Agri-
cultural Practices (GAP) by beef production farms and 
slaughterhouses (Rossi et al. 2015), sanitary education to 
prevent fecal contamination of the water, the proper des-
tination and treatment of sewage effluents, establishment 
of rules for the agricultural use of sewage and sludge, he-
alth education, prevention of illegal slaughtering, basic 
sanitation and proper cooking of beef, providing educa-
tion for farmers, pharmacological treatment (WHO 2002, 
Laranjo-González et al. 2016) and improvements in meat 
inspection to prevent human infections need to be adopted 
(Calvo-Artavia et al. 2013b, Rossi et al. 2016). Futhermore, 
other Brazilian states had its spatial distribution evaluated 
(Bavia et al. 2012, Guimarães-Peixoto et al., 2012, Avelar et 
al. 2016, Rossi et al. 2016) and these data should be useful 
for Brazilian Official Sanitary Inspection Service (SIF) to 
improve bovine cysticercosis detection in slaughterhouses.

CONCLUSIONS
The prevalence of bovine cysticercosis in the state of 

Rondônia was 0.014% (95% C.I. 0.013-0.014) and higher-
-risk areas were identified and this information should be 
used by the Official Sanitary Inspection System in order to 
improve cysticercosis detection.

Also, human population density and the lack of appro-
priate sewage system in urban and rural areas are closely 
related to bovine cysticercosis occurrence in this state
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