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Bovine cysticercosis is a problem distributed worldwide that result in economic losses
mainly due to the condemnation of infected carcasses. One of the difficulties in applying
control measures is the identification of the source of infection, especially because cattle
are typically acquired from multiple farms. Here, we tested the utility of an animal move-
ment network constructed with data from a farm that acquires cattle from several other
different farms to map the major contributors of cysticercosis propagation. Additionally,
based on the results of the network analysis, we deployed a sanitary management and
drug treatment scheme to decrease cysticercosis’ occurrence in the farm. Six farms that
had commercial trades were identified by the animal movement network and characte-
rized as the main contributors to the occurrence of cysticercosis in the studied farm. The
identification of farms with a putative risk of Taenia saginata infection using the animal
movement network along with the proper sanitary management and drug treatment resul-
ted in a gradual decrease in cysticercosis prevalence, from 25% in 2010 to 3.7% in 2011
and 1.8% in 2012. These results suggest that the animal movement network can contribute
towards controlling bovine cysticercosis, thus minimizing economic losses and preventing
human taeniasis.
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RESUMO.- [Rede de movimentac¢do animal como ferra-
menta para mapear fazendas fontes de contaminacao
para a cisticercose em gado.] A cisticercose bovina é um
problema distribuido mundialmente e que resulta em per-
das econdmicas, principalmente devido a condenagao de
carcacas infectadas. Uma das dificuldades em se controlar
esta zoonose no Brasil é a pratica de aquisicdo de bovinos
de multiplas fazendas, tornando quase impossivel a iden-
tificacdo da fazenda de origem do gado infectado, onde as
medidas de controle devem ser aplicadas. Objetivou-se ava-
liar uma rede de movimentac¢do animal construida com da-
dos de uma fazenda de gado de corte que adquire animais
de diferentes locais, com o objetivo de mapear as fazendas
que mais contribufam para a propagacdo da cisticercose.
Adicionalmente, com base na analise da rede de movimen-
tacdo, manejo sanitario e protocolo de tratamento adequa-
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dos foram aplicados para diminuir a ocorréncia de cisticer-
cose na fazenda em estudo. Seis propriedades que tinham
trocas comerciais foram identificadas pela rede de movi-
mentacdo de bovinos e caracterizadas como as principais
contribuintes para a ocorréncia da cisticercose na fazenda
em estudo. A identificagcdo de fazendas com risco de infec-
¢do por Taenia saginata por meio da rede de movimentacgdo
animal juntamente com o manejo sanitario e protocolo de
tratamento adequados resultaram em diminuicdo gradual
da prevaléncia da cisticercose de 25%, em 2010, para 3,7%
em 2011 e 1,8% em 2012. Estes resultados sugerem que
a estratégia de analise da rede de movimentacdo do gado,
associadas ao manejo sanitario e tratamento adequados
podem contribuir para o controle da cisticercose bovina,
minimizando assim as perdas econ0micas e prevenindo a
tenfase humana.

TERMOS DE INDEXACAO: Rede de movimentacdo animal, cisti-
cercose, bovinos, Taenia saginata, controle de doengas, rastrea-
bilidade.

INTRODUCTION

Bovine cysticercosis is a worldwide spread parasitic dise-
ase caused by the larval stage of Taenia saginata, one ma-
jor cause of economic loss in the beef cattle industry. The
taeniasis-cysticercosis complex is also a widespread public
health issue often associated to sanitary problems, poor
hygiene habits and consumption of raw or undercooked
beef (Lloyd 2014). Common factors contributing to this
universal distribution include the parasite eggs spreading
by human feces together with their high survival periods in
the environment, poor sewage treatment, grazing farm sys-
tems, contamination of water sources by human waste and
deficient meat inspection protocols (Dorny & Praet 2007,
Rossi et al. 2015).

In Brazil, one of the measures adopted to prevent human
infection is the carcass sanitary inspection at slaughterhou-
ses followed by the appropriate destination of infected car-
casses (Brasil 1997). Furthermore, slaughterhouses also
act as a source of statistical and nosogeographical data for
the occurrence of bovine cysticercosis. By joining these
data with animal traceability information, it is possible to
quantify and define areas in which the disease occurs (Gui-
mardes-Peixoto et al. 2012).

One of the difficulties in controlling bovine cysticerco-
sis in Brazil is the fact that animals are typically acquired
from multiple farms, which compromises the identification
of the origin of the infected cattle. Hence, traceability could
be a handful tool to control not only this disease but many
others since the process consists in tracing back informa-
tion of an animal product through the beef cattle chain.
However, bovine and bubaline traceability in Brazil is only
mandatory if meat is to be exported to the European Com-
munity (Brasil 2006a).

On the other hand, Animal Movement Permits (AMPs)
are currently one of the main tools for traceability in Brazil.
The AMP is an official and compulsory document for any
animal movement and retains information on the origin,
destination, purpose, species and number of animals being
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transported (Brasil 2006b). However, AMPs do not allow
individual traceability, since the information concerns ani-
mal lots and their movement (Grisi-Filho et al. 2013).

A basic network structure contains a set of nodes/verti-
ces connected by edges/links between them. Networks offer
both a visual and mathematical interpretation to data, cap-
turing and describing the structure of interactions (Keeling
& Eames 2005, Keeling et al. 2010). Examples of network
analysis applied to cattle movement data include network-
-based epidemiological model for detection of a disease ou-
tbreak (Reis et al. 2007) , assessment of pathogen dynamics
on a spatiotemporal structure (Kao et al. 2006), epidemiolo-
gical models of Foot and Mouth disease spread in Great Bri-
tain (Green etal. 2006), risk evaluation for potential disease
spread (Natale et al. 2009, Ribeiro-Lima et al. 2015), and in-
fectious disease surveillance (Amaku et al. 2015).This study
aimed at testing the utility of an animal movement network
constructed with data from a farm that acquires cattle from
several other different farms to map the major contributors
of cysticercosis propagation. Based on the results of the ne-
twork analysis, control measures were applied to decrease
cysticercosis’ occurrence in the studied farm.

MATERIALS AND METHODS

Area studied The studied area is a beef cattle farm (S 20° 5’
20.98” W 052° 7' 07.49”), located in the Mato Grosso do Sul state.
We selected this farm because it is located in the central-western
region of Brazil, which occupies a prominent position in national
livestock and agriculture production: it has 79 municipalities ba-
ring almost 50 thousand officially registered farms and a cattle
herd of more than 20 million animals, the fourth largest herd in
the country (IBGE 2015).

The studied farm was monitored for a 3-year period and
during that period the production system was based on cattle
feedlot of male steers reared under grazing conditions. Animals
were divided into lots of 200 animals and maintained in a grazing
system of Brachiaria spp. pasture until they reach a mean weight
of 400 kg. At the feedlot, fattening steers received a mixture of
corn silage, soybean, cottonseed meal, commercial protein and
mineral salt compositions for up to 90 days. After that, they were
commercialized with an expected mean weight of 530kg. From
the epidemiological point of view, it is important to mention that
the animals were acquired from multiple sources and are main-
ly composed of crossbred dairy steers, aged between 4 and 36
months old. Water provided to the animals was captured from a
water spring and pumped into a central tank from where it was
distributed to the pastures and feedlot. Only three pens allowed
direct access to the river and natural ponds. Due to the importan-
ce of the definitive host in this disease, it is worthy to mention
that thirty-five people inhabited the studied area during the afo-
rementioned period. These workers were living in brick houses
with treated water and septic tanks.

Bovine cysticercosis treatment. Until 2010, cattle dewor-
ming on the studied farm was conducted by the subcutaneous ap-
plication of 17% albendazol sulphoxide (7.5mg/kg) 30 days befo-
re entering the feedlots, and a second dose 30 days after. In 2011
and for the following years, it was implemented a protocol that
comprised 4 subcutaneous applications of 15% albendazol sul-
phoxide (7.5mg/kg), 60 and 30 days before entering the feedlot,
at the day that animals entered the feedlot, and 30 days after. All
animals were slaughtered at least 40 days after the last treatment,
following the manufacturer’s recommendations.
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Sanitary education. Its primary objective was to provide
information and highlight basic concepts of the disease and its
relation to personal hygiene, fecal contamination of soil and wa-
ter sources and eating habits. Three talks were given to all farm
employees during the period, as well as seventeen meetings and
nineteen practical talks concerning bovine deworming and free-
zing meat from slaughtered animals that were supplied for direct
consumption by its employees.

Cattle movement networks. Cattle movement data were
provided by the official Brazilian Agencies of the states of Mato
Grosso do Sul, Sdo Paulo, Minas Gerais and Goias. The data is a
summarized version of all Animal Movement Permits (AMP) is-
sued by the studied farm and six other that maintained business
relations with it during 2010,2011 and 2012. Each row of the data
table contained the following information: AMP identification and
issued date, municipality, producer and farm name for both the
source and destination. To derive movements from this data, each
livestock holding facility was used as a node in the network, being
uniquely identified by assigning codes to its municipality, owner
and holding names. Each edge connecting two nodes was repre-
sented by issued AMPs, where the municipalities of origin (tail)
and destination (tip) were used to derive movement direction.
The resulting joint information was interpreted as a static direc-
ted network of cattle movement where each node represented an
origin or destination, and edges represented AMPs. A node beca-
me infected only if an AMP was issued indicating that an animal
lot (infected) was moved from a given node A (origin) to a node B
(destination). The contrary (B to A) was true if, and only if, there
was another AMP indicating the opposite way. In this network, the
distance between two nodes (livestock holdings) was defined as
the smallest number of directed edges (issued AMPs) required to
connect the two.

Farm network and structure. Some network measures
have epidemiological importance, such as the network diameter,
modularity, weighted in and out degree and betweenness cen-
trality (Keeling et al. 2010). Network diameter is the longest of
all path lengths of a network and its modularity is a measure
of the strength in which nodes divide into clusters. The number
of adjacent edges arriving to a node and the number of edges
going out of it, are, respectively, the in and out degrees of that
node. The number of edges with the same origin and destination
weights these measures. Betweenness centrality is the number
of the shortest paths from all nodes in the network to all others
that pass through a given node. All data manipulation and con-
version to a network compliant set of nodes and edges were
performed using R v3.3.0 (Development Core Team 2011) and
all network properties, visualization and components structu-
re were evaluated using the open source software Gephi v0.8.2
(Leonard et al. 2004).

Cysticercosis data and statistical analysis. The Federal Ins-
pection Service (Servigo de Inspecdo Federal, SIF) provided the
number of slaughtered steers and the number of carcasses affec-
ted by live Taenia saginata cysts for the studied farm, during the
period between 2010 and 2012. These were obtained from the
records of the carcasses sanitary inspection at the slaughterhou-
ses, that is, the anatomopathological examination of the carcass
muscles and specific tissues such as masseter muscles, tongue,
heart and diaphragm (Brasil 1997). By analyzing the affected ani-
mal AMPs, it was possible to trace back the farms that had sold the
affected lots to the farm in this study. The Two Sample Binomial
Proportions test was used to evaluate if there was a statistically
significant difference between bovine cysticercosis occurrences
by year. All statistical analysis was carried out by using R software
(Development Core Team 2011).

RESULTS

The studied farm slaughtered 3,721 steers during the pe-
riod between 2010 and 2012 with an observed decrease
of the number of infected carcasses with live Taenia sa-
ginata cysts and a significant difference (p<0.05) for the
cysticercosis occurrence among the years (Table 1). The
inward cattle movement of this farm showed that node
#3 (Table 2) was the major contributor given the num-
ber of animals (818) commercialized through the whole
period.

More than one thousand Animal Movement Permits
were issued during the studied period showing where the
cattle were last located and to where they were destined.
After analysis, it resulted in a bovine movement network
with 429 nodes, 1,303 edges and a network diameter
equal to 5. Nodes were distributed in 101 municipalities,
407 farms, 14 slaughterhouses and 8 livestock auction ma-
rkets. The network diameter indicates the distance betwe-
en the furthest pair of nodes. Given the modularity class,
the network was divided into 7 clusters/communities with
strong preferential trade among them (Fig.1A). For each of
these communities there is a central node, indicated by its
betweenness centrality (Fig.1B) and the highest out-degree
(Fig.1D). The studied area is indicated by node #1 and pre-
sented the highest in-degree (Fig.1C).

Table 1. Bovine cysticercosis occurrence in a beef cattle farm
given the number of carcasses with live cysts identified by
sanitary inspection of slaughtered animals during
a 3-year period

Year Slaughtered animals Carcasses with live cysts
n % n %

2010 742 19.9 185 24.9a

2011 837 22.5 31 3.7b

2012 2142 57.6 39 1.8c

Total 3,721 255

Different letters show statistically significant difference (p=<0.05).

Table 2. Number (n) of cattle acquired by the studied farm
(node #1) during the 3-year period according to its age
range and origin node

Node Year Age (months) Total (n)
0to12 12 to 24 24 to 36

2 2010 0 0 0 0
2011 0 0 0 0
2012 0 5 30 35

3 2010 647 113 48 808
2011 0 10 0 10
2012 0 0 0 0

4 2010 50 10 0 60
2011 0 0 0 0
2012 0 0 0 0

5 2010 0 0 0 0
2011 31 13 0 44
2012 0 0 0 0

6 2010 85 35 0 120
2011 0 0 0 0
2012 0 0 0 0

7 2010 64 15 0 79
2011 0 0 0 0
2012 0 0 0 0
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Fig.1. Animal Movement Network based on Animal Movement Permit data where each node represents a premise and each edge repre-
sents an issued AMP to or from a given premise; numbered nodes are the farms that maintained business relations with the studied
farm (node #1). (A) Modularity class (node color), number of issued AMP (edges thickness) and central premises (numbered nodes).
(B) Betweenness centrality (node diameter). (C) Weighted In-degree (node diameter). (D) Weighted Out-degree (node diameter).

DISCUSSION

The prevalence of cysticercosis at the studied farm subse-
quently decreased after control measures were deployed,
particularly the strategy of avoiding commercial trades
with farms that showed a greater risk of infection, besides
appropriated bovine deworming and health education.

Bovine cysticercosis is prevalent in many Brazilian re-
gions and is highly related to regional basic sanitary con-
dition and cattle management (Rossi et al. 2015). The ini-
tial prevalence observed at the farm (24.9%) was higher
than the prevalence reported by other authors for the same
state (1.0 to 6.3%) (Schenk & Schenk 1982, Carmo & Olivei-
ra 1997, Marques et al. 2008, Rossi et al. 2015). However,
after the implementation of proper control measures, the
prevalence decreased to percentages comparable to the
ones reported for the Mato Grosso do Sul State, indicat-
ing success for the adopted strategy. Among the adopted
strategies, data obtained from the beef cattle farm together
with the information registered on the Animal Movement
Permits (AMPs) showing where the cattle were last locat-
ed and to where it was destined, allowed us to construct a
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movement network and to observe a high influx of animals
(Fig.1) towards node #1 (studied area). Furthermore, in
terms of a disease spread, the network diameter is the max-
imum number of edges that should exist, so that a disease
could reach the linear size of a network (Natale et al. 2009).
Hence, for the studied network, animals infected with bo-
vine cysticercosis reached the furthermost livestock hold-
ing whenever there were at least five issued AMPs for those
animals.

According to a node’s modularity class, the network was
divided into 7 clusters/communities with strong preferen-
tial trade among them (Fig.1A). In the cysticercosis’ epide-
miology these communities could indicate that infected an-
imals tends to readily spread between the farms of a given
community and later reach farms of other communities like
observed for tuberculosis (Brooks-Pollock & Keeling 2009).
For each f these communities there is a central node, indi-
cated by its of betweenness centrality (Fig.1B). It is a mea-
sure of how important a farm can be in a disease spread
as it reflects the number of animals that passes through
that farm in order to reach other farms (Martinez-Lopez
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et al. 2009). In addition, farms with higher animal influx
(in-degree) have an increased probability that at least one
infected animal reach that farm (Natale et al. 2011). On the
other hand, farms with higher animal departures, acts as a
disease spreader, as it sends higher number of animals to
other farms (Fig.1C and 1D) (Pilosof et al. 2015). Therefore,
node #3 was identified as a central point for disease dis-
semination to other network nodes and the studied farm/
node #1 is a network receiver with the highest probability
to receive sick animals. These findings are reinforced by the
evaluation of animal movements to the node #1 and its cys-
ticercosis occurrence, where node #3 had a representation
of almost 70% of all animals traded with this node during
2010 (Table 2). For the same year, the relative propor-
tion of infected carcasses was 25% (Table 1). In contrast,
the following periods (2011-2012) showed a continued
decrease in cysticercosis prevalence, due to the adoption
of the strategy of avoiding commercial trades with these
farms that showed a greater risk of infection. Rapid decline
of the prevalence in the following periods indicates that the
strategy succeeded in avoiding the entrance of infected ani-
mals to the target farm, besides the other measures such as
proper drug treatment and sanitary management.

Albendazol sulphoxide drug therapy is widely used in
Brazilian beef cattle farms and the use of a proper treat-
ment protocol might also have contributed for the succes-
sful control at the studied farm, as previously reported by
Biondi et al. (1999) when they observed a decrease (from
37.5% to 0%) after the introduction of albendazol sulpho-
xide treatment in a feedlot farm. Barbosa et al. (2003) also
reported success with albendazole sulphoxide for treating
bovines experimentally infected by Taennia saginata. Ne-
vertheless, Lopes et al. (2014) have already reported a de-
creasing of its efficacy on bovine cysticercosis treatment.

Although at the present AMPs are one of the main tools
adopted for traceability, it does not allow individual trace-
ability, since the information they contain concerns animal
lots and their movement (Grisi-Filho et al., 2013). This sys-
tem interferes with the identification of animals or beef
products, where individual information is needed (Rocha &
Lopes 2002), thus hampering the control of diseases such
as bovine cysticercosis.

CONCLUSIONS

The identification of farms with a putative risk of Taenia
saginata infection using the animal movement network is
a useful tool for controlling and preventing bovine cysti-
cercosis, thus minimizing economic losses and preventing
human taeniasis.

This study highlighted network properties that provi-
ded support information for planning strategies that could
be applied to other diseases, and alerts to the importance
of individual traceability as a more efficient tool for disease
control and prevention.
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