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Context

� Guía Técnica de Trabajo – 5ª Reunión

Extraordinaria de la Cosalfa:

� Characterization of productive systems

� “To update the bovine productive systems based on farm 
premises, population, [....], movement patterns [...]”

� “To use the characterization to identify geographic zones 

[...] that allow subpopulation segregation with minimum 

impact on the national productive system”

� “To perform a detailed characterization of the chosen 

zones based on geolocation and animal movements”

� “Animal movement information can be processed by 
network analysis tools ...”



Networks in veterinary epidemiology

� How to use network analysis tools in 

animal movement problems?



Networks in veterinary epidemiology

Accounts for movement direction and heterogeneity

� Nodes (Circles) = farm premises, counties, states, countries, etc

� Links (Arrow) = animal movement
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An example

Gibbens et al. Descriptive epidemiology 
of the 2001 foot-and-mouth disease 

epidemic in Great Britain: the first five 
months. The Veterinary record, v. 149, 

n. 24, p. 729–43, 15 dez. 2001.

A small fraction of an animal 
movement network



An example

An entire network looks more like 
thisH

Is it possible to split this network into 

cohesive groups?



Networks

My department colleagues’ network

� It all began in the social sciences



Communities

� Sets of nodes intensely connected are called 

“communitites”

My department colleagues’ network

Biostatistics Lab

Wild animals

Food safety

Molecular 
epidemiology



Community analysis in veterinary 

epidemiology

Lentz et al. Trade communities 
and their spatial patterns in the 

German pork production network. 
Preventive veterinary 

medicine, v. 98, n. 2-3, p. 176–

81, fev. 2011.



Green  et al. Tools to study trends in 
community structure: application to 

fish and livestock trading networks. 
Preventive veterinary medicine, v. 

99, n. 2-4, p. 225–8, 1 maio 2011.

Community analysis in veterinary 

epidemiology



� Although the concept of livestock production zone is well 

understand, it is not so easy to define it.

Livestock production zones and 

communities definition
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� Although the concept of livestock production zone is well 

understand, it is not so easy to define it.

� A very (very) simple example of a livestock production cycle:

Livestock production zones and 
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?



� A livestock production zone could be defined as: 

� “a set of premises through which an animal will pass during the 

production cycle”

Livestock production zones and 

communities definition



� A livestock production zone could be defined as: 

� “a set of premises through which an animal will pass during the 

production cycle”

� Community definition by Kim (2010):

� “a community is a group of nodes in which a random walker is 

more likely to stay” 

Livestock production zones and 

communities definition



The math behind it

� Modularity:
� Kim et al. Finding communities in directed networks. Physical Review E, v. 81, n. 1, p. 1–9, 

2010

� Optimization via Simulated Annealing 
� Kirkpatrick et al. Optimization by Simulated Annealing. Science, v. 220, n. 4598, p. 671–

680,1983

� Validation via Entropy Theory (Variation of Information)
� Meilă, M. Comparing clusterings—an information based distance. Journal of Multivariate 

Analysis, v. 98, n. 5, p. 873–895, 2007



Community detection example

� State of Mato Grosso:
� Largest herd of Brazil

� ~ 30,000,000 bovines

� vast majority in beef herds 

Grisi-Filho et al. (2013) Detecting livestock production zones. Preventive VeterinaryMedicine, 110, 3-4.



Community detection example

� State of Mato Grosso:
� Largest herd of Brazil

� ~ 30,000,000 bovines

� vast majority in beef herds 

� Animal trade network (2007)
� 87.899 premises

� 521.431 movements

� 15.844.779 animals moved

� Animal trade was aggregated by 

county, resulting in an network with 

141 nodes and 3,980 links.

Grisi-Filho et al. (2013) Detecting livestock production zones. Preventive VeterinaryMedicine, 110, 3-4.



Community detection example

Grisi-Filho et al. (2013) Detecting livestock production zones. Preventive VeterinaryMedicine, 110, 3-4.

� And after all this:



Community detection example

Grisi-Filho et al. (2013) Detecting livestock production zones. Preventive VeterinaryMedicine, 110, 3-4.

Node size is proportional to the 
internal trade

Size and color proportional to internal trade



Community detection example

� Predominant flows:

� North-South

� West-East

� Due to exports to other 

States 

� Better understanding of 

trade and commercial 

dependence among 

regions

Grisi-Filho et al. (2013) Detecting livestock production zones. Preventive VeterinaryMedicine, 110, 3-4.



An animal is more likely to stay in its own region 

than getting out of it

Community detection example



Observations

� It is possible (and recommended) to 

aggregate other sources of information:

� Surveillance system structure

� Population structure

� Livestock system

� Expert opinion

� etc



Zona livre de febre aftosa com vacinação

Proposta de ampliação da 
zona livreZona de proteção
Zona não livre de febre aftosa

Países da América do Sul

Recent applications
Moraes, Barbosa Jr, Costa, Araújo, Teixeira, Grisi-Filho, Amaku, Gonçalves.
Animal movement analysis and risk characterizaton in studies to evaluate Foot-and-Mouth virus 

circulation in vaccination areas. Manuscript in preparation

“Independence degree”:
% of internal movements



What do we need?

� A good information system

� Animal movements and farm premises

� Integrity, accuracy, consistency, completeness

� Technological infrastructure

� Large storage and processing capacity

� Human resources 

� Trained in epidemiology and network analysis



Open Source Softwares



Final remarks

� We can reveal the trade patterns in an animal 

movement network

� Leads to a better understanding on the trade relationship 

between production zones

� Can be used in

� risk-based surveillance systems

� stratified sample design

� target areas for sanitary programs

� segregate subpopulations with minimum trade impact

� H
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