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 Arose from a collaboration between:
- National Science Foundation
- U.S. Department of Homeland Security
- U.S. Department of Agriculture

 Specific goal to maintain safe food supply, avoid economic 
disruptions caused by emerging infectious diseases, and evaluating 
methods to better manage disease outbreaks

 Investigated by integrating modeling and mathematics with the 
biological studies 

 Focuses the talents of researchers from around the world to 
collaborate across disciplinary boundaries
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Project Scoping
 Modeling Bovine Tuberculosis Workshop, July 7-9, 2009
 Brought together 37 experts from North America and Europe
 Identified issues related to bovine tuberculosis modeling
 Included presentations from European scientist on efforts to model cattle 

movement and TB transmission
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Working Group

Not Pictured:
Dr. Michael Tildesley
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Project Goals: Policy and Regulatory

Provide tangible benefits to the Bovine  Tuberculosis Program 
and to management of other diseases in cattle.
Specifically:
- Improved traceability
- Foundation for disease control zones
- Benefits for market access in the face of an outbreak
- Improved response in the face of an outbreak
- Enhanced surveillance
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Which sectors of the cattle industry pose significant risks 
of bTB transmission?  
How important are markets, feedlots and other sectors where 

mixing occurs?

Scientific and Policy Questions
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Can United States cattle movement data be leveraged to 
support specific regulatory functions and optimize 
surveillance and mitigation of bovine TB (and potentially 
other diseases)?  
Two major difficulties in controlling bovine TB include the 

chronic nature of disease and the lack of test sensitivity which 
necessitate improved program efficiencies to aid in eradication 
efforts.  

Scientific and Policy Questions
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How does uncertainty of cattle movement impact model 
predictions and the efficacy of control and eradication 
strategies?  
Modeling approaches that incorporate an explicit contact 

structure are based on a completely characterized cattle network
In the United States only a partially observed network is 

available.

Scientific and Policy Questions
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Project Goals: Analytical
The project has two core tasks:

1) Develop national cattle movement model
- contact network

2) Use contact network to model bovine tuberculosis from a 
data driven perspective (not a simulation model).

- Slaughter surveillance data
- Positive herd data
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Regulatory Functions Supported
 Traceability
 Improved traceability when data is limited
 Optimization of tracing when faced with large numbers 

of movement events
 Regionalization
 Greater defensibility
 Benefits for market access in the face of an outbreak

 Surveillance
 Enhanced surveillance
 Optimized surveillance to improve first detect
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Traceability
Improve traceability by providing empirical data driven 
understanding of the probability an animal originated from a 
geographic location.

- Fundamental regulatory issue is a lack of data describing 
the movements of individual animals.
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Regionalization
Improve regionalization by developing an empirical data 
driven understanding regions that are connected via animal 
movements.

- Benefits are a more defensible method for establishing regions if 
animal movement is important for disease spread.
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Surveillance
Improve surveillance by developing an empirical data driven 
understanding locations accounting of the greatest 
connectivity in the network.

- Benefits are an optimized surveillance that maximizes first 
detection while minimizing cost.

Minimum Spanning Nodes

Nodes which must be included to 
maintain the network structure

Allocation of Surveillance 
based on connectivity
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Disease Spread
 Does animal movement describe the current and historic 
occurrence of bovine TB?

 If so can animal movement be used to improve our 
predictive abilities and improve program activities?

 Can animal movement be combined with other risk factors 
to describe occurrence of bovine TB and in turn identify areas 
at risk?
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Disease Spread
Incorporate network measures (minimum spanning tree, 
bridging metrics, flow, others) along with covariates (density 
of markets, density of off site heifer raisers, sector, etc) to 
describe occurrence of bovine TB using empirical model 
based inference.
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Disease Spread
Support for contributions (risk) of known reservoirs of bovine 
TB - foreign imports, wildlife reservoirs, etc.

- Provides support for import regulation, testing and 
marketing of animals moving from areas with endemic TB or 
with a current outbreak.
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Specific Activities of the Working Group
1) Evaluate bias in USDA Digital Certificate of Veterinary 

Inspection (i.e., health certificate) database. 

 Best electronically available data on individual cattle movement  
 Health certificates required for interstate movement (except slaughter).

 This data only represents a fraction of all cattle movements, which 
may introduce potential biases.  
We will investigate the potential for bias by comparison to other cattle 

movement databases.
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Specific Activities of the Working Group
2) Investigate how partial observation impacts inference.

 For many European livestock models, the network is completely 
known.  

 Use cattle movement data for the United Kingdom to develop 
methods for estimating cattle movement when the network of 
movement is only partially observed.
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Specific Activities of the Working Group
3) Develop a local network model for Michigan (high TB prevalence)

Michigan - most comprehensive animal movement data for the 
United States.

 Develop a network model of cattle movement and TB spread for 
Michigan 
 understand the relative importance of cattle mixing versus the TB reservoir in 

wild White-tailed deer  

 Use model to understand control and eradication strategies 
 how these strategies impact the potential for transmission to other parts of the 

country (by linking the Michigan model to the national model).
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Specific Activities of the Working Group
4) Develop a network model at the national level for the US.  

We cannot assume that the Michigan model can be scaled to the 
national level.

 Develop a national scale network model of cattle movement and TB 
spread
 Identify the production sectors of importance for driving dynamics
 Identify production sectors at greatest risk 

 Use model to investigate control and eradication efforts
 Investigate diagnostic testing uncertainty 
 Relate results from the partially observed network to the national scale
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Current Status

Data Collection Phase:

- To date 49 states have provided data

- Data entry is nearly completed

Analysis Phase:

- Has begun with descriptive analysis
- Development of a model structure will

begin January 2011
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Challenges
Logistical Feasibility Data Sensitivity / Confidentiality
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Current Status
Sampling Paper Records:

- 10% sample of supplied records

Data Entry:

- 8 students until September
- High priority states first
- Second level states will be entered

as resources are available
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