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The process 



Why use models? 

1) When human intuition is insufficient or cannot be relied upon. 
 

and 
 
2) When it is too costly to experiment with the system directly. 

 
 

Models are also a tool for understanding epidemic dynamics – 
and like any statistical tool, they need to be used with caution. 



We commonly use 
mice as laboratory 
models. We are not 
interested in the 
mice but they are a 
model for humans or 
other animals.  
Why do we do this? 
 
1) We cannot predict 

the action of 
drugs or 
treatments. 
 

2) It is infeasible to 
test products on 
humans.  



Computer models 
are commonly used 
in design, from cars 
to boats to 
aeroplanes. Why? 
 
1) We cannot predict 

the flow of air and 
drag without 
them. 
 

2) It is too costly to 
build new 
products to test 
changes.  



Computer models 
are now an integral 
part of planning 
human vaccination 
campaigns. Why? 
 
1) We cannot predict 

the population –
level behaviour 
without them. 
 

2) It is too costly to 
experiment by 
trialing new 
campaigns.  
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Our Modelling Ideology 

Models should be,  
Mechanistic: so that they accurately capture the known underlying 
biology and the action of controls. 
Parsimonious: so that a few parameters can be robustly fitted to 
early epidemic data. 
Flexible: so that different scenarios and controls can be easily 
incorporated. 

We will illustrate such a modelling approach in three settings: 
1) Rapid fitting to early data 
2) Economic analysis of movement controls in UK 
3) Prediction of outbreaks across US 
 



1. Rapid Fitting to Early Data 

Model framework was developed during the UK 2001 outbreak, so 
that is not a reasonable test.  
 
We therefore against  
other models using Japanese 
data 
 
1.UK formulation. 

White: fitting period 

Yellow: prediction period 

Blue: true results 

Red: forward simulations 
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1. Rapid Fitting to Early Data 



A simple model framework that has mechanistic dynamics for 
transmission between farms can be readily fit to both outbreak data 
and results from other, more complex models. 
 
We believe this flexibility is key to extending the model to new 
countries and differing farming practices. 
 
In principle we can apply this approach to any new livestock disease 
outbreak – not just FMD.  

1. Rapid Fitting to Early Data: Conclusions 
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2. Economic Analysis of Movement Controls 

While multiple analyses of the 2001 UK outbreak have been 
performed, little thought has been given to the nation-wide 
movement ban.  
 
Here we question if a movement ban should be localised. Our 
definition of what is optimal must now include economics: what 
leads to the least expensive epidemic? 

Epidemic cost = Cost per animal culled + Costs per day per farm 
affected by movement ban  



2. Economics of Movement Controls: Devon 

Many thousands of simulations, 100,000 farms, localised 
transmission, plus millions of movements between farms. 

Optimum 



2. Economics of Movement Controls: Cumbria 

Optimum 

Many thousands of simulations, 100,000 farms, localised 
transmission, plus millions of movements between farms. 



3. A continental scale disease 
model 

• Two parts 
• Local transmission 
• Long distance movement 

• Movements across the entire 
continent 

• Animal movement cause long 
distance transmission 

 

Lindström et al. 2013, PLoS One 



Movement in the US 

• Data quality much poorer than for EU 
• Farm locations 

• Unknown 
• Densities at the county level 

• Movement data 
• Only required for between-state movement 

• ICVI (Interstate Certificate of Veterinary Inspection) 
• Not in electronic format. 

• Hooray for cheap labor (CSU students). 

• Sampled 10% of all between-state movement for 
one year 



Movement in the US 

• To construct a data driven disease spread model, 
we need to make assumptions about the whole 
contact structure. 

• Fill in the blanks  
• 90% of between movement and all within 
• All with state movement 
• A county level model 

• Movement data is at two levels 
• At the individual shipment level to estimate state 

specific parameters for shipment probabilities 
• At the network level to validate the model 



Movement in the US  

• Validation – State level 
• About 80% correlation 

between observed and 
generated networks 

 

 

Lindström et al. 2013, PLoS One 



Simulating outbreaks 
where are the hotspots? 

• Movement as described by 
our model 

• Local transmission informed 
by UK outbreak 

• Analyze areas of particular 
concern 

• Compare control scenarios 
 

• This requires thousands of 
stochastic simulations for 
each of the 3000+ seed 
counties 
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Looking to the Future 

It is clear that we have a very flexible, fast yet powerful 
formulation that can predict the spread & control of FMD under a 
number of scenarios, including cross-continental spread. 
 
We now have a fantastic opportunity to expand these models to 
the whole of Europe. We have far better data than the US and a 
greater understanding of farming processes. 
 
However, this opportunity can only be realised by strong 
collaboration with those that have the knowledge and data on 
farming practices across the EU. 
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