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Modelling the 
 Spread of FMD in 

 Endemic Regions 
 

Mike Tildesley 
 Matt Keeling 
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The 2001 Foot-and-Mouth 
 Disease Epidemic 

 
For the UK we have demographic information 

on: 

 • the location and size of all livestock farms 
 • the movement of all animals 
 
For the UK we have epidemic information 

on: 

 • the location of all infected & culled farms 
 •epidemiological tracing of possible infection 
routes 
 

So how would an FMD-endemic 

UK look? 

 
Livestock movement ban! 
 

The Keeling/Warwick 
 Model 

 In this model, the risk of spread is based upon various parameters: 
 Sc,s 

 

- The susceptibility of livestock (cattle, sheep, pigs etc.). 

 
N c,i 

 

- number of livestock on a given farm. 

 Tc 

 

- transmissibility of livestock. 

 
K(dij) 
 

- the distance kernel, giving probability of infection based on distance 

 between farm i and farm j. 
 

Kernel 
 

Distance from source 
 

Comparison between Model and Data 
 

Very good agreement between the observed cases (black) and the mean 
 predicted epidemic (red line). The cloud of points indicates the 

stochastic uncertainty in predictions. 

 

Nationwide livestock 
 movement ban when first 

case is reported. 

 

Around 10,000 farms 
 infected or culled as part 
 of the control policy. 
 

Keeling et al. (2001) Science. 
 

Comparison between Model and Data 
 

Key Model Results: CP-Culling 
 

Contiguous Premises culling was 

hugely controversial. But did it 
work? 
 

In the Eastern UK, where animal 
numbers are low, CP culling is 

unnecessary (blue). 
 
In Cumbria and Devon (which 

were worst hit in 2001), the 
 optimal strategy is to cull all CPs 
 (dark red). 
 

Tildesley et al Proc. B. 2009 
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Key Model Results: Ring Vaccination 
 

Not used in 2001. 
 

Vaccination Radius (km) 

 
Optimal size of ring dependent upon resource available. 
Optimally targeted vaccination preferred to CP culling. 
 Tildesley et al. 2006 Nature 

 

Vaccine Efficacy 
 

As efficacy increases, epidemic size decreases. 
 As efficacy increases, optimal vaccination ring size decreases. 
 

Key Model Results - Endemic Scenario 
 

So what would happen if FMD were endemic in the UK? 
 
Livestock movements would play a major role in transmission 
 dynamics. 
 

We seed the model from the 2001 cases, but allow movements 

to continue and do not control the outbreak. 
 

Assume animals are infectious for a period of 16 days then 

recover and are immune. 
 

So how would FMD behave in the UK under these conditions? 
 

Infection burns very quickly through the high density regions. 

Cyclic behaviour post-2002. 

 

Births 
 

Susceptible population is depleted rapidly initially. 
 
The disease is maintained in the population by births. 
 
Two outbreak peaks each year - correlates with peak livestock 

movements in spring and autumn. 
 

Number of farms infected peaks at just under 10,000. 
 
Some variation across the years - effects of variation in farm sizes 

across years - general trend for fewer, larger farms. 
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Geographic Spread 
 

So how does the disease spread in 

space? 
 

Seed in Cumbria. 
 

With a livestock 
 movement ban, spread to 
 nearby counties in North 

of England and Scottish 

Borders. 
 
In the absence of a movement 
 ban… 
 

Geographic Spread 
 

So how does the disease spread in 

space? 
 

Seed in Cumbria. 
 

With a livestock 
 movement ban, spread to 
 nearby counties in North 

of England and Scottish 

Borders. 
 
In the absence of a movement 
 ban… 
 

Endemic Disease: Bovine TB in the 
 UK 

 

Simulation Results 
 

Model shows good temporal fit to reporting data. 
 

Spatial Model Comparison 
 2011 

 Good fit to the data. 
 

Model captures high 

density breakdown 

regions in the South 
 East. 
 

Adapting the model 
to investigate 
 targeted 
 culling, standstill 
 restrictions and 
 environmental 
control. 
 

DATA 

 

100 200 300 400 500 

 

MODEL PERC 

 

0 20 40 

 
HBDs per county 

 

Percen 

 

Where do we go from here? 
 Adapt the endemic UK FMD model to look at disease spread in 

endemic regions. 
 
Consider circulation of multiple strains. 
 

Impact of interventions. Have investigated impact of reactive 
 vaccination, but what about use as control in endemic situations? 
 

Can we devise cost effective control measures to reduce disease 

burden in endemic regions? 
 
Work in very early stages of development… 
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