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Background
Bluetongue disease (BT) caused by Bluetongue virus is a midge 

(Culicoides spp) borne disease principally affecting sheep, with cattle 

remaining largely asymptomatic.  In recent summers there have been 

outbreaks of BTv serotypes in Western Europe and the virus has reached 

England.

The climate in Scotland places it on the limit of potential BTv spread. This 

presents difficulties for decision makers in Scotland when confronted with 

a potential BTv outbreak. In 2014 BTv serotype 4 was spreading widely in 

Europe and we modelled the risk of BTv-4 spread in Scotland.

Study objective
To use mathematical models to estimate the potential for BTv 

spread in Scotland and the impacts of different strategies for 

vaccination on controlling the disease.

Methods
A model of R0 based on a model by Gubbins et al (2008) was used to 

estimate the potential for spread of different scenarios and a dynamic 

stochastic model of BTv was developed based on a model by Bessell et 

al (2013, 2014).

Demographic data to inform the models were taken from the June 2011 

Scottish agricultural census. Temperature data were taken from the UK 

CIP climate model.

Disease parameters were taken from the literature (Table 1) with a 

Gaussian kernel to describe spatial transmission. Based on literature, a 

Vector feeding preference was incorporated, the odds of a vector 

feeding on a cow are 7.6 relative to a sheep. A number of model 

variants were tested within plausible bounds for parameters as described 

in Table 1. 

The model was implemented by initiating disease introduction in one 

animal on one of four seed farms (Figure 1) at different time points in the 

summer (Table 1). Vaccination was modelled using different strategies 

(Table 2).

Strategy Coverage Sheep Cattle

No vaccination - 0% 0%

Strategic 

vaccination

Scottish border 0% 90% (466,934) 

Strategic 

vaccination

Scottish border 90% (1,580,618) 0%

Strategic 

vaccination

Scottish border 80% (1,404,994) 80% (415,052)

Farmer lead 

vaccination

25% of farms 25% (1,700,284) 25% (450,984)

Farmer lead 

vaccination

50% of farms 50% (3,400,567) 50% (901,968)

Farmer lead 

vaccination

75% of farms 75% (5,100,851) 75% (1,352,953)

Figure 1. The counties in which strategic 

vaccination was modelled (in grey) and the four 

sites in which disease introduction was modelled.

Parameter Baseline Adjustment

Temperature Mean +1OC

Transmission probability – host 

- vector

0.01 0.02

Extrinsic incubation period –

baseline temperature

13.3OC 12.7OC

Extrinsic incubation period –

incubation rate

0.19 0.26

Date of introduction 31 May 1 May

16 May

15 June

30 June

15 July

30 July

14 August

Table 2. The vaccination strategies that were modelled in this analysis. 

The area of the Scottish Border is marked on Figure 1.

Table 1. Parameter adjustments used in these analyses

Results
Under the baseline scenario, the period with R0

above 1 is relatively short or R0 does not go 

above 1 (Figure 2). Under a “worst case” 

scenario, the periods with R0 above 1 increase 

to over 100 days for many parts of Scotland 

(Figure 2). Most farms in Scotland are above the 

minimum temperature for extrinsic incubation 

for only a short period of the year (Figure 3). 

However, when temperatures are higher and 

transmission from host to vector more frequent, 

R0 rises faster with temperature (Figure 3). 

Under the worst case scenario, vaccination can 

have the greatest impact when targeted 

strategically, particularly by vaccinating cattle 

rather than sheep can deliver the greatest 

benefits in terms of reducing sheep mortalities 

(Figure 4). The optimal vaccination strategy 

depends on the location of introduction, but we 

demonstrated that targeted vaccination of cattle 

can deliver similar reductions in sheep 

mortalities to non-strategic vaccination.

Figure 2. The number of days with R0 above 1 for the baseline (left) 

scenario and worst case scenarios (right).

Figure 3. (Top) The R0 for different scenarios at different 

temperatures. (Bottom) The minimum temperature necessary 

for extrinsic incubation, (red line), the grey points represent 

each farm, blue line the mean.

Figure 4. For different vaccination and different sites of introduction 

(corresponding to Figure 1), the reduction in sheep mortalities under 

the “worst case” scenario compared to the baseline.

Conclusions
These analyses have demonstrated that under exceptional 

circumstances requiring temperatures around 1OC warmer than 

average and a virus that is well adapted to spread at low 

temperatures and transmits easily, then Scotland may be at risk of a 

BT outbreak.

Culicoides feeding preferences mean that vaccination may be most 

effective when delivered strategically, and that vaccinating cattle (a 

species that suffers low morbidity and mortality) will have a 

substantial benefit in reducing sheep mortalities.
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