WRITING YOUR DISSERTATION: EXAMPLES

Predicting disease risk in multi-species assemblages: wildlife, livestock and bovine tuberculosis in the UK

INTRODUCTION 1

The majority of pathogens implicated in diseases of humans and their livestock is generalist in nature, and thus able to cross-infect multiple host species. For example, Cleaveland et al. (2001) found that 77.3% of pathogens of livestock and 61.6% of human pathogens could infect more than one species. Those authors, as well as Daszak et al. (2000) and Woolhouse et al. (2001), concluded that disease prevention and control in livestock and humans can be rather complex. Dobson (2004) found that host species diversity could amplify epidemic outbreaks in cases where transmission is density-dependent, while it can buffer against epidemic outbreaks in frequency-transmitted diseases, and Holt & Pickering (1985) showed that the presence of a shared pathogen may facilitate the coexistence of host species via indirect competition.

METHODS 1

Distributional data of wildlife 

We computed probabilities of badger presence across Britain at the 10km-square level using a predictive species-habitat model developed by Newton-Cross et al. (2007). The model has been trained and tested using both field-derived and remotely-derived data.  We used presence / absence data for the main deer species in Britain, available at the 10km-square resolution (Ward 2005), to determine the number of deer species present in each square. 

Mapping cattle disease risk posed by multi-species assemblages 
To identify areas where wildlife communities may pose a high disease risk to cattle, we used the following risk scoring system. Badger densities were assigned risk scores.  For deer, we assigned risk scores according to the number of deer species present in each 10km square (range from 0-5).  We used a multiplicative relationship between badger density and deer species richness to obtain an overall disease risk score for the transmission of disease from wildlife to livestock. As a result, risk scores ranged from 0 (no risk) to 25 (highest risk).
RESULTS 1

Table 2. Risk scores. 

	
	
	
	Risk score 

	Factor / 10km2
	Mean
	SD
	0
	1
	2
	3
	4
	5

	
	
	
	
	
	
	
	
	

	Badger density
	34.222
	27.832
	0
	6.4
	34.2
	62.1
	90.0
	90 +

	Deer SR
	-
	-
	0
	1
	2
	3
	4
	5-7

	
	
	
	
	
	
	
	
	


ABSTRACT 1

Most livestock and human pathogens are generalist in nature and can infect multiple wildlife species. Host species diversity can have positive and negative effects on disease dynamics, by amplifying outbreaks of directly-transmitted pathogens and buffering against those of vector-transmitted diseases. Badgers and deer are both expanding in population in the UK.  Badgers and deer can also act as hosts of infectious disease for livestock.  Livestock can be affected by many diseases including bovine tuberculosis, brucellosis, foot and mouth disease and bluetongue.  Farmers have faced severe economic hardship in recent years due to disease.   In this study, we developed models to predict the bovine tuberculosis (bTB) testing frequency of cattle.  We used this as a proxy for the incidence of bTB infection in cattle.  Of the species-specific effects, badger main sett presence per 10-km square was related to cattle bTB.  Deer species richness was not related to bTB in cattle. Local spatial processes had the strongest effect on cattle bTB.  We use our approach to identify host community-rich areas in which bTB would be likely to persist locally if introduced.  We discuss the implications of our results for informing management strategies for livestock disease.  
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PROOF-READING

Statistical associations between cattle bTB and wildlife, farming and habitat variables  - version 1
Analysis based on spearmans rank corelation suggest, that a large number of variables were significantly correlated, with testing frequency (TF) although none of them were able, to explain more than 25% of the variation in TF (Spearman's rho < 0.5; Table S1). Cattle variable’s were among the the most signifigant factors; with the exception of cattle density per farm. Badger variables are also significant, particularly the incidents of bTB within badgers killed on the roads: deer variables’ were insignificant apart form the presence/absence of red dear. 

Only the probability of presents of a badgers main sett (badger_prob) is a consistent risque factor in the logistic regresion models of the 2004 data (models I-III; Table 4). Similarly, badger_prob was significant in the 2007 model of histooric counties’ only (model V; Table 5). Muntjac presence was a additional risk factor for TF in both years, when modelling historic bTB counties only (models II and V), while the number of catle holdings per 10-km square came up significant when modeling resent bTB counties using 2004 testing frequentcy data (model III; Tables 4 & 5). Auto-covariate score were highly significant in in all models (Tables 4 & 5), and predictive power changed little between full model (i.e. with county level random effect and auto-covariate score) and models using auto-covariate scores only (Table 6). For the model of change in TF between 2004 and 2007 (models VII-IX), none of the variable were signifigant at p<0.1, apart from the auto-covariable scour.

WRITING YOUR DISSERTATION: MODELS

Predicting disease risk in multi-species assemblages: wildlife, livestock and bovine tuberculosis in the UK

INTRODUCTION 2

The majority of pathogens implicated in diseases of humans and their livestock is generalist in nature, and thus able to cross-infect multiple host species. For example, 77.3% of pathogens of livestock and 61.6% of human pathogens are known to infect more than one species (Cleaveland et al., 2001). As a result, disease prevention and control in livestock and humans can be rather complex, due to the intricacies of disease dynamics within a multi-host community where species may vary in their resistance and tolerance to the pathogen (Daszak et al., 2000; Woolhouse et al., 2001). Host species diversity has been found to amplify epidemic outbreaks in cases where transmission is density-dependent, while it may buffer against epidemic outbreaks in frequency-transmitted diseases (Dobson, 2004). Since the presence of a shared pathogen may facilitate the coexistence of host species via indirect competition (Holt & Pickering, 1985), the existence of complex multi-host communities in wildlife, livestock and human disease is likely to be a persistent and widespread problem.

METHODS 2

Distributional data of wildlife 

We computed probabilities of badger presence across Britain at the 10km-square level using a predictive species-habitat model developed by Newton-Cross et al. (2007). The model uses logistic regression to evaluate the contribution of different habitat classes to the presence and absence of badger main setts as recorded during the 1980s and 1990s National Badger Surveys (Cresswell et al., 1990; Wilson et al., 1997; Newton-Cross et al., 2007). The model has been trained and tested using both field-derived and remotely-derived data, achieving more than 70% accurate results (Newton-Cross et al., 2007). 


Since there are no reliable spatial data on deer abundance for most of the UK (Smart et al., 2004), we used presence / absence data for the five main deer species in Britain, available at the 10km-square resolution (Ward 2005), to determine the number of deer species present in each square. In the absence of reliable spatial abundance data, deer species richness provides a useful measure of the potential contribution of deer to the overall risk of a directly-transmitted disease, where increased species richness amplifies outbreaks (Dobson, 2004). 

Mapping cattle disease risk posed by multi-species assemblages 

To identify areas where wildlife communities may pose a high disease risk to cattle, we used the following risk scoring system. Badger densities were assigned risk scores, on a scale of 0-5, as follows: we grouped 10km-square values together into six groups based on the number of standard deviations each was away from the mean, and risk scores were assigned to each group in order of ascending density.  For deer, we assigned risk scores according to the number of deer species present in each 10km square (range from 0-5).   In disease modelling, the number of new infected cases arising per unit time and unit area is ßSI, with S and I representing the densities of susceptible and infectious hosts respectively, and ß describing the rate of pathogen transmission (Anderson & May, 1981). We therefore used a similar multiplicative relationship between badger density and deer species richness to obtain an overall disease risk score for the transmission of disease from wildlife to livestock. As a result, risk scores ranged from 0 (no risk) to 25 (highest risk). 

RESULTS 2

Table 2. Risk scores assigned to badger density and deer species richness (SR). Badger density values shown are upper margins for each risk score.

	
	
	
	Risk score 

	Factor / 10km2
	Mean
	SD
	0
	1
	2
	3
	4
	5

	
	
	
	
	
	
	
	
	

	Badger density
	34.2
	27.8
	0
	6.4
	34.2
	62.1
	90.0
	>90.0

	Deer species richness
	-
	-
	0
	1
	2
	3
	4
	5-7

	
	
	
	
	
	
	
	
	


ABSTRACT 2

Most livestock and human pathogens are generalist in nature and can infect multiple wildlife species. Host species diversity can have positive and negative effects on disease dynamics, by amplifying outbreaks of directly-transmitted pathogens and buffering against those of vector-transmitted diseases. Here, we assessed the contribution of multi-species assemblages of wildlife (badgers and deer) and livestock (cattle) to bovine TB (bTB) disease risk in UK cattle at the 10-km square resolution.  We developed spatially-explicit models accounting for spatial autocorrelation to predict the bTB testing frequency of cattle, which was used as a proxy for incidence of bTB infection in cattle.  Of the species-specific effects, badger main sett presence per 10-km square was related to cattle bTB.  Local spatial processes had the strongest effect on cattle bTB, indicating that proximity to infected farms is of key importance to the distribution of cattle bTB.  Our results suggest that local contact networks play a key role in the persistence of disease locally.  These may include both direct contact networks between cattle and indirect contact networks between badgers and cattle.  We use our approach to identify host community-rich areas in which bTB would be likely to persist locally if introduced.  The results emphasise the importance of monitoring complete host communities, including wildlife and livestock, for informing management strategies for livestock disease.  

REFERENCES 2

Anon. (2005) Badger RTA survey: 'no clear correlation' between levels of TB in cattle and badgers. Veterinary Record, 157, 182.

Augustin, N. H., Mugglestone, M. A. & Buckland, S. T. (1996) An autologistic model for the spatial distribution of wildlife. Journal of Applied Ecology, 33, 339-347.

Childs, J. E., Krebs, J. W., Real, L. A. & Gordon, E. R. (2007) Animal-based national surveillance for zoonotic disease: quality, limitations, and implications of a model system for monitoring rabies. Preventive Veterinary Medicine, 78, 246-261.

Cresswell, P., Harris, S. & Jefferies, D. J. (1990) The history, distribution, status and habitat requirements of the badger in Britain. Nature Conservancy Council, Peterborough.

Daniels, M. J., Lees, J. D., Hutchings, M. R. & Greig, A. (2003) The ranging behaviour and habitat use of rabbits on farmland and their potential role in the epidemiology of paratuberculosis. Veterinary Journal, 165, 248-257.

Daszak, P., Cunningham, A. A. & Hyatt, A. D. (2000) Emerging infectious diseases of wildlife - threats to biodiversity and human health. Science, 287, 443-449.

DEFRA (2004) Preparing for a new GB strategy on bovine tuberculosis. Department for Environment, Food and Rural Affairs, London.

Holt, R. D. & Pickering, J. (1985) Infectious disease and species coexistence - a model of Lotka-Volterra form. American Naturalist, 126, 196-211.

ISG (2007) Bovine TB: the scientific evidence. Department for Environment, Food and Rural Affairs, London.

PROOF-READING

Statistical associations between cattle bTB and wildlife, farming and habitat variables  - version 2

Analysis based on Spearman’s rank correlation suggests that a large number of variables were significantly correlated with TF, although none of them was able to explain more than 25% of the variation in TF (Spearman's rho < 0.5; Table S1). Cattle variables were among the most significant factors, with the exception of cattle density per farm. Badger variables were also significant, particularly the incidence of bTB within badgers killed on the roads, while deer variables were insignificant apart from the presence/absence of red deer (only 1% of variation explained; Table S1). 

Only the probability of presence of a badger main sett (badger_prob) was a consistent risk factor in the logistic regression models of the 2004 data (models I-III; Table 4). This variable was also significant in the 2007 model of historic counties only (model V; Table 5). Muntjac presence was an additional risk factor for TF in both years, when modelling historic bTB counties only (models II and V), while the number of cattle holdings per 10-km square came up as significant when modelling recent bTB counties using 2004 testing frequency data (model III; Tables 4 & 5). Auto-covariate score was highly significant in all models (Tables 4 & 5), and predictive power changed little between full models (i.e. with county level random effect and auto-covariate score) and models using auto-covariate scores only (Table 6). For the model of change in TF between 2004 and 2007 (models VII-IX), none of the variables was significant at p<0.1, apart from the auto-covariate score.
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