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Objective

This paper describes a novel approach to the estimation of spatially related counts of hidden disease by means of capture-recapture methodologies applied to sheep scrapie in Great Britain. 
Background

Surveillance efforts must adjust to the levels of occurrence of disease. There is a need to consider, among other parameters that would inform the level of priority given to a particular disease, its prevalence and, ideally, that adjusted for any source of under-ascertainment. Statutory notification of scrapie, a fatal neurological disease of small ruminants, has been affected by under-reporting [1]. The occurrence of under-reporting can be shown by means of additional surveillance efforts in the form of active approaches (e.g. surveys at different levels). However, this would undoubtedly incur further costs. Capture-recapture methods have been applied to estimate the sensitivity of individual surveillance sources without the need for additional surveillance streams [2]. Normally, national surveillance systems are assessed with no consideration of spatial stratification. 

The motivating case is twofold: i) to provide alternative approaches to traditional population estimators, Zelterman’s in particular, accounting for some of their shortages (potential overestimation) and ii) to apply these estimators to areal level data.  
Methods

The spatial analysis presented in the following uses county-specific disease data from the Scrapie Notifications Database (SND) in Great Britain. The SND collects all cases of clinical scrapie reported by British farmers. We investigate the performance of the SND, at the county level, as measured in the observed/hidden ratio of scrapie-affected holdings as well as the in the completeness rate (proportion of observed affected holdings among observed and hidden scrapie-affected holdings). The SND generates a count distribution of cases f1, f2,…fm where fj denotes the frequency of holdings with exactly j cases of scrapie. The frequency f0, the unobserved scrapie-affected holdings, is missing and constitutes the target of the inference. We are interested in developing a smoothed generalization of Zelterman’s estimator of population size. In doing so we use an empirical Bayes prior, obtained from the non-parametric maximum likelihood estimate of the mixing distribution (to account for the heterogeneity of the data), to construct an estimate of the marginal distribution of the mixture p.d.f. of our count data. It follows that a smoothed county-specific estimate of the population size can be developed. 

Results
The range of the number of observed scrapie-affected holdings per county was considerably large (from 1 to 75 observed holdings). The heterogeneity in the data was obvious. The empirical Bayes estimator, in comparison with other approaches, was robust to the modeling of the heterogeneity in the data and did not produce spurious estimates of population size. The county-specific completeness ranged between 50% and 95% (median 63%) whereas the observed-hidden ratio ranged between 1.1 and 71 (median was 1.72; the larger the ratio the better the surveillance system in detecting scrapie-affected holdings).
Conclusions

Our results show that the SND’s performance varies considerably across the country. Spatial-specific capture-recapture estimates contribute additional benefits to the national estimation of hidden scrapie as reported before [2]. Areas with low sensitivity can be targeted for further collection of variables with the aim to explain the causes of the surveillance’s poor performance. 

Our approach can be improved in different ways. The most obvious is via structures that allow the incorporation of variability in the within-holding sensitivity, potentially explained by holding-specific covariates (e.g. holding size). 
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