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Objective
This paper describes exploratory work focused on developing a system to monitor slaughter condemnation data for the purpose of identifying potential emerging animal and zoonotic diseases.  
Background

In previous work using USDA Food Safety and Inspection Services (FSIS) electronic Animal Disposition Reporting System (eADRS) condemnation data, Engle retrospectively analyzed a swine erysipelas outbreak that occurred in Iowa and Minnesota during July 2001 [1].  By casual observance of charted weekly erysipelas condemnations from January 2000 to December 2001, Engle postulated that the outbreak could have been identified as early as October 2000.  The current work explores the potential of systematically analyzing slaughter condemnation data.    
Methods
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Signals based on an exploratory alerting system using historical FSIS condemnation data to set alert thresholds are compared to signals resulting from an adaptive CUSUM algorithm [2].  The time frame for comparison is the Aug 2007–Jul 2009 period which coincides with a concentration of signals based on the exploratory method (see Fig. 1).  The study is limited to fourteen Iowa swine slaughter plants and to swine erysipelas condemnations.  Reasons for condemnations are visually determined by an official inspector and entered into a database, along with information on species, week of slaughter, and total number of animals slaughtered per week.  The exploratory alerting system uses a series of three recent years of weekly data to establish expected values and upper thresholds for condemnation rates.  Due to different condemnation rates between large and small slaughter plants, data are stratified by plant size.  To account for seasonality, expected condemnation rates are obtained by week of year and are smoothed using a five-week moving average.  Upper thresholds are set at four standard deviations above expected condemnation rates.  
Figure 1 Weekly erysipelas expected values (blue), condemnations (green) that exceed threshold (red) for large plants.  Comparison period is to the right of the reference line.  
The CUSUM algorithm used to compare results with the exploratory method is based on condemnation counts and is set to a baseline length of three weeks with a baseline lag of one week.  The alerting threshold for the test statistic is set at 5.  Not all plants reported slaughtering swine during each week of the analysis period.  Excluding weeks during which no slaughter occurred at a given plant, there are 1,405 plant-week combinations for which there is an opportunity for a signal.       

Results
Over the analysis period, the exploratory method yields a total of 89 signals, while the CUSUM method produces 82 signals.  The exploratory method results in three plants that produce 75 percent (67/89) of the weekly signals, while using CUSUM, the same three plants account for 38 percent (31/82) of signals.   Conversely, one plant does not signal with the exploratory method, but signals eleven times with CUSUM.  This plant processes large numbers of swine and although condemnation rates do not reach the exploratory method’s alerting threshold, there is enough upward movement of condemnation counts to create signals using CUSUM.  Since the exploratory method thresholds are created using information from all plants in each stratum, individual plant characteristics which may affect numbers of condemned animals at the plant level are not accounted for.  Plant-level characteristics that may affect differences in condemnations between plants include general animal health in plant catchment areas, types of animals processed (market or cull), and cross-plant differences in the evaluation of syndromes by inspectors.           
Conclusions

Two alerting methods are applied to FSIS eADRS erysipelas condemnation data resulting in different distributions of signals among Iowa swine slaughter plants.  The exploratory method described above utilizes condemnation rates while the CUSUM method used for comparison is based on counts.  Future work will apply condemnation rates to the CUSUM algorithm and more clearly delineate attributes of each method.    
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