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Objective

We present a prototype tool for interactive analysis designed to support detection of potential linkages between human food borne illness cases and the results of microbial testing of raw product at USDA regulated facilities.

Background

Salmonellosis is among the most common food borne illnesses in the United States with about 40,000 cases reported annually including 600 deaths. Many of these cases are believed due to consumption of contaminated food. There is a need to facilitate monitoring of routinely collected microbiological data for indications of possible causal links between Salmonella isolates in food and outbreaks of human illness. A tool for interactive navigation through such data, equipped with automated detectors of patterns of potential interest, would greatly improve effectiveness of monitoring and trace-back investigations.
Methods

We designed a tool to enable interactive access to the relevant streams of data, its effective visualization, real-time drill-downs and roll-ups, and automatic search for patterns of interest. The tool utilizes a web-browser-based interface. Figure 1 depicts a screen shot of the overlay of the spatial and temporal distributions of: (1) Human cases of salmonellosis (red) and (2) Volume of tests conducted (green) and positive outcomes (blue) for food samples.  These two streams of data are multidimensional and they can be drilled down to various levels of detail (e.g. to individual labeled clusters of human disease, or isolates of specific Salmonella serotypes in ground turkey as shown here) at interactive speeds. It is also possible to automatically screen the data for temporally correlated events in the food supply and among humans which involve e.g. matching PFGE patterns. Computational efficiency of the tool is achieved through T-Cube, a cached sufficient statistic data structure designed to minimize response time to complex ad-hoc queries against large sets of multidimensional time series [1].
Results and Conclusions
An example usage scenario involves evaluation of an identified human outbreak cluster for possible sources in food supply. The user would select the subset of human data belonging to the cluster of interest, and then use the tool to screen the food testing data for records of Salmonella positives involving matching PFGE patterns in the period of time preceding and overlapping with the temporal distribution of human cases. This tool automates that process. The results form of a list of pairs of queries, one for each of the considered databases, which select potentially related records of data. One of such results is shown below.  
Human cases data query:  
Outbreak: 0710CAJJP1,

PFGE pattern: JJPX01.0422, Serotype: Newport,
State: (AZ,CA,ID,NV), 
Start/end dates:  OCT-17-2007, DEC-24-2007

Number of matches:  37

Food testing data query: 

Facilities involved: (XXX, YYY), 

PFGE pattern: JJPX01.0422, Serotype: Newport, 
Product: (Beef, Ground),
Start/end dates:  AUG-02-2007, SEP-17-2007

Number of matches:  3
The search could be further refined to take into account additional criteria such as spatial proximity of cases or distribution chain of the suspected products.
[image: image1.png]Jan22005

i b =

" J—
| ' o
i Ot N, ————

Dec/3172007





Figure 1: Screenshot of the interactive analysis tool.
Salmonella data are used here as an example. The presented framework is easily adaptable to use with other pathogens, other data sources and other domains involving spatiotemporal data streams. We believe that development of interactive analysis tools like this will help officials to quickly and proactively identify and respond to public health threats.
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