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Objective

This paper describes a methodology to generate synthetic surveillance data with a high level of detail and flexibility that provides realistic geo-spatial and temporal clustering.  Results are presented demonstrating the realism of this approach as well as its application to outbreak detection algorithm evaluation.

Background
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Developing and evaluating outbreak detection is challenging for many reasons.  A central difficulty is that the data the detection algorithms are “trained” on are often relatively short historical samples and thus do not represent the full range of possible background scenarios.  Once developed, the same dearth of historical data complicates evaluation.  In systems where only a count of cases is provided, plausible synthetic data are relatively easy to generate.  When precise location data is available, simple approaches to generating hypothetical cases is more difficult.
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Increasingly realistic simulations of infectious disease spread in highly detailed synthetic populations have emerged in recent years [1]. Agent-based simulations are capable of transparently representing real-world populations and the day-to-day processes that determine disease-spread and health-care seeking behavior.  Combining these capabilities with detailed knowledge of a surveillance system, allows for the construction of realistic synthetic surveillance data streams.  These in silico surveillance data streams can be configured to represent nearly infinite scenarios, making them a powerful tool for studying outbreak detection algorithms.

Methods

A dynamic social network for the Boston metropolitan area (4.1 million individuals) was constructed using previously described methods [2] based on data for individuals, locations, and activity patterns collected from the real world. This agent-based method represents every person in the population individually in terms of daily interactions, progression of disease, and decisions made about their healthcare.  These agents visit specific locations following a daily schedule of activities, at these locations they interact with other agents, which presents the opportunity for disease transmission to occur. For this demonstration the natural history of influenza-like illnesses were modeled, as were the delays and day of week bias in seeking healthcare.  

The resulting in silico surveillance data was analyzed with a methodology based on SaTScan to detect the true-influenza outbreaks among the ILI noise. 

Results
The in silico surveillance data is very similar to the real surveillance data for the population being modeled.  The frequency and distribution of geo-spatial and temporal clusters as defined by SaTScan analyses are slightly different suggesting that the underlying distribution of clusters caused by “endemic ILI” may have fewer geo-spatial temporal clusters than the real data, thus revealing the potential for better outbreak detection. 

Figure 1. ILI surveillance data from the Harvard Pilgrim Health Care (top left) showing clinic visits per day (points), smooth fit of counts (line), and SatScan recurrence intervals greater than 100 (red dots) compared to three different in silico sets of data generated by simulation (top right, and bottom left and right)
Conclusions

Simulations based on highly detailed and dynamic social networks provide a good platform for creating realistic spatial surveillance data. The ability to manipulate and finely control the structure of this data makes it a valuable tool for further refining and evaluating outbreak detection algorithms.
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