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Objective
This paper describes the lessons learned from a three-year CDC funded project designed to define, test, validate, and standardize methodology for optimizing syndrome definitions for the early detection of disease outbreaks of public health importance.
Background
Although a framework for evaluating syndromic surveillance systems has been established1, no standard methodology has emerged for the development of syndrome definitions. The North Carolina Disease Event Tracking and Epidemiologic Collection Tool (NC DETECT) is a statewide biosurveillance system. Like many systems, our syndrome definitions were developed based on expert consensus and local need then later refined through an iterative approach derived from experience with both the system and the syndromes. The purpose of this project was to evaluate the utility of various methods of syndrome development and incorporate user feedback in selecting optimal methods for syndrome querying. 
Methods
We created gold standard datasets for respiratory, gastrointestinal (GI) and fever-rash syndromes using expert review of a stratified sample of emergency department (ED) records from the NC DETECT system.2 We used this gold standard for the calculation of sensitivity (Sn), specificity (Sp), and positive and negative predictive value (PPV, NPV). We then modified the syndrome requirements to manipulate these statistical parameters.2 A revised respiratory syndrome was then made available to NC DETECT end users (public health epidemiologists) for feedback on real world utility.
Results
The standard NC DETECT syndrome queries, which require both a constitutional term (e.g., fever, aches) and a syndrome specific term (e.g., cough, short of breath for respiratory syndrome) be present in either the chief complaint or triage note data elements, had the following values for Sn and Sp (Table 1):

Table 1: Sn and Sp of NC DETECT Syndromes
	Syndrome
	Sn
	Sp

	Respiratory
	23.1%
	98.6%

	Gastrointestinal
	28.0%
	97.4%

	Fever-Rash
	45.3%
	99.9%


We revised the respiratory query to require only a syndrome specific term and found an increase of Sn to 53.3%, with a decrease in both Sp (to 92.8%) and PPV (from 57.8% to 37.6%). The increased Sn resulted in more potential syndromic cases but also more false positives due to the decrease in Sp.  End users reported that the increased number of potential syndromic cases was not worth the burden of investigating the additional false positive cases when using the NC DETECT system for respiratory disease surveillance. This is supported by the observed decrease in PPV which reflects a decreased probability that a system alarm represents a true outbreak. In a previous study we found that by revising the GI query to require only a syndrome specific term and stratifying these results by patient age, we were able to detect a norovirus outbreak occurring at a university that was originally missed using the standard GI query.3 However, as with the respiratory example, users found the burden of increased false positives unacceptable.
Conclusions
Optimal methods for syndromic classification must balance Sn, Sp, PPV and NPV. Empirically derived syndrome definitions used in NC DETECT tend to have relatively low Sn and high Sp. Increasing Sn translates into improved case detection, but at the cost of decreased Sp requiring the review of additional false positive records, which may be prohibitive. Input from public health epidemiologists is essential in understanding the impact of such approaches on these users’ workload. Additional processing, such as stratification of syndromes by age, can create more manageable query results.
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