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We performed two experiments using PANDA+.
First, we used a previously developed anthrax outbreak simulator (BARD), along with chief complaint
probabilities taken from PANDA+, to generate 96
outbreak scenarios [3]. Each scenario consisted of a
time series of outbreak chief complaints that were
overlaid on a time series of real ED chief complaints.
In a second experiment, we evaluated the ability of
PANDA+ to detect a laboratory validated outbreak of
influenza in Pittsburgh, PA in 2003.
RESULTS
Figure 1 shows the results of the anthrax experiment,
which are comparable in performance to those obtained by the anthrax-specific version of PANDA
described in [3]. For a simulated release of 1 kg, the
PANDA+ detection time was 35 hours after release,
when the false positive rate (fpr) was zero. For the
version of PANDA in [3], the detection time was 46
hours.
The results of the influenza experiment are shown in
Figure 2, which indicates a detection time of 4 hours
when the fpr was 0.001/hour (≅ 1/month).
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Figure 1. An AMOC plot for the detection of anthrax in a simulated outbreak due to a windborne-release of anthrax spores. The
false positive rate per hour is shown.
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OBJECTIVE
This paper describes a Bayesian algorithm for diagnosing the CDC Category A diseases, namely, anthrax, smallpox, tularemia, botulism and hemorrhagic
fever, using emergency department chief complaints.
The algorithm was evaluated on real data and on
semi-synthetic data, and this paper summarizes the
results of that evaluation.
BACKGROUND
A number of outbreak detection algorithms have been
developed using syndromic data as input [1]. To our
knowledge, no algorithm, including Bayesian algorithms, has been reported to diagnose all of the CDC
Category A diseases [2]. This paper describes such an
algorithm.
METHODS
We extended the PANDA Bayesian network system
in [3], which only monitored for windborne anthrax
outbreaks, to model the CDC Category A diseases.
This augmented system, which we call PANDA+,
takes as input a time series of emergency department
(ED) chief complaints, and each hour it outputs the
posterior probability of (1) each CDC Category A
disease and (2) several additional diseases, namely,
influenza, crytosporidiosis, hepatitis A and asthma.
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Figure 2. An AMOC plot for the detection of influenza in a real
outbreak of influenza in Pittsburgh, Pennsylvania in 2003.

CONCLUSIONS
PANDA+ performed well in detecting a previous real
outbreak and a simulated outbreak, and in determining the identity of the underlying outbreak diseases.
In future work, we plan to evaluate its ability to detect the other CDC Category A diseases. We also
plan extensions that include expanding its spatial and
temporal model, the evidence used as input, and the
diseases modeled as potential causes of outbreaks.
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