
DRAFT 3/4

Endemic Disease Surveillance Using Bayes Factor
Max Sousa de Lima, Luiz Duczmal. 
Universidade Federal de Minas Gerais, Brazil 

Objective

Statistical methods for analyzing data obtained through public health surveillance systems are important to detect and locate clusters of cases of diseases in space-time, which may indicate the occurrence of an outbreak or an epidemic. In this paper, we propose the use of Cumulative Bayes Factor (CBF) as part of a surveillance system for the early detection of endemic diseases, where the baseline of number of cases has non-constant average. We also present comparative studies with other methods.
Background

Space-time Scan Statistics to detect disease outbreaks in space-time are introduced in [1]. Some procedures are simply obtained by extending some usual methods originally devised for surveillance in time [2]. Several adaptive methods are discussed in [3]: the Adaptive CUSUM (AdC), the Adaptive Shiryaev-Roberts (ASR) and the Generalized Likelihood Ratio (GLR). Existing criteria to evaluate the performance of these methods can be found in [4]. The definition of CBF was introduced in [5] for statistical monitoring of processes in time with applications to quality control.
Methods

We introduce a novel CBF extension method with applications to problems of detection and location of outbreaks in space-time. Different from other adaptive methods, which rely simply on changing data, our CBF method is based on changing models derived from the same data. 
In our proposal, the monitoring is performed by comparing the predictions for the null hypothesis (no outbreaks) and a set of alternative hypotheses (there is an outbreak in some small region of the study area). The computed probabilities for all hypotheses are updated whenever new information is processed through the system. This allows CBF to have a high probability to detect the actual outbreak, with a small delay and a low rate of false alarms (Figure 1). The performance of our novel method is compared with the previous AdC and GLR methods, by the following criteria: false alarm rate in time (FAR), average detection delay (ADD) and probability of correct detection (PCD) in space given that there an outbreak really exists.
Results

We performed numerical simulations using thyroid cancer data described in [1] with a homogeneous population. Here the relative risk inside the cluster is selected from the uniform distribution U (1.05, 1.5). The results suggest better performance of the CBF compared with the other methods.

Conclusions

Compared with the AdC and GLR, the novel CBF method has higher probability to detect the true outbreak, with a smaller delay and a lower rate of false alarms. 

As the CBF method is based on adaptive models built over the data, we expect that it should be especially useful when the average baseline data change with time.  
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Figure 1(a) –False Alarm Rate versus the logarithm of the threshold; Figure 1(b) – Average Detection Delay versus the logarithm of the threshold; Figure 1(c) – Probability of Correct Detection versus the logarithm of the threshold; Figure 1(d) – Probability of Correct Detection versus Average Detection Delay.
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