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Objective

    To accommodate the impact of spatial and temporal dependence on influenza surveillance, a Bayesian hierarchical model with weather information was adopted to implement probabilistic prediction on influenza activity in Taipei City.  

Introduction

    Because of the short incubation period and high transmissibility of influenza, the influenza epidemic usually surges within a few days. Therefore, the traditional weekly surveillance system may not be able to capture the early signal and provide a timely alert. The real-time syndromic surveillance was recently evaluated as a useful tool in monitoring respiratory illness such as seasonal influenza[1]. For example, a daily updated syndromic surveillance system including five community hospitals has been set up in Taipei City since September, 2005[2]. Due to the high spatio-temporal dependence characteristics and to assess the uncertainty in prediction, we utilize here a Bayesian hierarchical model with a conditional autoregressive (CAR) spatial structure. In addition, the weather conditions such as temperature, dew points, solar radiation, and relative humidity were considered to evaluate the effects on the transmission of influenza virus[3] and on the timing of epidemic[4]. 

Methods
The training data for model construction was from the daily surveillance data in Taipei City from 2006 to 2007. The influenza-like illness (ILI) was defined by the composite group of ICD-9 codes validated by physicians[5]. The daily meteorological data were from Taiwan Central Weather Bureau (TWCWB). The spatial neighboring relationship was defined with a 3 km buffer surrounding each hospital. When buffers overlap, then the assumed spatial interaction may occur. The distribution of the daily ILI emergency visits was assumed from a Poisson distribution. The software used for statistical inference was WinBUGS 1.4.3. The Coda library of the R statistical package was used to perform the convergence test with Gelman and Rubin statistic. Different weather variables included in the final model were selected by DIC (Deviance Information Criterion). The historical average of ILI activity was selected as the threshold for alert. The model validation was carried out with the ILI data of the first three months in 2008, and the average prediction error was calculated to evaluate the prediction performance. 
Results

    The average prediction error was -17.05 (ILI visits). The probability of visits more than average ILI visits was shown in the upper right of the Figure 1, and the probability of excess ILI visits for each hospital was shown on the buffer.

    [image: image1.jpg]@ Study Hospitals
© Owerall

Buffe 3kms-Risk Level (%)
I 10-30

[ ]31-69

B 70 - 100

489 18 27 36
o ilometers





Figure 1. Example of Daily Risk Map
Conclusions

    Based on the Bayesian model and with the probability of the number of visits exceeding the historical limit, this surveillance system can improve the original alert method and can provide a probabilistic measure for predictions. Moreover, this approach can be easily implemented for a global or small areas’ alerting system.
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