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OBJECTIVE:  To evaluate forecasting  methods for Influenza-like-illness (ILI) surveillance.
BACKGROUND: There are two statistical components of outbreak detection surveillance: 1) modeling the expected level of a syndrome and 2) measuring observed departures from the expected. We assess a variety of models to find an optimal model of ILI activity.  The qualities important to a good model are overall fit and low autocorrelation of residuals.
METHODS: We used syndromic data available from the Institute for Family Health (IFH)  starting in July 2004 through July 2008 for testing the models.  ILI activity was measured as the percent of all clinical visits where the patient had a fever (measured temperature>99.9oF or reason for visit) plus a respiratory-related reason for visit or diagnosis.  
We evaluated 4 different time series forecasting methods: Stepwise Autoregressive with a day of week time-trend; Exponential Smoothing with a linear trend; Holt-Winters, with a multiplicative seasonal components for day of week and month; and Holt-Winters with an additive  seasonal components for day of week and month.  In addition, we fit a regression model adjusting for day of week and day of year as a seasonal component.  
To assess the fit of the forecasting methods we look for low values of AIC, Root Mean Square Error (RMSE), Mean Absolute Percent Error (MAPE), high correlation, and minimal autocorrelation of residuals.  
We evaluated the performance of models during spring 2009 H1N1 outbreak and will continue to evaluate them during the 2009-10 flu season.
RESULTS: The Stepwise Auto-regression, Exponential, Multiplicative Winters and Additive Winters models fit the data much better than the basic regression model and minimized autocorrelation of residuals.  
During the H1N1 outbreak, all of the models, except Multiplicative Winters, detected an aberration from the forecasted model (Z-score of residuals>2) on May 18.  In this particular outbreak, the Multiplicative Winters appears to be the least sensitive in early detection, and the Stepwise Auto-regression may be too sensitive.  
Model Diagnostic Statistics
	
	AIC
	RMSE
	MAPE
	Corre-lation
	Auto-correlation of residuals

	Regression
	-6,696
	0.0138
	N/A
	0.352
	Significant

	Stepwise Auto-regression
	-10,094
	0.0133
	53.7
	0.629
	No

	Exponential
	-9,999
	0.0139
	53.2
	0.603
	Minimal

	Winters (Multi-plicative)
	-9,802
	0.0150
	54.8
	0.587
	Minimal

	Winters (Additive)
	-9,908
	0.0144
	51.9
	0.598
	Minimal


Time Series of ILI during H1N1 Outbreak
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Dates of Aberrations from Forecasted
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CONCLUSIONS:  The advanced forecasting methods provided better correlation and more random residuals than tradition modeling methods and should be used to improve outbreak detection surveillance.  Additional analysis during the upcoming flu season, as well as analysis of simulated outbreaks will further inform model selection.  The methodology can be readily applied to other syndromes and other data sources.  

