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OBJECTIVE

The Outpatient Influenza-Like Illness Surveillance Network (ILINet) is comprised of volunteer health care providers covering 50 states providing weekly reports to the CDC on the percentage of patient visits meeting specified criteria for influenza-like illness (ILI). Assessment of this information provides an opportunity for early detection of both seasonal and non-seasonal departures of ILI rates from baseline levels. This  detection, however, requires estimation of the variation expected in the ILI rates under non-epidemic conditions. We suggest a Bayesian approach for estimating this uncertainty in the ILINet data and illustrate use of the estimates in evaluating the likelihood that newly observed rates represent departures from the baseline state. 

Background

A primary goal in collection of ILINet data is timely identification of specific areas with ILI rates above those expected in non-epidemic, or baseline, periods. Current methods to identify such areas are based either on fixed regional criteria, which may not adequately reflect the variation in baseline rates at finer geographic resolution, for example within metropolitan statistical areas (MSAs), or on more localized criteria which can be highly unstable. Given these issues, Bayesian methods are well suited to the development of MSA-specific estimates of the distribution of baseline ILI rates due to the ability to estimate the entire posterior distribution of baseline rates and to borrow strength as needed to stabilize estimates in areas with few reported cases.
Methods

We focus on the weekly reported percentage of visits due to ILI in 12 New England region MSAs for 2005 though 2007. Baseline weeks were defined as weeks in which the regional laboratory confirmed influenza percentage of specimens tested was 10% or less.  We assume a hierarchical model in which the MSA-specific rates follow a lognormal distribution and the conditional distribution of the number of ILI visits given the rate is Poisson [1]. To account for both excessive zero counts and overdispersion, we considered a variety of likelihood models including the zero-inflated Poisson (ZIP) and negative binomial (ZINB) [2]. Model evaluation was based on a range of posterior predictive criteria including comparison of the ratio of the variance to the mean of the observed rates to the corresponding ratio in pseudo-data generated under the assumed models. Posterior distributions were produced for all weeks in 2008 and compared to the observed ILI percentages to evaluate the likelihood of observing the reported value under baseline conditions.
Results
A ZIP model with t-distributed MSA/week random effects provided  the best fit to the distribution of observed baseline rates based on the predictive criteria. As an illustration, Figure 1 shows the observed ILI percentage by week for a representative MSA (MSA A) and the estimated probability of an observing a percentage that size or greater if the MSA is in the baseline state. 
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Figure 1 – Observed ILI percentage (Black) and the estimated probability of observing that percentage given baseline conditions (Red) by  week for  MSA A, 2008
Conclusions

The suggested approach has a number of potential advantages in surveillance of ILINet data including accounting for the uncertainty in MSA-specific baseline rates, stabilization of estimates in small areas and the implicit capability to incorporate additional baseline data as it becomes available. Future work includes evaluating the impact of residual autocorrelation among the reported rates, examination of the sensitivity of the estimates to the definition of baseline weeks and simulation-based evaluation of the method under a variety of scenarios.
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