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Objective

To evaluate the robustness of influenza, acute diarrhea and chickenpox incidence estimates from a surveillance system based on web search volumes, in an influenza pandemic context.  
Background

The volume of search engine query data has recently been found to provide good predictors of seasonal influenza-like illness (ILI) incidence [1]. In March 2009, infections caused by a new influenza virus of swine origin were reported in Mexico. Since then, the mass media has been reporting the progress of the “Mexican flu”, or “swine flu” or “A(H1N1) flu”. In this context, it is unknown whether the queries that were good predictors of seasonal ILI incidence will remain applicable to pandemic influenza, and whether other disease predictions, such as acute diarrhea or chickenpox, will be affected.

Methods

Weekly incidence of ILI, acute diarrhea and chickenpox were provided by the French Sentinel Network, an electronic surveillance system of frequent communicable diseases based on general practitioners (GPs) [2]. Weekly volumes of web searches containing disease-related terms from a pre-defined list were downloaded from Google Insights for Search [3].  Multiple linear regression models were used to estimate disease incidence from search volumes on the period 2004 to mid-2007, with stepwise selection of predictors. These models were used to predict incidences on 2 test periods: 2007-2008 and 2008-2009, and goodness of fit was measured by the R2 statistic.
Results
Respectively 69, 34 and 20 terms related to influenza, acute diarrhea and chickenpox were a priori considered. Coefficients of determination (R²) of the models predicting ILI incidences in the period 2007-2008 were high, ranging from 0.82 (model with 4 predictors) to 0.95 for the best model (68 predictors). However, the same predictors performed much worse in the period 2008-2009, with R² below 0.02. While the 2008-2009 seasonal epidemic was satisfactorily predicted, very large discrepancies between predictions and observations have been apparent since spring 2009 (see figure 1). Queries containing the french word for influenza but not avian or vaccine were the most contributing predictor of each model (partial R2 =0.056, twice as big as the 2nd one, in the full model). In the same period, R² were up to 0.90 for acute diarrhea and up to 0.77 for chickenpox, as in 2007-2008. 
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Figure 1 – Weekly ILI incidence rates from the Sentinel surveillance system (grey) and predicted using the best models based on search engine query data (red and green). Red predictions include among other predictors influenza queries, filtering out the terms avian and vaccine. Green ones include influenza queries, filtering out the terms avian, vaccine, swine, pig, H1N1, A, AH1N1, Mexican, Mexico and pandemic. Dotted bars separate the 2 test periods.
Conclusions

ILI incidences predicted from french search engine query data which were the best predictors in 2004-2007 have shown a spectacular increase since April 2009 that was not matched by ILI cases reported by GPs. During the same period, predictions for acute diarrhea and chickenpox remained well associated with reported incidences. A priori selected search engine query data performed poorly in emerging disease detection and monitoring. Filtering out the terms swine, pig, H1N1, A, AH1N1, Mexican, Mexico and pandemic increased the accuracy of predictions (R² up to 0.11), but it remained inferior to past performances (see figure 1).

Combinations of search terms that were not included in the a priori selected set might have shown good predictive value and been less affected by the pandemic context. While this warrants further research, it also points out that an external source of contemporaneous epidemiological data is required for validation.
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