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Objective
We developed a model that predicts the incidence of
influenza (flu) cases that present to Emergency Departments
(ED) in a given region based on thermometer sales (TS).

Introduction
Our laboratory previously established the value of over-
the-counter (OTC) sales data for the early detection of
disease outbreaks.1 We found that TS increased significantly
and early during influenza season. Recently, the 2009 H1N1
outbreak has highlighted the need for developing methods
that not only detect an outbreak but also estimate incidence
so that public-health decision makers can allocate appro-
priate resources in response to an outbreak. Although a few
studies.2 have tried to estimate the H1N1 incidence in the
2009 outbreak, these were done months afterward and were
based on data that are either not easy to collect or not
available in a timely fashion (for example, surveys or
confirmed laboratory cases).

Here, we explore the hypothesis that OTC sales data can
also be used for predicting a disease activity. Towards that
end, we developed a model to predict the number of ED flu
cases in a region based on TS. We obtain sales information
from the National Retail Data Monitor (NRDM) project.
NRDM collects daily sales data of 18 OTC categories across
the US.1

Methods
To create the model, we obtained (1) the number of
thermometers sold per day from 1 May to 31 December
2009 in Allegheny County (AC), Pennsylvania (PA), and (2)
estimates of the number of daily cases that presented with flu
to monitored EDs in AC during the same period. These
estimates were produced by our ‘Bayesian case detector
(BCD)’ algorithm, which estimates from an ED report the
probability that a given ED patient has flu. We developed a
linear regression model with zero time lag to predict flu cases

solely from TS; let S and I denote the slope and intercept
parameters of the model, respectively.

Presently, the BCD only collects information from a
fraction of all EDs in AC (A¼0.44), and TS data only cover
a fraction of all sales from OTC retail stores in AC (B¼0.91).
To apply our model to other regions in the US, we used A and
B to adjust the regression parameters. Moreover, we also
must account for differences in population between AC
(B1.2 million) and the region to which the model is being
applied. We obtain the following formula, which assumes
that TS and ED visits are proportional to population size
(pop) and that our regression model holds:

EDFluðregionÞ ¼ TSðregionÞSðB=AÞ þ ðI=AÞðpopðregionÞ=popðACÞÞ

Given the lack of data with which to validate our model in
other regions of PA or the country, we used counts of
constitutional symptoms (referred to as constitutional
counts, CC) of people who come to EDs as a rough surrogate
of ED flu cases. We had such CCs and TS for all counties in PA
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Figure 1 Plots of TS and estimated ED flu cases in AC (1 May–31 December
2009).
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in 2009. We trained a linear model to predict CCs for a subset
of counties in PA based on those counties’ TS in 2009. We
applied that model to predict the CCs in another subset of PA
counties from their TS. We repeated this experiment
10 times, each time randomly selecting a different subset
of counties for training and testing. (Figure 1).

Results
Least squares linear regression applied to TS and counts of ED
flu cases (from BCD) produced S¼0.39 (95% CI: 0.37, 0.42)
and I¼17.6 (95% CI: 15.9, 19.2) with R2 of 0.79 and a
cross-correlation (0 time lag) of 0.90. The regressions to
predict CCs also had high R2 values (mean¼0.81) and
high correlations (mean¼0.89) between the predictions and
actual CCs.

Conclusions
The ability of our regression on TS to predict flu cases (as
measured by R2) shows that a linear relationship between
those quantities fits well. Moreover, the regressions done to

predict CCs support the validity of predicting outcomes that
are related to flu ED visits based on TS. Our results suggest
that the use of TS, which are available nationwide daily, has
potential to be helpful in estimating ED flu activity.
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