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Abstract

We describe the design and initial steps to implemen-
tation of a computational framework for evaluating
outbreak detection methods. The framework will in-
clude components for combining smulated and his-
torical datato create artificial outbreaks and compo-
nents that implement various outbreak detection al-
gorithms. The first algorithms to be implemented are
the three Cumulative Sums (cusum) methods de-
sgrrri]lbed in the CDC Early Aberration Reporting Sys-
tenm.

Introduction

As major disease outbreaks are rare, empirical
evaluation of statistical methods for outbreak detec-
tion requires the use of modified or completely simu-

lated health event data in addition to real data. Com-
parisons of different techniques will be more reliable

when they are evaluated on the same sets of artificial
and real data.. To this end, we are developing a
framework for implementing and evaluating outbreak

detection methods.

M ethods

The two main components of this framework are a
pipeline system for simulating and modifying data

streams, and a standardized interface for anomaly
detection algorithms that read data from a supplied
input stream and return objects summarizing their
results.

The statistical analysis and graphics is programmed
using R. R is an open-source statistical programming
environment based on a dialect of Bell Labs’ S lan-
guage. R already includes many of the components
needed for anomaly detection and analysis, such as
ARIMA time series models, statistical process con-
trol charts, change-point regression models, and is
perhaps the most popular system among research
statisticians for implementing and evaluating new
statistical methods.

The R language per se is a functional programming
language allowing for computation on the language.
This feature is used to implement a pipeline structure
for event streams. This structure allows simple data
processing tasks to be composed in powerful ways.
For example, a simulated outbreak of food poisoning
would take an existing input stream and add a fixed
or random set of extra events. A filter for seveoity
cases could thin out an input stream to allow for a
lower probability of hospital visits for less severe
cases. A location-of-residence filter could allow for

some cases being diverted to hospitals in other coun-
ties or regions. A miscoding filter could take two
input streams corresponding to different event types
and allow for misclassification between them.

The anomaly detection methods take information

from an event stream and return an object summariz-
ing the results. This object can have methods for
printing a text summary and for displaying an appro-

priate graphical summary (such as a CUSUM chart)

Results

We have currently implemented the three CUSUM-
based EARS algorithms for outbreak detectiand
verified them on test data from the Centers for Dis-
ease Control (http://www.bt.cdc.gov/surveillance/
ears/datasets.asp), and have implemented simulated
data streams from Poisson and negative binomial
distributions, with and without seasonal variation.

Conclusion

Syndromic surveillance efforts are generally focused
at the level of the local health jurisdiction (LH@Qur
experience working with several LHJ's is that they
would like to know the parameters of performance of
particular algorithms and data sources in their own
local setting. To determine this however requires im-
plementing the various algorithms and simulating
outbreaks.Methods for the statistical detection of
outbreaks have been implemented in a range of pro-
gramming languages, and currently expertise in pro-
gramming is required to generate simulations. This
makes comparisons at the local level difficult for
LHJ's with limited resources. Our environment will
enable LHJ's to easily evaluate syndromic surveil-
lance algorithms in their own setting, while providing
a powerful and flexible environment for research into
the performance of algorithms and data sources.
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