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ABSTRACT

In this paper, we discuss the architecture and implementation of INDICATOR, a free open source
cyberenvironment for disease surveillance. Biosurveillance entails numerous tasks, including data acquisition
and preparation, analysis, and reporting. These tasks can be modeled and executed as a workflow. Workflows
encapsulate data, tools, and metadata.

Cyberenvironments provide integrated, user-friendly sets of tools and services to marshal resources and help
researchers analyze, visualize, and model their data. INDICATOR uses an Eclipse-based cyberenvironment that
supports interactive workflow creation, connection to data and event streams, provenance tracking, and reuse of
workflows and fragments to acquire, analyze, and visualize public health data.

Keywords

Cyberenvironment, biosurveillance, open source, Java, public health.

INTRODUCTION

Healthcare professionals responding to a disaster or potential outbreak need rapid access to information to
support a coordinated response. They need to know the size, spread, and location of any outbreak, and they may
also require access to models to determine a containment strategy.

There are currently numerous software tools for outbreak detection, but these tools generally support a single
type of data, and offer limited detection algorithms and little or no support for planning responses to outbreaks.

INDICATOR uses Cyberintegrator (Marini et al. 2006,), an Eclipse-based cyberenvironment (Myers and
Dunning 2006), to manage biosurveillance-related workflows. A cyberenvironment is an integrated set of tools
and services tailored to a specific discipline, Cyberenvironments offer data stores, computational capabilities,
analysis and visualization, and access to shared instruments and sensor networks. Cyberintegrator supports
interactive workflow creation, connection to data and event streams, provenance tracking, and reuse of
workflows and fragments.

Provenance tracking refers to the problem of keeping track of where data comes from and the results of the
activities in the workflow. For example, if we get a stream of emergency room department data and run a
WSARE analysis, we need to maintain information about where the data came from, which algorithms were
used, and where the results of the analysis are stored. Cyberintegrator uses Tupelo (Futrelle et al. 2009),
software that stores provenance metadata in Resource Description Framework (RDF) format. Tupelo supports a
context object, which represents a source or destination of information and acts as a broker between applications
and this information, providing many different ways of storing, querying and managing data.
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METHODS

INDICATOR currently receives data related to patient advisory nurse (PAN) calls and emergency department
visits from a local hospital, and school absences from Champaign County via email, which it parses, stores, and
analyzes. It uses WSARE (“What’s Strange About Recent Events”) (Wong at al 2003) to analyze the PAN and
ED data for anomalies. We have also used surveillance algorithms developed in R (Héhle 2007), an open
source statistical package, to analyze PAN data related to common complaint codes and generate alarms.
Currently, we are developing an interface that will allow users to use the R surveillance algorithms in
Cyberintegrator.

Because Cyberintegrator supports both native executables and Java code, it is also be possible to run
biosurveillance software released in executable format (not open source), such as SatScan (Kulldorff 1997). We
have successfully run SatScan with Cyberintegrator and may do so again in the future if we receive appropriate
data.

INDICATOR has a Liferay-based (Liferay 2008) web interface with portlets that display data, custom graphs,
and analysis results related to PAN data. More recently, we developed an AJAX-based web interface to support
data entry, management, and visualization of the school absence data. Because the amount of school absence
data is limited at this point, it currently allows the user to specify a baseline time period for a particular school
and generates an alert when the number of absences is more than three standard deviations greater than the mean
for the baseline period.

Below is a diagram of INDICATOR’s architecture (Figure 1). The workflow incorporates the data, metadata,
and executable(s), and the system stores the metadata, data, and analysis results. This information is displayed
in INDICATOR’s web interface and is used to generate alerts.

Analysis
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Metadata Data Executable

I |

Figure 1 Diagram of INDICATOR architecture

RESULTS

INDICATOR has been online for over a year with patient advisory nurse data and has generated alerts with the
WSARE algorithm that have corresponded to local public health events. We have more recently added
emergency room and school absence data, and the WSARE algorithm has also successfully flagged anomalies in
data related to emergency room diagnoses.

In the Fall of 2009, there was significant flu activity in Champaign County. There were corresponding
elevations in school absences (Figure 2), flu-related PAN calls (Figure 3), and flu-related ED diagnoses (Figure
4). As the graphs show, the highest levels of activity for all three occurred in mid-October.

Proceedings of the 7" International ISCRAM Conference — Seattle, USA, May 2010 2



INDICATOR

Edwards et al.

| —— ——

400

350

300

250

60/6T/T1
60/LT/TT
60/ST/TT
60/ET/TT
60/TT/TT
60/6/11
60/L/T1
60/5/11
60/¢/1T
60/1/11
60/0€/01
60/8z/01
60/57/01
60/vz/ot
60/zz/ot
60/0z/ot
60/81/01
60/91/01
60/vT/01
60/zt/ot
60/0T/01
60/8/01
60/9/01
60/v/01
60/z/01
60/0€/6
60/82/6
60/92/6
60/v2/6
60/2t/6
60/02/6
60/81/6
60/91/6
60/t1/6
60/21/6
60/01/6
60/8/6
60/9/6
60/4/6
60/2/6

Figure 2 Urbana School Absences 9/2/2009 - 11/19/2009
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Figure 3 Flu-Related PAN Calls 9/2/2009 - 11/19/2009
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Figure 4 Flu-Related ED Calls 9/2/2009 - 11/19/2009

We have also used surveillance packages implemented in R to analyze the PAN data. These algorithms were

more sensitive than WSARE, but generated reasonable alarms that corresponded closely to the data.
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FUTURE WORK

There are numerous surveillance algorithms available, and it is not always clear to a health professional which
ones are most appropriate for a particular set of data. For example, many require at least a year of historical
data. Some deal better than others with missing data. We plan to add an interface to help users select an
analysis algorithm that will work with their data.

We noticed that the ED data included a large vocabulary that makes WSARE analysis computationally
expensive. We ran it through the National Institute of Health (NIH) Unified Medical Language System
Knowledge Source Server (UMLSKS) metathesaurus (NIH 2009) and were able to automatically map almost all
of the diagnosis values in our ED data. UMLSKR also supports hierarchies of terms; for example, “influenza”
would fit into the MESH category of “Respiratory Tract Diseases.” We would like to include support for
automatic term mapping, This could be particularly useful when we are analyzing multiple streams of data and
want to know whether terms from different sources have identical or similar meanings.

We are also interested in adding data mining functionality to INDICATOR to allow users to explore
relationships between sets of data. For example, weather information may be correlated with the levels of
certain complaints or diagnoses. PAN calls and ED diagnoses may be correlated with school absenteeism
during an outbreak.

Finally, we plan to add modeling capabilities to INDICATOR and leverage NCSA’s supercomputers to perform
this computationally expensive task.

CONCLUSIONS

INDICATOR has successfully monitored streams of local public health data and generated alerts when
anomalies were detected. The user-defined workflows offer unique potential, allowing users to define their own
data sources and methods of analysis, specify reporting options, and view output online. Rather than competing
with existing systems and analysis algorithms, INDICATOR provides a cyberenvironment to support them.
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