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Absitract

Introduction: The 2003 National Syndromic Surveillance Conference provided an opportunity to examine challenges and
progress in evaluating syndromic surveillance systems.

Objectives: Using the conference abstracts as a focus, this paper describes the status of performance measurement of syndromic
surveillance systems and ongoing challenges in system evaluation.

Methods: Ninety-nine original abstracts were reviewed and classified descriptively and according to their presentation of evalu-
ation attributes.

Results: System evaluation was the primary focus of 35% of the abstracts submitted. Of those abstracts, 63% referenced prospec-
tive evaluation methods and 57% reported on outbreak detection. However, no data were provided in 34% of the evaluation
abstracts, and only 37% referred to system signals, 20% to investigation of system signals, and 20% to timeliness.
Conclusions: Although this abstract review is not representative of all current syndromic surveillance efforts, it highlights recent
attention to evaluation and the need for a basic set of system performance measures. It also proposes questions to be answered of all
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public health systems used for outbreak detection.

Introduction

Interest in syndromic surveillance remains high in the United
States, with approximately 100 state and local health jurisdic-
tions conducting a form of syndromic surveillance in 2003
(1). However, skepticism about the efficacy of syndromic sur-
veillance for early detection of terrorism-related illness has
increased (/—4).

At the 2002 National Syndromic Surveillance Conference,
an evaluation framework (5) was presented that closely fol-
lowed CDC’s Updated Guidelines for Evaluation of Public
Health Surveillance Systems (6). That evaluation framework
described the system attributes that should be measured but
provided limited guidance on how to measure those attributes
consistently.

In 2003, CDC convened a national working group on
outbreak-detection surveillance.* The working group clarified
terminology and revised earlier frameworks to emphasize early
outbreak detection, putting syndromic surveillance into con-
text as a specialized surveillance tool. The resulting Framework
for Evaluating Public Health Surveillance Systems for Early

* Working group members: Daniel M. Sosin, M.D., Claire Broome,
M.D., Richard Hopkins, M.D., Henry Rolka, M.S., Van Tong, M.PH.,
James W. Buehler, M.D., Louise Gresham, Ph.D., Ken Kleinman, Sc.D.,
Farzad Mostashari, M.D., J. Marc Overhage, M.D., Julie Pavlin, M.D.,
Robert Rolfs, M.D., David Siegrist, M.S.

Detection of Outbreaks () provides a structure for evaluating
syndromic surveillance systems and reporting the results. The
revised framework offers a task list for describing a surveillance
system (Box 1) and provides visual aids to improve standard
collection and reporting of evaluation information. The frame-
work also provides a timeline with milestones in outbreak
development and detection, from exposure to a pathogen to
the initiation of a public health intervention. Although this
timeline does not specify a single, reproducible measure to
reflect the timeliness of detection, it does provide more consis-
tent specification of intervals for comparing performance among
different systems and different settings. The framework also
describes two approaches, encompassing sensitivity, predic-
tive value negative, and predictive value positive, to evaluate
system validity for outbreak detection: 1) the systematic
description and accumulation of experiences with outbreak
detection, and 2) simulation-based methods.

The importance of evaluating syndromic surveillance sys-
tems is widely recognized (/,3—5,8—11), but a common set of
measures have not yet been defined that will establish the added
value of syndromic surveillance compared with current sur-
veillance tools. Nonetheless, progress has been made toward
uniform guidance on evaluating syndromic surveillance sys-
tems (7). This paper summarizes progress during 2003 and
describes steps for the future.
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BOX 1. Tasks for evaluating public health surveillance systems for early detection of outbreaks*

Task A. Describe the system

1. Purpose: What is the system designed to accomplish?

2. Stakeholders: Whom does the system serve?

3. Operation: How does the system work?

a. Systemwide processes

b. Data sources

c. Data preprocessing

d. Statistical analysis

e. Epidemiologic analysis, interpretation, and investi-
gation

Task B. Provide data demonstrating outbreak detection

attributes

1. Timeliness: How early in the outbreak is the event
detected?

2. Validity: How well does the system perform in distin-
guishing outbreak detection of public health significance
from less important events or random variations in dis-
ease trends?

a. Sensitivity and predictive value: What percentage of
true outbreaks are detected by the system? What per-
centage of signals by the system are relevant (true
positives)? What percentage of negative results are
truly negative?
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* Source: CDC. Framework for evaluating public health surveillance systems for early detection of outbreaks: recommendations from the CDC working group.

b. Data quality: How does data quality affect validity
of outbreak detection?
i. Representativeness: How well does the system
reflect the population of interest?
ii. Completeness: What percentage of data are present
for each record?
Task C. Describe the system experience
1. System usefulness: In what ways has the system dem-
onstrated value relevant to public health?
2. Flexibility: How adaptable is the system to changing
needs and risk thresholds?
3. System acceptability: Have stakeholders been willing
to contribute to and use the system?
4. Portability: How readily can the system be duplicated
at another location?
5. System stability: How consistent has the system been
in providing access to reproducible results?
6. System costs: What are the resource requirements to
deploy and maintain the system?
Task D. Summarize conclusions and make recommen-
dations for use and improvement of systems for early
outbreak detection

Methods

The authors reviewed the original 99 abstracts submitted to
the 2003 National Syndromic Surveillance Conference and
divided them into two categories: 1) surveillance systems and
2) analytic methods. Abstracts about surveillance systems were
subcategorized into 1) system descriptions, 2) implementa-
tions, and 3) evaluations. Analytic methods abstracts included
those addressing detection algorithms, data modeling, and case
definitions. For each abstract, the reviewers identified the geo-
graphic location of the surveillance system or primary author
and the responsible entity for the system or study being
described (e.g., local health department or university). Infor-
mation was also gathered about the data-collection method
used, the purpose of the system, and the type of data used. An
abstract was classified as pertaining to system evaluation if the
author indicated intent to present a system evaluation or if
the abstract provided results of the system’s experience in
detecting outbreaks. Evaluation variables abstracted were fre-
quency of system signals, investigations, outbreaks detected
and missed, estimation of timeliness, and the effect of early
detection.

Each abstract was reviewed by both authors of this paper
and results were reconciled in a meeting. Abstract forms were
entered into Epi Info 2002 (http://www.cdc.gov/epiinfo/) for
analysis.

Results

The 99 abstracts were submitted by authors from 23 states,
the District of Columbia, and seven countries outside the
United States (Figure). The bulk of the syndromic surveil-
lance work, as reflected in these abstracts, is occurring in state
and local health departments and within U.S. academic insti-
tutions. Abstract authors were based in state and local health
departments (40%), universities (32%), federal government
agencies (13%), health-care organizations (11%), and busi-
nesses (4%). Abstracts focused on system evaluation (35%),
description of systems or their implementation (26%), data
management, modeling, and detection algorithms (28%), and
case definition (11%).

Of the 60 abstracts that described a full syndromic surveil-
lance system, 30% indicated use of manual data collection
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FIGURE. Location of U.S.-based syndromic surveillance
systems described in 99 abstracts submitted for the 2003
National Syndromic Surveillance Conference

outside the typical workflow of the data provider. Ninety-five
percent described systems designed to detect outbreak pat-
terns in the data, with only 5% using syndromic surveillance
for individual case detection (e.g., severe acute respiratory syn-
drome or West Nile encephalitis). Of the 35 abstracts that
described system evaluation, 34% provided no data in the
abstract, only describing the intent to present evaluation data.
Nonetheless, 63% addressed the outbreak-detection experi-
ence in a prospective direction. Of the 35 abstracts that
described system evaluation, 37% reported on the signaling
of a system; 20% referred to one or more investigations; 57%
addressed one or more outbreaks detected or missed; and 20%
addressed timeliness in any fashion. None of the abstracts
estimated the public health effect of early detection.

Discussion

The systems described in these conference abstracts are not
a representative sample of jurisdictions conducting syndromic
surveillance; rather, they are a synopsis from those jurisdic-
tions willing to share their experiences at a national confer-
ence. Furthermore, certain presentations were invited talks
for which abstracts were not submitted.

The diversity of data sources being used reflects the early
stage of development of syndromic surveillance and the
exploration of novel data sources (Table). The predominant
focus, consistent with recommendations from the 2002
National Syndromic Surveillance Conference (9), is on data
from emergency departments and other clinical sources. A
substantial number of systems (30%) continue to rely on
manual data collection at the data source. The sustainability
of such a system has been questioned (3,8-10,12). Whether
for routine data collection or for innovative surveillance

TABLE. Data sources for 60 abstracts on syndromic
surveillance submitted to the 2003 National Syndromic
Surveillance Conference

Data source No. of abstracts* %*

Emergency departments 29 48
Office or clinic visits

Hospital diagnoses

School absences

911 calls/EMS runs
Over-the-counter drug purchases
Poison control centers

Nurse advice lines

Veterinary clinics

Medical examiners

Pharmacy prescriptions
Laboratory results

Laboratory orders

Medical center parking-lot volume
Online obituaries

Subway-worker absences

School perception of an outbreak
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* Certain systems used multiple data sources.

systems, automated data captured during the usual course of
care (or business) is preferred to manual data collection when
continuous, complete reporting is the goal. Manual data col-
lection will continue to play a role in actual or threatened
outbreak settings that have special data needs that cannot be
filled by using existing electronic data (3,7,9,10,12).

A substantial number of abstracts (35%) focused on the
evaluation of a system, although the rigor and methods of
evaluation varied considerably. One third of abstracts that
stated intent to present a system evaluation provided no data
at all in the abstract regarding how effectively the system was
working. However, approximately two thirds of the evalua-
tion abstracts referred to tracking performance prospectively
rather than simply analyzing historical data to identify known
events. Not only is prospective identification of an outbreak a
more substantial indicator of success, but it also offers ben-
efits beyond identifying specific events (e.g., stronger relation-
ships between clinicians and public health practitioners and
higher quality surveillance data) (4,13-15).

To better understand the performance of outbreak-
detection systems, basic measures of performance need to be
counted. How often a system signals (i.e., how often it indi-
cates that something worthy of further investigation is occur-
ring) also needs to be reported. This applies to all the ways
that health departments detect outbreaks (e.g., phone calls
from the public), not just to syndromic surveillance. Every
surveillance system should be able to report how many times
in a given period (e.g., 1 month) it has triggered a follow-up
investigation, yet only 37% of the evaluation abstracts gave
any indication of system signals, much less a rate of signaling.
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More information is needed about different responses to
signals and the results of those responses. When a system sig-
nals, multiple responses can be made, from deciding not to
act on the signal to launching a full investigation with staff
participation and new data collection. Intermediate steps might
include reviewing the data for errors, reviewing records manu-
ally within syndrome categories to search for patterns, con-
ducting manual epidemiologic analysis for subgroup
associations with the signal, examining data from other sources,
and ensuring early submission of the next cycle of reports from
affected locations. Although certain systems are potentially
not signaling and therefore not instigating investigations, that
only 20% of the systems presented in the evaluation abstracts
have initiated investigations seems unlikely. Routine report-
ing of how often signals elicit a response and what those
responses entail is essential.

Jurisdictions should report routinely both on outbreaks
detected through syndromic surveillance and outbreaks missed.
Practitioners should also report outbreaks detected through
other methods to understand the relative value of syndromic
surveillance. Of the 2003 evaluation abstracts, >50% addressed
the detection or nondetection of outbreaks, but room for
improvement remains.

Lastly, early detection is essential in syndromic surveillance,
yet only 20% of the evaluation abstracts addressed timeliness.
Measuring timeliness should be a routine part of reporting.
The evaluation timeline in the Framework for Evaluating
Public Health Surveillance Systems for Early Detection of
Outbreaks (7) provides milestones that should aid in the
reporting of timeliness.

Conclusion and Next Steps

Evaluation requirements should be simplified and standard-
ized to allow comparisons across systems and across outbreak-
detection approaches. Simulations offer promise for testing
and improving systems designed to detect rare events. The
abstracts submitted to the 2003 conference reflect initial
efforts to evaluate analytic methods in isolation with simula-
tion exercises. Testing intact systems is needed to verify how
well they might perform in practice at providing early warn-
ing of public health emergencies. Additional research is needed
to validate the assumptions necessary for modeling disease
outbreaks (e.g., the spread of disease in various scenarios, or
the individual and community behavior patterns after onset
of illness that might serve as early outbreak indicators).

Although detailed descriptions of systems would be a help-
ful step forward, the reporting burden could be heavy and
additional experience is needed to determine the required

system attributes and to standardize the descriptions. An
interim approach might be to prioritize a limited number of
measures of likely value now until experience is gained with
other measures. A simplified version of the Framework for
Evaluating Public Health Surveillance Systems for Early
Detection of Outbreaks (/) might focus on questions regard-
ing timeliness, validity, and usefulness of an outbreak-
detection system (Box 2). Such a framework could help
standardize reporting of the different methods used by public
health departments to detect outbreaks. Ultimately, the goal
is to measure the effect of detection methods — how public
health is improved by detection, and at what cost. The pro-
posed framework could move the field forward incrementally
by using readily available information and measures until
additional information on metrics for outcomes and costs
becomes available.

BOX 2. Priority evaluation questions for early outbreak-
detection systems

1. How often does the system signal an event for further
epidemiologic attention?
a. What was the time period (e.g., 1 month)?
b. What was the statistical threshold (e.g., p-value)?
c. If the threshold has changed, explain why.
2. How were signals responded to?
a. What percentage of signals were investigated
through new data collection?
b. What percentage caused increased reporting fre-
quency from affected sites?
c. What percentage conducted detailed manual analy-
sis of any data available to the jurisdiction?
d. What percentage conducted manual analysis of data
from the system?
e. What percentage were reviewed for data errors?
f. What percentage of signals were ignored?
g. What resources were directed to follow-up?
3. How many outbreaks were detected through the system?
a. How timely was detection relative to other systems?
b. How timely was detection relative to the stage of
the outbreak?
c. What were the agent, host population, and envi-
ronmental conditions of the outbreak?
4. How many outbreaks were missed by the system?
a. What were the agent, host, and environmental con-
ditions?
b. How was the outbreak detected?
5. What was the public health response to detection (e.g.,
no response, urgent communication to clinicians, or
vaccination campaign)?
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