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Abstract

This paper summarizes the experience of the Real-Time Outbreak and Disease Surveillance (RODS) project in collecting and
analyzing free-text emergency department (ED) chief complaints. The technical approach involves real-time transmission of
chief-complaint data as Health Level 7 messages from hospitals to a regional data center, where a Bayesian text classifier assigns
each chief complaint to one of eight syndrome categories. Time-series algorithms analyze the syndrome data and generate alerts.
Authorized public health users review the syndrome data by using Internet interfaces with timelines and maps. Deployments in
Pennsylvania, Utah, Atlantic City, and Obio have demonstrated feasibility of real-time collection of chief complaints. Retrospec-
tive experiments that measured case-classification accuracy demonstrated that the Bayesian classifier can discriminate between
different syndrome presentations. Retrospective experiments that measured outbreak-detection accuracy determined that the classifier’s
performance was adequate to support accurate and timely detection of seasonal disease outbreaks. Prospective evaluation revealed
that a cluster of carbon monoxide exposures was detected by RODS within 4 hours of the presentation of the first case to an
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emergency department.

Introduction

In 1999, the Real-Time Outbreak and Disease Surveillance
(RODS) project created a regional test bed in a large metro-
politan area (population: 2.3 million persons) that had the
characreristic of high sampling density (i.e., monitoring of
>50% of the population for at least one type of data). The
project then used this test bed to study detectability of out-
breaks, especially detectability of cohort exposures (e.g., a
citywide aerosolized Bacillus anthracis release) that have a nar-
row window of opportunity for mitigation and thus present a
substantial surveillance challenge (1). After early studies of
laboratory data (2) and International Classification of Diseases,
Ninth Revision (ICD-9) coded chief complaints (3,4), later
research focused on analysis of free-text chief complaints. This
paper describes the experience of the RODS project in
collecting and analyzing patient chief complaints.

Methods
The technical approach to Health Level 7 (HL7)-based data

collection and chief-complaint processing has been described
previously (5-9). Briefly, when a patient registers for care at
an ED, a triage nurse or registration clerk enters the patient’s
reason for visit (known as a chief complaint) into a

registration system. This step is part of the normal workflow
in multiple U.S. hospitals (10). The registration system trans-
mits chief-complaint data in the form of HL7 messages (5) to
an HL7 message router in the hospital, which can de-identify
these messages and transmit them via the Internet to a
health department in real time.

At the health department, a naive Bayesian classifier (9)
encodes each chief complaint into one of eight mutually
exclusive and exhaustive syndromic categories (respiratory, gas-
trointestinal, botulinic, constitutional, neurologic, rash, hem-
orrhagic, and none of the above). RODS software then
aggregates the data into daily counts by syndrome and resi-
dential zip code for analysis by time-series algorithms and
display on interfaces using timelines and maps.

Validation

A goal of the project has been to test whether early detec-
tion of outbreaks can be achieved through statistical analysis
of chief-complaint data (or other routinely collected data).
Although chief complaints are insufficient for accurare diag-
nosis of an individual patient, the hypothesis is that they con-
rain sufficient information so thar, when aggregared into daily
population counts and analyzed by using spatio-temporal
algorithms, <arly detection of an abnormally high number of




vol. 53 / Supplement

MMWR 29

—

ersons who have contracted a respiratory or other illness is

possible‘

Case-Detection Accuracy

The research team conducted numerous experiments to test
this hypothesis. The first type of experiment measured the
information content of chief complaints for syndrome cat-
egorization by measuring the sensitivity and specificity with
which patients with different syndromes can be detected from
their chief complaints alone (Table). Each experiment tested
the ability of a classifier program to accurately assign a syn-
drome to a patient on the basis of the chief complaint alone
(in certain experiments, the patient data were ICD-9-coded
ED diagnoses). For example, one experiment measured the
accuracy of the Bayesian text classifier for respiratory syndrome
in comparison with a manual determination made by the Utah
Department of Health during the 2002 Winter Olympic

Games. In that experiment, the Bayesian respiratory classifier
detected 52% of affected patients, with a specificity of 89%.

The experiments demonstrated thart chief-complaint data
contains information about the syndromic presentation and
that a naive Bayesian classifier can extract that information.
For certain syndromes of interest to terrorism preparedness,
the sensitivity of classification is approximately 0.5 (i.e., in
the event of an outbreak causing respiratory complaints, 50%
of affected patients examined at a monitored facility would be

detected).

Ovutbreak Detection

As expected, the case-detection experiments demonstrate
that the specificity of case classification from chief complaints
is <100%, meaning that daily counts of patients with respira-
tory syndrome would contain noise attributable to falsely clas-
sified nonrespiratory patients. Therefore, a second type of

TABLE. Performance of Bayesian and other classifiers in detecting selected syndromes

Positive

Sensitivity Specificity likelihood ratio (LR+)
Classifier being tested Standard cases for comparison No. (95% CI*) No. (95% CI) No. (95% Cl)
Respiratory syndrome
Chief complaint Bayesian ciassifier Utah Department of Health (UDOH)  0.52  (0.51-0.54) 0.89 (0.89-0.90) 5.0 (4.74-5.22)

{CoCo) respiratoryt respiratory with fever$
CoCo respiratory (17) Human review 0.77 (0.59-0.88) 0.90 (0.88-0.92) 7.9 (5.8-10.8)
CoCo respiratoryt Utah 1CD-91 0.60 (0.59-0.62) 0.94 (0.94-0.95) 10.5 (9.90-11.05)
CoCo respiratory with fever (17) Human review 0.22 (0.06-0.55) 0.99 (0.98-0.99) 245 (5.7-105.3)
1CD-9 respiratory (4) Human review 0.44 (0.29-0.61) 0.97 (0.96-0.98) 15.6 (8.6-28.1)
Gastrointestinal (Gl) syndrome
CoCo GIt UDOH gastroenteritis without biood ~ 0.71  (0.69-0.74) 0.90 (0.90~0.90) 7.1 (6.80-7.51)
CoCo acute infectious Gi (12) Human review 0.63 (0.35-0.85) 0.94 (0.92-0.96) 12.2 (8.3-18)
(0.82 (0.75-0.90))

ICD-9 acute infectious Gi (12) Human review 0.32 (0.14-0.54) 0.99 (0.98-0.99) 37.1 (16.2-85.3)
CoCo GIt Utah ICD-9 0.74 {0.72-0.78) 0.92 (0.92-0.92) 9.5 {9.04-9.94)
CoCo Gl with diarrhea (17) Human review 0.12 (0.06-0.22) 0.99 (0.99-0.99) 81.1 (17.56-374.4)
CoCo Gl with vomiting (77) Human review 0.16 (0.11-0.24) 0.99 (0.99-0.99) 105 (24.85-444.33)
Neurologic/encephalitic syndrome
CoCo neurologict UDOH meningitis/ encephalitis 0.47 (0.32-0.63) 0.93 (0.93-0.94) 7.1 (4.98-9.99)
CoCo neurologict Utah ICD-9 0.72 (0.69-0.76) 0.95 (0.94-0.95) 13.5 (12.57-14.41)
Rash
CoCo rasht UDOH febrile illness with rash$ 0.50 (0.40-0.59) 0.99 (0.99-0.99) 55.6 (44.25-69.91)
CoCo rashf Utah ICD-9 0.60 (0.52-0.67) 0.99 (0.99-0.99) 80.9 (67.43-97.07)
Botulinic syndrome
CoCo botutinict UDOH botulism-like syndrome 0.17 (0.05-0.45) 0.998 (0.998-0.399) 104 (28.57-381.86)
CoCo botulinict Utah ICD-9 0.22 (0.13-0.36) 0.999 (0.998-0.999) 167 (89.07-312.90)
Fever
Keyword fever (13) Human review 0.61 (0.51-0.69) 1.0 (0.96-1.0) > —
Fever from emergency department Human review 0.98 (0.94-0.99) 0.89 (0.82-0.94) 9.3 (5.3-16.2)

report (13)

* Cl = confidence interval.
Source: Gesteland PH, unpublished results, August 4, 2003.

Classifier trained on less-specific training classifications than standard, which required documentation of fever in the patient record.

International Classification of Diseases, Ninth Revision.
0.61

1= specificity 1-1

R4 = SENSitivity
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experiment was needed to determine whether outbreaks would
produce a sufficiently large spike to stand out from the back-
ground noise in the daily syndrome counts (and to determine
how early any spikes would occur). In these outbreak-
detection experiments, a time-series detection algorithm was
run on 3 years of daily syndrome counts from metropolitan
areas thar had experienced annual winter outbreaks. The time
of detection from daily syndrome counts was determined as
the date the algorithm first signaled during the beginning of
the seasonal outbreak and was compared with the time of
detection from ICD-9-coded hospital diagnoses (14). For
detection of three pediatric gastrointestinal outbreaks, detec-
tion occurred 29 days earlier (95% confidence interval
[CI] = 4-53) with no false alarms. For pediatric and adult
respiratory outbreaks, detection occurred 10 days earlier (95%
CI =-15-35) and 11 days earlier (95% CI = -10-33), respec-
tively, also with no false alarms.

Early Experience
with Prospective
Evaluation

Retrospective studies cannot prove
that, in field use, this type of system
will lead to earlier detection than exist-
ing methods. For this reason, the project
initiated a prospective evaluation.

The RODS test bed enables public
health officials to examine rimelines and
maps whenever an outbreak occurs or
whenever they receive alerts of anoma-
lous syndrome activity. On Friday, July
18, 2003, an on-call epidemiologist
received an alert regarding a spike in res-
piratory cases in a single county out-
side Pittsburgh (Figure). Normally,
daily counts of respiratory cases num-
bered 10, but on that day they num-
bered 60. The epidemiologist logged
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Technology Dissemination

After rapid (6-week) deployment in February 2002 during
the Winter Olympics, RODS had a proven model for build-
ing permanent, real-time, HL7-based data feeds of chief com-
plaints from hospitals to public health agencies. Such feeds
would have immediate surveillance use and could later be
expanded to include transmission of data about microbiology
results. However, because adoption of the RODS approach
has been slower than expected, the project began to system-
atically identify and address barriers to dissemination. One
barrier was the perception that such approaches are still
unproven and would absorb public health resources through
technology costs and false alarms (15,16). A second barrier
was limited availability of software and lack of technical
expertise. Accordingly, the University of Pittsburgh agreed to
distribute the RODS system free of charge in 2002. Although
this action resulted in hundreds of downloads of both the
RODS system and the Bayesian parser, certain health depart-

FIGURE. Daily counts of respiratory cases — Washington County, Pennsylvania,
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related to carbon monoxide exposure
from a faulty furnace. (Authorized pub-
lic health users can access case studies
of these and other ourbreaks through
the RODS interface by sending e-mail
to nrdmaccounts@cbmi.pitt.edu).

Source: Real-Time Outbreak and Disease Surveillance project.

*The June 2003 increase corresponds to new hospitals being added to the system.
The sudden increase on July 18, 2003, was caused by 60 persons reporting to one emergency
department within 4 hours for carbon monoxide exposure.
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ments lack expertise in database administration, network
administration, geographic information systems, HL7, and
systems management. The RODS laboratory helped Utah and
Pennsylvania avoid this barrier by hosting their surveillance
operations. A cost model for this service was then developed,
and the service was offered to other states, which led to imple-
mentation in Ohio and New Jersey. In addition, the RODS
Open Source Project (http://openrods.sourceforge.net) was
created in 2003 to catalyze the growth of a community of
consultants to help health departments install and operate
surveillance systems (77). In 2003, the University of Pitts-
burgh placed the RODS source code into the public domain
under the GNU General Public License (18). Open-sourcing
a project can facilitate technology dissemination because it
directly addresses information technology managers’ concerns
about access to source code, code sustainability, customizability,
and availability of expertise.

Status of RODS

RODS has operated continuously since 1999, connecting
with 51 hospitals in Pennsylvania, 10 hospitals and 17 urgent
care facilities in Utah, 12 hospitals in Ohio, and four hospi-
tals in New Jersey. The system is also installed in Taiwan and
Michigan. '

Conclusions

Free-text chief-complaint data are useful in public health
surveillance because they are widely available and can be
obtained in real time for modest cost. Moreover, the HL7
technical infrastructure thus created can later be expanded to
transmit other types of data. The technical expertise and cost
to create and operate a real-time facility is substantial; there-
fore, sharing costs by using application service providers leads
to cheaper and faster deployment.
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