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ABSTRACT After the 2001 World Trade Center disaster, the New York City Depart-
ment of Health was under heightened alert for bioterrorist attacks in the city. An
emergency department (ED) syndromic surveillance system was implemented with the
assistance of the Centers for Disease Control and Prevention to ensure early recogni-
tion of an increase or clustering of disease syndromes that might represent a disease
outbreak, whether natural or intentional. The surveillance system was based on data
collected 7 days a week at area EDs. Data collected were translated into syndromes,
entered into an electronic database, and analyzed for aberrations in space and time
within 24 hours. From September 14–27, personnel were stationed at 15 EDs on a
24-hour basis (first staffing period); from September 29–October 12, due to resource
limitations, personnel were stationed at 12 EDs on an 18-hour basis (second staffing
period). A standardized form was used to obtain demographic information and classify
each patient visit into 12 syndrome categories. Seven of these represented early mani-
festations of bioterrorist agents. Data transfer and analysis for time and space cluster-
ing (alarms) by syndrome and age occurred daily. Retrospective analyses examined
syndrome trends, differences in reporting between staffing periods, and the staff’s ex-
perience during the project. A total of 67,536 reports were received. The system cap-
tured 83.9% of patient visits during the first staffing period, and 60.8% during the
second staffing period (P < .01). Five syndromes each accounted for more than 1% of
visits: trauma, asthma, gastrointestinal illness, upper/lower respiratory infection with
fever, and anxiety. Citywide temporal alarms occurred eight times for three of the
major bioterrorism-related syndromes. Spatial clustering alarms occurred 16 times by
hospital location and 9 times by ZIP code for the same three syndromes. No outbreaks
were detected. On-site staffing to facilitate data collection and entry, supported by
daily analysis of ED visits, is a feasible short-term approach to syndromic surveillance
during high-profile events. The resources required to operate such a system, however,
cannot be sustained for the long term. This system was changed to an electronic-based
ED syndromic system using triage log data that remains in operation.
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INTRODUCTION

Within 24 hours of the terrorist attacks of September 11, 2001, the New York City
Department of Health became concerned about the possibility of additional terror-
ist events and implemented heightened surveillance for bioterrorism.1 Passive re-
porting was enhanced through medical alerts that asked health care providers to
maintain awareness for unusual disease clusters or manifestations that might repre-
sent a bioterrorist event. These alerts were sent to all city hospitals and laboratories
by broadcast facsimile and electronic mail.

In addition, with assistance from the Centers for Disease Control and Preven-
tion (CDC), the New York City Department of Health implemented an active emer-
gency department (ED) syndromic surveillance system based at sentinel New York
City hospitals to improve its capacity for detecting disease clusters that might repre-
sent bioterrorism. This system categorized 24-hour ED patient visits into clinical
syndromes associated with the primary bioterrorism agents. The primary objective
of the ED syndromic surveillance system was to ensure early recognition of an
increase or clustering of disease syndromes that might represent a disease outbreak,
whether natural or intentional.

METHODS

Sites
Syndromic surveillance was implemented at 15 sentinel EDs in New York City.
Hospitals were selected based on their volume of ED patient visits, geographic dis-
tribution, and available resources. Hospital personnel were oriented to the system
on September 13, when New York City Department of Health staff visited the 15
sentinel sites.

Staffing
To ensure data completeness, epidemic intelligence officers (EISOs) from the CDC
were stationed at the sentinel hospital sites beginning on September 14. From then
until September 27 (first staffing period), 15 hospitals had 24-hour staffing by
EISOs. From September 29 to October 12, 2001 (second staffing period), 12 hospi-
tals had 18-hour staffing by EISOs. There was a 1-day lapse in surveillance while
replacement teams were put in place for the second staffing period.

Data Collection
For each ED patient visit, a one-page form was used to collect patient data on age,
time of visit, date of visit, hospital, work and home ZIP codes, and the primary
syndrome that characterized the patient’s illness (Fig. 1). EISOs facilitated data
collection and performed data entry on site.

Emphasis was placed on syndromes that might be associated with illness due
to bioterrorism agents, including diarrhea/gastroenteritis, botulismlike syndrome,
upper/lower respiratory infection with fever, unexplained death with fever, sepsis/
nontraumatic shock, meningitis/encephalitis, and rash with fever. Trauma, smoke/
dust inhalation, exacerbation/underlying respiratory condition, and anxiety reac-
tion were included on the form to capture environmental and psychologic illness
related to the World Trade Center attacks. The physician could also indicate (by
selecting “none of the following”) if the patient’s illness was not characterized by
any of these choices.
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FIGURE 1. Emergency department visit surveillance form.

Each day, EISOs were transported either by New York City Department of
Health transportation or by mass transit to hospital sites. EISOs were provided
with laptop computers and two-way radios to communicate with central Depart-
ment of Health staff. At each site, EISOs were stationed within the ED admission
area, in private rooms near the ED, or within the ED. EISOs worked with staff to
ensure data completion. This included providing education, verbal encouragement,
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and in some cases, incentives such as food and candy. In many cases, EISOs com-
pleted the one-page form themselves or helped fill in incomplete forms based on
the patient’s chart.

Data were entered onsite into Microsoft Access databases, transferred daily to
the interim New York City Department of Health office, and merged into one data
set within 24 hours. To evaluate completeness, the number of ED visits reported
through the surveillance system was compared to the daily census of ED patients.
The percentage completeness was calculated for each hospital separately for the
first and second staffing periods. The mean percentage completeness was compared
for the first and second staffing periods using a paired Student t test. The mean
number of visits for the first and second staffing periods for each hospital was also
compared.

Statistical Analysis
Daily data management and statistical analyses were carried out using SAS software
(version 8.02, SAS Institute, Inc., Cary, NC). Syndrome frequencies were calculated
by date and hospital, and data were transferred to CDC via Leaders, a secure In-
ternet networking tool.

Temporal Aberration Detection
Temporal trend analyses were carried out at CDC using two aberration detection
methods. The first, P Chart, was applied during the first 4 days because it can be
implemented with as little as 1 day of baseline. The P-chart method assumes that
ED visits are binomially distributed; a patient has a syndrome or not. The probabil-
ity of having a syndrome on the most recent day is compared to the probability
during baseline. Alarms were defined as two standard deviations from baseline
data. From day 5 onward, the cumulative sums (CUSUM) method was used.2

CUSUM compared the proportion of syndrome to total visits on each of the most
recent 3 days to the mean proportion plus one standard deviation during a 7-day
moving baseline. If the sum of positive differences over the 3 days exceeds two
standard deviations, an alarm occurs.

Spatial Scan Statistic
For detection of spatial clusters of increased ED visits, we used the spatial scan
statistic.3 The scan statistic uses a circular window to represent potential geographic
clusters. By continuously changing the circle center and radius, the window scans
the geographic area for potential clusters without prior assumptions about their
size or location. For each circle evaluated, the numbers of recently observed ED
visits within and outside the circle are noted and compared with the expected.

Even in the absence of an outbreak, some areas will have more ED visits than
others. To adjust the analysis for such background geographic variability, we used
a modification of the spatial scanning approach first used in West Nile virus dead
bird cluster detection.4 In this approach, the expected number of visits for a given
syndrome is derived from the ratio of that syndrome compared to total visits during
a 7-day baseline period, multiplied by the total number of visits from that area
during the recent period. A Poisson-based likelihood is calculated based on the
observed and expected visits for each circle. The circle with the maximum likeli-
hood is defined as the most likely cluster. A statistical significance (P value) is
estimated based on a distribution of likelihood ratios calculated from 999 random
Monte Carlo data sets. Cluster analyses were carried out using the SaTScan soft-
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ware (version 2.1, National Cancer Institute, Bethesda, MD; free software available
at www.satscan.org.

The focus of concern was on the population that presumably would be exposed
in the event of a bioterrorist attack (i.e., those older than 12 years of age). ZIP code
analyses were based on New York City metropolitan area ZIP codes only. If a
patient had a New York City ZIP code of residence, then the residential ZIP code
was used. If the patient had a New York City work ZIP code and did not have a
New York City residential ZIP code, then the patient was classified by work ZIP
code. If the patient had neither a New York City residential nor work ZIP code,
then the patient was classified by hospital location. Alarms were defined as any
cluster/aberration with a P value of .02 or less.

Investigation
Office staff conducted follow-up investigations for alarms and cases of interest with
the assistance of hospital-based EISOs. Due to the low number of cases of meningi-
tis/encephalitis, botulismlike syndrome, unexplained death with fever, and sepsis in
persons older than 2 years and younger than 55 years, we followed up on each
individual case for these syndromes with a more detailed case investigation form.
For other bioterrorism-related syndromes, chart reviews were done only if a statisti-
cally significant cluster was noted; this was to verify whether patients in the cluster
were experiencing the same illness, or if patients were exhibiting symptoms sugges-
tive of disease due to a potential bioterrorist agent.

Line lists of individuals requiring further investigation were sent to the EISO
by fax the same day of the analysis. Charts were reviewed using a standardized
three-page form to confirm syndrome coding and to rule out illness related to a
bioterrorism-related agent. Information abstracted included vital signs, presenting
symptoms, pertinent findings on physical exam, underlying illnesses, neurological
findings, laboratory/radiology test results, and final disposition and diagnoses. Chart
review information was relayed by fax and phone to the New York City Depart-
ment of Health central surveillance unit usually within 1 day after the analysis.
Senior Department of Health medical epidemiology staff reviewed the case investi-
gation forms and conducted follow-up phone calls to hospital-based clinicians and
patient’s homes when warranted.

Validation Study
A validation study was conducted at about the midpoint of the surveillance period.
EISOs compared the primary syndrome noted by the ED physician on the New
York City Department of Health surveillance form to the admitting or discharge
diagnosis written in the patient’s chart. The EISO noted whether he or she agreed
or disagreed with the syndrome category assigned based on the information in the
patient’s chart.

Follow-up Survey
At the conclusion of the study period, a 34-question self-administered survey was
developed and administered to the 80 EISOs who participated in this surveillance
project. The survey inquired about the experience of each EISO with transporta-
tion, work environment, equipment resources on site, and hospital involvement
issues. Descriptive analyses identified key issues from the EISO follow-up survey.
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RESULTS

A total of 67,536 ED visits were reported from September 14 to October 12, 2001,
from the sentinel hospitals participating in this syndromic surveillance system. Fig-
ure 2 shows the location of participating hospitals and the distribution of reported
ED visits per ZIP code population. During the 28 surveillance days, syndrome cod-
ing was complete for 66,249 of 67,536 (98.1%) reports. Of these coded visits,
26.5% were categorized into a syndrome category, while 73.5% were categorized
into the none category. Syndromes of respiratory infection with fever and sepsis
had mean daily frequencies of 71.6 and 6.3 visits, respectively (standard deviations
of 17.3 and 3.0, respectively), while the mean number of daily visits for all syn-
dromes was 2,395 (standard deviation of 382). Meningitis/encephalitis, botulism-
like illness, and unexplained death occurred too infrequently for meaningful statisti-
cal analyses.

To assess data completeness, the total number of visits recorded by the system
was compared to the daily ED census data obtained from each hospital. Overall,
the system captured 77% of ED visits, and completeness ranged from 31% to 97%
at individual hospitals. Completeness was higher during the 24-hour staffing period
(83.9%) compared to the 18-hour staffing period (60.8%) (paired t test, P < .01).
During the 24-hour validation period, the EISO reviewer agreed with the syndrome
coding of hospital staff in 87% of 1,415 ED visits.

Daily analyses focused on the syndromes that might be associated with illness
due to agents of bioterrorism: sepsis, meningitis/encephalitis, rash with fever, upper/

FIGURE 2. New York City Emergency Department visit distribution map. Emergency department
visits from September 12, 2001, to October 12, 2001, normalized by residential ZIP code per 1,000
population.
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lower respiratory infection with fever, gastrointestinal illness, botulismlike illness,
and unexplained death with fever. In the first 5 days of surveillance, there were a
total of six P Chart alarms associated with these syndromes: one for unexplained
death, one for sepsis, two for meningitis/encephalitis, and two for gastrointestinal
illness. Because the CUSUM method requires at least 4 days of data, CUSUM
method was used from surveillance day 5 onward. Of 24 analyzable surveillance
days, the CUSUM method detected eight citywide temporal alarms: one alarm for
rash with fever (Fig. 3), two alarms for upper/lower respiratory infection with fever
(Fig. 4), and five alarms for gastrointestinal illness (see Fig. 5). Overall signals by
day are summarized in Fig. 6. No P Chart or CUSUM alarms occurred for botu-
lismlike illness; however, four individual reports of botulismlike illness were investi-
gated. None was found to be due to botulism.

Spatial analyses were carried out to assess geographic clustering by hospital
and patient’s home ZIP code for the three most common syndromes: rash with
fever, upper/lower respiratory infection with fever, and gastrointestinal illness.
Among patients aged 13 years and older, 10 spatial alarms by hospital and 2 spatial
alarms by ZIP code were observed. Among all ages, 16 spatial alarms by hospital
and 9 spatial alarms by ZIP code were observed (Fig. 6). No spatial alarms occurred
for the same syndrome in the same area of the city for 2 or more consecutive days
during the study period. The smallest spatial alarm detected included 4 visits. On
October 1 and again on the October 2, spatial alarms for upper/lower respiratory
infection with fever (in different geographic areas) coincided with citywide temporal
CUSUM alarms.

FIGURE 3. Ratio of New York City Emergency Department visits for people exhibiting rash with
fever for all ages of the population from September 14, 2001, to October 12, 2001. The graph
shows a ratio of rash with fever visits to those categorized in the none category. The time line
also indicates syndromic surveillance alarms for which P ≤ .02 for cumulative sums and spatial
scan statistic analyses (by hospital location and patient residential ZIP code).
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FIGURE 4. Ratio of New York City Emergency Department visits for people exhibiting upper/
lower respiratory infection with fever for all ages of the population from September 14, 2001, to
October 12, 2001. The graph shows a ratio of upper/lower respiratory infection with fever visits
to those categorized in the none category. The time line also indicates syndromic surveillance
alarms for which P ≤ .02 for cumulative sums and spatial scan statistic analyses (by hospital loca-
tion and patient residential ZIP code).

All alarms, as well as single cases of botulism-like illness, sepsis, and unex-
plained death with fever were investigated by chart review and patient interview.
After review by senior staff, several clusters were found to be due to data entry
errors or miscodes. There were no clusters found to be suggestive of bioterrorism,
including the simultaneous spatial and temporal alarms on October 1 and 2.

The EISO poststudy survey was designed to assess the experience of the 64
EISOs who worked on the surveillance system. Of 38 (59%) who completed the
survey, 25 (66%) were clinicians. Problems cited included travel time, communica-
tion with the New York City Department of Health and CDC, insufficient work-
space, and difficulty getting physicians to complete the forms. Of the respondents,
50% indicated that it took 2 to 3 hours each day to travel to and from the hospital
site due to the increased traffic congestion in the city during the weeks following
the World Trade Center attack. Fifty-three percent of the respondents who did
not have consistent telephone access at the hospital to contact the New York City
Department of Health, and 52% reported no Internet access at the hospital. Sixty-
one percent reported that they had to complete the syndrome categorization on the
surveillance form over half of the time due to incompleteness by the ED personnel.

DISCUSSION

Our system was developed and implemented with the assistance of CDC within 3
days during a time of crisis in New York City and despite major disruptions in
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FIGURE 5. Ratio of New York City Emergency Department visits for people exhibiting gastrointes-
tinal illness for all ages of the population from September 14, 2001, to October 12, 2001. The
graph shows a ratio of gastrointestinal illness visits to those categorized in the none category. The
time line also indicates syndromic surveillance alarms for which P ≤ .02 for cumulative sums and
spatial scan statistic analyses (by hospital location and patient residential ZIP code).

transportation and communication systems. Cooperation among the sentinel hospi-
tals, New York City Department of Health, and CDC was essential to the rapid
establishment and daily operation of this system. This ED surveillance system pro-
vided the New York City Department of Health with an active mechanism for
monitoring for a bioterrorist event in the city, especially since routine surveillance
activities were disrupted due to the breakdown of telephone communication sys-
tems at the Department of Health.

Syndromic surveillance for bioterrorism is based on the premise that such an
attack can be detected in its early stages, and this advance notice will allow health
officials to reduce morbidity. The sensitivity of syndromic surveillance to detect a
major terrorist event or other large outbreak is theoretical since one has never oc-
curred with which to validate the system. Detection of a large outbreak would be
limited by syndromes identified, syndrome coding, data resources, and the sensitiv-
ity of the system.

Our data set included approximately 29% of the estimated daily citywide ED
visits, and coverage was inconsistent across New York City’s five boroughs (see
Fig. 2). In addition, high variability in ED visits for some syndrome categories may
have contributed to the number of false alarms. ED visits were categorized into 13
categories, 7 of which were designed to look for bioterrorism-related illness. These
7 syndromes possibly related to bioterrorism accounted for less than 7% of all ED
visits, and 3 syndromes (meningitis/encephalitis, botulismlike illness, and unex-
plained death) occurred too infrequently for meaningful statistical analyses. The
short baseline during the early surveillance period may have also contributed to the



ENHANCED DROP-IN SYNDROMIC SURVEILLANCE i85

FIGURE 6. Cumulative syndromic surveillance alarms for which P ≤ .02 for New York City Emer-
gency Department visits for all ages of the population from September 14, 2001, to October 12,
2001, for three syndromes: rash with fever, upper/lower respiratory infection with fever, and
gastrointestinal illness. The graph shows a time line of alarms for cumulative sums and spatial
scan statistic analyses (by hospital location and patient residential ZIP code).

number of false alarms. The number of syndrome categories and methods used in
New York City may not be generalizable to jurisdictions with smaller populations
(New York City 2000 census estimate was 8,008,278). Although the analytical
methodology described here has been able to detect small aberrations in geographic
syndrome distribution as well as citywide outbreaks of influenza and gastrointesti-
nal illness, it remains untested in the face of a large-scale, aerosolized bioterrorist
agent release.

Syndrome coding employed for this system was deficient for individuals pre-
senting with nonspecific febrile illnesses whose diagnosis did not fit into any of the
syndromes. The prodromal phase of several bioterrorist agents may present with
fever, chills, and malaise without cough or rash.5–9 Instructions for clinicians were
limited to the brief description printed on the form, which was open to interpreta-
tion, resulting in variation in syndrome coding. The 1-day quality assurance study
was insufficient to examine if concordance between the ED clinician and the EISO
varied by syndrome. In addition, it would be expected that if a large population
were exposed, some of those individuals would have a short incubation period and
might present with pathognomonic symptoms to a clinician prior to the generation
of a syndromic signal. This underscores the important link between astute clinicians
and public health that cannot be replaced by syndromic surveillance.

The threshold for investigating syndrome alarms was selected at P ≤ .02 to bal-
ance the number of alarms investigated with resources available while attempting
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to minimize the probability of missing a real outbreak. The level of concern follow-
ing the terrorist attacks favored alarm sensitivity over specificity, resulting in inves-
tigations of an alarm, an individual case, or both on nearly every day during the
surveillance period.

The spatial methods used in the systems described here rely on geographic clus-
tering, yet it is conceivable that an event in a public location would expose people
from disparate locations throughout the city and metropolitan area and not be
detected. Without a strong predominance in a group of ZIP codes or hospitals, it
is possible that only a citywide increase would be seen, and pinpointing an outbreak
would be more difficult.

Another assumption of syndromic surveillance is that an outbreak would be
expected to show a sharp rise and be sustained over several days. No spatial alarm
persisted in the same geographic area for the same syndrome for 2 consecutive
days. The absence of sustained signals was reassuring and became a benchmark in
subsequent syndromic surveillance systems put into place in New York City.

The system aimed to detect medium-to-large events rather than single cases
associated with bioterrorist agents, as well as potential disease outbreaks due to
illnesses severe enough to require an ED visit. Although this intensive bioterrorism
surveillance system was in place during the 2001 outbreak associated with letters
that were intentionally contaminated with anthrax spores, we were unable to detect
the New York City cases using this system. All anthrax cases in New York City
seen during the surveillance period described had cutaneous disease. Only one of
the four initial New York City patients with a cutaneous anthrax case visited an ED
prior to diagnosis. All other individuals involved in these cases visited an outpatient
provider, including either their primary physician or their dermatologist.

Additional limitations of the system were identified through the EISO survey.
Despite their efforts to have hospital staff complete the data collection form, they
often had to complete forms themselves. Many hospital staff were either too busy
to complete the forms or would not completely answer all the questions on the
form. Internet access, as reported by EISOs, was extremely limited, so accessing the
Web-based portion of the system to retrieve hospital reports and to enter data for
the forms was not possible. The long work hours and off-site location of staff
made it difficult to hold meetings and discuss and disseminate surveillance results.
Communication with EISOs about protocol changes was inconsistent and at times
confusing and may have affected data quality.

A major disadvantage of this surveillance system was that it utilized substantial
human resources. In addition to CDC epidemiologists, several New York City De-
partment of Health staff were required to provide coordination, transportation,
and other support to the EISOs under difficult conditions. There were also daily
demands for data management, technical support, analysis, investigation, and re-
porting of results. The decrease in EISO presence in the EDs during the second 2
weeks of surveillance resulted in a decline in completeness of reporting and the
detection of more spatial alarms (16 vs. 9; see Fig. 6). The level of staff commitment
required to sustain the system for 4 weeks was large and unlikely to be manageable
for local and state health departments over longer periods of time, even with assis-
tance from the federal government.

CONCLUSION

A syndromic surveillance system was employed for bioterrorism in New York City
in the immediate aftermath of the attacks on the World Trade Center. The system
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was selected for ease of implementation and enabled us to track citywide and spa-
tial elevations in syndromes associated with bioterrorist agents. The system had
many limitations. Significant and unsustainable resources were required for opera-
tions and preservation of data quality. Data collected showed high variability and
produced many false alarms, probably due to high sensitivity and data quality is-
sues. Furthermore, the system was not designed for small outbreaks and was there-
fore unable to detect the cluster of cutaneous anthrax that occurred in October 2001.

We accepted a high false-positive alarm rate in exchange for increased confi-
dence that an event would be detected. The New York City Department of Health
was provided with many resources in the aftermath of the September 11 attack,
which allowed us to complete a large number of investigations. Despite the many
limitations of the system, given the serious crisis brought on by the attack and
heightened concern about a biological attack, the system was valuable. Our goal
was to detect a serious, medium-scale to large-scale outbreak such as one that might
be seen by an intentional release of aerosolized, weaponized anthrax. None were
detected or occurred, and the system provided a sense of security that such an
attack would be discovered in a timely manner. It was especially reassuring in that
the single case of inhalational anthrax that occurred in New York City was not
accompanied by widespread increases in ED visits for respiratory illness.

Our experiences have helped guide the development of the current New York
City electronic ED syndromic surveillance system. The new system uses routinely
collected electronic chief complaint data that is transferred to the New York City
Department of Health daily. The analysis requires 0.5 full-time equivalent (FTE)
staff time, compared to the 4.0 full-time equivalent staff required for the drop-in
system. Drop-in, ED-based syndromic surveillance systems may have value in spe-
cific settings where a bioterrorist attack is of high concern and there are no existing
electronic systems. Such systems are not designed and should not be expected to
detect single cases of disease. There is no substitute for clinicians maintaining a
high index of suspicion and reporting unusual cases or clusters of illness promptly
to their public health colleagues.
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