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INTRODUCTION

✔ Syndromic surveillance combines the disease reporting traits of 
traditional surveillance with a real time tracking of disease 
symptoms that is crucial for a rapid response to a bioterrorist 
incident

✔ While syndromic surveillance in a hospital emergency depart-
ment (ED) may contribute to early detection of large-scale 
bioterrorist attacks, the question remains as to whether the 
method is useful

✔ If syndromic surveillance is to play a role in bioterrorism pre -
paredness, consideration of ED data fluctuations, in terms of 
hospital, time and seasonal-specific differences need to be 
addressed to develop an optimal method for signaling a “dis-
ease event” in an accurate and timely fashion

Statistical Analysis: Bivariate
✔ Chi-squares for independence, general association and trend used

to test for significant associations between the dichotomized 
(high/low) CUSUM syndrome alerts and variables such as hospi-
tal, month and temperature category

✔ Multiple significant general associations seen but results were 
highly variable for each syndrome CUSUM signal (Ex.- 
Numerous syndromes significantly associated with day variable 
but not month variable)

✔ Risk of a CUSUM alert signal for Respiratory Distress and Rash 
increased with increasing temperature (Chi-Square trend)

✔ Bivariate analysis was a difficult statistical comparison due to lack
of CUSUM alert flags during surveillance period

Statistical Analysis: Multivariate
✔ Hospital-specific models created since variation in syndrome 

occurrences so large among the hospitals

✔ Significant predictors were variable among the hospital models

✔ Continuous Variable Interpretation: Avg. Temp. in Hospital E- 
For every 1oF increase in average temperature, mean syndrome 
occurrence decreases by  0.0099 or 0.99% adjusting for all other 
covariates

✔ Categorical Variable Interpretation: Month in Hospital E- For 
Oct. compared to June, there were 0.4779 or 47.79% more 
mean syndrome occurrences adjusting for all other covariates

Statistical Analysis: Third Variables
✔ Effect modification and confounder effects were identified in 

three hospital models for Respiratory Distress occurrence

✔ Interaction variables created and tested were not significant 
(p>0.05) in the hospital models and therefore, not retained in 
the final models

✔ Confounding was present if there was a >= 10% change or 
sign change in ß-estimates with and without the confounder in 
the model

✔ Selected confounding variables had various effects of negative, 
positive AND qualitative confounding 

✔ Third variable analysis demonstrated the close interactions of the
significant covariates in predicting syndrome occurrence at a 
particular hospital

CONCLUSION
Challenges
✔ The collected data were unique consisting of a ten-month peri-

od that included a bioterrorist event involving anthrax and an 
influenza season

✔ The variation reflects both seasonal, expected trends as well as 
unexpected syndrome occurrences possibly due to anthrax

✔ The large variation in syndrome occurrences is across so many 
levels, so any attempts to generalize these results to other pop-
ulations is inappropriate

✔ Few studies currently exist with which to make valid compar-
isons of the ED syndromic data

✔ The lack of timely data collection was a major problem: worst 
case was where a hospital stopped sending data for 4 months

Extrinsic Value
✔ Syndromic data were able to detect the start of influenza season 

much earlier than the state sentinel physicians’ influenza passive 
surveillance system

✔ The analysis demonstrated inherent differences in each syn-
drome occurrence based on hospital, month, day, temperature 
and numerous other variables yet to be defined

✔ The data also offered a preliminary characterization of hospital 
ED populations—such a data collection and analytical project 
had not been performed in Virginia

Intrinsic Value
✔ Syndromic surveillance opens lines of communication between 

the public health and medical fields

✔ Partnering of public health with physicians, law enforcement 
and other disaster-management workers improves preparedness 
and domestic security efforts

FUTURE RESEARCH
✔ Include individual level information—age, race, gender, resi-

dence—to better describe populations with specific syndromes 
and to establish demographics of hospital ED populations

✔ Investigate accuracy of chief complaint data with actual medical 
diagnosis—statistical comparison to see if ED chief complaint 
not significantly different to final diagnosis

✔ Model “syndrome complexes” specific to certain bioterrorist-
related diseases to increase detection of a potential attack

-Smallpox: Model occurrences of Fever, Rash and 
Vomiting

✔ Model several diseases at each hospital to produce a more pre-
cise and explicit method of syndromic surveillance for detection 
of potential outbreaks
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RESULTS
Data Collection and Surveillance
✔ Data collected for a ten-month period from September 2001 to 

June 2002 at seven area hospital EDs

✔ CUSUM model applied to the data to signal potential disease 
outbreaks

✔ A working database was created for the Tidewater region that 
combined daily entry of syndrome counts with the CUSUM 
algorithm

Statistical Analysis: Univariate
✔ Total of 227,978 patients seen at the seven hospital EDs

✔ The most prominent syndrome complaint was Respiratory 
Distress (47.26%)

✔ Syndrome frequencies and averages show overwhelming varia
tion when distributed by hospital, month, day, temperature and 
precipitation

METHODS
Data Collection and Surveillance
✔ Seven hospital EDs (A-G) in 4 Virginia cities, Norfolk, 

Chesapeake, Newport News and Virginia Beach served as the 
data collection sources

✔ ED census and chief complaint data were collected on a daily 
basis and categorized into any 1 of 7 syndromes suggestive of a 
bioterrorist event

✔ The CUSUM analysis models (Mild, Medium and Ultra) pro-
vided by the CDC were implemented to aid in aberration detec-
tion of each of the seven syndromes at the seven hospitals

✔ The CUSUM procedure identified days when occurrences of the
seven syndromes escalated beyond an established upper limit

✔ A high-occurrence day for any syndrome required a patient 
chart review process at the specific hospital ED

Statistical Analysis
Univariate: Summary measures and descriptive statistics of ED 

data over the ten-month data collection period

Bivariate: Chi-square (with accompanying odds ratios and 
95% confidence intervals) to test for associations
between CUSUM syndrome alerts and variables
such as city, hospital, month, day, temperature and
precipitation categories

Multivariate: Log-linear Poisson statistical model for each of 
the seven syndrome occurrences

log (average syndrome occurrence)= ß0 + ß1X1 + ß2X2 + …+ ßkXk
where: ß1 ßk= potential predictor variables 

Third Variables: Examine confounders and effect modifiers
in the statistical models

OBJECTIVES

✔ To establish syndromic surveillance using the CDC’s Cumulative
Sum (CUSUM) method of aberration detection for hospitals in 
Southeastern Virginia

✔ To examine the intrinsic value of ED-based syndromic surveil-
lance by characterizing the variation of ED data in terms of hos-
pital and time-specific differences as well as climatic changes

✔ To develop statistical models for the prediction of ED syndrome
occurrences

Syndrome Possible Bioterrorism-Related Diseases 
Fever Brucellosis, Q Fever, Inhalational Anthrax, Plague, Tularemia 

Respiratory 
Distress 

Pneumonic Plague, Inhalational Anthrax, Ricin,  
Staphylococcal Enterotoxin B 

Vomiting Intentional and Foodborne Illness 
Diarrhea Intentional and Foodborne Illness 

Rash Smallpox, Viral Hemorrhagic Fevers 
Disorientation Encephalitis (Venezuelan, Eastern, Western), Botulism 
Septic Shock Viral Hemorrhagic Fevers 

 

Covariate Coding 
Month Categorical, 10 levels, range September 2001 – June 2002, 

reference category= June 2002 
Day Categorical, 7 levels, reference category= Sunday 

Fever Numerical Count, range= 0 – 44 occurrences 
Respiratory 

Distress 
Numerical Count, range= 0 – 49 occurrences 

Vomiting Numerical Count, range= 0 – 27 occurrences 
Diarrhea Numerical Count, range= 0 – 11 occurrences 

Rash Numerical Count, range= 0 – 14 occurrences 
Disorientation Numerical Count, range= 0 – 8 occurrences 
Septic Shock Numerical Count, range= 0 – 9 occurrences 

Anthrax Dichotomous, 0=  Yes Anthrax alert period, 1= No Anthrax alert 
period, reference category= No Anthrax alert period 

Flu Dichotomous, 0= Yes influenza season, 1= No influenza season, 
reference category= No influenza season 

Average Daily 
Temperature 

Continuous, range= 30oF – 86oF 

Total Daily 
Precipitation 

Dichotomous, 0= Yes precipitation, 1= No precipitation, 
reference category= No precipitation 

 

Associated Variables ? 2-Value P-Value 
CUSUM Syndrome*Anthrax Alert (? 2 Independence) 
CUSUMvomiting*Anthrax 8.5633 0.0034 
 OR= 2.2247 (1.2854, 3.8504) 
 
CUSUM Syndrome*Flu alert (? 2 Independence) 
CUSUMvomiting*Flu 4.1007 0.0429 
 OR= 0.4659 (0.2187, 0.9927) 
 
CUSUM Syndrome*City (? 2 General Association) 
CUSUMvomiting*City 11.6895 0.0085 
CUSUMsepsis*City 15.5051 0.0014 
 
CUSUM Syndrome*Hospital (? 2 General Association) 
CUSUMvomiting*Hospital 13.0473 0.0423 
CUSUMsepsis*Hospital 27.9967 <0.0001 
 
CUSUM Syndrome*Month (? 2 General Association) 
CUSUMresp. dist.*Month 31.4083 0.0003 
CUSUMvomiting*Month 25.0815 0.0029 
 
CUSUM Syndrome*Day (? 2 General Association) 
CUSUMpatients*Day 16.4349 0.0116 
CUSUMfever*Day 12.8112 0.0461 
CUSUMresp. dist.*Day 27.3929 0.0001 
CUSUMrash*Day 13.4108 0.0370 
CUSUMdisorientation*Day 19.5847 0.0033 
 
CUSUM Syndrome*Temperature Categories (? 2 Trend) 
CUSUMresp. dist.*Temperature 13.0348 0.0231 
CUSUMrash*Temperature 17.0443 0.0044 
 
CUSUM Syndrome*Precipitation Categories (? 2 Trend) 
No Significant Results 
 
CUSUM Syndrome*Dichotomized Precipitation(? 2 
Independence) 
No Significant Results 

 

Hospital Variable ?  Estimates for 
Significant Predictors ( ) 

DF ? 2-Value P-Value 

C Month Sep. vs Jun. (0.6013) 
Oct. vs Jun. (0.6657) 
Nov. vs Jun. (0.8483) 
Dec. vs Jun. (0.8371) 
Jan. vs Jun. (0.9519) 
Feb. vs Jun. (0.8556) 
Mar. vs Jun. (0.5808) 

1 
1 
1 
1 
1 
1 
1 

66.60 
93.24 
139.92 
115.63 
115.74 
62.47 
31.74 

<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

 Day Mon. vs Sun. (-0.1632) 
Tue. vs Sun. (-0.1638) 
Wed. vs Sun. (-0.1746) 
Thu. vs Sun. (-0.2289) 
Fri. vs Sun. (-0.2349) 
Sat. vs Sun. (-0.1319) 

1 
1 
1 
1 
1 
1 

12.10 
12.07 
12.98 
21.03 
20.25 
8.38 

0.0005 
0.0005 
0.0003 
<0.0001 
<0.0001 
0.0038 

 Fever -0.0107 1 22.41 <0.0001 
 Rash 0.0136 1 6.35 0.0117 
 Flu Yes vs No (0.1746) 1 6.59 0.0103 
 Average  

Temperature 
0.0064 1 15.49 <0.0001 

E Month Oct. vs Jun. (0.2886) 
Nov. vs Jun. (0.2955) 
Feb. vs Jun. (-0.5217) 
Mar. vs Jun. (-0.4583) 

1 
1 
1 
1 

7.48 
6.85 
6.55 
5.86 

0.0062 
0.0089 
0.0105 
0.0155 

 Day Fri. vs Sun. (-0.1829) 1 4.36 0.0367 
 Fever -0.0189 1 5.12 0.0236 
 Flu 0.5971 1 22.38 <0.0001 
 Average 

Temperature 
-0.0099 1 10.21 0.0014 

 
F Month Dec. vs Jun. (0.4779) 

Jan. vs Jun. (0.5296) 
Feb. vs Jun. (0.5246) 
Mar. vs Jun. (0.3347) 

1 
1 
1 
1 

48.34 
62.04 
58.97 
22.56 

<0.0001 
<0.0001 
<0.0001 
<0.0001 

 Day Thu. vs Sun. (-0.1460) 
Fri. vs Sun. (-0.1460) 

1 
1 

6.79 
6.84 

0.0092 
0.0089 

 Rash -0.0183 1 3.88 0.0488 
 Anthrax 0.2577 1 4.21 0.0401 
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Source: Adapted from California State and Local Health Department 
Bioterrorism Surveillance and Epidemiology 

Working Group, 2001 and Medical Management of Biological Casualties at USAMRIID, 1998


