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OBJECTIVE 
We describe and evaluate an extension to spatial 
biosurveillance algorithms that allows a patient’s 
work zip code, which is often missing, to be inferred 
from the patient’s home zip code.   
BACKGROUND 
Incorporating spatial information can improve the 
performance of outbreak detection algorithms (1).   
Spatial detection algorithms typically use the pa-
tient’s home zip code as an approximation to the 
point of exposure.  Of course, a patient may not nec-
essarily be at home during a bioterrorist attack.  If an 
attack occurs at work, the work zip code is a much 
better approximation.  However, unlike the home zip 
code, which is usually available in ED data, the work 
zip code of a patient is often missing.  In (2), the au-
thors deal with this problem by first locating signifi-
cant clusters of increased morbidity in time and space 
using the patients’ home addresses and then finding 
the center of minimum distance to these clusters. 
METHODS 
Another approach to dealing with missing work zip 
codes is to estimate the probability that a person liv-
ing in zip code X works in zip code Y.  This probabil-
ity distribution can be learned from historical data or 
obtained from census information.  With this distri-
bution, we can infer a patient’s work zip code given 
her home zip code.  This strategy applies for any spa-
tial outbreak detection algorithm that uses a probabil-
istic approach to deal with uncertainty.  We extended 
the PANDA algorithm (3) to have the ability to infer 
a patient’s work zip code given her home zip.  The 
new model examines ED data for a specific spatial 
pattern in the home locations of the patients and al-
ternatively in the inferred work locations.  

We evaluate our approach using a simulator (4) to 
generate 30 simulated large scale anthrax releases 
that  occur at the work locations of the patients.  In 
the work zip experiment, the PANDA algorithm is 
(idealistically) given access to the work zip codes of 
all the patients.  In the home zip experiment, the 
PANDA algorithm, using a model without the ability 
to infer the work zip code, is only given access to the 
home zip codes of the patients.  Finally, in the home 
zip to work zip experiment, the PANDA algorithm 
(using a model with the ability to infer the probability 
of work zip codes from home zip codes) is only given 
access to the patients’ home zip codes. 
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Figure 1: The AMOC curves of the three experi-
ments, averaged over 30 simulated attacks.  At a zero 
false positive rate, the detection times are 37.8, 44.0, 
and 40.9 hours after the anthrax release for the work 
zip, home zip, and home zip to work zip experiments 
respectively. 

CONCLUSIONS 
The results indicate that if a large scale anthrax attack 
happens at work, inferring patients’ work zip codes 
from their home zip codes improves the performance 
of the detection algorithm on the simulated attacks 
over just using the home zip codes of the patients as 
the point of infection.  
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