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OBJECTIVE

In previous work [1], we developed a Template-
Driven Simulator, which is a non-disease specific
outbreak simulator that uses templates to describe the
temporal or spatia-temporal pattern of an outbreak.
Here we address the problem of estimating the tem-
plate from outbreak data. We then conduct a limited
validation of the outbreak simulation model by esti-
mating the template using outbreak data generated
from BARD [2], a sophigticated state-of-the-art an-
thrax outbreak simulator and detector. This limited
validation confirms that the outbreak simulator is
capable of generating complicated disease outbreak
patterns for evaluating outbreak detection algorithms.

BACKGROUND

In [1], we described a non-disease-specific outbreak
simulator for the evaluation of outbreak detection
algorithms. This Template-Driven Simulator gener-
ates disease patterns using user-defined template
functions. Estimation of a template function from
real outbreak data would enable researchers to repeti-
tively simulate outbreaks that resemble a single real
outbreak. These simulated outbreaks can then be
used to eval uate outbreak detection algorithms.

To demonstrate template estimation, we employ
BARD [2], a disease-specific outbreak model for
outdoor aerosol release of B. anthracis. It uses epi-
demiological and atmospheric dispersion models in
conjunction with geographical and meteorological
data to generate anthrax cases. The home census
block group and time of visit to an emergency de-
partment are available for each simulated case.

METHODS
The spatial-temporal template is a bounded function f
of space s and time t that describes the spatial and
temporal distribution of cases. We write the function
as a product of a conditional density function of time
given the spatial location and a marginal probability
mass function over the spatial location:
fsr(st) = fT|s(t [9)fs(s) (1)

For each case, BARD simulates emergency depart-
ment visit times using a convolution of two log-
normal distributions. The lognormal parameters de-
pend on the home location of the case to account for
the dose received in that block group. Here we model
the visit times in each block group by a single log-
normal distribution with location-dependent parame-
ters. That is, T|S=s~lognormal(u(s),o(s)) . We
assume that 1 and o are smooth functions of space,

and fgisan arbitrary probability mass function.

We estimate f(s) by the proportion of all cases that

reside in block group s. We estimate the smooth
functions 1 and o by first computing the maximum

likelihood estimates of x# and o for each block
group, and then computing a spatially-weighted aver-
age of the maximum likelihood estimates.

We use data from ten BARD simulations of an aero-
sol release of 0.1kg of anthrax spores in the Pitts-
burgh region. For each set of data, we compute a

Pearson y° goodness-of-fit test statistic using block

groups and days for bins. Due to some low bin
counts, we use Monte Carlo simulation rather than a

x° approximation to compute p-val ues.

RESULTS
The p-values for the ten datasets are listed in Table 1.
Table 1. P-valuesfor the ten datasets

P-value (dataset 1-5) .053 | .007 | .299 | .390 | .070

P-value (dataset 6-10) 109 | 812 | .997 | .407 | .858

CONCLUSIONS
The goodness-of-fit tests performed on ten sets of
data indicate mixed results. While many of the p-
values are large indicating good model fit, there are
several p-valuesthat are low. This result suggests that
goodness-of-fit may depend on characteristics of the
release such as the weather conditions at the time of
the release. A larger simulation study and further
analysis would be required to fully understand these
mixed results.
The magjority of the ssimulated data sets do result in
good model fit. These results suggest that the smula-
tor is sufficiently flexible to describe most (but not
all) simulated releases from BARD. This result pro-
vides a limited validation of the simulation model.
Further model validation should include estimation
from real outbreak data.
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