
Sandia National Laboratories is a multimission laboratory managed and operated 
by National Technology & Engineering Solutions of Sandia, LLC, 
a wholly owned subsidiary of Honeywell International Inc., for the U.S. 
Department of Energy’s National Nuclear Security Administration under contract 
DE-NA0003525.
SAND No. 2022-XYZW

Development of a Spatially Regularized Detector for 
Emergent/Re-emergent Disease Outbreaks

Cosmin Safta (csafta@sandia.gov) & Jaideep Ray (jairay@sandia.gov)
Data Sciences & Computing, Sandia National Laboratories, Livermore, CA 94550

We propose a Bayesian framework to detect outbreaks of emerging diseases. Our 
method triggers when the observed case-count data disagree significantly from 
forecasted levels. In contrast, forecasting allows us to use socioeconomic 
parameters and spatiotemporal data on disease prevalence to compensate for 
low-quality epidemiological information. The proposed framework assumes 
correlations between adjacent regions to account for spatio-temporal correlations 
in the disease spread rate. Posterior distributions are approximated via Markov-
Chain Monte Carlo. Results computed with COVID-19 data from New Mexico, 
US, are used to demonstrate the method. 
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Posterior Predictive Distributions: Bernalillo & Santa Fe Counties

• 7-day averaged counts

Bernalillo County Valencia County

Posterior Predictive Distributions: Bernalillo & Valencia Counties
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ERROR MODELS
• Gaussian
    Additive Error
    Additive & Multiplicative Error
• Negative Binomial

SAMPLERS
• Adaptive Metropolis
• Pseudo-marginal MCMC

INCUBATION MODEL
• Fixed mean and standard deviation
• Uncertain mean and standard deviation
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Epidemiological Model Inference Workflow

p(Θ|D) ∝ p(D|Θ)× p(Θ)

Epidemiological Model
The epidemiological model consists of two components: an infection rate model
and an incubation rate model. These models are combined through a convolution 
into a forecast of number of cases that turn symptomatic daily.
Infection Rate:

Incubation Model:

Daily Symptomatic Cases for day i:

Likelihood Model

Focus on spatial correlations:

Account for proximity between regions and employ an 
additive-multiplicative error model:

Model : Y
(p)
i = {ni,1, ni,2, . . .}
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Spatial correlations:
Off-diagonal entries account for mixing 
between adjacent regions (counties) 
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