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Introduction
• Aim: Devise a method to infer a spatial quantity, the spread-rate of a disease, using limited data 

of epidemiological dynamics (case-count data)

• Dataset: COVID-19 case-counts in the counties of New Mexico

• Why?

• Novel outbreaks are detected by analyzing (very noisy) case-count time-series; detection often delayed

• Reporting errors, stochastic behavior in small populations (sparsely populated areas)

• Outbreak detections (anomalous change in epidemiological dynamics) often uncertain; wait for case-counts to 
increase

• Hypothesis: Detect new outbreaks using the latent spread-rate of a disease, not case-counts

• Technical challenges:

• How to infer the spread-rate field?

• How to impose the spatial correlations seen in data? What kind of spatial structures do we have?

• How to compute the spread-rate fast, in a parallel manner?
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The practical problem – outbreak detection
• Two ways – temporal methods (SPC) & spatiotemporal method

• Data used: case-counts of a disease, disaggregated in time & space

• Temporal methods: Fundamentally, anomaly detection

• Using historical data, do a 2-week forecast of case-counts & 
uncertainty bounds (usually 95th percentile)

• Wait for data; if 3 consecutive days > than 95th percentile, alarm!

• Spatiotemporal methods: Use historical & neighborhood data 
(autocorrelation) to make forecasts

• Shortcomings

• Need long time-series data, prefer to be high-count / low 
variance

• Not really feasible for novel diseases
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Approach
• Hypothesis:

• Use (latent) spread-rate to detect outbreaks, not case-counts directly

• Not affected by reporting errors & only depends on human mixing patterns (behavior)

• Inferring the spread-rate

• Pose and solve an inverse problem for the spread-rate in each NM county

• Spread-rates in counties are auto-correlated. Devise a Gaussian Markov Random Field (GMRF) model to 
capture spatial pattern

• Reformulate a spatiotemporal inverse problem for spread-rates in M counties. Use GMRF to impose 
autocorrelation

• Solve with MCMC (for accuracy) and Variational Inference (VI; approximate, but fast); compare 
estimated spread-rates

• Test: Can disease detection be done with spread-rates, even the approximate VI one?
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Formulating the temporal problem
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Detecting change in epidemiological dynamics
• Model allows estimation of (past) infection-rate; forecasting with it assumes that it will not change 

drastically

• If forecasts are wrong, it implies a change in spread-rate (new variant, changes in human behavior etc.)

• Our insight: This could be formalized into a rigorous outbreak detector / change in epidemiological 
dynamics
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The spatiotemporal problem
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Spatial modeling
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G for GMRF 
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Results using MCMC

• Estimation with 3 
counties
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Speeding up with VI
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9-county inference with VI
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Detecting the fall wave, 2020
• Detect the arrival of the Fall wave of 2020 in Valencia county

• Process:

• Infer spread-rate using data till Sept 15th ; forecast ahead w/ 95th 
percentile; detect outliers

• Redo with negative binomial fit (RKI; Hohle & Paul, 2008)
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• Result: 

• Our method detects the start of 
the fall wave; RKI method fails

• RKI’s time-series method needs 
long training data (>2 months)

• We exploit knowledge of 
incubation period & 
parameterized infection-rate 
profile



Conclusions
• We have developed a VI method to infer a latent field, give indirect observations

• Our case: latent infection-rate or spread-rate field, from case-count data

• Requires a forward problem (epidemiological problem); spread-rate is smooth in space-time

• Algorithmic innovations: Estimation is high-dimensional; MCMC not up-to-the-task

• Requires a Gaussian Markov Random Field model to spatially regularize (enforce spatial auto-
correlation)

• Estimation performed using Variational Inference

• Tested on the counties of New Mexico, COVID-19 data

• Final use: Detect arrival of Fall wave in NM, posing it as an anomalous epidemiological behavior

• Detect better than conventional detectors that employ case-counts natively

• Better detection artefact of exploiting a smooth infection-rate, unaffected by reporting errors etc.
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