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Abstract

How can we distinguish an emerging outbreak from random fluctuations when data arrive
continuously across many locations? This question connects public-health surveillance with
broader mathematical and statistical challenges in sequential learning, spatial dependence,
and multiple testing. In this talk, I will present an adaptive Bayesian framework for detecting
outbreaks in streaming surveillance data. The approach combines a flexible model for disease
counts with sequential updating of prior distributions and adaptive combination of p-values
across data sources and locations. A central challenge is balancing rapid detection against
false alarms while accounting for dependence across observations. Through extensive studies
spanning different signal strengths and correlation structures, we examine when adaptation
improves detection and how it affects error control. We then illustrate the framework using
daily COVID-19 case counts from Massachusetts counties in 2020, which demonstrates timely
and stable detection during epidemic outbreaks. We will discuss the intuition behind these
methods and the tradeoffs that arise when learning from sequential data in real time.
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