Bayesian inference of reproduction number from genomic data
Background
Genomic data are increasingly being used to understand infectious disease epidemiology. Isolates from a
given outbreak are sequenced, and the patterns of shared variation are used to infer which isolates within
the outbreak are most closely related to each other. Unfortunately, the phylogenetic trees typically used to
represent this variation are not directly informative about epidemiological processes, such as the temporal
variations in the reproduction number R(t) which represents the average number of secondary infections
caused by each infected individual. Accurate estimation of this R(t) function is vitally important to
understand the effect of control measures on infectious disease outbreaks.
Objectives
The aim of this project is to develop and apply a stochastic model of infectious disease outbreaks in which
the R(t) function has an effect on the genomic relationships between sampled individuals.
Proposed research plan
1. Develop a simple stochastic model of outbreaks, for example using a branching process
2. Implement simple simulations under this model to study the effect of variations in R(t) on genomic
relationships
3. Derive a mathematical formulation for the likelihood which may require the use of data
augmentation techniques, numerical approximation and/or Monte-Carlo approximation (such as a
particle filter)
4. Implement a Bayesian approach to infer the parameters of the model based initially on an observed
dated phylogeny, for example using a Markov Chain Monte Carlo
5. Test the methodology using simulated datasets where answers are available and/or to real datasets
on outbreaks of a complex disease such as tuberculosis or covid
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