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Implemented as a Beast 2 package EpiInf available at tgvaughan.github.io/EpiInf!

Phylodynamic methods including coalescent 
based (Volz 2009, 2012) and birth-death skyline 
(Kühnert, Stadler 2013, 2014) methods 
reconstruct epidemic parameters and 
phylogenetic/transmission trees from viral 
genomes.!
!
Epidemics are compartmental models eg SIR 
(Susceptible-Infectious-Removed) !
!
The phylogenetic tree is assumed to be identical 
to the transmission tree.!
!
Problems with existing methods: !
1.  Modeling approximation awkward as 

coalescent limit does not hold, especially 
near root of tree/start of epidemic. !

2.  Parameters may not be very informative about 
actual epidemic trajectory.!

!
Our approach is to derive an exact prior for a 
sampled transmission tree conditional on an 
epidemic trajectory and infer the joint posterior of 
trees, trajectories and parameters.!

•  Relevant to macro-evolutionary models: the SIS model is a diversity-dependent speciation model!
•  Computational run time remains a challenge: more particles required to avoid “sticking” but particles are costly!
•  Tunable approximation to full likelihood available via tau-leaping (Gillespie 2001) which simulates an approximate 

trajectory rather than the exact one!

Events in the tree correspond precisely to events in the 
epidemic. Sampled lineages can only coalesce at an 

infection event.!

Probability of a tree given a trajectory P(τ|ξ) is the product of combinatorial expressions, one for each epidemic event.  
Each expression depends on the number of lineages being followed, the total prevalence and whether or not the event 
involves lineages being followed or not.  !
!
Use Particle Marginal Metropolis-Hastings (Andrieu 2010) to estimate the posterior. Particles are epidemic trajectories.!

Black shows the true trajectory, Blue simulated from sampled posterior parameters, !
Red trajectories sampled using particle filter method!
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