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Overview
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• Phylogenetic methods in general

• Phylogenetic methods for epidemic outbreaks

‣ Example: Estimation of R0 for HIV in Switzerland

• Phylogenetic methods for complex epidemic scenarios

‣ Work in progress



Phylogenetics is the study of evolutionary 
relatedness among organisms
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Phylogenetic tree 
of apes 

(from Yang & Rannala, 2005, MBE)

Speciation event Species

million years ago



Transmission chains and phylogenetic trees
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Tailoring phylogenetic methods to virus 
epidemics

1. Holmes et al (Proc. Roy. Soc. B, 1995): Sequences from one timepoint

2. Rambaut (Bioinformatics, 2000): Sequences from several timepoints

3. Drummond et al (Genetics, 2002): BEAST software package
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λ

μ

I

ψ

• time of start of epidemic t
• transmission rate λ
• “death” rate μ
• sampling rate ψ

Birth-death
model

The birth-death model as a model for 
epidemic outbreaks
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λ

μ

I

ψ

• time of start of epidemic t
• transmission rate λ
• “death” rate μ
• sampling rate ψ

Birth-death
model

today

t

Phylo-
genetic 

trees

The birth-death model as a model for 
epidemic outbreaks
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f [T , η, θ|data] =
f [data|T , θ]f [T |η]f [η, θ]

f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework
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Evolution 
of virus
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f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework
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Evolution 
of virus Transmission

f [T , η, θ|data] =
f [data|T , θ]f [T |η]f [η, θ]

f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework
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Evolution 
of virus Transmission

Prior

f [T , η, θ|data] =
f [data|T , θ]f [T |η]f [η, θ]

f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework
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Evolution 
of virus Transmission

Normalizing 
constant

Prior

f [T , η, θ|data] =
f [data|T , θ]f [T |η]f [η, θ]

f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework



In Beast, we replace the coalescent by an explicit epidemiological 
model for transmission:

This allows to directly infer epidemiological parameters!
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Evolution 
of virus Transmission

Normalizing 
constant

Prior

f [T , η, θ|data] =
f [data|T , θ]f [T |η]f [η, θ]

f [data]

tree
epidemiolgical

evololutionary

Estimating rates in a Bayesian framework
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f (        )

The transmission likelihood
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Beauty and the Beast

• Get your alignment ready with Beauty

• Run the Beast

• View your results with Tracer
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R0 = λ/(μ+ψ) λ vs. μ+ψ

Simulation study
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Improvements compared to the coalescent

• Coalescent:

• Effective population size correctly estimated in 55% of the 
simulated trees

• Birth-death model: 

• λ-μ-ψ (net growth rate) corresponds to effective population size

• Correctly estimated in 97% of the simulated trees



• Swiss HIV Cohort containing more than 15000 patients in Switzerland 
covering about half of the Swiss HIV infected individuals 

• pol sequences: obtained from drug resistance testing

• Phylogenetic analysis revealed 10 transmission clusters (no migration from 
outside of Switzerland, Kouyos et al. 2010).

13

Application: HIV in Switzerland
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R0 estimates for Swiss HIV

‣ R0 is transmission group 
independent                  
(p-value 0.58)
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R0 estimates for Swiss HIV

‣ R0 is transmission group 
independent                  
(p-value 0.58)
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‣ little changes of R0 over time
(Pearson correlation -0.49; p-value 0.15)

‣ considered subepidemics do not 
bias method                          
(Pearson correlation 0.07; p-value 0.84)

R0 estimates for Swiss HIV



Future work: SIR models in phylogenetics

1. Limited number of susceptibles (with Gabriel Leventhal)

2. Heterogeneous host population (with Dorita Avila):

e.g. geographic & risk group differences

3. Transmission rate changes during epidemic (birth-death skyline plot):

e.g. following introduction of treatment or vaccines

16

Key model 
features

Likelihood of each tree connecting the sampled 
data is required for inference

Core 
concept



Summary
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• Provide powerful phylogenetic tools to the community

‣ Make use of the available sequence data

• Obtain detailed understanding of the epidemiology and evolution 
of viruses

‣ Determine severity of epidemic in early phase

‣ Design effective public health intervention strategies

‣ Identify target strains for vaccines and treatment

Use epidemiological models in 
phylogenetic analysis
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