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ETH Zürich

June 15, 2015



Outline

1 Why phylogenetics / phylodynamics?

2 How? (using branching processes)

3 Examples:
• Globally circulating influenza virus

• Risk group dynamics in HIV

• Ebola virus in Sierra Leone 2014



1) Why phylogenetics / phylodynamics?



Virus phylogenetics / phylodynamics

• Estimate viral mutation rates

• Epidemic dynamics:

• Basic/effective reproduction number R0 / Re

• Infectious periods

• Contact heterogeneity

• . . .

When incidence data is rare, variation in genomic data can
provide valuable insight into epidemic dynamics.



Phylogenetic trees

Full tree (unknown) Reconstructed tree

Assume that reconstructed phylogeny is a good proxy for the
observed transmission tree.



2) Branching processes in phylogenetics



Posterior distribution and ”tree priors”

Posterior distribution of the time tree T , the tree generating
rates r and the model parameters θ given the data D:

f [T , r, θ|D] ∝ f [D|T , θ]f [T |r]︸ ︷︷ ︸
tree prior

f [r]f [θ]

Analysis using Bayesian MCMC (in BEAST2).



”The Coalescent”

Most popular in phylogenetics:

• Neutral, deterministic population coalescent
(Griffiths & Tavaré 1994)

• Simple & computationally efficient

• Exponential growth coalescent provides growth rate
estimate
→ Estimate basic reproductive number R0

(Pybus et al. 2001)



Stochasticity



Coalescent times of 2-tip trees

Stadler et al. 2015, Proceedings B



Birth-death approaches

Full tree (unknown) Reconstructed tree

• Birth-death skyline model (Stadler, Kühnert et al. 2013)

• SIR-approximation ”BDSIR” (Kühnert et al. 2014)



Multi-type birth-death tree prior
.. with d ∈ N demes and m ∈ N intervals

t0 = 0

λ1,1, µ1,1,ψ1,1

λ2,2, µ2,2,ψ2,2

t1

λ1,2, µ1,2,ψ1,2

λ2,2, µ2,2,ψ2,2

t2

λ1,3, µ1,3,ψ1,3

λ2,3, µ2,3,ψ2,3

tm = y4y1 y2 y3x1 x2 z1

1



Calculating the tree likelihood
Probability of not having any sampled descendants:

d

dt
pi(t) = µi −

 m∑
j=1

(λi,j +mi,j) + µi + ψi

 pi(t) +

m∑
j=1

mi,jpj(t)

+

m∑
j=1

λi,jpi(t)pj(t)

Probability of having evolved as observed in the tree:

d

dt
gNi(t) = −

 m∑
j=1

(λi,j +mi,j) + µi + ψi

 gNi(t) +

m∑
j=1

mi,jgNj(t)

+

m∑
j=1

λi,jpj(t)gNi(t) +

m∑
j=1

λi,jpi(t)gNj(t)



3) Examples



(i) Globally circulating influenza virus

• Global human influenza H3N2 virus data set

• 175 HA sequences from Northern, Southern hemisphere &
Tropics

• Seasonal dynamics in temperate regions



H3N2 maximum posterior tree



H3N2 seasonal transmission dynamics



(ii) HIV epidemic in Latvia



The data set

• 196 (p17) / 199 (V3) sequences of HIV subtype A from
Latvia

• Sampled between 1998-2005, published by Balode et
al. 2004, Graw et al. 2012

• Risk groups: heterosexuals (HET) and injecting drug users
(IDU)



Epidemiological dynamics within and
between HET & IDU

• Is the Latvian HIV epidemic mainly driven by
IDU’s?

• Can the HET sub-epidemic persist on its own,
or does it depend on IDU’s?



A tree prior for multi-type trees -
Maximum Likelihood

1 Reconstruct phylogeny

2 Estimate
epidemiological
parameters

Rd =
λd

ψd+µd
d ∈ {HET, IDU, HET>IDU,

IDU>HET}

3IDU

1IDU

2IDU

4HET

1

Stadler, Bonhoeffer 2013 PhilTrans, median ML estimates:

RHET RIDU RH→I RI→H recovery-rate
0.38 1.13 7x10-7 0.04 4.36



Sampling through time

Allow four sampling periods s1, . . . , s4 to account for changes in
sampling effort through time and between risk groups:



Reproduction number through time

• median recovery rate : 0.46



Conclusion - HIV risk group analysis

• Sampling process can bias estimates of epidemiological
parameters

• V3 and p17 results agree with each other

• Epidemic mainly driven by IDU risk group

• Significant transmission from HET to IDU can not be ruled
out



Phylodynamics of the ebola virus outbreak
in Sierra Leone, 2014
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In its largest outbreak, Ebola virus disease is spreading through Guinea, Liberia, 
Sierra Leone, and Nigeria. We sequenced 99 Ebola virus genomes from 78 patients 
in Sierra Leone to ~2,000x coverage. We observed a rapid accumulation of interhost 
and intrahost genetic variation, allowing us to characterize patterns of viral 
transmission over the initial weeks of the epidemic. This West African variant likely 
diverged from Middle African lineages ~2004, crossed from Guinea to Sierra Leone 
in May 2014, and has exhibited sustained human-to-human transmission 
subsequently, with no evidence of additional zoonotic sources. Since many of the 
mutations alter protein sequences and other biologically meaningful targets, they 
should be monitored for impact on diagnostics, vaccines, and therapies critical to 
outbreak response. 
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Summary phylodynamics of ebola virus

• Estimation of sampling proportion possible
⇒ Estimate unobserved cases

• Average infectious period is short (2-3 days)

• Duration of incubation period difficult to estimate

• Weak signal for superspreading
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