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Unifying the epidemiological and evolutionary dynamics of pathogens

“ Rapidly evolving pathogens are unique in that their

. . . Grenfell (2004) Science 303: 327-30
ecological and evolutionary dynamics occur on the

same timescale and can therefore potentially interact. *’ GENETIC DIVERSITY EPIDEMIC DYNAMICS
(phylogene’ucs‘& (mathematical epidemiology)
Pybus & Rambaut (2009) Nat. Rev. Genetics 10:540-50 molecular evolution) —
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Epidemiological questions

When did an epidemic start?
Where did it come from, how many introductions?
How fast is it transmitting?

In what direction is it spreading?

Are hosts X, Y & Z epidemiologically linked?

LLocal transmission or repeated repeated introductions?
Of how many strains is the epidemic composed?
What adaptations has it accrued?
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When did an epidemic start?

Where did it come from, how many introductions”?
How fast is it transmitting?

In what direction is it spreading?

Are hosts X, Y & Z epidemiologically linked?

Local transmission or repeated repeated introductions?
Of how many strains is the epidemic composed?
What adaptations has it accrued?
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Phylodynamic inference: time

Substitutions Evolutionary rate
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Phylodynamic inference: time
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Epidemiological questions
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When did an epidemic start?

Where did it come from, how many introductions?
How fast is it transmitting?

In what direction is it spreading? o
Are hosts X, Y & Z epidemiologically linked? i
LLocal transmission or repeated repeated introductions?

mi -
"l

Of how many strains is the epidemic composed? I ii

What adaptations has it accrued? | | I I I




Phylodynamic inference: the coalescent

Phylogeny or
Genealogy

The coalescent relates the rate
at which sampled ‘'individuals'

find their common ancestors to
seeccesessssoee® population size
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© ® N Ok i~

When did an epidemic start?

Where did it come from, how many introductions?
How fast is it transmitting?

In what direction is it spreading?

Are hosts X, Y & Z epidemiologically linked?

LLocal transmission or repeated repeated introductions?
Of how many strains is the epidemic composed?
What adaptations has it accrued?
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Phylodynamic inference: spatial diffusion
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Phylodynamic inference: spatial diffusion

CTMC

ACGTTAGTTAGGGAGGAGC
AGGTTAGTTAGGGAGGAGC
ACCCTAGTTAGGGAGGAGC
ACCCTAGTTAGGGAGGAGC
ACGGTAGTTAGGGACTAGC
ACGGTAGTTAGGGACTAGC
ACGTTAGTTTTGGAGGAGG
ACGTTAGTTTTGGAGGAGG
ACGTTAGTTTGGGAGGAGG
ACGTTAGTTAGGCTGGAGG
ACGTTAGTTAGGCAGGAGG

C (X1,Y1)
A (X2,Y2)
A (X2,Y2)
B (X3,Y3)
(X4,Ya)
(Xs,Ys)
B (Xs,Ys)
B (X7,Y7)
C (Xs,Ys)
A (Xo,Y9)
C (X10,Y10)




T 1980 Ks_

l Mol(la“cular l

_— 1990 00000
clock model —)mo Jol 000000
,,,,, 0000000  |1990

O00O000O0O0O0O0OO0OO0
O0O0O0O00O00ODO0O0OO0OO0
O O O00OO0O0O0O0O0O0O0O0O OO |2000
A 4
Year

———————— 0 |80
ocooo

\ 4
Genetic distance
from ancestor

=
e

Pybus and Rambaut, NRG, 2009.

1980

1990

—————————— 2000

A 4
Year

Suchard et al., VE., 2018.

BEAST: Bayesian phylodynamics



Epidemiological questions

Timing the SARS-CoV-2 index case in Hubei province
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Local transmission or repeated repeated introductions”?

Untanglingintroductions and persistencein
COVID-19resurgencein Europe

Of how many strains is the epidemic composed?
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What adaptations has it accrued? .
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Spread of a SARS-CoV-2 variant through
Europeinthe summer of2020
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