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The virion as the unit of selection

Cell infection rateReplication rate

Immune system processes



Process scales

Between-species transmission

Across-population transmission

Between host-pairs transmission

Individual host-level processes

Cellular level processes
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• Host specificity


• Species contact structures


• Host adaptation


• Cost to generalism


• …



Process scales

Eco-evolution

E. Visher, M. Boots, Proceedings of the Royal Society B: Biological Sciences. 287, 20201230 (2020). J. L. Geoghegan, E. C. Holmes, Open Biology. 7, 170189 (2017).



Mechanisms of spillover

U
nidirectional?

R. K. Plowright, P. J. Hudson,  Viruses. 13, 1298 (2021).



Intraspecific transmissionIntraspecific transmission Interspecific transmission
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Intraspecific transmission

β = c τ → c τ(s) = β(s)
γ → γ(s)

Re(s′￼, s) =
β(s′￼)S*(s)

γ(s′￼)N
=

β(s′￼)γ(s)
β(s)γ(s′￼)

R0 =
βS0

γN
=

β
γ

R′￼e =
β′￼S*
γ′￼N

=
β′￼γ
βγ′￼

=
R′￼0

R0

·S = −
βSI
N

+ γI, ·I =
βSI
N

− γI, λ =
βI
N

1. With implicit within-host processes 2. With explicit within-host processes

Across-population transmission

But what is s?



Intraspecific transmission

β = c τ → β(v) = c τ(v)
β = c τ → β(i, r, a) = c τ(i, r, a)

Cells : ·c = Λ − dcc − icv
Infectedcells : ·y = icv − dyy

Virons : ·v = ry − mf(a)zv
Antibodies : ·z ∝ v

Within-host dynamics

Between host-pairs transmission

Cellular level processes
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Multi-species (n) and multi-pathogen (m) SIS

·Sj = − Sj

n

∑
k=1

m

∑
i=1

λjki(si) +
n

∑
i=1

γji(si)Iji(si)

·Iji = Sj

n

∑
k=1

λjki(si) − γji(si)Iji(si)

Basic reproduction number (  or ) given by the spectral radius 
of the next-generation matrix:

R0 R′￼e R0 = ρ (−TΣ−1)

Intraspecific transmission
Interspecific transmission

Between-species transmission

Species contact structure where we can 
define for instance “species overlap”



Deterministic approximation of evolutionary dynamics

dsi

dt
∝

dRe(si, ̂s)
dsi

Evolution

U. Dieckmann, R. Law, The dynamical theory of coevolution: a derivation from stochastic ecological processes. J Math Biol. 34, 579–612 (1996).



Host adaptation: niche evolution
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• Population 1 and 2 has a 0.01 
overlap.


• All parameters are fixed 
except of niche position.


• Neutral cost to generalism.


• (1) Degree of host specificity?


• (2) Degree of cross-species 
interaction?
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Example: Pairwise invisibility plots
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w = “host breadth“ or “host-adaptation width”
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• Host width can evolve


• Replication- and cell-infection rates can evolve


• Antigenic drift/adaptation (Willian Silva)


• Virulence feedback to contact rates (Willian Silva)


• Explicit network-based species contact structure (Peter Fransson)


• Phylogenetic pathogen-host compatibility space (Peter Fransson)


