
Immune escape:
from individual differences to the population level

Maria A. Gutierrez and Julia R. Gog

University of Cambridge, UK



Markov et al, Nature Reviews Microbiology 2023

What drives evolution?
Impact of vaccination?



Markov et al, Nature Reviews Microbiology 2023

What drives evolution?

Impact of vaccination?



Markov et al, Nature Reviews Microbiology 2023

What drives evolution?
Impact of vaccination?



wildtype infections

new strain appears new strain spreads



wildtype infections new strain appears

new strain spreads



wildtype infections new strain appears new strain spreads



wildtype infections new strain appears new strain spreads



wildtype infections new strain appears new strain spreads



P
( )

=

Escape pressure

Hartfield et al. 2014, Gog et al. 2021,
Rella et al. 2021, Saad-Roy et al. 2021



P
( )

=

Escape pressure

Hartfield et al. 2014, Gog et al. 2021,
Rella et al. 2021, Saad-Roy et al. 2021



→

− →
Grenfell et al., Science 2004



infections
in unvaccinated

P
( )

= +θE

Escape pressure
infections

in vaccinated

P(t) = IU(t) + θE IV (t)



infections
in unvaccinated

P
( )

= +θE

Escape pressure
infections

in vaccinated

P(t) = IU(t) + θE IV (t)



SU IU RU

Unvaccinated fraction (1 − c)
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İV = SVλ(t)− IV

SV (0) = cθS

λ = R0(IU + θI IV )

∀t

(1 − c)−1(SU , IU ,RV ) = (cθS)
−1(SV , IV ,RV )



SU IU RU

Unvaccinated fraction (1 − c)
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V = −S i

Vλ(t)
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Immunocompromised hosts,

population heterogeneity,

vaccination strategies.

Stochastic extinction,

invasion dynamics.

Multiple waves, antigenic

evolution between waves.
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Escape pressure

depends on vaccination %:

unimodal or decreasing

. . . determined by θE !
Gutierrez and Gog 2023,
J. Theoretical Biology
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