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Introduction

What drives pathogen evolution?

• Changes in processes that occur at many
different levels.

How are different biological levels connected 
during pathogen evolution?

• Via collective processes that span across
different physical and temporal levels.

What makes a pathogen successful?

• Variation in the pathogen’s ability to spread and
the availabibity of resources (susceptible
individuals).
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Introduction
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The observed evolutionary pattern is a consequence of

• Changes in processes that occur at many different levels.
• Collective processes that span across different physical and temporal levels.
• Variation in the pathogen’s ability to spread and the availabibity of resources

(susceptible individuals).
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Introduction

Within-host dynamics

Between-host dynamics

• Processes at different biological levels.
• Collective processes spanning across biological levels.
• Trait variation and availability of resources.
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Introduction

Within-host evolution:
Selection pressure to maximize 
within-host fitness (viral load).

Between-host evolution:
Selection pressure to maximize 

between-host fitness (transmission).
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Introduction

Within-host dynamics

Between-host dynamics
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Introduction

How does individual immunity due to vaccination and/or previous infections
affect epidemiological dynamics and virus evolution?

What causes the patterns of variant substitution and saltational evolution 
that we observe in empirical data? 
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Within-host dynamics
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Virus evolutionary dynamics

Within-host dynamics Between-host dynamics
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Within-host evolutionary dynamics

Between-host evolutionary dynamics
via
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R0 in a completely naive population (C=0)
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Virus evolutionary dynamics
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Virus evolutionary dynamics
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Lythgoe et al. (2022), medRxiv
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Summary
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Thanks!
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