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EMPIRICAL PATTERNS IN EPIDEMIC DYNAMICS
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THE SHAPES OF EVOLUTION

continuous trait a € R": evolution = a — a + éa

Marchi, Jacopo, et al. "Antigenic waves of virus-immune coevolution."

Proceedings of the National Academy of Sciences 118.27 (2021): €2103398118.
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THE SHAPES OF EVOLUTION \VAVAY,

continuous trait a € R": evolution = a — a + éa
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MACROSCOPIC SCALE: MULTI-STRAIN SIS MODEL
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T = cross-immunity strength

MDD, "Diffusion geometry unravels the emergence of functional clusters in collective phenomena S
Physical review letters 118.16 (2017): 168301.

AFB et al. "Latent geometry emerging from network-driven processes."
arXiv preprint arXiv:2506.09616 (2025).
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PHENOMENOLOGY OF EVO-EPI DYNAMICS
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FRAMEWORK & PROGRAM

> global diversity patterns (e.g. strain segregation)
> vaccine design and deployment

> assessment of outbreak vulnerability

epidemics data
(prevalence, emergence, phylogenetics...)

effective cross-immunity

- — in vivo immune response mechanism




SUMMARY

> mutation space constrains pathogen evolution

> antigenic interaction emerges from sequence landscape

> seeking theoretical insight to boost epidemic management
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EXTRA SLIDE 1: MULTISTRAIN SIS MODEL
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EXTRA SLIDE 2: METACOMMUNITY & IMMUNITY

oathogen population dynamics
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