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Abstract

The interaction of epidemiological and evolutionary processes leaves a footprint in pathogen
genomes. Phylodynamics leverages these footprints to estimate epidemiological parame-
ters. Phylodynamic models estimate such parameters as the basic reproduction number,
Ry, from topology and branch lengths of pathogen phylogenies (genealogies of pathogen
sequences). In the era of constantly growing sequencing data, this approach can be espe-
cially useful for unravelling information on pathogen epidemics.

However, existing inference tools in a phylodynamic framework have not yet caught up
with the sequencing speed. Computing time and numerical instability issues limit them
to medium data sets (< 500 samples), while the accuracy of estimations should increase
with data set size.

We solve this computational bottleneck in two ways: 1) via fine-tuned model-specific
mathematical effort to improve likelihood computation for the Birth-Death Exposed-
Infectious model, one of the most commonly used phylodynamic models, which targets
pathogens featuring an incubation period (between the moment of infection and becom-
ing infectious), such as Ebola and SARS-CoV2; and (2) via replacing a likelihood-based
framework with a simulation-based (and therefore likelihood-free) deep learning approach
for a larger spectrum of models. Our fast and accurate estimators are applicable to very
large datasets (> 10000 samples).
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