
BIOMATH 2025 Conference Abstracts

B f

Biomath Forum

Mathematical Methods and Models in Biosciences
June 15–20, 2025, Sofia, Bulgaria

https://biomath.math.bas.bg/biomath/index.php/bmcs

A general kinetic model for the spread of
infectious diseases in continuously structured

compartments

Emanuele Bernardi1, Tommaso Lorenzi1, Mattia Sensi1,2, Andrea Tosin1

1Department of Mathematical Sciences “G. L. Lagrange”,
Politecnico di Torino, Italy

2Department of Mathematics,
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We propose a general kinetic compartmental model for the spread of infec-
tious diseases, wherein each compartment is structured by a continuous variable
that captures inter-individual phenotypic variability [1, 2, 3].

The model comprises a system of integro-differential equations for the dy-
namics of the population density functions (i.e. the phenotype distributions) of
the different compartments. First, we formally derive this model from an un-
derlying stochastic model, which describes the evolutionary dynamics of single
individuals. Then, we explore the connections between this general model and
specific compartmental models employed in epidemiology [4, 5, 6].

We derive the classical threshold quantity R0, the Basic Reproduction Num-
ber, after some simplifying assumptions on our general model. Finally, we dis-
cuss possible applications of the model in different epidemiological scenarios and
compare simulations of the microscopic (Monte Carlo) and macroscopic (ODEs)
layers of our construction.
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