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Abstract

Mathematical models constitute fundamental tools for deciphering the
of epidemic spread and developing effective control strategies. Their role is cru
the dynamics of infectious diseases are based on complex interactions betwee b'o}“ﬁg
behavioral, and environmental factors. A fine-grained understanding of epldemlc' "
from their emergence to their resolution is essential to anticipate their evolution “and
optimize public health interventions.

Historically, this quest for modeling has given rise to a diversity of approaches,
ranging from classical deterministic systems to sophisticated stochastic models, including
hybrid frameworks and advanced numerical methods. The COVID-19 pandemic, although in
a phase of subsidence, has starkly reminded us of the paramount importance of
mathematical models in epidemiology. Faced with a virus characterized by heterogeneous
transmission, emerging variants, and variable immune responses, traditional approaches
revealed their limitations, while models incorporating uncertainty and individual variability
proved indispensable. This crisis thus underscored the need to develop more robust
theoretical frameworks capable of capturing both global trends and the random fluctuations
inherent to epidemic phenomena.

This thesis proposes an in-depth exploration of dynamical systems subject to random
perturbations with a central application to the modeling of infectious diseases. Our
approach relies on the rigorous analysis of model classes, emphasizing the effects of random

noise, whether continuous (Brownian motion, colored noise) or discontinuous (Lévy jumps,
Markovian switching). The originality of this work lies in the combination of advanced
analytical tools (ergodic theory, Lyapunov inequalities, and stochastic calculus) and high-
resolution numerical simulations. The simulations, conducted using Euler-Maruyama
methods and adaptive algorithms, validate our theoretical results and illustrate
counterintuitive phenomena, such asstochastic persistence in regimes where deterministic
models predict extinction.

This work contributes to strengthening the mathematical foundations of stochastic
epidemiology while providing operational tools for managing future public health crises.
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