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Abstract

Avian influenza remains one of the most significant transboundary infectious diseases affecting poultry
and wild bird populations, posing substantial threats to food security, agricultural economies, and
global public health. The ability of avianinfluenza viruses to persist in the environment and the
dependence of infection risk on pathogen exposure dose introduces transmission pathways and
epidemiological complexities that are notfully represented by standard direct-transmission epidemic
models. This study develops and analyzes a delayed environmental transmission model for Avian
influenza with dose-dependent infection dynamics governed by a nonlinear system of delay differential
equations. The fundamental qualitative properties of the model are established, including positivity,
boundedness, and the existence of biologically meaningful solutions. The disease-free and endemic
equilibria are derived, and the basic reproduction number is obtained to characterize the threshold
dynamics govemning disease invasion and persistence. Local stability analysis of the equilibria is
conducted via the associated characteristic equations obtained from system linearization. The study
furtherinvestigates backward and Hopf bifurcations to characterize the long-term dynamical
behaviours arising from nonlinear environmental transmission. For a special case of the model,
corresponding to a Michaelis—Menten type infection response, a rigorous global stability analyses of the
disease-free and endemic equilibria are established through the construction of suitably designed
Lyapunov functionals. Numerical simulations are also carried out to validate theoretical results.
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Dr. Andrew Omame is currently a postdoc at the Laboratory for Industrial and Applied Mathematics
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Prof. W. A. Woldegerima). He is a motivated, goal-driven individual with a strong passionfor teaching,
research and innovation. His research areas include mathematical biology and applied dynamical
systems in general. His research interests focus on the design and analysis of robust mathematical
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