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Stability analysis of fractional-order SIR model with general
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Abstract

In this work, we study a fractional two-strain epidemic
SIR model with a general incidence rate for both
strains, incorporating treatment for each strain. The
proposed model consists of four fractional-order
differential equations describing the interactions among
susceptible, infected, and recovered individuals. The
first part of the mathematical analysis is devoted to
proving the existence and uniqueness of positive
solutions. The global stability of the model equilibria is
established using appropriate Lyapunov functions.
Numerical simulations are carried out to support the
theoretical results and to illustrate the effect of the
fractional-order derivative on the convergence toward
equilibrium points. Furthermore, the impact of
treatment efficiency on reducing the density of infected
individuals for each strain is investigated.

© ICRAMCS 2026 Proceedings ISSN: 2605-7700

References

[1] K. Allali, S. Harroudji, D.F.M. Torres. Analysis and optimal control of an intracellular delayed HIV model with

CTL immune response. Mathematics in Computer Science, 2018.

[2] O. Khyar, A. Meskaf, K. Allali. Mathematical Analysis of a SIHV COVID-19 Pandemic Model. In Trends in
Biomathematics: Stability and Oscillations in Environmental, Social, and Biological Models, BIOMAT
Consortium Lectures, Rio de Janeiro, Brazil, 2021.

[3] Z. Yaagoub, M. Sadki, K. Allali. A generalized fractional hepatitis B virus infection model with both cell-to-
cell and virus-to-cell transmissions. Nonlinear Dynamics (2024). https://doi.org/10.1007/s11071-024-09867-

3

ICRAMCS 2026 | Cadi Ayyad University, Marrakech, Morocco



