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Abstract

This paper discusses and provides some analytical studies for a hybrid mathematical model of COVID-19, which is a
SECIRD fractional model that is concerned with the influence of the pandemic on chronically ill people. We compute
and derive several stability results based on some parameters that satisfy some conditions that prevent the pandemic
from occurring. The paper also investigates the problem of the existence and uniqueness of solutions for the SECIRD
model. It does so by applying the properties of Schauder’s and Banach'’s fixed point theorems.
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1. INTRODUCTION AND STATEMENT OF THE PROBLEM

Mathematical modeling is a useful tool for understanding and controlling infectious diseases [1, 4],
but traditional approaches are not highly accurate for modeling such diseases. Therefore, fractional
differential equations have been introduced to handle these problems, with applications in various
fields, including optimization problems, artificial intelligence, and medical diagnoses. Those
interested in further reading on the subject can refer to books by (Samko et al. 1993 [9], Podlubny
1999 [6], Kilbas et al. 2006 [3], Diethelm 2010 [2]).

This model requires the division of the total population N into six epidemiological classes namely
Susceptible S, Exposed E, Chronic illnesses C, Infected I, Recovered R, and Death class D.
Parameters’ definition of the SECIRD model for COVID-19 could be presented as follows:

o (u, N) is a function representing the influx rate that expresses the arrival of people (i.e., birth rate
and visitors from other society).

o u < 1 is the rate of natural death population, also 0 < ¢ < 1 — u, with o is the death rate of people
with chronic illnesses other than COVID-19. We put ¢ in addition to accounting for natural death



because the death rate of people with chronic illnesses is usually more remarkable than any other
compartment.

o B4, B, are the rates of contacts per person between susceptible S and infectious population C and I.
o 6, § are the rates of transfer of exposed E to infectious population C and .

o p, q are the recovery rates from infectious population C and /.

o Kk, y are the death rates of infectious population C and I due to COVID-19.

o v is the vaccine rate of the suspected population, and  is the rate of transfer of recovered population
R even who were vaccinated to the susceptible population S, (taking into account that Covid-19 has
several versions, the vaccine is not always effective against the disease because of its mutation).
For0<t<T<ow,and 0 < a < 1, we have:
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\“D&HD(t) = kC(t) +yI(t).

Our main goal in this work is to determine the main properties of the solution for the system of
nonlinear fractional differential equations (1). First, checking the considered model’s stability
necessitates establishing some existence results, determining the boundedness and computing the
disease-free equilibrium points. Then, by using the fixed-point theory, we give the necessary
conditions for getting at least one solution or its uniqueness.
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