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Abstract
In this paper, we discuss and provide some analytical studies for a mathematical model of fractional-order

SIRD for COVID-19 in the sense of the Caputo-Katugampola derivative. We compute and derive several

stability results based on some parameters that satisfy some conditions which prevent the pandemic from

occurring. The paper also investigates the problem of the existence and uniqueness of solutions for the SIRD

model. It does so by applying the properties of Schauder’s and Banach’s fixed point theorems.
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1 Introduction

The coronavirus pandemic was a major worldwide challenge in 2020. The severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is the virus responsible for COVID-19 infection. Wuhan city
in China is reported to be where this virus originated.
A better understanding and evaluation of the existence, stability and control of infectious diseases
can be acquired through modeling them mathematically. However, mathematical models’ classical
approaches are not highly accurate in modeling such diseases; hence, the introduction of fractional
differential equations for handling these problems becomes necessary.
Our model requires the division of the total population N into four epidemiological classes:

S : Susceptible class, I : Infected class, R : Recovered class, and D : Death class.

The parameters are positive and could be described as follows:
◦ β is the average number of contacts per person per time t,
◦ γ is the recovery rate,
◦ κ is the death rate.
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For 0 < α < 1 and ρ > 0, 
CDα,ρ

0+ S (t) = −βS(t)I(t)
N0

,
CDα,ρ

0+ I (t) = β I(t)S(t)
N0

− (γ + κ) I (t) ,
CDα,ρ

0+ R (t) = γI (t) ,
CDα,ρ

0+ D (t) = κI (t) ,

(1.1)

along with the positive initial conditions

S (0) = S0, I (0) = I0, R (0) = R0, D (0) = D0, (1.2)

where N0 > 0 is the initial total population at the moment t = 0, with 0 ≤ t ≤ T < ∞.
It is essential to find the solution of (1.1) with an efficient technique. Considering this point, our
main goal in this work is to determine the main properties of the solution for the system of non-
linear fractional differential equations (1.1), checking the considered model’s stability necessitates
establishing some existence results.

2 Main Results

Lemma 2.1. The solution of model (1.1) is restricted to the feasible region given by

u =
{
(S, I,R,D) ∈ R4

+, 0 ≤ N (t) ≤ N0

}
,

and the pandemic will occur if S0 > γ+κ
β
N0, where

γ+κ
β

is called threshold phenomenon or critical
community size for the pandemic.

Theorem 2.1. The disease-free equilibrium point of (1.1) is

u∗ =

(
γ + κ

β
N0, 0,R0, 0

)
.

Theorem 2.2. If the susceptible class S (t) < S∗, the pandemic free equilibrium point of (1.1) is
locally asymptotically stable and is unstable if S (t) > S∗.

Let u = (S, I,R,D) ∈ E, where E = [C ([0, T ] ,R+)]
4 is a Banach space equipped with the norm

∥u∥E = ∥S∥∞ + ∥I∥∞ + ∥R∥∞ + ∥D∥∞

and let f = (f1, f2, f3, f4) , be such that
f1 (t, u (t)) = −βS(t)I(t)

N0
,

f2 (t, u (t)) = β I(t)S(t)
N0

− (γ + κ) I (t) ,

f3 (t, u (t)) = γI (t) ,
f4 (t, u (t)) = κI (t) ,

it is clear that the function f ∈ ([0, T ]× E)4 is continuous.
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By applying the fractional integral to both sides of the system (1.1), we get
S (t) = S0 +

ρ1−α

Γ(α)

∫ t

0
τρ−1

(tρ−τρ)1−αf1 (τ, u (τ)) dτ,

I (t) = I0 +
ρ1−α

Γ(α)

∫ t

0
τρ−1

(tρ−τρ)1−αf2 (τ, u (τ)) dτ,

R (t) = R0 +
ρ1−α

Γ(α)

∫ t

0
τρ−1

(tρ−τρ)1−αf3 (τ, u (τ)) dτ,

D (t) = D0 +
ρ1−α

Γ(α)

∫ t

0
τρ−1

(tρ−τρ)1−αf4 (τ, u (τ)) dτ,

By choosing u0 = (u1, u2, u3, u4) = (S0, I0,R0,D0) , we get

u (t) = u0 +
ρ1−α

Γ (α)

∫ t

0

τ ρ−1

(tρ − τ ρ)1−αf (τ, u (τ)) dτ. (2.1)

In what follows, we present the principal theorems:

Theorem 2.3. Let β, γ, κ, α, ρ, T ∈ R+, be such that α ∈ (0, 1) and

T <

(
ραΓ (α + 1)

4 (β + γ + κ+ 3)

) 1
ρα

, (2.2)

then the problem (1.1)–(1.2) has at least one solution on [0, T ] .

Theorem 2.4. Let α ∈ (0, 1) and β, γ, κ, ρ, µ ∈ R∗
+, be such that

µ = max {β + γ + κ+ 2, γ + 3, κ+ 3} .

If
4µT ρα

ραΓ (α + 1)
< 1, (2.3)

then the problem (1.1)–(1.2) admits a unique solution on [0, T ] .
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Atomic Solutions of Partial 

Differential Equations via Tensor 

Product Theory of Banach Spaces 

15:20 – 15:30 

Dr. Asma Hammou 

Ecole Normale Supérieure de 

Laghouat. Algeria 

Ideals of polynomials generated 

by t(p)-summing operators 

Dr. Adel Lachouri 

University of Science and 

Technology Houari 

Boumediene, Algeria 

Nonlocal boundary value 

problem for Ψ-Hilfer fractional 

differential equations 

 

Fatima Zohra Benghia 

Laghouat University, Algeria 

Orthogonal polynomials 

corresponding to polynomials 

zero measure 

15:30 – 15:40 

Ms Djellali Noura 

University of Mustapha 

Stambouli, Mascara, Algeria 

Geometric properties of 

hypersurfaces in Lie group 

(𝑁𝑖𝑙4, 𝑔) 

Dr. Soheyb Milles 

University Center of Barika, 

Algeria 

On neutrosophic topological 

spaces in Šostak’s sense 

Miss Ahlem Sidi Yekhlef 

Ain-Temouchent University, 

Algeria 

Well-posedness of a wave 

equation with fractional-damping, 

memory and time delay 

15:40 – 15:50 

Dr. Sara Youcef Achira 

University of Hassiba Benbouali 

Chlef, Algeria 

Generalization and properties of 

the Bernoulli polynomials 

Mr. Brahim Benaissi 

University of Msila, Algeria 

The blow-up existence of 

solution to generalized 

fractional partial differential 

system with fractional Laplacian 

Dr. Bendrici Nadhir 

USTHB, Algeria 

About the intersection curves of 

two parametric surfaces 

15:50 – 16:00 

Mr. Mohammed Amine 

Benmelouka 

University of Oran 1, Algeria 

The resolution of a non-

autonomous differential equation 

of elliptic type 

Mr. Mahmoudi Sofiane 

Abdelhamid Ibn Badis 

University, Mostaganem, 

Algeria 

Some applications of  Wiman-

Valiron theory of entire 

functions in fractional calculus 

Mr. Hamza Boutebba 

University of 20 August 1955 

Skikda, Algeria 

The existence of infinitely many 

large energy solutions for a 

general class of superlinear 

fractional Schrӧdinger-Poisson 

systems 

16:00 – 16:10 

Dr. Rabah Djemiat 

Mohamed Boudiaf University of 

M'sila, Algeria 

A hybrid model for a class of 

multidimensional nonlinear free 

energy equations 

Dr. Asma Allam 

Abdelhafid Boussouf 

University, Mila, Algeria 

Simplifying the Study of a 

Symmetric System of Higher 

Order Difference Equations 

Dr. Maroua Meneceur 

University of El Oued, Algeria 

On Caputo boundary value 

problems for fractional 

differential equations 

16:10 – 16:30  

Ms Saba Naz 

Riphah International 

University Islamabad 

Variable Precision 

Multigranulation Fuzzy Rough 

sets under Q Rung Orthopair 

Fuzzy Environment 

 

Conclusion 

 

NOTE: There are three parallel channels of talks. 

Talks including keynote lectures listed in the column colored blue will be held in Channel A 

Talks listed in the column colored red will be held in Channel B 

Talks listed in the column colored green will be held in Channel C 
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