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Abstract

The research aims to construct a mathematical model for COVID-19 that includes features six compart-
ments to evaluate the positive effects of quarantine measures. The model categorizes individuals into the
following classes: susceptible, exposed, quarantined, asymptomatic cases, symptomatic cases, and recovered
(SEQI;IxR). Several assumptions regarding positivity and boundness are identified to ensure that the solution
originated within a certain class and that the basic reproduction number is analyzed. Of course, the existence
of an endemic equilibrium is argued, which provides an understanding of the long-term persistence of the
disease. More precisely, to enhance our understanding of the model’s dynamics, we have analyzed both the
local and global asymptotic stability of the disease-free equilibrium. Moreover, to assess the global stability
of the system, we employ a Lyapunov function which provides a comprehensive mathematical evaluation. At
the same time, our findings show evidence of a backward bifurcation which is recognized as a possible result
of the clinical transition from an asymptomatic state to symptom one.

Keywords: Quarantine, Basic reproduction number, Stability, Backward bifurcation, Covid-19 model.
2010 MSC: 92B05, 92D30.

1. Introduction

Covid-19 is an infectious disease caused by the SARS-CoV-2 virus. To effectively prevent
infection and limit transmission, it is essential to understand the virus and its modes of
spread from WHO [24]. Researchers have developed various models to study the dynamics
of the Covid-19 epidemic, which emerged in 2019 [1, 6, 9, 15].

The initial models in mathematical epidemiology, such as the Susceptible-Exposed-
Infectious-Recovered (SEIR) and Susceptible-Infectious-Recovered (SIR) models, were estab-
lished on 1920s. These ordinary differential equation models have proven to be valuable
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tools for analyzing the dynamics of various real-world phenomena [2, 11, 16, 17]. How-
ever, there is a growing trend towards the utilization of fractional calculus models in
exhibiting the mathematics of several factors including the transmission index of Covid-19
[4, 8, 12, 20].

An additional examination of parameters was conducted through bifurcation analysis,
which offers insights into the structural characteristics of a system as parameters change.
This approach proved to be particularly beneficial in the investigation of virus transmis-
sion. The clinical progression from asymptomatic to mild and severe stages has been
associated with backward bifurcation. Furthermore, the dynamics of the two equilibria en-
demic and disease-free were also taken into account, along with the concept of backward
bifurcation [25]. The examination of bifurcation and the modeling of Covid-19 transmis-
sion dynamics have revealed that backward bifurcation often takes place. This occurrence
complicates disease control efforts, as a stable disease-free equilibrium can coexist with
a stable endemic equilibrium, even when the basic reproduction number (R,) is less than
one. It is well-known that such number is one of the most fundamental metrics employed
in assessing transmissibility within the field of epidemiology [23]. If R, exceeds one, each
infection has the potential to propagate within the population density; conversely, if R, is
below one, the incidence of the disease diminishes [21]. Therefore, while it is crucial to
reduce R, to below one, this measure alone is insufficient for the total elimination of the
disease [7, 13, 14, 17, 22].

Given the widespread nature of transmission, it is crucial to implement a variety of
interventions, including vaccines, quarantine protocols, and protective measures. The
models indicate that employing all these strategies simultaneously is the most effective
approach to mitigate the further progression of Covid-19 [13, 14, 22]. The addition of
comorbidity into these models demonstrates a significant boost in risk which supports the
significance of well-rounded treatment strategies [7]. The pandemic has shown that it is
crucial to understand how the diseases spread and how to protect from them, and that the
tools of managing exist and need to be followed [19].

One major problem in fighting Covid-19 is the fact that there are infected individuals
who do not show symptoms of the virus; these often go in quarantined. To evaluate the
effects of quarantine on the behavior of the SEIR model, we have expanded the model
by the addition of a quarantine compartment (Q) for non-infected but exposed persons.
Some of the researchers have use quarantine factor within epidemic models, see [3, 10,
25]. The SEQIR model in [18] categorizes the infected individuals into distinct classes
based on their symptoms, specifically those who have no exhibiting or mild symptoms and
those who experiencing severe symptoms.

In this study, our endeavor is to develope an epidemic model referred to as SEQI;IR.
This model addresses various elements, including the positivity and boundedness of the
system, the identification of equilibrium points, and the calculation and estimation of the
basic reproduction number. Additionally, our main contribution is to demonstrate the
presence of backward bifurcation and establishing the global stability of the system. The
paper is organized as follows: Section 2 begins by formulation of essential constructions
to our model. Section 3 presentes brief recalling of some basic properties to the model.
Section 4 focuse on precisely quantified the basic reproduction number, whereas Section
5 is adebted to analyzes the cases where the steady states enjoy the basic reproduction
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number. We conclude with Section 6, where we discussed backward bifurcation and it is
possible occourance.

2. Methodology

2.1. Model Formulation

Our model is based on the SEIR model transmission, we will investigate the effects
of quarantine. The model formulation SEQI;I;R used in this study focuses on human-
to-human transmission of the Covid-19 within a closed population. The total population
size at time t is denoted by N(t), which subdivided into six different classes, namely, the
susceptible individuals S(t), the exposed individuals E(t), the infected class can be sub-
divided into two cases, the asymptomatic infections I;(t), symptomatic infections I»(t),
the quarantined individuals Q(t), and the recovered individuals R(t). In this paper, we
assume that some exposed persons may not be quarantined, and thus move directly into
the infected compartment at the rate o; E (j = 1,2) where o1 + 02 = 0, and those quaran-
tined, tested and found negative move back into the susceptible population at the rate p Q.
Similarly, recovered persons who eventually loose immunity become susceptible again at
the rate TR.

41

T

Figure 1: A schematic diagram illustrating the transmission dynamics of Covid-19.
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Table 1: Description of the variables and the parameters for the model

Variables for the model

Parameters for the model

Variable Description Parameter Description

S(t) Susceptible people | o1 Death rate by disease from asymptomatic people

E(t) Exposed people | o Death rate by disease from symptomatic people

Q1) Quarantined people | o Progression rate from Q to either I or I,

I(t) Asymptomatic infections 0j The rate of propagation from the exposed class
directly into the infected classes 1;,j = 1,2.
0=01+07

I(t) Symptomatic infections i) The rate of propagation from the asymptomatic to
symptomatic

I(t) =11 (t) + I(t) | v The recruitment rate of susceptible individuals

R(t) Recovered people p The rate of those quarantined tested and found

negative move back into the susceptible population

T The rate of recovered person who lose immunity
become susceptible again

B Rate of transmission from S to E due to contract
with 11

[ Rate of transmission from S to E due to contract
with I
Bs =PB1+B2

0 The rate of propagation from the exposed class
directly into the quarantined class

Y1 Rate of recovery of people from I;

Y2 Rate of recovery of people from I,

i Natural death rate

This study investigates a homogeneous distribution of individuals, facilitating the cre-
ation of a mathematical model to depict the spread of Covid-19 among a population. An
outline of the parameters employed in the construction of the model is provided in Table
1. These parameters are essential for characterizing the system’s dynamics and are crucial
for understanding the disease’s behavior. Based on Figure 1, we establish the following

model:

2.2. Model Constructs
The governing equations for the model are subsequently expressed as nonlinear ODE’s:
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with the initial conditions

S(0) >0, E(0) >0, Q(0) >0, ;(0) >0, ,(0) >0, R(0) > 0. (2.2)

3. Model analysis

In this section, a detailed and rigorous analysis of the model is presented to gain insight
into the dynamical features of the model.

3.1. Basic properties of the model

In this subsection, we will discuss some fundamental properties of the proposed model.
First, we establish the existence and boundedness of solutions to demonstrate that the
system (2.1) has well-defined solutions. Furthermore, these solutions are unique and
confined within a positive invariant region. These properties ensure the well-posedness
and epidemiological significance of the developed model.

3.1.1. Positively-invariant
Let A be the region of the model defined by

A={S,EQI, LR ER} : S+E+Q+L+L+R<v/u}
which is positively-invariant according to the following statement.

Lemma 3.1. The region A is positively-invariant which indicates that all solutions of the
system (2.1) with the intial conditions (2.2) in A remain in A for all positive times.

Proof. We begin by adding the both sides of the system (2.1) to get
N(t) =v—uN(t) =8 I (t) — 52 Io(t)

and it follows that
N(t) < v—puN(t).

Multiplying the last inequality by the integrating factor exp(pt) and integrate the both
sides from 0 to t to obtain

N() < N(0) exp(—nt) + (v/u)(1 — exp(—n ).

Passing to the limit as t goes to co yields exp(—pt) tends to zero and hence 0 < N(t) <
v/u. Observe that whenever N(t) > v/u, then N < 0 which means that the population
size N(t) approaches v/u. On the other hand, whenever N(t) < v/u every solution of the
system (2.1) with the intial conditions (2.2) in IR?F will stay in the region A for all t > 0.
Thus, the region A is positively-invariant. O
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3.1.2. Positivity and boundedness
For the system (2.1) to be epidemiologically meaningful, it pertinent to show that all
its state variables are non-negative for all times.

Lemma 3.2. For all t > 0, the solution (S(t), E(t), Q(t), [1(t), Io(t), R(t)) of the system (2.1)
with the initial conditions (2.2) are positive.

Proof. Set t* =supf{t >0 : S(0) > 0,E(0) >0,Q(0) > 0,1;(0) > 0,1,(0) > 0,R(0) > 0}
From the first equation of the system (2.1) we have

S(t) =v—(n+Bs)S(t) +p Q) +TR(Y)

which implies
S(t) =2 v—(u+Bs) S(t).

Then, multiplying the last inequality by the integrating factor exp (ut + fg Bs(z) dz) and
integrate the both sides from 0 to t* to obtain

t* t* t* t
S(t*) = S(0) exp (—ut* _JO Bs(l)dl) +v exp (— Jo Bs(z)dz> Jo exp <L Bs(z)dz> dt

which indicates that S(t*) > 0 when S(0) > 0. Similarly, we can obtain E(t) > 0, Q(t) >
0,1;(t) > 0,1I(t) > 0,R(t) > O for all times t > 0. Therefore, the solution of the system
(2.1) with the initial conditions (2.2) are positive. O

Remark 3.3. Boundedness of the solution holds as a conclusion of Lemmas 3.1, 3.2 above.

3.2. Equilibria
This subsection focuses on existence of equilibria of the system (2.1).

3.2.1. Disease-Free Equilibrium
The system (2.1) has a unique disease-free equilibrium (DFE), represented as

XO(S/ E/ Q/ Il/ 121 R) = (V/FL, 0/ 01 O/ 0/ 0) (31)

which can be easily achieves by setting the left-hand side of the system (2.1) to zero
and solving the resulting equations simultaneously. Epidemiologically, it means that the
disease infection can not be transmission, or equivalently the avrage of spread infection
equals to zero.

3.2.2. Disease-Endemic Equilibrium
The disease-endemic equilibrium (DEE) of the system (2.1) can be expressed as

y
o H Y B

v Z%:l Bilf
A (1wt He X3 BiL;)

S*

E* =
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* 0v Z%:l Bllf

AB (utHy X BTy

vH; Y3 Bt

I = (3.2)
W+ Hy Yo Byl
2 *
I; — VH2 Zi:1 Bili (33)
A Hy Y5 Bilf
A Hy Y5 Bilf
where
KB+ o1 A
H=———>0,
1 ABC =
(1-k)a®C+ 0 BC+PkaxO+1Poy B
H, =
2 ABCD >0,
1
H3 = ——[yi Hi +v2Ho] >0,
L+t
0
H4:1—%—TH3 >0 if 1—(p6/AB) > TH;.
From (3.2) and (3.3) we get
BiHy (I} + B2 Ha T I3 + (n—v By Hy) If — v B2 Hy I3 =0 (3.4)
and
BoHa (13)* 4+ B1Ha I{ I3 + (1 —v B2 Ha) If — v B1 HaIf = 0. (3.5)

By taking equation (3.4) and multiplying it by 31 H4, and then multiplying equation (3.5)
by (32 H4, we can subtract the two resulting expressions to derive a quadratic equation
involving the two variables, I} and I3, as demonstrated below

BIH4(I)* — B3H4(I3)* + [Brp — VRTH1 + vH2B1B2] If — [vB1B2H1 + Bon — vB3H]| I = 0.

Consequently, since the discriminant is expressed as A = —4[B3H4][—B3H,] greater than
zero, the system defined by equations (2.1) has two unequal endemic equilibria, which
can be denoted by x* = (S*,E*, Q*, I}, I3,R*) and x** = (S**, E**, Q**, I*, [5*, R**).

Remark 3.4. The system (2.1) has two differnt disease-endemic equilibria.

4. Basic Reproduction Number

We utilize the next generation matrix method to calculate the basic reproduction num-
ber for the Covid-19 infection [23]. Our main focus is on the infected subsystem of the
system (2.1), which can be represented as follows:

dxi
dt

— ) - Vi) (i=1,---,4),



F. Mohamed, M. Amsaad / The importance of quarantine: A bifurcation analysis... 43

where x = (E, Q, I}, Io)*, F; denotes the rate of new infections occurring in compartment i,
while V; signifies the rates at which infections are transferred into and out of compartment
i, we obtain

F1=BsS, Fa=F3=5,=0,

Vi=(n+0+0)E,

Vo=(p+p+a)Q—0E,
Vi=(p+v1i+¥+0)1—kaxQ—o1E,
Vi=u+y2+0+0) -l —02E—(1—k)xQ.

Hence, the Jacobian matrices for F and V evaluated at DFE; x,, are

0 0 Brv/k Pov/u
00 0 0
00 0 0
and
n+o+0 0 0 0
_ 0 L+p+ o 0 0
JVI(xo) = —071 —Ko n+vr+P+6; 0
—02 —(1-x)a —p Htv2+UP+8
The inverse of the matrix V is obtained as
1/A 0 0 0
y-1_ 0/AB 1/B 0 0
[kt0+01B]/ABC ka/BC 1/C 0
([kPp+(1—k)Clab+[01P+0.C]B)/ABCD [k+(1—«)Clae/BCD /CD 1/D

where V| = ABCD and A = p+0+0,B =pu+p+a C=pu+y;+9v+56;, D =
w~+vy2 +1 + &,. Therefore, the basic reproduction number, denoted by Ry, is given by the
spectral radius of the next generation matrix FV—! for system (2.1), i.e,

Ry = <V> {Bl(K“e"‘GlB)D“‘Bz([Kﬂ)-i-(l—K)C]oce—l—[0‘111)+(72C]B)
> \u ABCD

4.1)

5. Steady State Analysis

This section addresses the concepts pertinent to stability. We will investigate that in
the case E = Q = I} = I, = R = 0, i.e when there is no infection, the model will have
a steady state at the DFE, x,. It is essential to employ the direct method of Lyapunov
alongside the Routh-Hurwitz criteria to formulate sufficient conditions for both global sta-
bility and asymptotic stability concerning x,. The Routh-Hurwitz criteria serve as a crucial
instrument for determining sufficient conditions regarding the roots of the characteristic
polynomial. This criteria will be utilized to ascertain the local stability of x,.
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5.1. Local stability of the DFE

The following theorem lies at the core of our approach which demonstrates that a
limited size of infected pepole will not result in widespread outbreaks, and the disease
will eventually disappear over time.

Theorem 5.1. The disease-free equilibrium x, of (2.1) is locally-asymptotically stable if
Ro < 1, and unstable otherwise.

Proof. In order to assess the local stability of the DFE, we analyze the Jacobian matrix
of the system (2.1) at the DFE point, x,. Therefore,

[ —n 0 P —B1v/p —Bav/p T
0 —A 0 Piv/k Bav/n 0
| o o —B 0 0 0
Jolxe) =1 o g Ko —C 0 0
0 oo (1—-ka V¥ -D 0

L 0 0 0 Y1 Y2 —(n+1) |

Consequently, the local stability of x, is ascertained by the eigenvalues derived from the
equations for E, Q, I1, and I, which are represented by the Jacobian matrix

—A 0 —B1v/m —B2v/n
0 —B 0 0
B =| o ¢ o
o, (1—x)x U —D

The characteristic polynomial of the matrix is then defined by

A*+ 1A’ + aA? + ash + ABCD(1— Rg) =0
where a; =A+B+C+D,a, =AB+(A+B)C+(A+B+C)D—(B101+ B202)v/u, and
a3=AD(B+C)+BC(A+D)—(v/u)(B1lo1(D+B)—0ko]— P2 [0 (1—k)—0c1hp—02(B+C)]).

According to the Routh-Hurwitz criterion, the roots of the characteristic polynomial pos-
sess negative real parts, thereby indicating the stability of x,, provided that the following
hypotheses are satisfied:

a; >0, ap >0, aja; > as,
ag >0 if and only if ABCD(1—Rg) >0 if Ry <1,
ajaaz > 0, and

ajaaz — (1% > alABCD(l —Ro), where A > 0,B>0,C>0,D>0. O
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5.2. Global stability of the DFE

Now, we show that the system (2.1) has a globally asymptotic stability at x, to en-
sure that the diseases extinction is not influenced by the restricted size of the infected
population.

Theorem 5.2. The disease-free equilibrium x, of (2.1) is globally asymptotically stable if
Ro < 1.

Proof. First, we consider a Lyapunov function V(t) = c1 E(t) + c2 Q(t) + c3 L1(t) +
cs Ir(t) for any nonnegative real numbers c; (i = 1,2,3,4). Consequently, we have its
time-derivative

V(t) =ci E(t) + 2 Q(t) +c3 11 (1) + cg In(t)
= ¢1[BsS—AE] + c2[0E—BQ] + c3[kxQ + 01 E—CIj] + c4[(1—k)xQ + 02E +PI;—DIy]
< crl(v/uW)(B1l1+P2l2) —AE] + c2[0E-BQ] + c3[kxQ+01E—CIi] 4 c4[(1—«)xQ+02E
+1PI; — DIy].

We will now choose the coefficients c1, ¢, c3 and cy4, setting the coefficients of E, I; and I,
to zero. Then, we conclude the following

c1=v/u, c2 = (v/ub) [A — (o1v/uC) [B1 + B2(p/D)] — (02vB2/uD)],
c3 = (1/C) [B1 + Ba(W/D) (v/w)?*, ca= (B2/D) (v/u)*.

By substituting the values of c1,cy,¢3 and c4 into V(t), the derivative of V(t) can be
represented as follows
V(t) < (v/W)(AB/O) [Ro — 11 Q.

Clearly, V(t) < 0 when R, < 1. Furthermore

V(t)=0 ifandonlyif E=Q=I1=0L=0

which complets the proof. O
In the stability analysis of the DFE, we will illustrate the occurrence of backward bifur-
cation in the next section.

6. Bifurcation Analysis

This section analyzes the properties of the equilibrium solutions of the disease trans-
mission model near the bifurcation point x, particularly when R, is equal to 1 in a neigh-
borhood of the disease-free equilibrium (DFE), x,. To enhance clarity in our notation, we
define a parameter 3 as R, — 1 and reformulate the system (2.1) for all 3 as a general
form of ODE’s in R® x R:

x(t) =f(B,x(t)) under prescribed x(0) = Xo, (6.1)

where the vector field f : R® x R — R° is continuously differentiable at least twice with
respect to both of 3 and x [5]. In order to do this, let us begin by changing our standard
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notations of the system (2.1) in the following simple variables: x; = S,x2 = E,x3 =
Q,xa = 11,x5 = I, and X6 = Ip, so that x1 + x2 +xX3+Xae+X5+%Xs = N. Additionally,
employing the vector notation X = (X1,X2,X3,X4,X5,X6)® allows the system (2.1) to be
expressed in the form (6.1) with (fy, f2, f3, f4, f5, fs)* as follows

X1 =V —ux1— Pixixs — BaxiXs + pX3 + TX6 := 1,

X2 = B1XaiXa — Baxaxs — (K + 0+ 0)x2 :=f2,

X3 =0x2 — (u+p + a)xz := f3,

X4 = kax3 — 01Xz — (H+ V1 + 0 +81)x4 =1y,

X5 = (1 —x)axs + o2x2 +Pxa — (L +v2 + 82)x5 := f5,
X6 = Y1Xa +¥2x5 — (K +T)Xe = 6.

(6.2)

We apply Theorem 4.1 presented in [5] to demonstrate that the system (6.2) has the po-
tential to display a backward bifurcation when R, equals 1. First, we treat the parameter
3, specifically = 1 = P, as the bifurcation parameter. When $* = f in (4.1) and
setting R, to unity, we can deduce the new corresponding parameter

S ABCD

Then, the Jacobian matrix of system (6.2) around the disease-free equilibrium ¥, is given
by

[ = 0 p —B*v/p —B*v/u T
0 -A 0 Br*v/u  B*v/u 0
. B 0 0 —-B 0 0 0
](B IXO) - O 0_1 Kot _C 0 0
0 o (1—-Kx U —-D 0

L 0 0 0 Y1 Y2 —(p+1) |

Therefore, one can readily check that the eigenvalues of J(*,xo) are given by A; =
—u, Ay = 0,A3 = —(u+ 1), and by Routh- Hurwitz criterion, the other eigenvalues of
J(B*,xo) are negative. Thus, we can use the center manifold theory [5] to discuss the dy-
namics of system (6.2) when R, = 1. Hence, it follows that the disease-free equilibrium
Xo is a nonhyperbolic equilibrium.

Now, we evaluate a right eigenvector w = (wq, W, W3, Wy, ws, W)t of the matrix
J(B*,Xxo) associated with the zero eigenvalue A, = 0. It can be obtained by

—puwi+pws— (B*v/u) wa— (B v/i) ws +Twe =0,
—Awy + (B v/u) wg+ (B*v/p) ws =0,

0wy, —Bw; =0,

o1 Wy +kaws—Cwy =0,

oowy + (1 —k)aws +Ppwy—Cws =0,

Y1ws + Y2 ws — (L+T) We = 0.

So, the components of right eigenvector are wy = (1/u)(pws — (B*v/1)[wg + ws] + t™wg),
wy = B/, wy = 1, wy = (1/C)[(01B/0) + kal, ws = (1/C)[(02B/0) + (1 — K)o +
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(W/C)([01B/6] + k)], and we = (1/C)(fy1 + v2(dp/C)ll(01 B/O) + ko] +v2[(01 B/6) +
(1—x)al)/(n+ T). Moreover, the left eigenvector of the matrix J(*,xo,), denoted by
v = (v1,Vv2,V3,V4,V5,V6), which satisfies v-w = 1 is given by

—pv; =0,

—Avy+0v3+01v+02v5s =0,
pvi—Bvs+kavy+ (1—k)axvs =0,

—(B*v/W) vi+ (B v/u) va = Cvg+ s +v1ve =0,
—(B™v/W) vi+ (B v/u) va— Cvs +yave =0,

v — (L+T)ve = 0.

So, the components of left eigenvector are vi = 0, vo = (0vs + o1v4 + 02v5) /A, v3 =

(oe/BC)(kp/C) + (B v/W)v2, va = (1/C) 1 +PI(B* v/u)vz, v5 = (1/C)(B* v/u)v, and
v¢ = 0. Now, we compute all the partial derivatives of f; with respecttox; (i=1,---,6)
and B* at the disease-free equilibrium, x,, to have

2 f1=02_ 1 =02 . f =0 f =—Pp%

XixXse 1T UXxaXa X1X5 X5X1
2 2 2 2 *
a)(1)(41c2 = a)(z;le1 = aX1X5f2 = a)(5)(1 f2 = B 4

63@5*131 = aisﬁ*fl =—X1= —V/Ll.,
63@6*132 = aisﬁ*fz =x1=V/1,

where all other second-order partial derivatives are equal to zero. Consequently, we are
able to determine the coefficients a and b as outlined in Theorem 4.1 [5], i.e.

6 6
a= Z Vi Wi Wj aiixjfk(ﬁ*/Xo) and b= Z View; 9% 5 fi(B*, Xo)-
ki,j=1 k,i=1

Considering the system (6.2) and concentrating exclusively on the nonzero derivatives of
the terms 6%1)@ fi(B*, Xo) and 33 5 fi(B*, Xo), one can deduce that

a = 2vo Wy Wy 05,5, f2(B*, Xo ) +2v2 Wy w5 0% F2(B*, Xo) = 2v2 w1 B* (wy + ws),

and

b = vy Wy 03,5 T2(B%, Xo) + V2 Ws 0%, 5 T2(B*, Xo) = Va (V/1) (Wy +Ws).

Clearly, the coefficients a and b are always positive since v, can be chosen to be positive.
According to Theorem 4.1 of [5], one can conclude that, when a > 0 and b > 0, the
bifurcation at R, = 1 is subcritical (backward), thus we have backward bifurcation when

P1=P2=P"

Theorem 6.1. Assume that the basic reproduction number R, given by (4.1) equals to unity.
If the signs of the parameters a and b are both positive, then the system (2.1) admits a
backward bifurcation phenomena.
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7. Conclusion

In this study, we clarify the mechanisms of Covid-19 transmission through the examina-
tion of an epidemic model. We have established the existence of a disease-free equilibrium
and demonstrated its asymptotic local and global stability for basic reproduction numbers
Ro < 1. We also examined the prerequisites for reaching an endemic equilibrium, or
a consistent degree of infection throughout the community. The occurrence of a back-
ward bifurcation has been observed, identified as a potential phenomenon resulting from
the clinical transition from an asymptomatic state to one that presents symptoms. Adding
more complicated variables to the model and assessing its efficacy could be the main goals
of future research.
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