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COVID-19 is a contagion that’s container lead to lung difficulties such as pneumonia and, in the
greatest severe circumstances, serious respirational disease. In response to these challenges, the
present research proposes and analyses an SEIQR model with a nonlinear recovery and incidence rate.
The appearance aimed at fundamental threshold quantity (Ro) is established, which is critical to the
stability of disease-free and endemic equilibria. A non-standard Finite difference (NSFD) Scheme is
developed and for the model, and the denominator function is select so that the proposed structure
maintains solution boundedness. It is demonstrated that the NSFD scheme is not dependent on the
step size produces superior outcomes in totally admirations. The Jacobian approach is employed to
establish the local stability of the disease free equilibrium, while Schur-Cohn conditions are used

for the endemic equilibrium point in the the discrete NSFD scheme. The Enastu Criterion and the
Lyapunov Function are used to demonstrate the global stability of the disease free and endemic
equilibria. Numerical simulation are also presented to discuss the benefits of the NSFD scheme and to
validate the theoretical conclusions. Calculated simulations show that the NSFD method preserves the
important aspects of the continuous model. As a result, they generate estimates that align consistently
with the model’s solutions.
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By the end of 2019, Wuhan, China, was the source of the corona virus 2019 (COVID-19), which is caused by
SARS-COV-2 (severe acute respiratory syndrome corona virus 2). Subsequently, the epidemic\pandemic swiftly
spread reached over 210 nations? and continues to pose serious health and socioeconomic difficulties in several
regions of the globe. Scientists continue to develop safe COVID-19 vaccines and advance innovative diagnostics.
As of now, there isn't a safe and efficient vaccination or antiviral to combat the pandemic. International and local
communities are focused on identify key parameters that influence the virus transmission to control its spread.
Various government estimates suggest various preventive strategies to stop the spread of COVID-19, such as
wearing a mask, maintain a physical distance, routinely weekly wash your fingers, and escaping sickening persons®*.

The infectious disease COVID-19 can be transmitted by direct human contact as well as droplet aerosols®~”.
This illness has ruined many people with few resources across various countries, making it a serious problem
for human society. Since COVID-19 is more contagious and more likely to cause a pandemic than SARS, it has
spread quickly over the world. This World health Organization (WHO) declared the COVID-19 flare-up to
be a global pandemic on March 11 due to the significant increase in the spread of the infection. Fever, cough,
malignancy, exhaustion, sputum production, headache, diarrhoea, dyspnoea, and lymphopenia are the signs and
symptoms of COVID-193. COVID-19 can result in pneumonia and possibly mortality in more severe situations'.
COVID-19 can take up to 14 days to incubate, with a median of about 5.2 days’. A useful tool to concentrate on
the mechanism via that a viral illness can spread over a population is mathematical modelling.

Evaluating the safety and quality of vaccinations is the primary goal of the World Health Organization
(WHO). In order to ensure vaccine efficacy, WHO works together with researchers throughout the globe to
create and implement international standards and norms. While some scientists have researched models of
dynamic delaying differential for the COVID-19 outbreak!®!!, many others have been drawn to develop
alternative models!?-1° that deal with vaccination strategies to limit the spread of epidemic diseases. Recently, a
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number of articles'”~?? on the effectiveness of newly approved vaccinations have been released. To the best of our

knowledge, a few research studies'”** have been released in an effort to shed light on the relationship between
vaccine choice and the (COVID-19) epidemic’s expansion. No one has ever fully analysed the Corona pandemic
mathematically using a vaccination model.

The differential equations utilised in the models that were given had some restrictions on their order, but they
were still based on classical derivatives. Butt et al. provide a description of the mathematical model of Corona
illness in?*. Using the integer order SEIQR epidemic model, the author examined the corona virus disease. This
study determines the fundamental reproduction number in addition to containing the discrete model, finding
the fundamental reproduction number in order to assess stability.

The current paper is organized in a friendly manner. In “Derivation of corona model” section, the mathematical
model is introduced and its parameters are thoroughly examined also describle the flow chart of Fig. 1. The
fundamental reproduction numbers are defined and analyzed in “Flow diagram” section. The global stability of the
disease-free conditions under the NSFD scheme is assessed using the properties of the Lyapunov function in “Feasible
region of corona model” section, which also discusses the local stability of the disease-free equilibrium point using
the Schur-Cohn criterion. We agree that the numerical solution of the system of ODEs contributes to the methods’
comparatively large complexity. The results are given in the closing segment to represent the entire manuscript.

Derivation of corona model

Depending on how the corona virus disease spreads, a number of alternative mathematical models with varying
assumptions have been proposed in the literature to far?>?°. These models offer numerous benefits to public
health planners and policy makers. By adding a class of vaccinated humans, we have created a new SEIQR
COVID-19 pandemic model for the actual world in this part.

The following variables were used to model the dynamics of the coronavirus’s transmission among individuals:
The human population at time t is divided into five divisions by the model in the susceptible S(t), exposed E(t),
infected I(¢), quarantine Q(¢) and recovered R(t). are the entities in question.

The following set of ordinary differential equations, which are taken from Fig. 1, describe the SEIQR
mathematical framework for the corona virus circulation in an organization:

Flow diagram
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Fig. 1. A graphic depiction of the illness energetic in a compartmental model (1).
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With S (0) > 0,E (0) > 0,1(0) > 0,Q (0) > OandR (0) > 0.
The state variable and related limits of the recently proposed paradigm, known as COVID-19 are explained
in depth in model (1).

Feasible region of corona model
Adding above five equations of the system (1), we have

Nt)=S+E+I+Q+R

%:p—wS—le—wIE—w]I—@lﬂ—i-plE—wQ—@zQ—wR

From above eq. we can write
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where N (t) is the original inhabitants scope. In specific, N () > £. Thus N and entirely extra variable of the
ideal (1) are circumscribed in a section. Thus

H:{(S,E,H,@,ReRi;OSN(t)ﬁB:S,]E,H,Q,REO}. (2)
w

Equilibrium point

A unique non- negative Corona free equilibrium for the model (1) Exist at the point.

a. Disease Free Equilibrium (DFE) = (£,0,0,0,0)
b. Disease Endemic Equilibrium (DEE) = (S}, E;, I, Q:, R;)

« (it o+A+w)(ctwtbr)
S, = > 0,
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p= e,
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R = » [E; + I + 6Qg] > 0.

Threshold quantity (Rg)

An estimate derived from epidemiological foundations, the basic reproduction ratio shows the total number of
related diseases that result from a only diseased soul in a society that is entirely exposed to the illness throughout
that time. The matrices developed for the original disease and the prerequisite for the illness evolution are F(x)
and M(x). We used the same methodology as defined in%".

Suppose
Tlgﬂ — T2SE

0

F(x) = 0

0

0

And
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M(l‘): (6+w+02)Q—v1E

wS —p
wR — ¢E — cl — 6Q

The amount of transmission into and available of the exposed, infected, and quarantine classes, as well as the rate
of original contagion positions entering, are represented by functions F and M, accordingly, as fellows
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where the transition rate of a present or moved case is represented by matrix M, which is calculated as

(vi+w+A+pE
M= (w+0:+c)I—AE .
(5+w+92)Q—v1E

The number of R for the model (1) is the largest absolute eigenvalue of the matrix gives the basic reproduction
number,Ro. In terms of terminology,

plriA+ m2(c+w+01)
(ctw+b)(n+e+A+w)’

Ro =

Non-standard finite difference scheme (NSFD)

We propose an NSFD approach for model (1). The plan is based on the non-standard finite difference numerical
modelling known as Mickens Theory?®-31. Specify the kinds of problem solved using NSFD scheme or rephrase
for precision?*32. In these cases, it is essentially necessary that the mathematical answer achieved preserves
each property of a dynamic model. It is demonstrated that, for large step sizes, the NSFD structure yields more
accurate results than the alternative method. As fellowships, we design the NSFD numerical scheme for the
suggested model (1).

Structure of NSFD scheme

On behalf of system (1), we indicate Sy, Em,Ln,Qm and R,, as the numerical estimation of
S(t),E(t),I(t),Q(t) and R(t) at = m W. Anywhere m = 0,1,2,3.... and the discretization time step is
denoted by .

Sm+1 - Sm
v
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We make the assumption that Sg > 0, Eo, Io, Qo, and Rg > 0. are the beginning values of the discontinuous
NSED SEIQR model (3), which are also non-negative. The discrete NSFD scheme (3) can be derived in its formal
version as

S B S+ ¥p
mtl = 1+ \I/(T1Sm+1]lm + T2§m+1Em - W)
E _ Em + \I/Tlgmﬂm
mAl = (1 — \IJ(TZS"L + v1 + A + (p)
L + U(AE,,)
Ipt1 = —F——2
S TR0 o) @
Qs = Lot V(i)
T A4+ w4 62)
R Ry 4 Y[R, + cl + 6Q)
e (14 Yw)

Positivity and boundedness of NSFD scheme

For the distinct structure (4), we can define a feasible region similarly to the continuously model (1). NSFD
Schemes can preserve the non-negativity of solutions, ensuring that the numerical solution remain bounded
such as

N’rn - S’rn + E’"L + ]I’rn + Q?n + R"L'
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Then equations that results from adding each of the five of the equations in (3)

Nm _N"L
%:p—wmﬁl — (1+Yw) N1 =¥p+ Ny,
And
Tp N - 1 \* 1 \™
N1 < — U N
M T 0w 1T vw “Z<1+\I/w) + O(1+\I/w>

k+1

Using the discrete form of Grénwall inequality that is discrete?>-3%, if 0 < N(0) < £, then

Nom < 5( (1—|—‘111w)m> +N(0)(1+1\I/w)m:£+ (N(O)fg) <1+1\1:w>m

Since ﬁ < 1,sowe get Ny, — 2 asm — oo.
Therefore the feasible region for NSFD scheme (4) become

/C:{(S,E,H,Q,RsRi:ogsm+Em+Hm+@m+ngg}. 5)
We now determine the conditions under which the DFE points are stable. We first analyze the local stability of

the equilibrium points.

Local stability of disease free for NSFD scheme
To clarify the locally asymptotically stability (LAS) of DFE points, we take into

S _ Sm + \I’p -G
T 1 + \I/(TISm+1Hm + 7—2Sm+1]Em - (.U) o !
IE'm + \IjTlsm]Im
Em = =
i (1 —=T(r2Sm +v1 + A+ ) Gz
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(1+ (01 +0))
~ Qm + Y(9Emt1)

U= At 0ty O
Ry, + U[pE,, + cl + 0Q]
Ryt = = Gs.
+ (1+ Vw) Gs

As mentioned in Lemma 1, we drive apply the resulting Schur-Cohn criterion®**” to determine that DFE points
are locally asymptotically stable.

Lemma 1 The solutions of equation I — T A + W = 0 satisfy |Ax| < 1,k = 1,2, if and only if the following
conditions are fulfilled.

L. W<,
2. 1+4T+W>0,
3.1-T+W>0,

where W and I" respectively denote the determinant and trace of Jacobian matrix.

Theorem 1 If Ry < 1, then the DFE point Eq of the discrete NSFD model (3) is locally asymptotically stable for
all v > 0.

Proof By replacing G1, G2, G'3, G4 and G5 in Jacobian matrix and then putting DFE point Ejp, we consider the
Jacobian matrix

0G1 9G1 0G1 9G 0G1

a5 OF al 29 OR
8Gy  9Gz  0Gx  9Ga  9Ga

80; 80y 005 80y 0
JSELQR)=| 5 T S @3 on | (6)
9G4 9G4 9G4 9Gy 9G4
oS OFE i Dg OR
9Gs IG5 IG5 9Gs IG5
oS OE ol oQ OR

We first locate all of the derivatives utilised in (6) in the following.
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Putting the values of all the derivative in (7) we obtain, and also put the DFE point Ep = (%, 0,0, 0,0) From

above, we get

1 _A —w72(Smtwp) —wT1(Sm+wp) 0 0
T+0+w) W (1+¥+w)?
. 0 TS (Vg ATe) & T - Tt e 0 0
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e
0 T+o+wt0sa T+oftwt+0s A 0
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1+ Yo TH5 4wt 02 0 Trorete A 0
Yo Ye »d 1 _A
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The above matrix has the following eigenvalues
1
A =
1+ Yw
Expending C4
1 — A V71Sm 0
1= (128m +(Vi+w+A+e)) 1=W(728m +(Vi+w+A+e))
1 _A PA 1 —_A 0 =0
1+ ¢w 1+¢1§,01+C) 1+¢(01+c) o
© 0 — 1 A
T+6+wt02 T+6+wt02
The above matrix has the following eigenvalues
1
A =
14+ Yw
Expending Cs
1 1 A UT1Sm
_A 17\I/(TQSm+(V%JAw+A+<p)) 17\I/(TgSml+(V1+w+A+<p)) =0
1+0+w+ 65 [ (Zem) e~ A

The above matrix has the following eigenvalues
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To determine the two eigenvalues that are left. From the previous equation, the quadratic equation below is
simply derived.

1 N UT1Sm
17\I’<T2S’"+(V§f1\w+[\+w) 17‘1’(728m1+(V1+W+A+S9>> ’ =0.
TGS e — A

The below quadratic equation can easily be obtained from above equation

AZA( ! + L >
1-9U(nSn+Vi+w+A+e) 14901+
+ \I/T1Sm o 1 -0
1= (nSn+(Vitw+A+9) 1—9(nSn+WV+wt+A+p))

(8)

Comparing Eq. (8) with A — AT + D =0, we get T = (

D= UT1Sm _ 1
1=¥(12Sm +(Vitw+A+e)) 1= (72Sm +(Vitw+A+e))

1 remain fulfilled.

1 1
=T (o8 F (it ATe)) 1+w(91+c>) and
If Ry < 1, then all the three condition of lemma

— Y71Sm _ 1
L. D= 1—¥ (2SS +(Vi+w+A+e)) 1—¥ (128 +(Vi+w+A+e)) <L
2. 1+T+D=1+ $2iim

1 1 1
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Therefore, whenever Ro < 1, entirely of the desires for the Schur-Cohn criteria [] covered in Lemma 1
remain fulfilled. Consequently, given that Rg < 1, the discrete NSFD scheme (1)'s DFE point Ejy is LAS.

The Fig. 2 illustrates the dynamic behavior of the system, showcasing the intricate relationship between the
variable. This physical interpretation of the Fig. 2 offers valuable insights into the system behavior allowing for a
deeper understanding of the underlying mechanisms and their implications.

The mathematical imitations displayed in Fig. 2a-c additionally display that the discrete NSFD scheme is
unconditionally convergent for model (1) if Ro < 1; conversely, if Ro > 1 then the answers of NSFD structure
(3) diverges to the DEE point for any step size; further demonstrating the unqualified divergence of the discrete
NSED scheme in Fig. 2d.

Theorem 2 The EE point E* of NSFD system (4.6) is LAS, if Ro > 1.
Proof Let us we take the Jacobian matrix from the above theorem.

In order to determine the eigenvalues of the given matrix, we take the derivative of the matrix and insert
additional points.
A —wra(85, +wp) —wr1 (85, +wp) 0

A+ (7115, +72Ef, +w)? (14 (71T, + 2B, +w)?
1

— A W71 Sm 0
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o o o o

T-U(ril, + 2B tw) 1= W(raBm T (Vi twFAT)) U (r20m + (Vi T T AT)
[ee = Al = 0 T TS 0
AN wlo1Te 1
0 TF5 a0 0 Tretete A
0 Do pe »o 1
T+tpw T+yw T+ipw T+ow
Let us we consider the values
EL— A k? K3 0 0
K* E—-A K 0 0
|Jex — A = 0 E” B — A 0 0 9)
0 K° 0 B0 —A 0
0 kll k12 kl3 k14 _ A
Here,
plt— 1 10 _ 1
T Lrowt T 1totwt6y’
A= k114,A: k' and remaining are given by solving the matrix (9)
K —A kS 4| K? K®
E'—A —k =0. 10
( ) k7 kS —_A k7 k)8 —_A ( )

To solving the above matrix to get the characteristic eq

[A® 4+ UsA® + Uz A 4 Ui = 0.
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Fig. 2. Numerical simulation of SEIQR model (1) by using NSFD scheme with
(a) ¥ =0.1,(b) ¥ = 0.5, (c) ¥ =1, (d) ¥ = 2.5 other parameters remain fixed as Table 1.

Parameter | Interpretations Values

P Acquisition rate or birth rates 0.5000

1 Rate at which vulnerable persons are transferred to an infected class 1.05

Ty Rate at which vulnerable individuals are transferred to the exposed group | 0.005

U1 Rate at which exposed persons are moved into the quarantine class 0.001

A Rate at which exposed persons are transferred to an infection class 0.085432
» Rate at which exposed persons are transferred to the restored class 0.00398
601 Human infection death rate as a result of COVID-19 0.0047876
c The rate at which diseased people are transitioned into the healed class 0.09871

F) Rate at which individuals in quarantine migrate to the recovered class 1.05

02 Human mortality in quarantine owing to COVID-19 0.000001231
w Rate for human death for each class 0.5000

Table 1. The values and description of the related parameters®*,

This revenue;

Us = (k' + k> + k%) > 0.

Us = K*k* + B'K° + k' E° + K°K® + K%K > 0.
Up = k'E°K® + E'K°KT + K2E*E® — B3 KT > 0.
UiUs — Us = (K'K°K® + ' KR°KT + K2KE° — K KUET) (KK + k'R° + k'E° + KR + kOKT) — (k' + K + &%) > 0.

Altogether the principles are confident, this is arithmetically verified, we dismiss thus states that Uy, Uz, Uz > 0.
Thus the Routh- Hurwitz Criterion®® is fulfilled. So DEE point E* of NSFD structure (4.6) is LAS, if Ro > 1.
Since all of the numbers are positive and can be demonstrated mathematically, we may state that

Uiy, Usz,Us > 0. Consequently, the Routh-Hurwitz Criterion®® is met. Therefore, if Rg > 1. DEE point E* of

the NSFD system (4.6) is LAS.
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Global stability of equilibria
To find the global stability of DFE and DEE points for NSFD scheme (4), we describe the function N(y) > 0
suchthat K (y) = T — InT and so InT < T — 1.

The function &(y) 20, such that K (y) = T — InT and hence InT < T — 1, is described in order to
determine the global stability of DFE and DEE points for NSFD scheme (4).

Theorem 3 For all ¥ > 0, the DFE point is globally asymptotically stable (GAS) for NSFD model (4) whenever
Ro < 1.

Proof Create a discrete Lyapunov Function.

Sm

Yo (Sm7Em7Hm7Qm7Rm) = SON ( SO

0 meant for entirely k=1,2,3,4,5. Therefore, Y;, >0 meant for entirely
) > 0,T1(0) > 0,Q(0) > 0andR (0) > 0.In adding, Yy =0, if and only if S, =S",

AY—m = IYm+1 — Ym

S Sm
AY,, =S°F ( S(:rl) + ©1Em+1 + w2lmt1 + ©3Qm41 + waRmgr — (SON (@) + p1Em + ©2lm + 93Qm + paRpn).
o [ Sm+1 Sm Sm
=S s T + lnﬁ 4+ 01 (Emt1 — En) + 02 (Im+1 — Im) + 03 (Qmt1 — Qm) + 04 Rpms1 — Rin) .«

Expending the inequity InT < T — 1 above equation become

S7n+1

Em HTYL
+ (—1 tE ) 01 (Emy1 —En) + (—1 + ) @2 (Imt1 — )

m—+41 Hm«l»l

+ (—1 + @ ) ©3 (Qm+1 — Qm) + (-1 + ]RR"L) 04 (Rint1 — Ry ).

Q”TH-l m+1

SO
=—(1- Sm - Sn
( Sm+1) (Sm+1 )

En L
- 1-— Y1 (]Em+1 - ]Em) - 1- P2 (Hm+1 - ]Im)
Em+1 Hm+1

- <1 _ QO ) 03 (Qm+y1 — Qm) — <1 - RRm > P1 (Rmi1 — R

Qm+1 m—+1

Using system (3), above eq. can be expressed as

0
AYy, < — (1 - ) (p — 11Sms1lm — T2Sms1Em — wSm41)
Sm+1
Em Im
+(1- & (1118wl + T2SmBEmi1 — (V1 +w+ A+ @) Epmyr + | 1 — @2(AEn, — 01141 — clmta
m—+1 m+1

m R
+ <1 - Q%ﬂ) ®3 <<pJEm+1 — (6 +w+02) Quny1) + (1 - Rm+1> a(pEm + clm + 6Qm — me+1)> .

Let ¢, > Oforall k = 1,2, 3,4 be nominated so that.
(p — T1Sms1lm — T2Sm+1Em — wWSmt1) = (9, 71SmIm + 72SmEmi1 — (V1 +w + A + ©))Emia
P2(AEm — 01141 — climgr = @3 (PEm41 — (6 + w + 02) Qutr)
(PEm+1 — (0 + w + 02) Qmt1) = @4 (PEm + cly + 0Qum — wRpm41) -

Putting the above values, from above eq. we get
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) (P — T1Sm41lm — 2Sm1Em — WSm+1)

@m
Qm+ 1

(-
Em
+ 1-— E (9017—18777,]1777, + 7—2Sm]Em+1 - (Ul +w + A + SD))]Em+1

I
1- ) 02(AEm — 01141 — clmy1 + (1 - ) 03 (PEmi1 — (0 +w + 02) Qmy1)

Ro,
- (1 - ) Pa(PEm + clm + 6Qum — “’Rm+1)) '

Simple calculation yields

SO ]IO
AY,, < — 1— p—11— pr(i+w+A+¢@) | Enta
Sm+1 Imy1

Em m Ron
+ <1 - E > 5027'2Srnﬂ4:m+1 - (1 - 4Q ) 3 (6 +w+ 02) Qm+l + (1 - R ) @46Q7n) .
+1

m Qm+1 m+1

AsS° = £ which implies that S’w = p. By Substituting p in above, we get

0 0
AYmg—(l— S )(Sow—wgm+1—<1— ! )@1(U1+W+A+¢)Em+1
Sm+1 ]Im+1
Em m Rm
+ 1-— QOQpSm - 1-— Q @3 (6 +w+ 02) @nL+1 + 1-— @45QTVL
IE'rn+1 Qm+1 Rm+1
—w 0\ 2 I°
= (Smt1—-8%)" - (1- p1(vi+w+A+ @) E,
Sm+1 Herl
plmA+ m2(c+w+61)
+ - d+w+0 m+1 + ©a0Qnm,.
P w0 (T ot At o) ©3 (0 +w+02) Qmy1 + 910Q
Let H; = plriA+72(c+w+61)

T (ctwH01) (vite+A+w)

_ —W 0\ 2 ]IO
= 5 (B - 8°)" - (1 .

+ Y2 H1R0 — ¥3 ((5 + w4+ 02) Qm+1 + 5046(@77;-

)4,01(111 +w+A+p)E,

The Fig. 3 illustrate the dynamic behavior of the system, showcasing the intricate relationship between the
variable. This physical interpretation of the Fig. 3 offers valuable insights into the system behavior allowing for a
deeper understanding of the underlying mechanisms and their implications.

Hence, if Ro < 1 then from (above), we can write AY;, < O on behalf of entirely m > 0. Subsequently,
Y is a non-increasing arrangement. Consequently, around occurs a persistent Y such that lim, .o Yin =Y
which implies that lim, oo (Ym+1 —Yn) =0. Since structure (3) and lim,_ocAY,, =0 we have
limy,—0oSm+1 = S° and limy,— 0 (Ro — 1)R, = 0. For the case Ro < 1, we have lim,—ooSmi1 = S°
and limy, oo By = 0, limy ool = 0. From system (3), we obtain limy, o En = 0, , lim, ool = 0 and
limy,— 00 Qp = 0. On behalf of the situation Ro < 1, we must limy,_ccSyt1 = S°. Consequently, since
structure (3), we gain lim, . coRy = 0, limp 0o Qe = 0, limy s o Er, = 0, and limy, ;o0 I,, = 0. Therefore,
E)y is (GAS) globally asymptotically stable.

Theorem 4 For all ¥ > 0, the DEE point is globally asymptotically stable (GAS) for NSFD model (4) whenever
Ro > 1.

Proof Let us define

Yor S B, T, Q) = 8'N (G2 ) + 01BN (52 ) + 2ol N () + 250N (T2) + 2R N (F2)

where @; > 0,7 = 1,2,3,4,5. Which we use later . it is clear that Y (Sm, Em,I;m, QmRy,) > 0 for all
Sm > 0,Em > 0L, > 0Qpm > 0R,, > 0. and Y, (S*,E*, 17, Q*, R*) = 0.

AY;n = I'm+1 — Ym

So,
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Fig. 3. Numerical simulation for model (1) by using NSFD scheme with

(a) ¥ =0.1,(b) ¥ =1, (c) ¥ = 10, (d) ¥ = 30.(a—c) Stable DFE point with 71 = 0.005( d) Unstable DFE
point 72 = 1.05 Other parameters stay stable as Table 1.

S* E*

ot (B2) o (%) o ()

—(S*N(i—"“)wlw(i ) roarn ()« 000w () + o (52))

* Sm+1 Sm Sm * Em+1 ]Em ]Em
— — oK —
S ( S S +lnSm+1> + 1 ( Fe T~ +lnEm+1>

AY,, = ( ( m—+1 1L o E'N <Em+1)

* ]Im+1 ]Im Hm * Qm+1 Qm Qm
+ @2l ——+in + 11
2 ( I I Hm+1) 2 ( Q* Q" "Qus (an
* Rm+1 Rm Rm
+ «64]R ( ]R* S* + lan+1 )

By using the inequality InA < A — 1 Now 12 Equation become

AY,, <§ (L“ —Sm Sm 1) + o1 (7&"“ —Em  Em 1)

S* Sm+1 E* ]Em+1
* Hm+1 — I I * Qm+1 Qm Qm * Rm+1 — R R
rour (Bt g o) o (S ey e o) o (RagBe y )
S* . E*
- 1-— (Sm+1 - Sm) + Ql]E 1-— (Em+1 - ]Em)
Sm+1 IEm-‘,—l
* I[* * Q*
+ oI |1 — (Ipg1 — L) + 93Q" [ 1 — (Qms1 — Qum) (12)
H'erl Qm+1
* R*
+ o4R (1 - Rm+1> (R, 1y — Rin).

By applying system (3), 12 become
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AYm < <1 — ) (p — T1Sm+1ﬂm — TQSm+1Em — wSm+1)
S7)'1—0—1
E*
+o1|1— B (T1SmIm + T2SmEm+1 — (Vi + w + A+ @) Erg1)
m—+41
]I* Q*
+@5 [ 1— (AEn —01lmg1 — clmg1) + @3 (1 — —— | (¢Em+1 — (6 + w + 602) Qi1
m+1 Qm+1

R*
Rm+l

After simplification we get,

AY,, < S_Tl (Smi1 —S*)? — &1E* (N ( S >

m—+41 m+1

Sm+lRmE* H*Em+1 * R*Hm—Q—l
N| w——— N | —— E*" | ——
+ ( S*IR*IEW%FI ) + (E*H'm+1) + <R77L+1H*
* S* Sm+1RmR* * IR*IRm-ﬁ-l
— o1 E" (N N| ¥———— E | =————
201 B ( <Sm+1) * ( S*I* R 11 ) * (EmHH* )
* S* Sm+1RmE* IR*Em+l
oz () o (Gag) (K

Hence, Y,, is an increasing sequence and there exist lim, oo Ym = Y. Therefore, E* is (GAS) globally
asymptotically stable.

Conclusions

This work discusses and analyses a mathematical model that sheds light on the COVID-19 spread mechanism.
It estimates the fundamental reproduction number, a key factor in analyzing the local and global stability of
DFE and DEE points. The reproduction rate indicates that COVID-19 is moreover below regulator or getting
inferior done period. The NSFD systems are established to evaluate some of the simulations properties, such
as local and global stability of DFE and DEE points, as well as the positivity and boundedness of the solutions.
It has been discovered that other schemes, such as Euler and Rk-4, are convergent for small step sizes and
divergent for large step sizes. Nonetheless, the NSFD method is created, which yields results on behalf of the
uninterrupted ideal that are exact, mathematically and biologically plausible, and unconditionally convergent.
The NSFD scheme’s local and global stability of DFE and DEE points is established through the application
of various criteria and conditions. With the associated continuous model, it is confirmed that the suggested
NSED scheme is very dependable for all time step sizes. Our study is advanced in that it develops and tools a
novel Non-Standard Finite Difference (NSFD) scheme to analyse the convergence and stability properties of the
integer-order COVID-19 model, which has never been done before. Numerical imitations need remained used
to confirm the validity of theoretical results. Future work will, include bifurcation analysis and the development
of optimal control strategies to better manage the virus’s propagation. And also applying this model to real-world
datasets or extending the model to include vaccination strategies.

Data availability
Data will be provided by corresponding author on a reasonable request.
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