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Abstract:

In this paper, we investigate a fractional model for the COVID-19 epidemic that contains an
antiretroviral treatment compartment. We implement novel methods to acquire effective results.
We discuss equilibrium point, reproductive number, and sensitivity analysis. We utilize the
Sumudu transform technique to obtain approximate solutions for the model, and we explore
chaos control to assess stability around equilibrium points. We demonstrate the numerical
simulations to prove the accuracy of the proposed techniques. The graphs illustrate how varying
fractional orders impact the dynamics of each epidemiological group, revealing the memory and
time-dependent effects on disease spread and control strategies.
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1. Introduction

The number of infections rises rapidly as long as COVID-19 outbreaks persist. This is due to
several features that make COVID-19 infections more complicated and provide challenges for
managing the disease [1-3]. Oxygen therapy is also used in persons who feel suffocating.
Immunity booster is also required for the infected, suspected, and even healthy person because if
a person's immune system is strong then he/she can fight with any disease including COVID-19
[4]. There are many preventive measures for COVID-19. Maintaining 1 meter or 3 feet distance
from another person is the most important and useful preventive measure and it is known as
social distancing. Other preventive measures include wearing a mask properly, using sanitizer,
and washing hands for at least 20 seconds [5]. Scientists who were already working on the
coronavirus took part in this workshop. They presented and discussed different mathematical



models which develop evidence. After four months the workshop gave chance to participants
that they openly discuss issues they face in developing mathematical modeling of corona virus.
Different mathematical models were presented but the main model was epidemiological model
[6].

In [7-12], the notion of the fractional derivative is elucidated. Atangana et al. proposed [13] a
numerical technique for investigating a nonlinear fractional differential equation. In [14] to gain
a better comprehension of solutions to singular fractional differential equations. In [15] discusses
the uniqueness and the existence of positive solutions to the integral boundary value problem that
encompasses the fractional integro-differential equation. The proposed viral outbreak [16-18]
accurately captures the temporal trajectory of the conceptual model of COVID-19 illness. The
evaluation of the novel coronavirus risk of transmission has been discussed by Tang et al. [19].
The predominant feature observed within these models pertains to their global (non-local)
characteristics, which encompass fractional applications and are additionally addressed in [20—
23]. Many schemes have been used according to the references given above but we have used
this scheme because this scheme is more useful and its effects have proved to be more effective
than other schemes [24-26]. The significance of immigration and closely contacted individuals in
managing COVID-19 is emphasized by the study [27]. It demonstrates that controlling
incubation delays and implementing efficient control mechanisms are essential for the
effectiveness of containment. To more accurately forecast and control the spread of disease, the
study [28] highlights the significance of including nonlinear dynamics in epidemic models.

The study of a fractional-order COVID-19 model innovative mathematical techniques, such as
the Atangana-Baleanu and Caputo derivatives, to capture the dynamics of the pandemic more
accurately. This approach not only proves the existence and uniqueness of the solutions to the
posed problems but also takes into account memory effects which represent the modelling of the
infection spread and the control measures such as the lockdown. The study thus brings addition
to the theoretical knowledge on epidemic modeling and contributes to the development of
efficient applied population health interventions. This research is a valuable resource for
comprehending the transmission and control of the pandemic. The fractal fractional operator
better captures complex, memory-driven dynamics, reflecting the irregular nature of real-world
phenomena like COVID-19 spread. It more accurately models anomalous diffusion and long-
range interactions, enhancing predictive power in epidemiological modeling. Fractional models,
in contrast to standard models, take memory effects and non-local dynamics into consideration,

better simulating the nature of infectious diseases. Employing the Mittag-Leffler kernel in



conjunction with the ABC fractional derivative within COVID-19 modeling facilitates the
integration of memory phenomena, thereby enhancing the model's realism by accommodating
long-term impacts. The non-singular ABC derivative yields smoother and more stable
computational outcomes, effectively circumventing complications associated with infinite
singularities. These methodologies provide significant flexibility in calibrating the model to align
with empirical data, thereby augmenting the precision of forecasts. Furthermore, they effectively
capture anomalous diffusion, which is critical for accurately depicting irregular patterns of
infection dissemination. Consequently, this approach results in more precise and adaptable
models suited for dynamic scenarios associated with pandemics.

In this paper, we formulated a fractional order COVID-19 model that is based on Atangana-
Baleanu fractional derivatives and the Atangana-Toufik scheme. In Section 1, we formulate the
introductory segment accompanied by a comprehensive literature review about COVID-19 and
fractional calculus. Section 2 contains fundamental definitions that are useful for analyzing and
simulating the model. In Section 3, a mathematical model of COVID-19 is presented, discussing
the boundedness and positivity of the model. The system of solutions for the model's existence
and uniqueness has been confirmed in Section 4 using fixed point theory and an iterative method.
In Sect. 5 we discuss chaos control to check stability at equilibrium point. In Sect. 6, the New
Numerical scheme is constructed with the Atangana-Toufik method for real data from Saudi
Arabia. We detail the numerical simulation of the suggested method using real data and the
substitution of the best-fitting parameters in section 7. In section 8, we offer the conclusions and

opinions.

2. Preliminaries

Definition 2.1: The Atangana-Baleanu fractional-order derivative in the Liouville-Caputo sense
is defined as specified [12].

ABCDE (W(1)) = anEwaz f dder::l f(e)R, {—w %} de, m—1<w<m. (D

To derive the Laplace transform of Equation (1)
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Applying the Sumudu transform (ST) to (1) yields

ST[B$DP9(D)](q) = %{wr(‘” + P, (_ 1

1
— ew)}  [STE®) -9  @3)

Definition 2.2: Given a functiond(t), the Atangana—Baleanu [17,18] fractional integral of order
w Is given by

— W

ABCIP (9(¢)) = ;Twﬁ(t) + 9(e)(t — e)¥ de. (4)
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3. SEIQR COVID-19 Model

This section provides an analysis of the principal group S(t), which is delineated as the
demographic of healthy individuals who are susceptible to disease acquisition. The population
that has been exposed or those who are infected yet not exhibiting contagious symptoms is
designated as group E(t). The demographic that has been definitively confirmed as infected is
symbolized by group I(t). The population under quarantine, which is segregated from the general
public even within their domestic environments, is classified as group Q(t). The population that
has successfully recovered is defined as group R(t), as illustrated in Fig. 1.
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Figure 1: The flowchart of COVID-19 model

The differential equation system in [29] by applying the Atangana-Baleanu fractional derivative

of order a and a € (0,1], into Mittag-Leffler kernel, then the system of equations becomes
ABCDAS = A — aS(t)I(t) — d,S(t),

ABEDEE = aS(D)I(t) — & E (1),

ABEDEL = TE(t) — &1 (1),

ABEDER = 03E () + 0,1(8) — dyR(8) + 0,Q(D),

ABEDEQ = BLE(6) + B2l (t) — £3Q (D). (5)
Wheree; = (r+ By +03+dq1), & =Py +0, +dy +dy) and &5 = (0, + d; + dy).
Initial conditions associated with the system of equations (5). We have

S(0) =0, E(0) >0, 1(0) =0, R(0) >0, Q(0) == 0.

3.1 Positivity and boundedness:

In this part, we address the boundedness and positivity of the suggested model.

Theorem 3.1: A unique and bounded solution for the fractional order system exists inRz .

Proof: The solution of the mathematical model given in (10) — (14) on the interval (0, «) can
be subsequently, we need to prove the positive invariant in the non-negative region RZ . We get
from the system (10) — (14).

ABCDAS /—o=A =0,
ABCDEE [poo= aS(®)I(t) — & =0,

ABGDET /1=o=TE(t) 20,
ABEDER [reo= 03E(E) + 0,1(t) + 0,Q(t) = 0,



ABEDE() /o=0= B1E(t) + B,1(t) = 0.

Solutions are bounded in the feasible region and are non-negative in RZ. So, the domain Ry is a

positively invariant set.
Theorem 3.2: Every model structure solution that starts in R has a boundary inside the region

w described @ = {(S,E,1,R,Q € R$:0 < *§DgN <L)}

1

Proof: From equation (10) -(14), we get
ABSDEN = APGDES + ABGDIE + APGDEL + 4PGDER + APGDEQ.
After simplifying, we get
ABCDEN + d N(t) < A.
We get,

N() < (N(O) - di) e—d1t 4 di

We have, t —» o, and we get N(t) € [0, dﬁ] which completes the proof.
1

3.2 Equilibrium Point:

In the study [28] disease-free equilibrium points of a model (10)-(14) are the following.

A
EI = (S.,E.,I.,R., Q.) = (d_IOIOIOIO)l
1

the endemic points are given as
Eg = (S®,ER, ¥, RE, o) where

S&:ﬁ, E&;‘gz_dlx(ﬂ_l), I&Zﬂx(ﬂ_l),

ra ra di1&1&2 a di&1&2



& + por) + + A
RE — <01(ﬁ1 1+ Bar) + oyt 32”3) N ( ari 1)’
ar di&1&;

QX = ((,3151 + ﬁzr)d1> y ( arh 1),

ar di&1&,
3.3 Reproductive Number:

The reproductive number R, is a key metric in epidemiology that indicates how contagious an

infectious disease.

_ arlA _ arA
di(r + By +o3+d)(B, + 0, +dy +dy) B dier&;

Ro

If Ry > 0, it indicates rapid disease spread, requiring immediate and effective intervention. If
R, < 0, it indicates that the disease is under control or declining, but continued monitoring and
interventions may be necessary to maintain control. The behavior of different parameters on R,

is displayed in Figure 2.
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Figure 2: Effect of R, at different parameters
3.4 Sensitivity Analysis:

Sensitivity analysis in COVID-19 models provides valuable insights into how variations in
model parameters influence epidemic dynamics. It aids in understanding the potential impact of
different interventions, refining model predictions, and making informed decisions to manage the

outbreak effectively. The change in various parameters is shown in Table 1 and Figure 3.
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8B2 dl Ro 60'2 d1 Ro

Parameters Sign Values
a + 0.999
r + 1.312
A + 0.999
By + 0.624
B, + 0.711
o, + 0.284
03 + 0.062
d, - -0.990
d, + 491 x 107°

Table 1: Change in parameter values
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Figure 3: Sensitivity indices for SEIR Model

4. Mathematical Analysis and Analytical Solution by ABC Operator

By using the Sumudu transform of the system of equations (5), we get



B(a)al'(a+1)
1-a

B(a)al'(a+1)
1-a

B(a)al'(a+1)
1-a

B(a)al'(a+1)
1-a

B(a)al'(a+1)
1-a

Rearranging and let IT =

1
1-a
1
1-a
1
1-a
1
1-a
1
1-a

wa) ST{S(t) — S(0)} = ST[A — aS(t)I(t) — d,S(?)],
Wa) ST{E(t) — E(0)} = ST[aS()I(t) — &, E(®)],
Wa) ST{I(t) — 1(0)} = ST[rE(t) — &1 (1],

w®)ST{R(t) — R(0)} = ST[03E(t) + 0,1(t) — dR(t) + 01:Q(t)],

w®)ST{Q(t) — Q(0)} = ST[BLE(t) + B,1(t) — £3Q(1)].

1-«a
B(a)aF(a+1)Ea(—ﬁw“)

then we get

ST(S(®)) = S(0) + I x ST[A — aS(O)I(t) — d,S(D)].

By using the inverse Sumudu transform of equation (11), we have

S(t) = S(0) + ST x ST[A — aS()I(t) — d;S(D)]].

Therefore, the following is obtained.

Stnr1)() = S,(0) + ST I X ST[A — @S, (D)1,,(t) — d1 S, (D]]-

The solution of equation (13), is

S(t) = lim,,_4 S, (t).

Similar for others.

E() = lim Ey(6),1(8) = lim 1,(8), R(®) = lim Ry(6),Q(6) = lim Qu(0).

Theorem 4.1: Consider a Banach space (X, |.|) and a self-map of X that satisfies

Wy = Well < BIlX — Will + @llx —ll,

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

forall x,r € X,and 0 < @ < 1. Let W is Picard H-Stable. Suppose that in equation (13), we get



Stn+1)(£) = Sp(0) + STLI X ST[A — aS,, ()1, (£) — d1 S, (D]]-

Where II is the fractional Lagrange multiplier, In the same manner for E,I,R,Q.

Theorem 4.2: Assume that K self-map is provided as

K[Stns1y(®)] = $p(0) + ST~ 11 X ST[A — @S, ()1, (t) — d1 S, (8)]].

Proof: Taking the norm and applying the triangle inequality together yields

IK[Sn ()] = K[Sm (O]l < 11S2(£) = S ()| + ST T x ST{A — a|| (S (D)1, (£) —
Sn(OLn ()| = d1]|(Sn(®) = Sm®)|I}]- (14)

Similar for others.

Hence K satisfied all the conditions of Theorem (4.1), while

0=
?
p

\

(OIOIOlOIO)I

”Sn(t) - Sm(t)” X ”_(Sn(t) + Sm(t))” +A— a”(sn(t)ln(t) - Sm(t)lm(t))”
_dlll(sn(t) - Sm(t))”
X [(En(©) = En@®)]| X |- (En(® + En(O)]| + a||(Sa(O 1) = S ()1 ()|
—&||(En(®) — En(®)||
X | 1n () = In (Ol X || = (1o (&) + Ln ) || + ]| (En(®) = En(®) || = &2]| (1n(®) = Ln(®)|
X IRy () = R (Ol X || =(Rn(®) + R (D)) || + 03| (En(®) — Ens () || + 02| (1. (®) — L, (®)]|
—d1||(Rn(®) = Rin@®) || + 01| (@ (®) — @ @)
X 1Qn(®) = @Il X |[=(Qn(®) + Qmu@®)|| + Bil|(En(®) — En(®)]| + Ba|| (1. (®) — L, ()|
—&3]1Qn () — @ (D).

Consequently, it was demonstrated that K is Picard K-stable.

Theorem 4.3: Prove that equation (14), has a special and unique solution.

Proof: Let Y = P2((b,d) x (0,T)) be the Hilbert space that is specified as

y:(b,d) X (0,T) - R, ff ghdgdh < co.



We consider

( A—aS(t)I(t) —d,S(t),
' aS(I(t) — E(),
6(0,0,0,0,0),6 = 4 rE(t) — &,1(t),
logE(t) + 0,1(t) — d1R(t) + 0,Q(2),
B1E(t) + BoI(t) — 3Q(1).

We prove that the inner product of

T((Sll - SlZJ E21 - EZZ! 131 - 132; R4-1 - R42! Q51 - Q52)i (Vll VZI V3' V4' VS))'

where the particular solutions to the system's equation are (S;; — Sy2, E21 — Ezp, 131 — Isp, Raq —
R4,, Q51 — Qs,). Using the connection between the inner function and the norm, we can

formulate the equation as

{A - a(511(t) — 512(t))(131(t) —Is; (t)) —d; (511(t) - 512(75))' V1} < AVl = allS11(8) —
S12O51 () = Lz OVl — dyIS11(8) = SO VAl,

{05(511(t) - 512(t))(131(t) — I3, (t)) - 51(E21(t) - Ezz(t))' Vz} <
al|S11(t) — S12 O I131(8) — Iz [Vl — &1[|E21(£) — Exa (O |V,

{r(E21(t) - Ezz(t)) - 52(131(t) - 132(t)): V3} S 1l[Ex (8) — Exx (O3 — 21113, (2) —
I3, [Vl

{03(521(t) - Ezz(t)) + 02(131(t) — I3, (t)) —d (R41(t) - R4-2(t)) + U1(Q51(t) —
Qsz(t))' V4} < 03]|E21(t) — Ex2 (ONIVall + 021131 (&) — Is2 (ONIVall — dql[Rs (8) —
Rz OVl + 0111Q@51(8) — Qs2 (O IVAl,

{,31(5'21(75) —Ey; (t)) + B> (131(t) - Isz(t)) - 53(Q51(t) - Qsz(t)), Vs} < BillEz (8) —
Exp (Ol + B2ll131(8) — Iz (ONIVs |l — e511Qs1(2) — Qs2 (O V5.

Due to a large number of ey, e,, e5, e,and eg, solutions approach an accurate response. We have
the extremely small positive five parameters ()(el,)(ez,)(eg, Xe, and )(es) after using the topology

idea.



Xe Xe Xe
1S = S1all. IS = Siall < <5 NE = Eqall IE — Bl <=2 11— L [l IT = Lol < =5

)
@

XE4,
K )

Xe5

IR = Raall. IR — Rz |l < =2, and 1@ — Qsall, 1Q — Qs2ll <=2,

where

@ = 5(A = al|S11(8) = S12(OIlI131(8) = I32 (O = dqllS11(6) = S12(OIDIIVAI,

¢ = 5(allS11(t) = S12O31(8) — I3z (DIl — &11|E21 (£) — E2 O IDIIV I,

v = 5(r||Ez1 () — Exp (O — &21l131(8) — Is2 @) DIV,

k = 5(03]|Ez1(t) — Ep (Ol + 02131 () — I3z (O]| — dyl[R41(£) — Rax (Ol + 0111051 () —
Q52O DIIVAII,

@ = 5(B1llE21(t) = Ez2 (Ol + B2lI31(£) — Iz (O] — 311Q51(6) — @s2(OIDIVs]].
But, it is obvious that

(A = al[S11(t) = S12(OIl131 () = Iz (D = d[1S11(8) = S12(D]) # 0,
(allS11(8) = S12(ONl1131(6) = I32 (O] = &1 E21(£) = Ez2 (D)) # 0,

(rllE21(6) = E22 (Dl = &21l131(t) — I3 (D)) # 0,

(031|E21 () — Epo (Ol + 0211131 (t) — Is2(O) || — d1lIR41(t) — Raa (Ol + 0111Qs1(£) —
Qs2 (D) # 0,

(BllE21(8) = Eo2 (Ol + B2 lI31 (1) — Iz (D] — 311@51(6) — @s2(D)]]) # 0,
where [[Vy ||, IV Il, V3], IVl Vs || # O.
So,
1S11 — S12ll = 0, lE21 — Ez2ll =0, ll31 — I3l = 0,

IRs1 = Razll = 0, 1Qs1 — Qs2ll = 0.



Then
S11 = S12,E21 = E3, 131 = I35, R4y = Ry, Q51 = Osy.
So, the special solution is unique.

5. Chaos Control

In this section, we stabilize the system (5) using the linear feedback control method.

ABCDES = A — aS(I(t) — d1S(t) + £(S — Sy),

ABEDEE = aS(0)I(t) — & E(t) + E(E — Ey),

ABCDEL = rE(t) — &,1(t) + I — 1),

ABCDAR = g,E(t) + 0,1(t) — dR(t) + 0,Q(8) + E(R — Ry),

ABCna) = BE() + Byl () — £50(8) + (0 — Q). (15)

¢ are control variables, and the system equilibrium point is E 4. For the system (15) the Jacobian

matrix J at E 4 can be derived as

—-d,-¢ 0 —dAO{ 0 0
1
. 0 p—d-r-&-o, dﬁla 0 0 |
r -p,-d,-d,-¢ -0, 0 0
O3 0, —d, - ¢ 0
L B 5 0 -d,-d,-¢ -0 |

The Jacobian matrix J, its characteristic equation is



A+d +& 0 —Aa 0 0
dl
0 A+p+d +r+&+0, Aoz 0 0
f(1)= d, ,
0 r A+p,+d +d, +&+ 0, 0 0
o, o, A+d +p o,
0 B B, 0 A+d +d, +E+ o |

characteristic polynomial
C(1) = A5 + ByA* + B,A% + B3A%? + B,A + B:,
C(A) = 25 —5.16091* — 10.243243 — 10.16344% — 5.0412A* — 1.0399. (16)
Where
A, =-3.0x10"% A,=-0.3197, 13 =—-697x1073, 1, = —3.0 x 1075,
As = —9.70 X 1075,

Equations (16) exhibit asymptotic stability at equilibrium points E4 because each eigenvalue is

either a complex number with a negative real component or a negative real number.

6. New Numerical Scheme

In the context of the Coronavirus outbreak [29], we define the Atangana-Toufik suggested
technique described in [15] for the fractional derivative SEIQR model with equations (5).

(1-a)

Let¥ = e © = Toxasc@

. From equations (5)
S(t) —S(0) =¥Y{A—aS)I(t) —d;S(t)} + @ fot{/l — aS()I(@) — dy ST}t — 1) 1dr,
E(t) - E(0) = W{aS()I(t) — &, E(D} + [ {aS(@)I(x) — e, E@}(t — 1)* dx,

1(6) = 100) = WrE(D) = &1} + @ [IrE@) — &I (D}t — 1)*dx,



R(t) — R(0) = W{o5E(t) + 0,1 (t) — d1R(t) + 0,Q()} + @ [[{03E(7) + 0,1 (1) — dyR(2) +
51Q(D}(t — 1) dr,

Q1) — Q(0) = P{BLE(E) + oI () — £5Q(D} + @ [[{BLE(D) + ol (T) — £3Q(D)}(¢ —
7). (17)
Att,,.,,n=0,123,.., we have

S(tns1) = S(0) = WA — aS(E)I(6) — diS(E)} + D [ A — aS@I(7) — dy ST} bnss —

7)% 1dr,

E(tn+1) — E(0) = W{aS(t)I(t,) — &1E(t,)} + @ fotn“{CIS(T)I(T) — & E@} e —

7)% 1dr,
I(tns1) = 1(0) = $ErE(ty) — &1 (t)} + © [ rE®) — £ (D)} (s — D dr,

R(tns1) — R(0) = W{o3E(ty) + 021(t,) — diR(t,) + 0,Q(t)} + @ [, {o3E (D) + 031 (1) —

diR(7) + 0,Q(1)}(tn41 — 7)*"tdr,

Q(tns1) — QU0) = W{BLE(tn) + BoI (t) — £3Q(t)} + @ [, {BLE(D) + Bl (1) —
£3Q (D)} (tnsr — D 1dr. (18)

Also, we have

S(tn+1) — S(0) = W{A — aS(Et)1(tn) — diS(En)} + P XF-o ftt]_”l{/\ —aS(@I() -

d;S(0)}tn1 — T)a_ldT,

E(tn+1) — E(0) = W{aS(t)I(t,) — &1E(8,)} + P XF-, ftt].“l{aS(T)I(T) — & E(@}(tne1 —

)% 1dr,

I(tns1) = 100) = WrE(t) = e21 (t)} + @ Ty [VHrEQ) = £2 (D} (tnss = DT,



R(ty+1) — R(0) = W{o3E(t,) + 0,1(t,) — d1R(t,) + 0,Q(L,)} + CDZ of ]+1{U3E(T) +

021(7) — d1R(7) + 0,Q (1)} (tp41 — 1) d,

Q(tn+1) — Q(0) = W{BLE(ty) + Bo1(tn) — &3Q(t)} + @ X7 of ’“{ﬁ’lE(r) + BI(1) -

£3Q0(D)}H(tns1 — DT (19)

Now, we have

A—aS;li—d,S;} ft;
Suen = So + WA = aS(E)1 () = dyS(6)) + & Ko (L U (- gy ) (6 -

{A—aSj_]_Ij_l—dlsj_l}

- féjH(T — tj)(tn+1 — T)“‘ldr),

)% ldr —

Bis = Bo + W{aS )1 (6) = @)} + ® T (L2 [ (0 = b )t -

1 {aSj_11j_1—&1Ej_1} ct; ~1
1)ty - = — ftj’“(T—tj)(th—T)“ dr),

TEj—&21i; rt; _
Lypi = Ip + W{rE(t,) — &1(ty)} + CDZ;LO ({J—hzj} ftj“l(l' — tj_l)(tnﬂ —17)% ldr —

{rEj_1—e21j_1} t; _
%Zflftjﬁl(r _ tj)(tn+1 — 1) 1dr),

Ry =

{O'3E]+0'21] le]+01Q]} ft]+1( _

Ry + W{03E(ta) + 021 (£n) — dyR(t) + 01Q(6)} + @ X ( .

_ {03Ej_1+021j_1—d1Rj_1+01Q_1} (t; -
1) (bpyy = D)y — PP RR TR (U (7 — ) (b — D) Nd),

Quis = Qo+ WIRE() + Bl () — £50(6)} + @ K (LEEz) i

_ {B1Ej_1+B2lj—1-€3Qj_1} (t; _
tj—l)(tn+1 — 1) dr — = Zhj —= ftjjﬂ(f_ tj)(tn+1 —7)“ 1dT)-

As a result, integrating the above equations

Q={(n+1-)Nn—j+24+a)—n—)*n—j+2+2a)},



O={n+1-)N**—n-N¥mn—-j+1+a)},

Sn+1 =

So + WA — aS(t)I(tn) — diS(t)} + b Xy (L0 g BoSmilindidial )

Enss = Eo + W(aS(6)I(tn) — e1E (8} + & Xy (28 g (Bmilimizabid ),

s = Io + WIE() — &,1(6)) + © X1, (L2 g Ml )

Ej+0,1j—d Rj+0,Q;
Rus1 = Ro + W{03E () + 031 (t) — dyR(t,) + 0,Q(6)) + & X (ZEL @) g

{O'gEj_l+O'21j_1—d1Rj_1+0'1Qj_1} @)
h ’

Qn+1 =
QO + lp{ﬁlE(tn) + ,le(tn) - 83Q(tn)} +

{B1Ej+B21j—£3Q;} {B1Ej_1+B2lj_1—€3Qj_1}
oy, (P Q- . 0).

7. Results and Discussion

The COVID-19 SEIRQ fractional order model can be utilized for analysis and simulation in
order to examine the dynamic behavior of disease transmission in society. Specifically, we
applied the Atangana Toufik scheme and ABC with Mittag-Leffler law to the Covid-19 SEIRQ
model, using initial conditions S(0)= 34,218,169, E(0)=5.0 x 103, 1(0)=157, R(0)=99,
Q(0)=1720. In [29] provides further information on the parameter values are §; = 0.02, 8, =
0.005, o, = 0.001, 0, = 0.002, 3 = 0.002, r=0.01, d; = 3.0 X 107>, d, = 3.5 X 1077. In this
study, a novel numerical technique for the recently established fractional differentiation has been
proposed. By using the ABC fractional derivative, distinct fractional values are obtained for the
numerical result based on the steady-state point. Various numerical techniques are observed to

investigate the impact of the given time parameter on the fractional order model mechanics. The



model's dynamics changed and this was revealed through simulations. The memory effects of
nonlinear systems are also observed with the help of fractional value results. It provides a new
approach to the targeted value to manage the disease without establishing additional criteria.
Figures 4-8 provide graphs that tell about solutions against different fractional order a. The
steady-state equilibrium points are bounded by the sub-compartment of the system. In Figure 4
the susceptible population S(t) over time, showing how varying fractional orders a affect the
model. When decrease values of a typically introduce memory effects and non-local interactions,
implying that past states of the system impact current susceptibility levels. This is crucial in
understanding how a susceptible individual's risk of infection fluctuates over time with fractional
dynamics. The fractional order variation in fig 5 highlights the latency dynamics within this
group, which can influence the timing and size of infection waves as exposed individuals
transition to infection states at different rates based on the memory parameter a. The fractional
order impact in fig 6 shows potential delays or accelerations in infection progression, which are
significant for anticipating peak infection rates and managing healthcare resources. Fractional-
order variations in fig 7 illustrate how recovery dynamics evolve, potentially impacting herd
immunity thresholds and the population’s resilience to future outbreaks. In fig 8 evaluates the
effectiveness of quarantine measures, where different values of a reflect varying degrees of
adherence or effectiveness in isolating infected individuals. The current non-integer-order types
have less advantage as compared to these operators. This model was developed using data

acquired from print or media sources regarding the causative agent and virus transmission model.
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Figure 5: Simulation of E(t) with fractional order
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Figure 7: Simulation of R(t) with fractional order
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8. Conclusion

In this article, we used the Mittag-Leffler kernel and the ABC fractional derivative to study the
COVID-19 fractional model. The iterative approach and fixed-point theory were utilized to
determine the existence solution of the model. Utilizing the proposed model, we were able to
attain highly significant results. In the context of fractional calculus, non-singular and non-local
kernels were employed to derive non-linear fractional differential equations from the derivative.
The sick individuals received a variety of therapy approaches, such as medications, vitamins, and
tones, which were also supplied to the uninfected individuals. According to the memory effect,
the dynamics of the epidemiological system are shaped by the peaks and magnitudes of
infection, which increase with the epidemic system's "memory" of previous states.

The utilization of the Mittag-Leffler kernel in conjunction with the ABC fractional derivative
significantly augments the modeling potential for the investigation of COVID-19 dynamics by
providing enhanced flexibility, precision, and resilience in simulations. These methodologies
empower researchers to gain a more profound comprehension and forecasting capability

regarding the intricate behaviors linked to epidemic occurrences. Through the analysis of this



model, we may create more accurate plans to reduce the impact of epidemics, which will

ultimately result in the saving of lives and better community recovery.
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