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Abstract

The present article attempts to examine fractional order Covid-19 model by employing an
efficient and powerful analytical scheme termed as g-homotopy analysis Sumudu transform
method (¢g-HASTM). The g-HASTM is the hybrid scheme based on g-HAM and Sumudu
transform technique. Liouville-Caputo approach of the fractional operator has been
employed. The proposed modelis also examined numerically via generalized Adams-
Bashforth-Moulton method. We determined model equilibria and also give their stability
analysis by employing next generation matrix and fractional Routh-Hurwitz stability
criterion.

Keywords: Fractional Covid-19 model; Sumudu transform; g-homotopy analysis method;

Stability analysis; Next generation matrix; Adams—Bashforth—-Moulton method.

1. Introduction

As the beginning of the last centenary, the continuous development in mathematical models
has used to analyze the blowout of transmissible disease in the epidemiology [1-3]. The
investigators obtain precious information for diverse infectious diseases by study the

stochastic and deterministic models. Kermack with McKendrick (1927) proposed a model


mailto:supriya@mnnit.ac.in
mailto:devendra.maths@gmail.com
mailto:jagdevsinghrathore@gmail.com
mailto:dumitru.baleanu@gmail.com

beneficial for executing and evolving intricate epidemic models which considered as basic
model in field of epidemiology till now [4].

Numerous communicable diseases can transmit in vertical and horizontal in both directions.
Some examples of such human diseases are Hepatitis B, Herpes Simplex, HIV/AIDS and
Rubella, etc. These diseases are horizontally transmitted in humans and animals through
proximity amidst hosts or by disease carriers, e.g., flies and mosquitoes etc.

Epidemiological models are valuable in comprising, forecasting, employing, prevention,
assessing various detection, therapy and control programs [5-7].

In year 2003, the first-time outburst termed as Severe Acute Respiratory Syndrome (SARS)
occurred in mainland China ([8],[9]) and other outbreak named as MERS occurred in South
Korea in year 2015 ([10], [11]).The recent outbreak is occurred in China and spread
worldwide in the form of COVID-19. It is a transmissible disease due to a new virus called as
novel corona virus. Since November 2019 to till date, cases of corona virus detected in
several countries.

In the end of December 2019, first time it was recognized in Wuhan city (China). In February
2020, WHO announced it as pandemic and named it “COVID-19” and the ICTV declared
“severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)” [12]. Some studies state
that it may be originate from bat or pangolins [13], and also, the spread of the virus may be
connected to a seafood market ([14], [15]) but no report confirms about the intermediate host.
The patients of COVID-19 shown early identical symptoms as MERS-CoV and SARS-CoV
infections like cough, tiredness, sore throat, fever, conjunctivitis and also in severe cases
bilateral lung penetration [16]. In addition, some patients may suffer from diarrhea, loss of
taste or smell, without any signs of breathing disorder ([17], [18]).

From a few decades, significant development has made within the field of FDEs due to its
applicability in the miscellaneous area of science and technology (Oldham and Spanier [19],
Podlubny [20], Miller and Ross [21]). In 2014; El-Shahed et al. [22] considered childhood
diseases model with fractional derivatives. Atangana et al. [23] discussed fractional order
model for spread-ness of river blindness disease. Salman et al. [24] studied HBV infection
model with fractional order derivative and Area et al. analysed fractional order Ebola
epidemic Model [25], Sardar et al. developed Dengue Model with memory effect [26],
mathematical model of HIV discussed by Babaei et al. and Baleanu et al. [27, 28] and
Baleanu et al. [29] examined a rubella disease problem pertaining to Caputo—Fabrizio

operator.



There are numerous epidemiological models such as SIR model [30-32], SIS model [33],
SEIR model [34, 35], SIRC model [36, 37], etc. which generally depends on the
compartments.

In the literature of numerous mathematical models which study existence and uniqueness
properties, stability analysis and control theory of biological and epidemic models with
fractional order derivative [33-35]. Gao et al., in [36] studied of COVID-19 mathematical
model in the edge of fractional calculus in Caputo sense by ADM. Atangana proposed that
the virus can be transported from deceased individuals to other individuals [37]. Gao, et al.
[38] reported a novel study for a replication model of the COVID-19 endemic and obtained
the optimal parameters for the model to support in controlling the transmitted and spread the
virus. Recently, Qureshi and Atangana [39] considered a model with the contribution of

novel fractional operator to examine the diarrhea virus model.

Now a days many effective techniques are employed to get analytical and numerical and
results for the epidemic models with fractional order derivative, such as Adomian
decomposition method [45, 46], homotopy perturbation technique [47],modified Laplace
decomposition algorithm [48-50], HAM [51-53], g-HAM [54, 55], ¢-HATM [56].

Integral transform techniques are largely employed to solve differential equations of physical
importance. Sumudu transform was coined and studied by Watugala [57]. A number of
important and useful results for the Sumudu transform were developed by Chaurasia and
Singh [58], Belgacem et al. [59] many others.

In this work, a powerful computational method g-HASTM is involved in becoming the

solutions of the time-fractional derivative of the Covid-19 model.

Singh et al. [60] proposed and developed the g-HASTM for examining nonlinear differential
and integral equations. The ¢g-HASTM is based on homotopy polynomials, Sumudu
transform scheme and g-HAM. El-Tavil et al. [61, 62] proposed a modified technique of
HAM namely g-HAM. It is well known that HAM comprises a specific auxiliary parameter i
for controlling the region of convergence, however, g-HAM involves A and n in such a
manner that HAM solution is special case of ¢-HAM for n = 1. The suggested scheme is
trustily useful for solving nonlinear models without considering linearization or any other

restrictive suppositions and also disregards round off errors.

We have analyzed the nonlinear Covid-19 model pertaining to time-fractional operator by

using a generalized Adams-Bashforth-Moulton scheme [63-66].



2. Preliminaries

Here, we define the required definitions and results of fractional operators and the Sumudu

transform (ST).
Definition 2.1. [20] The Liouville-Caputo (LC) fractional operator of order a is presented as
1 t
a — gqm—aqpm — _p\ym—a—1gm €Z+
DEF(O) = 0 DRSO = Fom =5 | €= 0" e, m
we have
Dt =0L<a
r¢+1)
arl _ t—aps
Dit re—a+ 1)t £ > .

Definition 2.2. The integral operator J¢ of fractional order a > 0 for the function f:R " >R
gral op

in Riemann-Liouville (RL) sense is expressed as

1 t
O = | (=D @

we have

el T+

= e 1)tl 1> aand JUF(t) = £(0).

Definition 2.3. Let us assume
[t]

A= {f(t)|5l]vl”,{1,(2 >0,|f(0)] <Me “ifte(—1) x [o,oo)},

is a set of functions, then the ST operator over A is expressed by the formula,

SIF(O)] =Flul = [ e *fut)dt, u € ({1.02)-

Definition 2.4 The ST of LC fractional operator is expressed as
m—1

S[oef@] ==Y O1 = Y u= T OfOO+)m-1<asm
k=0

n—1
and 5[1] = 1, 8[g5] = w"~Ln > 0.

Authors have mostly considered the Caputo type fractional derivatives in comparison to
Riemann-Liouville derivative for the reason that Caputo approach is more suitable and

convenient for handling physical problems.



3. Formulation of Mathematical Model

Chen et al. [67] introduced a model and simulated the data of spreads from the source of
infection to the infection in people.

Khan and Atangana [68] describe the fractional- order mathematical modelling and dynamics
of the corona virus.

We will assume that all the parameters as well as variables involved in the model are non-
negative during a present study in the individual community.

The total population of individuals considered as N(t) which is separated in five
compartments such as susceptible S(t), exposed E(t), symptomatic infected I(t),
asymptotically infected A(t) and recovered R(t) populations.

The following assumptions carried out during model formulation
e The recruitment of individuals increases the class of susceptible to the susceptible
group at a constant rate II.
e The childbirth rate and natural mortality rate of the individuals is indicated by
parameters u and érespectively.

e The susceptible individual has been infected over ample contacts with infected

SOOI
N

individual I(t) via the given term S , where contact rate fis disease

transmission coefficients.

e The transmission among the asymptotically infected individual A(t) with susceptible

SMOA®
N

individual S(t)could take place at form Sy , where Y € [0,1] is transmissibility
multiple of A(t) to the I(t), if i = 0, no transmissibility multiple will exist and so
vanish, if ) = 1, then transmissibility multiple will exist and same like infection.

e The parameter ¢ is proportion of asymptotic infection. The parameters 6 and w
respectively indicate the transmission rate after accomplishing the incubation period
and reduced into infected, joining the class I(t) and A(t).

e The individual in the symptomatic groupl/(t) and asymptomatic groupA(t)are
removed at recovery rates of y and 7and are added to the recovered R(t)

compartment.

e The susceptible individual will be infected after the interaction the reservoir or the

SOP®
N

seafood place or market class P(t) through the term given by 1 , where 7 is

disease transmission coefficients from S(t) to P(t).



o The I(t) and A(t) individuals contributing the virus into reservoir or the seafood
place or market class P(t) at a constant rate o and & respectively.

e The removing rate of the virus from the reservoir or the seafood place or market class
P(t) is indicated via k.
Using the above assumptions to mathematical representation of the model comprise of the

fractional order dynamical system as

d*s - SI SA SP 55
d°E SI SA  SP
== By BV 1y — (1 — §)OF — pwE — SE (1)
ar
@=(1—¢)9E—y1—61
d“A
o = ¢pwE — 1A —6A
dR
w: =yl +71A—6R
d*“P
ﬁ =ol + €A — kP

Subject to conditions

S(0)=S0=0,E(0)=Ey=0,(0)=1p=0,

A(0)=A4¢p=0,R(0)=Ry=0,P(0) =Py =0. (2)
4. Analysis of the Model

Lemma 4.1 (Generalized Mean Value theorem)

Assume that f(t) € C[a,b] and LC fractional operator Dff(t) € C(a,b] for 0 < a <1, then we
get f(t) = f(a) + %@D‘g‘f(t)(t —a)*with0 <t <t,Vt € (ab].

Remark 4.1 If f(t) € C[0,b] and LC fractional operator Dff(t) € C(a,b] for 0 < a < 1. It can
be noted from Lemma that if Dff(t) = 0 Vt € (0,b], then the function f(t) is non-decreasing
and if DFf(t) <0Vt e (0,b], then the function f(t) is non-increasing.

Theorem 4.1 For the given model (1) the biological feasible region is in RS given by the
following X =
{(S(t),E(t), I(t),A(t), R®),P)ERS,:0O<S+E+I+A+R< g, 0<P<P *}, where the

boundedness, uniqueness and existence hold for the model and solution remains in X.



Proof: In view of Lin from the theorem 3.2 [69] and remark 3.2 [69], we obtain the
uniqueness and existence results of the model. We have to demonstrate that the X is

positively invariant

d°E
dt®

E=0
d®l

| =(—@)eE=0

I1=0

d*A
dt®

=¢pwE =0

A=0
d*R
dt®

=yl[+TA=0
R=0

d°p
dt®

=0l+eA=0 3)
P=0

on every hyper plane bounding the non-negative orthant, the vector field points into R®, .
Now, By means of the circumstance that N=S+E+ 1+ A+ R
d*N d*S d°E d*I d*A d°R

S— =t —+—+—+
dt* dt* dt* dt*  dt*  dt”

So

S =u—6N @

On utilizing the Laplace transform in equation (4), we achieve the result
N(t) = ( — g + N (0))E o(—5t%) + E, where E,(—6t%)is termed as the Mittag-Leffler
function.

Since 0 < E,(—6t%) <1, if N(0) S% then N(t) < £ so the closed set X is the positive

= E’
invariant set of the system (1).

The compartments population can be normalized by the Nadopting the current state variables

S E 1 A R P

1
xzﬁ,yzﬁ,zzﬁ,uzﬁ,v=ﬁ,wzﬁ,anduzﬁ.

Therefore, the population is now normalized and non-dimensional form as

dll
dtfz,u—,[i’xz—ﬁt/mu—nxw—c?x;

Q.

d
‘thzﬁxz+,81/)xu+nxw—(1—¢)9y—¢)wy—5y;



d“z

- A=) y—yz—-5z;

d*u
E=¢wy—ru—5u;
d*v
—=yz+1tu—o6v
dt®
d*w
e 0zZteu—Kkw (5)
with initial conditions
x(0)=x0=0,y(0)=y=0,z(0) =20=0, (6)
u(0) =up=0,v(0) =v9=0,w(0) =wy=0.
5. Stability of fractional order system
Consider
d%x d%y d“z
o = [1xy.zuvw), =2 = fL(xy.zuvw), o = f3(xy.zuv,w),
d*u d*v d*w
o« = fayzuow), 2 = fs(xy.zuvw), = = fe(x,y,z,u,v,w) (7)
dll
where 0 < @ < 1 and e is LC derivative.
fr 0fr O0fr Odf1 09f1 Ofs
'ox oy 9z o v ow
0f2 0f2 0f2 0fy 0fz 0f2
9x 9y 0z du v ow
ox 9y 0z du v 0
Let] =\|af, ofs ofs ofs ofs ofs ®)

0x dy 0z ou dv  ow
dfs 0fs Ofs 09fs Ofs Ofs
ax 8y 0z ou ov ow
dfs Ofc Ofe 0fs Ofe Ofs
4ox 9y 9z oOu v owy

be the Jacobian matrix of the system.

Theorem 5.1: The model is said to be asymptotically stable (locally) if every eigen values of

the J at its fixed point satisfy |arg (1)| > an/2.

Fig. 1 demonstrates that the stability region for the model with fractional order exceeds in

comparison of system with integer order. It is clearly observable from the figure that stability

region for an integer order system lies only in the left part of the vertical axis while it lies also

in the right part for

stable

A

A

stable

/2

unstable

-mo/2

stable

unstable

fractional system.



Fig. 1 Stability region for the fractional order system

5.2 Routh—Hurwitz (RH) stability criterion for system of fractional order
Let us assume a system of fractional order expressed as

;L;’%i(t) = fiyry2y394ysye)i = 1,234,560 <a <1, )
with the initial conditions (IC):

%1(0) = 410:42(0) = %20, %3(0) = %30,%4(0) = %4045(0) = Y50.46(0) = g0 (10)

To evaluate the equilibrium points of Eq. (9), taking D{Y;(t) =0, this implies that f;
(y19243909s46) =0. Let 3™ (41,4343 yi 45 y¢) be an equilibrium point of
system (9). Next a non-negative term e(t)i.e.y;(t) = ¢;" + €;(t) is added to the equilibrium

point for desired perturbation. Thus, we have
a

@(@{‘ +€)=filyr +erys +erys +e3ys +esys +€Es5,46 + ),

daEi

:dt“ = fl(/y"l* + 61!’9‘2* + EZI/Q"; + 63/5’"; + 64,’0%5* + 55/9’6* + 66)1 (1 1)

The use of Taylor series expansion yields

d%; of of i

* * * * * * ofi ofi of i
s filyl s w3 yi s wé) + EY eq61 REF P equ + %|eq63 + w|eq64 * 9y eq65 +
fi
3 € + higher ordered terms. (12)
Yo eq
Since fi(y1 3 43 yi Y3 4é) =0, then
d%  0f: of ofi ofi of i ofi
ae = 3l 1Y Tl 2 ¥ 3l € T agl 4 F dusl 65 Tl S (13)
Now Eq. (13) can be written as
daEi
=], (14)

where



dof1 9f1 0fr 9f1 90f1 0Of:
—— — = =

ox 0z u v

0f2 0f2 9f2 09f, 0f2 0f2
ox dy 9z odu v ow
dfs 0fs 0fs Odfs Ofs O0f3
ox dy 9z du v ow
) =\|6fs ofs ofs Ofs Ofs Ofs| (15)
ox dy 9z ou dv  ow
dfs 9dfs 9fs Ofs Ofs Ofs
9x 9y 9z ou v ow
dofe Ofc O0fes 0Jfc Ofs Ofe
box 9y 0z ou v Owy

€ = (€1,€2,€3,646566) J (3"

Here /(3 *) satisfies the expression C ~1J(3*)C = D,

d, 0 0 0 0 O,
0 4, 0 0 0 0
0 0 A3 0 0 0
D=1o 0 0 2, 0 of (16)
0 0 0 0 A 0
0 0 0 0 0 2

where 41,4;, A3, 4, Asand A denotes the eigen values of /, C is the Eigen vector of / and D is
a diagonal matrix.

The initial conditions (IC) for system (9) are
%1(0) = »1 + €1(0),42(0) = 2 + €2(0),43(0) = ¢y3 + €3(0)

%4(0) =44 + €4(0),45(0) = ys +€5(0),16(0) =16 + €6(0). (17)
Using equations (14) and (16), we obtain
da a
¥ (cDC~ 1)e—(c €) =D(Cle).
da
Hence _ ¢ = D{,§ = C e = (C1,¢203)". (18)
d(l
Therefore, Y o A =1,2,34,5,6 (19)

The solutions of Eq. (19) are given by
¢i(t) = Eq(4it);(0),i = 1,2,34,5,6
where {;(0),i =1,2,3,4,5,6 are arbitrary constants and Mittag-Leffler functionEa(Ait“) =

o (Art ) . d” .
Zn —OTat D) satisfies the equations @Ci = A,¢;,i = 1,2,34,5,6.

a

[Eahet a
JpalBelt )1(0)] = ¢1(0) y

(Al)ntna
F (na+1)

da /llt(x AZtZ(x 13t30{
= 51(0) ‘

F(a+1) F(2a+1) F(3a+1)



1" n—a
(~+ Caputo derivative of a constant is zero andD{t" = 1_((7:14;7103:_1)
A t% At
ra+1) ra+n "
= {1(0)4Eq(219)
= 11Ea(11t)1(0) = 4184

Then {1 (1),{2(1),{3(1),{4(t),{5(),{6(t) are decreasing and thus €;(t),€2(t),€3(t),€4(t),€5(2),
€6(t), are decreasing.

={1(0)A4|1 +

Hence the equilibrium point J* is termed as the point of locally asymptotic stability if
larg (A)| > a3,i = 1,2,3,4,5,6 is fulfilled [70] .

To obtain the fixed points of the model (5) equating the RHS of the model (5) to zero i.e.

d%x d%y d%z d*u d“v d*w
=0 =0.—=0.—=0 =0,—
de”

dt® ’ dt® ’ dt® > dt® > de*

=0,

1.e.fi(xy,zuv,w) = 0, we get
U—pPFxz—PBYxu—nmxw—38x=0
Pxz+pYxu+nxw—(1—-¢p)0y—pwy—56y=0
1—-¢)fy—yz—6z=0
pwy—tu—56u=0
yz+tu—90v=0
cz+eu—kw=0

Wheny = 0, then 3y = (%,0,0,0,0,0) which denotes adisease-free equilibrium (DFE) point of

the system (5).

Theorem 5.3 3, = (g,0,0,0,0,0) is asymptotically stable (locally) ifRy <1 and became
unstable if Ry > 1.

Proof: As considered model has DEF 3, = (%,0,0,0,0,0), Using next generation matrix

(NGM) method, the reproduction numberR for the COVID-19 model given by (5) can be
calculated from the relation Ry = @(F -V 1), g stands for spectral radius of the NGMF
-V 171-73]

Assume Y = (y,z,u,w) then the system can be rewritten as

Y . . . . .
2 = F(Y) =0(Y), where F(Y) is transmission part which enunciates the generation of novel
infection and U(Y) is transition part i.e. transfer of infection from one compartment to

another.



Bxz+ fYxu+nxw

The Jacobian matrices of F(Y) = 0

0

(11—¢)9}’9+¢wy+6§1
and O(Y) = - (—;g))(f’)+ ?[’;‘_)I_/ g;‘; z at DFE point3g = (g,0,0,0,0,0)are given by
—0Z—cUu+kKkw
1 TR
oF 0 Bs B¥s 15
=5 =10 0 0 OJand
o, Jo 0 O 0 0
0 O 0 0
(1—-9)0+pw+6 0 0 0
wg | d-g0  y+s 0o
TYj 3 B _d)(l) 0 T+6 0 ’]:k = 1,2,3,4.
O 0 —0 —& K

Then the inverse of the transition matrix is also computed as

1

(1—¢p)+pw+6 0 0 0
60Kk + Okt — 60Kk — OkTQ 1
vl F+Ok(@@+)(6+0(1—p)+pw) y+6 0 0
- YKpw + Skpw 1
F+OHx(@@+1)(6+60(1—9¢) + Pw) 0 T+6 0
600 + 0ot — Botp + yedpw + depw o € 1
(Y + K6+ +0(1—)+dw) (¥+IH)k (t+ )k E,
So
Ay Ay Az Ay
_ 0O 0 0 O
FV~7'=10 0 0o ol
0O 0 0 O
Hence,
R 60K + Okt — 60Kk — Okt U
TG+ O+ )+ 01— @)+ Ppw) S

Yk¢pw + Skpw U

T TG 006100 —¢) +dw) Vs
600 + 0ot — B0t + yepw + depw U

T TG+ D@ +0(1—) + dw) s




ﬁRO =
Bubdk(1l — @) + Oxtfu(l — ¢) + domnu(l — ¢) + (v + 6) (kpwPypu + 66onu + epwnu) + §6anu
Sy +OK(E+1)(S+0(1 — @) + pw) :

The variational matrix J for the system determined at3

, u u iy
5 0 A
u u u
s |0 —(A—-9)0 —9w -5 B pb< 0 g
J1(S0) = é o) )
0 1—¢)o —y—90 0 0 0
0 W 0 —Tt—4§ 0 0
0 0 y T =) 0
L 0 0 o £ 0 —K

has the two eigen values are negative i.e. —§ (twice) and other can evaluated by given
polynomial equation
/14 + a1/13 + a2/12 + a3/1 + a4 = 0 (20)
ai=(+30+k+7+(1—¢)0 + Qw);
az
1

= 5(2)/62 + 36 4+ 860 + 2626 + ySk + 38%Kk + 80Kk + YOt + 26%T + 607 + Skt — RO

—y80¢ — 25%0¢p — 560k + fOuP — 501 + ySpw + 28%Ppw + Skpw

+ 01w — pudpyw);

1
as = 50/63 + 8% +¥8%0 + 830 + 2y8%k + 38%Kk + Y80k + 26%0K + y8°T + 831 + 861

+ 8201 + ySkT + 26%KT + 80KT + nOuc — LOut — Y520 — 5309 — Y50k
— 26%0k¢ + BSOup + BOKUP — nBucd — y56Tp — 520t — 0KTP

+ BOutd + y5ipw + 53w + ySkdpw + 28%kpw + enupw + ySrpw + 52
TPw + SkTPw — Byudppw — Béupypw — Brudpw — f60u — BOKu);

ay
1
= E(y(s% + 8% + y8%0Kk + 530Kk — BSOK — BEOAU — [OKAU + SnBuc + y8*KT + 8Kkt

+y86KkT + 520Kt — BOKUT + nOucT — Y520k — 530K P + BSOKUP
— SnBucp — y86ktp — 520Kt + BOKUTH — NOUTTP + Y8 KPW + PKPw
+ yenuow + Senudpw + ySxtpw + §2ktdpw — Bykudpw — BSkudPw);

Using RH criteria [74-75] for the polynomial () is a; > 0 for i = 1,2,3,4 and aq,az,a3 > ajay
+ a3 can be easily satisfied.

Theorem 5.4: The endemic equilibrium point I*(x*,y*,z*,u”,v*,w*) of the fractional
model is asymptotically stable if Ry > 1.

Proof: The variational matrix of the system (5) at I * written as



—Bz* —BYpu* —mw* =4 0 —pBx*  —pyYx* 0 —nx*
Bz +pYu* +nw” —(1—-¢)60 —pw —5  Bx* Byx* 0 nx*

0 (1—¢)8 —y—8 0 0 0

0 Pw 0 —1—6 O 0

0 0 y T = 0

0 0 o € 0 —K

has the one eigen value is negative i.e. —§ and other can evaluated by given polynomial

equation
2%+ biA* + boA3 + b3A% + byd + bs = 0, 21)
where,
bi=(y+46+0+k+1—00¢p+ Pw+pYu” +nw* + fz*)
by

= (38 + 68% + y0 + 380 + yK + 46K + Ok + yT + 36T + 0T + kT — YO — 360 — Ok p — O
+ydw + 36w + kpw + 1w + PY(y +36+ 0+ Kk + 17— 600 + pw)u” +n(y + 36
+0+Kk+1—00+pw)w™ —BOx™ + BOPx™ — LdYwx™ + Pyz* +3B6z" + B0z

"+ Brz* + Brzt — OGPz + BPwz™)

bz = (3y8% + 46° + 2y80 + 35%0 + 3ySk + 66%Kk + yOk + 380k + 2yt + 38%T + YOt + 2667
+ yKT + 38KT + OKT — 2y50¢p — 3520 — yOKP — 3850KP — yOTP — 2507 — OKTP
+ 2y8¢pw + 38%pw + ykdpw + 38kpw + yT1dPw + 28Tdw + kTdPw + fP(35% + Ok
+ 0t + Kkt — OKkp — 0T + Kpw + TPw + Y(26 + 0 + Kk + T — 0 + Ppw) + 65(20
+ 3Kk + 2T — 200 + 2¢pw))u* +n(36% + Ok — Ok — Ot + kPpw + TPw + ¥ (26
+0+K—0¢+ pw)+ 6260+ 3k—20¢p + 2¢pw))w” —2B50x* — BOkx™ —nbox
*—fOtx* +2050px™ + BOkpx™ +nbopx” + LOtPx* — enpwx” — fyPPwx”
—2B8pyYwx* — BxdpPpwx ™ + 2BySz* + 3B6%z* + PyOz* +2B80z* + fykz*
+ 3B6kz™ + BOkz™ + Pyrz* + 2B8tz* + [Otz* + frtz* — PyOdz* —2B50¢z*
— BOkpz* — BOthz” + PyPwz* + 2L6¢pwz” + Prpwz” + frpwz™)



by = (y86° + 8* + y6%0 + 530 + 3y8%k + 483k + 2y80K + 36%0k + y8°T + 831 + 86T + 5267
+ 2¥8KT + 38%KT + yOKT + 280KT — 520 — 530 — 2y50Kp — 350K P — Y5OTP
— 8201 — yOKTh — 280KTD + Y52 Ppw + 3Ppw + 2ySkdpw + 38%kPw + ySTPw + 62
Tow + ykTdpw + 28kTdPw + P83 + k(0 + Ppw) + 52(0 + 3k + T — 0 + pw) + &(
— 02k +1)(—1+ @) +TPw + 2Kk(T + Ppw)) + Y(6* + kT — (kK + T)(— 1 + @)
+ kpw + TPw + 6(0 + 2Kk + T — 0P + Ppw)))u* — f5%0x* — 250Kkx* — 26nfox*
— BSOTx* — fOkTX* —nboTx* + BS*OPx* + 280Kkpx* + 26n00px* + BSOTPxX
* + BOkTPx* +nbotdhx* —yenpwx* — 28endpwx* — BySPpwx* — LSlPpPwx*
— Bykdppwx* — 2BSkpPwx* + Lys%z* + [83z* + PydOz* + p5%0z* + 2Pydkz*
+3B6%kz* + ByOkz* + 2B86kz* + Bydtz* + f6%tz* + PyBrz* + pSOTz*
+ Byxtz* + 2B8ktz* + BOKkTZz* — BySOdz* — BS5*0Pz* — PyOrpz* — 280kPz”
— ByOtopz* — BSOtpz* — fOkTPz* + BySpwz* + LS pwz* + fykpwz*
+ 2B6kpwz* + PytPwz* + BéTPwz* + PrTpwz* +nw* (82 + 620 + 35%K
+ 280K + 8%T + 80T + 26KkT — 5209 — 250KP — 50T — OKkTP + 6°Ppw + 28KPw
+ 8tpw + ktpw + Y(8% + kT — O(k + T)(— 1 + ) + kPpw + Tpw + 50 + 2K + T
—0¢ + pw)) + Oktz™))

bs = —y + y8°k + &' + y5%0K + 836K + Y&kt + 83KT + yS66KT + 6%0KT — 520K — 530K
— ¥80KT — 5%0KTP + Y KPW + 53kPw + ySKTPW + 8*KTw + B(Y + 8)K(S
+DYBE +0—0¢ + pw)u* + ¥+ (5 +1)(6+ 60 — 0 + pw)w* — B620Kkx*
— 8fox* — B8Okt — Snbotx* + B8%Okdx* + 6*nbodx* + LEOKkTPx
+ Snbotpx* —ydenpwx* — 82endpwx* — BySkdpPpwx* — fS*kpPwx* + BySikz*
+ B83Kkz* + BydOxz* + [8%0kz* + BySktz* + fS%KkTz* + ByOrtz* + BSOKTZ*
— BySOkpz* — 2p8%0kpz* — ByOkidz* — [SOkThz* + PySkdpwz* + BS*KkPwz*
+ Byktpwz™ + LOkTpwz

Using RH criteria for the polynomial is b; > 0 for i = 1,2,3,4,5 , b;b,b3 > b%bs + b3 and (by
by — bs)(b1bybs — biby + b3) > bs(b1by — b3)* + byb# can be easily satisfied.

5.3 The family of Voltera type Lyapunov function

6 " «; Yi
L(y1, Y243-wth6) = 2 _ 1ci(% — Y4 —Yi ln;)

In 2014, Aguila-Camacho and co-workers [76] showed an important result to estimate the
quadratic Lyapunov functions in terms of LC fractional operator when a € (0, 1).

Lemma 5.1: Consider 4 (t) € R * be a continuous and differentiable function then

F . A0 ¥\ . .

@(/y»(t) -y —Y ln?) < (1 _%)Ey)(t)’ Yy € RT, y* € R*Vae€ (0,1).

Theorem 5.5: (Uniform Asymptotic Stability Theorem) [77]

Let 4 * be a equilibrium point for the system (5) and Q ¢ RS be domain involving 4 *. Let L

[t,4(t)]:[0,00] >R be a continuously differentiable function such that

d(l
wi(y) < Lty ()] s wa(y) and L[ty(t)] < — w2 (y) , where wq(y),w2(y) and ws(
1) are continuous and positive definite function on (. Then the equilibrium opoint of the

system (6) with I. C. (10) is uniformly asymptotically stable.

Let us assume the subsequent Voltera type Lyapunov function



L(x, y,zu,v,w)
X y z
=A|x—x" —x"In—|+Aly—y " —y'In—/|+A3\z—z" —z"In—| +
X y z

u v w
Aglu—u” —u'ln—|+As|lv—v" —v In—|+ Aglw—w" —w"In—
u v w
then

a

ﬁL (x, y,zu,v,w)
da

dt”

d® x
=A—|x—x" —x ln— +A,—
x*

oy )
1 y—=y =y »

dt”,

z d“ u d® v
z—z" —z'ln—|+A;—|lu—u"—u ln—)+A5 (v—v —v*in—
z* dt® u dt® v*

d® w
+Ae—|(w—w* —wln—
w

<4 (1 x* \d%x 4 (1 y* )d“y 4 (1 z" )d“z 4 (1 u’ )d“u
< -t — -t — ==+ ——=
Wx@®)aer T T y®)aee TP T 20))dee T T u®)) are

PRI T R T
¥ 5( TV ae T 6( ~w(t)) ae
SAl(l—%)[u—ﬂxz—ﬁl,bxu—nxw—&c]
+A2(1 (t))[ﬁxz+,81/)xu+nxw 1—-9¢)0y—dwy—dy]
+A41—§5ﬁa—¢Wy—yz—6ﬂ
+A4(1 u(t))[d)wy—ru 6u]+A5(1—ﬁ)[yz+Tu—6v]
afio Y
+ 6( —W(t))[az+eu—lcw]

Using the relations at the steady state u=pfx"z* +pYx*u” +nx*w* +6x~,
Bxz+PYxu+nxw=[1—-¢d)0+dw+38ly " 1—p)0y=>F+6z".pwy=(t+6)

u,yz=6v',0z+eu=xkw".



a

—L(x, y,z,u,v,w)

da
x*
SAl(l_x(t))
[Bx*z* + fYx*u” +nx*w* +8x* —Pxz— PfPxu—nxw— x|
1 y(t))((l )6 + g0 +6)y* — )
+A3(1 (t))(y+6)(z — 7)
+A4(1 _u(t))(r-i_ Hw" —uw +A5(1 _vv(t))g w*—v)
+A6(1— (t))rc(w —w)
SAl(l x(t))[ﬁx z"—=Bxz" +Pxz* +PYxut —BYxut +pYxut +nxtw”

—nxw* +nxw* +8x* —Bxz—PPxu—nxw — x|

1 y(t))(a )0+ g0 +6)y* — )
+A3(1 T ))(y+ 6(z" — 2z)
+ A4(1 (t))(T +6) (u—uw+ A5(1 —E)(S (v* —v)
+A6(1 _w(t))K(W* - w)

SAl(l—E)[(,Bx +6x)(z" —z)+ﬁ1/)u (x" —x)+ By (u* —u)+nw (x* —x)

+nx(w* —w)+8(x* —x)]

+A2(1_ﬁ)((1 $)0+pw + (" — )

*

z(t)

+A3(1— )(y+6)(z* - 7)

+A4(1 )(T+5) (" — u)+A5(1——)6(v _—

u(t) ®)



W

+A6(1—m)lc(w* - w)

Aq . 2

S—% (,Bx* +Bx)(x —x*)(z—2z )+(ﬁ1/) ur+nwt +8)x—x*)"+pyYlx —x*)

(u—u*)+nx(w—w*)]
Ay

+m((1 —P)+ o0+ —y)

2

Az . )
+ ﬁ(y +8)(z" — 2)
Ay As

O @ - u)2+@6(v* —v)

2

Ag
+—x(w" — w)

w(t)

2

a

Clearly @L(x, v,Z,u,v,w) is negative definite when a € (0,1), in view of the Theorem 5.5,

the endemic equilibrium point is uniformly asymptotically stable in the interior of (), when it
exists.
6. Solution by q-HASTM
Applying the ST on the system (5), we have
w ' S[x(t)] —u"%(0) =S[u—Pxz— LYxu—nxw — 6x]
w ' S[y(O)] —u"y(0) =S[fxz+ fYxu+nxw—(1—¢$)0y — pwy — 6y]
u Sz —u"z(0) =S[1—- )0y —yz—57]
w ' S[u(®)] —uw " u(0) =S[pwy —tu—=46uj
w ' Sv)] —u"v(0)=S[yz+tu—946v]
w Sw@®)] —u"*w(0)=S[loz+cu—kw] (22)
On simplification
S[x(®)] —x(0) = u*S[u— Bxz— PYxu—nxw — 5x]
Sy®]—y(0) =u'S[Bxz+ pYpxu+nxw—(1—¢)0y — pwy —dy]
S[z(®)] —z(0) =uS[A1—- )y —yz—b2]
S[u(®)] —u(0) =u*S[pwy —tu—95Uu]
Sv(®)] —v(0) =uS[yz+tu—35v]
Sw®)] —w(0) =uS[locz+ cu—xw] (23)

Consider the nonlinear operator as



Ni[@1(t,q)]
= S[®1(t,q)] — x0 — u*S[u — BP1(t,0) P3(t,q) — Pp®1(t,q)Pa(t,q) — NPy
(t,)Ps(t,q) — 6P1(t,q)]

NZ[CDZ(trCI)]
= S[D2(t,q)] — yo — u*S[BP1(t.0) P3(t.q) + BYP1(t,q)Pa(t,q) + nP1(t,q)
Dg(t,q) — (1 — )0 Da(t,q) — Ppw D2(t,q) — §D2(t,q)]

N3 @3(ta)] = S[@3(t.a)] — 2o — u*S[(1 — )0 P2(t,q) — ¥ P3(t.q) — 8 P3(t.)]]
Na[@a(t. )] = S[@a(t.)] — uo — uS[pw 2(t.q) — (7 + 6) Pa(t.q)]
Ns[@s(t,q)] = S[@s(t,g)] — vo — uS[y @3(t,q) + T Pa(t,q) u—§ Ps(t,q)]
Nl@6(t.)] = S[Ps(t,0)] — wo — u*S[o P3(t,9) +& Pa(t,q) —k Pg(t,q)] (24)
Where ®,(t,q) are real function of t,q.

Now construct a homotopy as

(1 —ng)S[@1(t,q) — xo()] = RHON1[P1(t,9)]
(1 —n@)S[@2(t.q) — yo(©)] = RHON[P2(t,9)]
(1 —ng)S[@3(t,q) — zo(H)] = RH (O N3[P3(t,q)]
(1 —ng)S[P4(t,q) — uo(t)] = RH N 4[Pu(t,q)]
(1 —ng)S[@s(t,q) — vo(t)] = hH (O N s5[Ps(t,)]

(1 —ng)S[Ps(t.q) — wo(t)] = RH(OON6[Pe(t,q)]- (25)
In Eq. (25) H (t) # 0 denotes the auxiliary function, # is auxiliary parameter.

1 . . e .
Hence embedding parameter q enhances from zero to ; then solution varies from the initial

guess to the needed solution.

Next the expansion ®;(t,q) in Taylor’s series w.r.t. ¢, we have
®1(t,q) = xo(t) + o _ ™ Xm():P2(6,9) = yo(t) + X, _ .q™ym(L),
D3(t,q) =20(t) + 2. _,q"Zm(0);Pa(t,q) = uo() + X _ .q™u(t)

®5(t,g) = vo(t) + X, _ 10" Vm(D):P6(t.) = wo(t) + X, _ 4" Win(D) (26)
If the auxiliary linear operator, the initial guesses, h and H (t) are selected in appropriate

, 1
manner, the above series at g = -, we have

x(0) = x0(®) + T _ xm(®(3) ¥©® = y0(0) + X _ ym®(3)

m

20 = 200 + 55 zm®(0) " u(® = 10 (®) + 22 _ un®)()

v(0) =v(0) + 20 um®(5) - w©) =wo(® + Zo_ wn(® () @7)

Define the vectors



— —

{xo,xl,xz, an} Ym = {yO'YDyZJ 'yn} Zm {Z(),Zl,Zz, “Z }7

— — —_—

Um = {Uo, UL UL, - Un}s Vi = {V0,V1,V2,.0Vn}s Wi = {Wo,W1,W2,... Wy}, (28)
Differentiating the equation (25) m times w.r.t. q and take g = 0 and divide the resultant by

m!, we achieve the mth order deformation equations
Shm() = ot — 1(O)] = RH O Rin[xm -1 (0)]
Sym(®) = Xmym— 1] = RHOR [y 1(D)]
S[zm(®) = 1] = RHOR[ 22— 1(0)]
Slum(®) = Ymtim — 1(O)] = RHLEORY, [um_l(t)]
S[Wm(®) = XmVim —1()] = RHORG[vm - 1(D)]

SIWan(E) = YW — 1()] = RHLORG W _1(8)] (29)

Operating inverse ST on both sides and setting g = 1, H(t) = 1, we obtain

Xn(t) = Ko —1(8) + 55 (R — 1(0)])

V() = Xnym—1(0) + 55 (Rin[ym—1(0)])
2(t) = Jonm—1(0) + 1S~ (Rinzm - 1(0)])
Un(8) = Kot~ 1(8) + hs-l(ﬂe;z[ﬁ(o])
Un(®) = Kot —1(8) + 55~ (Ri[vm—1(0)])

(

Win() = Wi —1(8) + 7S (R Wi — 1 (1))

0 m<1 a®4(t,q)
Where, y, = [n m > 1 and Rm[xm 1(t) (m_ DI agm—? )

So,

m—1
us(1] - BS(Z X0k~ 1(t>)

k=0

:le[xm— 1(t)] = ‘S[Xm— 1(t)] - xO(t)(l - )%) —u”

m—1 m—1
~ B S(Z () - m) —7 5(2 ()W i - 1<t>) — 68— 1(0)]

k=0 k=0



Riplym - 1(0)]
m—1

Xm
= Slym-_1®)] — )’o(t)(l —7) —u”|B 5(2 xk(t)zm—k—l(t)) +pY S
=0

m—1 m—1
(Z X () U — e — 1(0) +1 5(2 Xk(O) Wi — k- 1(??)) — (1 =)0 Slym_1(t)]

— ¢ S[Ym-1(O] = 8S[ym - 1()]

Roslzm - 1(8)]

Am
B R L

n

(A =)0 S[ym— 1] = (v + &) S[zmn—1(D]]

RZ [t —1(0)]

Xm
= Slupm—1(0] — uo(t)(l — 7) — upw S[ym—1(t) — (t + &) S[um—1(D)]]

Rip[vim—1(0)]
Xm
= Slvm_1(®)] - Uo(t)(l —7) —u”
[y S[zm—1(®) — T S[um—1(®)] — 6 S[vim — 1(D]]

Rir[Win—1(0)] = STwim— 1] = wo(®)(1 —75) — u
[0 8[zin —1(t) + € S[um —1@®)] = & S[Wi —1(D)]]

(30)
Therefore, we have
Xm(t)
Am

= XmXm— l(t) + hS _1( S[Xm— 1(t)] - XO(t)(l - 7) —u” u '5[1] - .85
m—1 m—1 m—1
(Z (7 1(t)) ~ By s( PO 1(t)) -7 s( ), mtw
k=0 k=0 k=0

m—k— 1(0) — 55[xm1(t)]])



Ym(t)

g

m—1 m—1 m—1
(Z ()2 — i — 1(1:)) + B s( PRGN 1(t)) +1 s( ) uw

Xm
= XmYm—1(t) + hS 1( Slym-1(®)] = yo(t)(l - 7) —u®

m—k— 1(0) — (1= $)0 Slym—1(0)] — pw S[ym - 1()] = 88 [ym - 1(8)]

z(t)
= XmZm— l(t) + h‘s_l

Xm
(S[Zm— (O] - Zo(t)(l - 7) —u[(1 = $)0 S[ym—1()] — (v + 8) S[zm - 1(0]])

Um(t)
= XmUm — 1(t) + hS -1
Xm

(S[Um_ 1] = uo(t)(l - —) — u[$pw S[ym—1(t) — (T + &) S[ttm - 1(0]])

n

(Z90)
= XmVUm— l(t) + st

Am
(S[Vm— 1] = vo(t)(l - 7) —uly Slzm - 1(t) — T S[um —1(O)] — 8 S[vm - 1(0]])

Win(t) = XmWm —1(t) + hS !
(= 8Twm 101 = wo( (1 ~22) — o Sz —1(0) + & STt 1] ~ Kk STwn— 2 O)]])

€2))

Therefore, solution of deformation equations of 3™ order

x(t)
t® tZa t3a
= 0.6 —0.00926 —0.00033 + 0.00032 + 0.0000065
[(a+1) [Ca+1) [Ba+1)
FRa+1) ¢3¢
F'(a+1)2I'(Ba+1)
y(@®)
t% tZa t3a
=0.24999 — 0.13693 + 0.02897 —0.002302 — 0.0000065
[(a+1) FCa+1) [Ba+1)
Fa+1) ¢3¢
M@+ 1)?TGBa+1)
t* tZa t3a

z(t) =0.2 —0.02540 —0.01151 + 0.00379

F(a+1) F2a + 1) T'(Ga + 1)



s 12 £3
u(t) =0.05 — 0.010866m + 0.00059m + 0.0000064m
L 12a £3a
v(t) =0.02 + 0.11308m + 0.00285m— 0'00182['(T+1)

a 2a 3a

t t
w(t) =0.01 +0'0672F(a7+1) +0.00182m —0.00105m. (32)

7. Numerical Approximation Method

We interpret the solution of the COVID-19 model numerically, employing an extension of
the ABM method with the Caputo’s derivative.
By applying the generalization of Adams—Bashforth—-Moulton method the system can be
discretised as

h*

Xn+1 =Xo‘|'—r(a:1 n 2)[H—,3xﬁ+125+1—ﬁ¢x5+1u5+1—ﬂxﬁ+1wﬁ+1—5xﬁ+1]

%
* mz a1jn+ 1l — Bxjzj — Bxju; — nxjw; — 8x;]
j=0

Yn+ 1
h*?
=Y (e, + 2)
[BxB 4 128 4 1 + BB 4 1uB 1 + 1 1wl 1 — (1 — @)OYE 4 1 — @B 4 1 — 8YE 4 1]

h
+ _F(az i 2)2 az,jn+ 1[ﬁx]'Zj + ﬂll)x]'uj + nxjw; — (1 — (p)gy] —Qwy;— 6y]]
i=0

as

Zn+1=Zo+m[(1—(P)9y5+1—]/2ﬁ+1—52?1+1]

h* -
" mz azjn+1[(1 — @)0y;—yz;— 6y]
j=0

h*
F(CM_ + 2)

n

Unt1= U+ [pwyh 41— (x+ S)ub 4]
h*
+ M@t 2) Aajn+1[QwY; — (T + H)uy]
j=0
h%

Vne1=Vo+ |y zh+ 1+ TUh 4 1 — SV,
n+1 0 F(d5+2)[y n+1 n+1 n+1]

T
+ —F(a n Z)Z as,jn + 1[yzj + TU; — 6uj]
5 =



h“e
F(a6 + 2)

n

Wp+1=Wo+ [02£+1+su£’l+1—}cw£+1]

hs
+ m Aejn+1[02Zj + euj — kw)]
6 =

In which

n
1
Xh+1=Xo+ mz B1jn+1ln — Bxjz; — Byxju; — nxyw; — 6x)]
j=0
1 n
Yhe1=Yo+ @Z B jn+1[Bxjzj + Bhxju; + nxjwj — (1 — ) 0y; — pwy; — 8]
j=0
1 n
Bi1=20+ @;Bg,j,n +1[(1 — )0y, — vz, — 8y)]
1 n
uh 1=up+ mz Byjn+1lpwy;— (T + 6)u)]
=0
1 n
vhi1=vo+ @ZBS,j,n+ 1lyz; + tu; — duy)
j=0

n
1
WEH_ 1= Wp + mZB&j'n_,. 1[O'Zj + Su]' —_ KWj]
j=0

n“itt—(n—a)(n+ D% if j=0
Aijn+1={(n—j+2)" ' —(n—Nt'—2n—j+ D", ifo<j<n

a;

h L
Bijny1=5(n—j+ 1= (m—j)"),0<j<nandi=1234,5,6.

8. Numerical results and discussion
Table-1

The fitted and estimated values of parameters for the COVID-19 model with fractional order

derivative

Parameter | Description Value
u Birth rate 0.0018
) Natural mortality rate or death rate 0.01439
B Disease transmission coefficient 0.05




Y Transmissibility multiple of u(t) to y(t), 0.02
Y €[0,1]

n Disease transmission coefficient from w(t) | 0.000001231
to x(t)

) Proportion of asymptotic infection 0.01243

0 Transmission rate after finishing the | 0.1923
incubation period becomes infected and
joining the class y(t)

W Transmission rate after finishing the | 0.1923
incubation period becomes infected and
joining the class u(t)

y Recovery rate z(t) to v(t) 0.1724

T Recovery rate u(t) to v(t) 0.07

o Infected symptomatic contribution on the | 0.1
values into w(t)

€ Asymptotically infected contributing the | 0.05
virus into w(t)

K Rate of removing the virus from w(t) 0.01

We provide remarkable outcomes to demonstrate the usefulness of the acquired results.

Case (i): Firstly, fix parameter values, the eigen values at DFE point ared; = — 0.23261,1,
= —0.16087,13 = —0.08439, 1, = —0.01439,4s = — 0.0139 and A= —0.00999

with Ry = 0.037897 < 1, via theorem 5.3, DFE point is locally asymptotically stable and
disease demises out.

Using Rough-Hurtwiz criteria for the characteristic polynomial (20) is a; = 0.48787 >0, a,
=0.075404 >0 , a3 = 0.00386 > 0 and as = 0.00032 >0 and (a,aza3) — (afas + a3)
= 0.00012 > 0 can be easily satisfied.

Case (ii) fix parameter values, the eigen values at endemic equilibrium point ared; = —
0.38987,1, = —0.084432,A13 = — 0.03921, 44, = 0.03520, 45 = — 0.01439 and Ag= —
0.01we get one eigen value A4 is positive and using Rough-Hurtwiz criteria for the

characteristic polynomial (21) is b; = 0.48831,b, = 0.03822,b3 = — 0.00019,b, = — 5.06
X 10 >bs = — 4.5 x 10 7and (b1b,b3) — (b3bs + b3) = —1.6 x 10 > < 0 and [(b1bs —

bs)(b1babs — b3by + b3)] — [bs(b1b; — b3)?* + bib%] = —4.56 x 10 11 < 0, so by theorem

5.4, the endemic equilibrium is unstable.

Numerical results of susceptible x(t), exposed y(t), symptomatic infected  z(t),

asymptotically infected u(t), recovered v(t) populationsand reservoir or the seafood place

or market class w(t) for diverse fractional order a = 0.80,0.90 and for the integer order

a = 1 are calculated. The outcomes are presented graphically through Figs. 2-4.
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= 0.20, up = 0.05,v9 = 0.02, wg = 0.01 and parameter values given in table for (a) @ = 0.8
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Fig 3(b)
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Fig.3. Plots of x(t),y(t),z(t),u(t),w(t) vs. t with initial conditions xy = 0.6,yq = 0.25,2
= 0.20, ug = 0.05,v5 = 0.02, wg = 0.01 and parameter values given in table for (a) a = 0.8
b)a=09((c)a=1.
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Fig.4 (a). Plots of x(t) vs. t with initial conditions xy = 0.6,y9 = 0.25,z¢ = 0.20, ug
= 0.05,v9 = 0.02, wy = 0.01 and parameter values given in table fora = 0.8, 0.9,1 .
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Fig.4 (b). Plots of y(t) vs. t with initial conditions xy = 0.6,yg = 0.25,z9 = 0.20, uy = 0.05,
vo = 0.02, wg = 0.01 and parameter values given in table when a =0.8,0.9,1 .
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Fig.4 (c). Plots of z(t) vs. t with initial conditions xy = 0.6,yg = 0.25,z9 = 0.20, uy = 0.05,
vy = 0.02, wy = 0.01 and parameter values given in table fora = 0.8, 0.9,1 .
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Fig.4 (d). Plots of u(t) vs. t with initial conditions xy = 0.6,yg = 0.25,z9 = 0.20, uy = 0.05,
vo = 0.02, wy = 0.01 and parameter values given in table fora = 0.8, 0.9,1 .
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Fig.4 (e). Plots of v(t) vs. t with initial conditions xy = 0.6,y9 = 0.25,z¢ = 0.20, uy = 0.05,
vo = 0.02, wy = 0.01 and parameter values given in table when a = 0.8,0.9,1 .
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Fig.4 (). Plots of w(t) vs. t with initial conditions xy = 0.6,y¢ = 0.25,z¢ = 0.20, uy = 0.05,
vo = 0.02, wy = 0.01 and parameter values given in table when a =0.8,0.9,1 .

9. Conclusions
This article presents an application of a hybrid analytical method ¢g-HASTM for the

accomplishment of numerical solutions of COVID-19 model with fractional operator. The



important goal of this method is that it can be directly used without linearization or any other
restrictive conventions. Besides, two crucial aims have been achieved in the present work.

The initial one is the stability analysis of the Covid-19 model pertaining to fractional operator
with the aid of the NGM and fractional RH stability criterion. It shows that the model
presents two types of equilibriums, viz, DFE and the endemic equilibrium. The DFE point is

asymptotically stable (locally) for R, <1. If R, >1,a unique endemic equilibrium point
exists and is asymptotically stable under certain limitations within the feasible region.

The other one is that using a generalized ABM method for the numerical solution of the
COVID-19 model involving fractional derivative. The concerned fractional Covid-19 model

can also be analysed through other new numerical techniques in future with novel outcomes

and conclusions in the context of numerical simulation.
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