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In this manuscript, we solve a model of the novel coronavirus (COVID-19) epidemic by using Corrector-
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1. Introduction

In December 2019, a new atypical pneumonia caused by a virus
called Corona Virus (COVID-19) was appeared in China in the city
of Wuhan [16,20,28]. From the date of its origin it exponentially
growths in the mankind and infected more than 12,925,331 with
569,097 deaths and 7,529,774 recoveries on July 12 throughout the
globe. In particularly, United States is one of the most infected
country of this virus with 3,381,274 cases, 137,577 deaths and
1,501,866 recoveries. Brazil and India are also in this list where the
COVID-19 cases are increasing rapidly day by day. The symptoms
of this virus include coughing, breathing difficulties, and fever. It
is well known that the transmission of the virus from human to
human but still there are some specific cases where this virus has
been recognised in animals also. There are a lot of research arti-
cles have been come in literature to analyse the effects of COVID-
19 via mathematical modelling. Particularly, analysis of unreported
cases of COVID-19 in Wuhan, China has been done in Khosh-
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naw et al. [9], Liu et al. [14] and restudied by using q-homotopy
analysis transform method in Gao et al. [5], predictions of coro-
navirus peaks in Japan given in Kuniya [11] and one of the brief
study of details of interaction among the bats and unknown hosts,
then among the peoples and the infections reservoir via fractional
derivatives observed in Khan and Atangana [8]. Abdo et al. [1], dis-
cussed a comprehensive model of the novel coronavirus (COVID-
19) under Mittag-Leffler derivative. Lots of coronavirus updates can
be found from [26]. A study entitled ‘Mathematical model of infec-
tion kinetics and its analysis for COVID-19, SARS and MERS’ given
in Liang [13] and ‘Short-term predictions and prevention strate-
gies for COVID-2019: A model based study’ can be recognised in
Nadim et al. [17]. Non-linear systems are useful to study the com-
plex dynamics. An investigation to the issue of fuzzy adaptive con-
trol for a class of strict-feedback nonlinear systems with non-affine
nonlinear faults is discussed in Sun et al. [24]. A study on event-
triggered robust fuzzy adaptive finite-time control of nonlinear sys-
tems with prescribed performance is discussed in Sun et al. [23].
In [25], a novel finite-time control for non-strict feedback saturated
non-linear systems with tracking error constraint is investigated.
Integer order calculus is a well known theory for researchers
and its limitations too, specifically while analysing the phenom-
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ena associated to diffusion, hereditary properties, long-range wave,
history-based phenomena and others. The theory of fractional cal-
culus is more then 300 years old and nowadays this is a important
phenomena to fulfil the requirements in the study of real world
problems. There are so many fractional derivatives have been in-
troduced in the literature of fractional calculus in which Caputo,
Caputo-Fabrizio and Atangana-Baleanu are the most commonly
used derivatives in the various fields. In the present study we are
analysing the results by the help of a newly proposed derivative
called generalized Caputo derivatives which has the property sim-
ilar to Caputo derivative [18]. There are a lot of research studies
have been done by the help of fractional order derivatives and cur-
rently mathematical epidemiology is one of the town of fractional
derivatives. Several non- integer order derivative models, where
non-locality plays a very important role, in different fields, includ-
ing engineering, physics, signal and image processing, mechanics
and dynamical systems, biology, control theory and environmen-
tal sciences, have been introduced [6,10,15,19,21,22,27]. So many
physical problems have been mobilised by the help of the Caputo
fractional derivative in fractional calculus applications because Ca-
puto derivative is suitable for initial value problems (IVPs) and
has many characteristics similar to integer order derivatives. An
study on overall behaviour of Maxwell mechanical model by the
combined Caputo fractional derivative is presented in Feng et al.
[4]. The nature of the generalised Caputo type fractional derivative
also has the properties same as Caputo derivative. The predictor-
corrector (P-C) scheme is one of the most efficient, stable and ac-
curate scheme to solve the fractional initial value problem. In the
current study we are using the modified P-C scheme to solve the
projected model. The adaptive P-C algorithm in the sense of gen-
eralised Caputo sense uses a non uniform grid which is different
from Caputo derivative P-C scheme. The generalized fractional in-
tegral operator is greatly influenced by the value of the parameters
o and p, thus it gives a valuable tool to control and build mathe-
matical models in fractional calculus applications. As compare to
the other fractional derivatives like Caputo, Caputo-Fabrizio and
Atangana-Baleanu, new generalised Caputo type fractional deriva-
tive has the extra features. Along with the fractional order param-
eter «, there is a one more parameter o which is very useful in
the graphical simulations with respect to the true data. We can
observe more varieties of graphs by the change of in the param-
eter value p. The structure of the real data of COVID-19 for dif-
ferent countries is not uniform with respect to time. So to study
the nature of the classes of COVID-19 models more accurately by
ordinary derivatives is difficult and in that situation the fractional
derivatives are nice tools to study these data much clearly.

The aim of this paper is to find the solution of a COVID-19
model studied by Khoshnaw et al. [9] by the help of a new gen-
eralized Caputo fractional derivative with corrector- predictor algo-
rithm. The main contribution of this paper is to study the nature
of the given classes of model at different fractional order values
with the uses of extra parameter p. The paper is formulated as
follows. In Section 2, we recall some important results about gen-
eralised fractional derivatives in the literature of fractional calcu-
lus. Section 3 is devoted for the description of the ODE model fol-
lowing by the a fractional order model. Existence and uniqueness
analysis of the problem are performed in Section 4. Solution of the
projected model following stability analysis is done in Section 5.
Simulation results are performed in Section 6. A conclusion com-
pletes the paper.

2. Preliminaries
Here, we remind some basic definitions and results about well

known fractional derivatives and for new generalized Caputo-type
fractional derivative.
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Definition 1. Podlubny [21] The Caputo non- integer order deriva-
tive of g CE] is presented as

drg(t)
=k
] dt"l , t o eN
Dyg(t) = m/ t— ) g0y, k-1<a
- 0

<kkeN.
(1)

Definition 2 (Caputo and Fabrizio [3]). For g € H'(c,d)and 0 < 5 <
1, ¢ € (—o0, ¢) the Caputo-Fabrizio (CF) fractional derivative(FD) of
order 7 is defined by

FDlg(r) = M / dg(y)exp[ E(C— y)ldy. )

where S:ﬁ and normalization function M(#n) is such that
M) =M(1) =1.

Definition 3 (Atangana and Baleanu [2]). For a function f € H(c, d),
where d > c and 0 < y < 1, the fractional Atangana-Baleanu (AB)
derivative (in Caputo sense) is expressed as follows:

¢ , _ 14
=y en =2 [ f(n)Ey[y“y_"l)]dn. 3)

Definition 4 (Katugampola [7]). The generalized Riemann-type
fractional derivative operator, RDg'*. of order o > 0 is expressed
as:

n

(08 0©) = T (e )

¢
/ 1(¢P — 50" f(s)ds, ¢ > a. (4)

a
where p >0,a>0, andn—-1<a <n.

Definition 5 (Katugampola [7]). The generalized Caputo-type frac-

tional derivative operator, CDa+ , of order « > 0 is expressed as:

n-1 (m)
oz n@) = (o[- X @0 ]) @), ¢ =a
m=0 '

(5)
where p > 0,a>0, and n= [«a].

Definition 6 (Odibat and Baleanu [18]). The new generalized
Caputo-type fractional derivative operator, Dz‘f , of order « > 0 is
expressed as:

otnl

F(n o) Ja
(sl 0 )f(s)ds ¢ >a, (6)

sP1(gP — syt

“DgH©E) =

where p >0,a>0, andn—-1<a <n.

Lemma 1 (Li and Zeng [12]). If 0 < B < 1 and m is an integer
(nonnegative), then there exists the positive constants Cg; and Cg,
only dependent on f3, s.t

(m+1)f —mP <Cg (m+1)F",
and
(m+2)P1 —2(m+ DA+ mPH < Cgr(m+ 1)1,

Lemma 2 (Li and Zeng [12]). Let us assume dpn = (n —p)f-l(p=
1,2,....n—=1) &dpn=0forp>=n B, MhT>0mh<T&mis
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a positive integer. Let Y"b= dpnlep| =0 for k > n > 1. If

n-1

lenl < Mh? > dpnlep| +[nol. n=1.2,....m,
p=1

then

lem| <Clnol, m=1,2,...

where C is a positive constant independent of m & h.

3. Model description

In this portion, we express the model studied by Khoshnaw
et al. [9] to introduce the COVID-19 epidemic in China. The consid-
ered model consists of five compartments with individuals of sus-
ceptible S(t), asymptomatic infectious I(t), unreported symptomatic
infectious U(t), reported symptomatic infectious W(t) and recov-
ered R(t). The author presented and derived the projected model
in the sense of ordinary derivative as:

S(t) = ¢SO +U D],

I'(t) = ¢SOUE) +UB)] = (8 +mI(D),

U (&) = nI(t) — (¢ + DU, (7)
W' (6) = 81(t) = (¢ + B2)W.

R(t) = gW (1) + U (0).

Now the generalisation of the projected system (7) in the new gen-
eralized Caputo-type fractional derivative as follows:

DYPS(t) = —¢SOIE) +U©)],

EDPPIC) = ESOIE) +U )] — (8 +mI(D),

DYPU(E) = nl(t) — (¢ + BHU(D), (8)
CDXPW (L) = 8I(t) — (¢ + Bo)W,

CDEPR(t) = pW (t) + QU (2).

Let us write the system (8) in the compact form for easy descrip-
tion as follows:

EDYPS(t) = Gy (t,S),

DYPIt) = Gy(t. 1),

‘DFPU(t) = Gs(t.U), 9
EDYPW(t) = Ga(t, W)

CD¥PR(t) = Gs(t,R)

with  the initial conditions
ms3, W(0) = my, and R(0) = ms.

S(O) = ml,I(O) = mz,U(O) =

4. Existence and uniqueness analysis

In this section, we give the existence of unique solution of the
projected model by the help of the consequences of fixed point
theory. we show the analysis for S(t) and for others it is similar.
Let us consider the initial value problem (IVP)

DI PS(t) = Gi(t.S). (10a)
S(0) = So. (10b)
The corresponding Volterra integral equation of above IVP is

Iol—ot t 1
5(@) =5(0) + EPTI(tP —£P)*TTGi (€, S)dE, (11)
(@) Jo

Now, for the existence of solution we are proceeding with follow-
ing results.

Theorem 1. (Existence). Let 0 < <1, SpeR, K>0and T* > 0.
Define G:={(t,S): te[0,T*], |S—So| <K} and let the function
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G1:G— R be continuous. Further, define M :=sup s)cc |G1(t,S)|
and

T*, ifM =0,
1
min(*, (<00t ) ")

Then, there exists a function S € C[0, T] that solves the IVP (10a) and
(10Db).

. (12)
otherwise.

Lemma 3 (Katugampola [7]). Assume the hypotheses of Theorem 1.
The function S € C[0, T] is a solution of the IVP (10a) and (10b) if and
only if, it is a solution of the nonlinear Volterra integral Eq. (11).

Proof. (Proof of Theorem 1) If M = 0 then G;(¢t,S) =0V (¢,S) €G.
In this case it is clear by direct substitution that the function S:
[0, T] — R with S(t) =Sy is a solution of the IVP. Hence a solution
exists in this case.

For M # 0, we apply Lemma (3) and prove that IVP (10a) and
(10b) is equivalent to the Volterra integral Eq. (11). Define the set
U:={Se([0,T] : || S—So |lco< K}. It is clear that U is a closed and
convex subset of the Banach space of all continuous functions on
[0, T], equipped with the Chebyshev norm. Hence, U is a Banach
space. U is non empty, since Sy € U. We define the operator E on
this set U by

1-a t
(ES)(©) :=50) + fos | &7~ 1GiE.S)dE. (13)

Then, the Volterra Eq. (11) can be written as S = ES and thus,
we have to show that E has a fixed point. This is done by the
Schauders Second Fixed Point Theorem. We first show that U is
closed, that is, ES € U for S € U. We begin by noting that, for
0<t1 <t <T

B _ pl—a t ptip pra-1
[(ES)(t1) (ES)(f2)|—7I-(a)| A L7ty —&°)" Gi(§.5)dE

)
- /0 £971(t0 — £0)° 716y (£, S)dE|
1 b a— a— _
=%|/0 (0 —£0)°7 — (&) —£7)" " JEP1Gy (€. S)dE
+ f TEr (0 — £0)7 Gy (E. S)dE |
t
- Mpl—ot
')
f2 -1 P _ a—1
e e )

The second integral in the right-hand side of the last inequality
has the value p% (té7 - gﬂ)"‘. For the first integral, consider the two
cases @ < 1, o =1, separately. In the case o = 1, the integral has
the value zero. For o« < 1, we have (tf —EP)Wl > (t; —f;:/’)a*].
Thus,

/0 @ £ T (¢ —E0) g

ty
([ rer—goy =g -0y grag

_ h P =Nl o ep @1z p1
s—/oml E0) (1 —g0) N Jerdg
—i(tpa—tf’apri(tﬂ—tp)“
= pa 2 po 21

1
P _ P\
= ,Oia(tz L] ).
Combining these results, we have

[ES) () — (ES) ()] < ——M

m(tﬁo - tf)a (14)
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if @ < 1. In either case, the expression on the right-hand side of
(14) converges to 0 as t, — t;, which proves that ES is a continu-
ous function, since S(0) itself is continuous. It is also true that for
SeUandtel0T]

[(ES) (1) = S(0)| = &5 | Jy €771 (t7 = £7)°7'Gy (&, S)dE |

M pa pa
< Tt Kl“? p;‘)r(aJr])T
M PUKT (a41)
S T M =K.

(15)

by the definition of T. Thus, we have ES € U if S € U, i.e. A maps
the set U into itself. We only left to show that E(U) := {Eu: u € U}
is relatively compact. This is done by the use of Arzel‘a-Ascoli The-
orem. To show that the set E(U) is uniformly bounded, let z € E(U).
We see that, for all t € [0, T],

lz()] = [(ES)(0)]

< 11500) I sp 1P —&7)*7Gi (€, S)|dE

l“( ) Jo
_r
Pl (o +1)
which is the required boundedness property. The equicontinuity
property can be derived easily from (14) above. For 0 < t; <t, < T,
we proved in the case o« < 1 that

2M o
ES)(t; —t —(tF —t")".
|( )(1 2)|Spal—-(a+1)(2 ])
After using the Triangle Inequality and the Mean Value Theorem,
we have that

=< 15(0) [l + MT* < || S(0) [l +K,

M P 1P\
[(ES)(t1) — (ES)(t2)| < m(tz ] ).
__2M o« a(p-1)
= m(tz )y
for some y e [tq, t,] [0, T]. Thus, if |t; —t;| < §, we have
_ ’ 2M aTa(p-1)
|(ES)(t1) (ES)(tZ)l EM(S'FWS T .

for some M > 0, since $(0) is uniformly continuous in the closed
interval [0, T]. Noting that the expression on the right-hand side is
independent of S,t; andt,, we see that the set E(U) equicontinous.
In either case the Arzel‘a-Ascoli Theorem yields that E(U) is rela-
tively compact, and hence Schauders second Fixed Point Theorem
asserts that E has a fixed point. This fixed point is the required
solution of the IVP (10a) and (10b). This completes the proof. O

Now we discuss the uniqueness results. Firstly we notice the
following property of the operator E(defined in (13)). Thus, let Sy,
S, € ([0, T] 0, t] and suppose there exists a constant L > 0 inde-
pendent of t, S;andS, such that |G;(t,S1) — Gy (t,S2)| < L|S1 = S3|
for all t € [0, T]. Then we have

ISy~ ES: N = £y sup | [ (@0 —60)7 g0
(616, 51(6)) - G &, 5:(6)de]|

L'O oa—1
@) OW'/ (@ =7 71807 S1(8) - S2(6)dE|

=

L'O] - p_ gp)d—lgp-1
< oy 151 =52 o swp | [ @ - 60)'er1de
L,Ol - 1 «l?

< ) sup | — (w” —

= Tw@) || 1—92 ||Lx[o.r105wl;|pa( 0|
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o)
T T(+a)

Next, we have the following result;

I S1 =52 I jo.)-

Theorem 2 (Katugampola [7]). Let E and U be defined as in Theo-
rem 1. Also let j e Ny, t € [0,T] and S, S € U. Suppose Gy satisfies the
Lipschitz condition with the Lipschitz constant L. Then

. @j
L %)
r'a+oaj)
Theorem 3. (Uniqueness). Let S(0) e R, K > 0 and T* > 0. Also let
0 <o <1 and m = [«]. Define the set G as in Theorem 1 and let the

function Gy : G — R be continuous and satisfies a Lipschitz condition
with respect to the second variable, i.e.

[G1(t,51) — G (t, S2)| = L|S1 — S5

| IS —EIS |l _j0.) < IS =S llfo.- (16)

for some constant L > 0 independent of t, Sy,andS,. Then, there exists
a unique solution S e C[0, T] for the IVP (10a) and (10b).

Proof. According to Theorem 1, the IVP (10a) and (10b) has a so-
lution. In order to prove the uniqueness, we adopt Theorem 2.
In particular, we use the operator E as defined in (13) and recall
that it maps the nonempty, convex and closed set U = {S € C[0, T] :
II'S—So |l <K} to itself. We apply Weissingers Fixed Point The-
orem to prove that E has a unique fixed point. Let je Ny, te
[0,T] and S1,S, € U. Then, using (16) and taking the Chebyshev
norms on the interval [0, T], we have

Lf Qaj
)

EiS —EIS =t

<SSl

Let wj =L/ (TP/p)* /T (1 + «j). In order to apply the theorem, we

o0
only need to show that the series )" w; converges. It is clear from
j=0
noticing that w; is simply the power series representation of the
Mittag-Leffler function Ej(L(T?/p)*) hence the series converges.
This completes the proof. O

5. Solution of the projected model using predictor- corrector
algorithm

In order to construct the predictor-corrector method for the IVP
(9), we will follow the same procedure as in Odibat and Baleanu
[18] with some modifications, and then, we will study the stabil-
ity of this method. For this purpose, we start from the equivalent
Volterra integral equation of first equation of the system (9), which
provides
£7)"71G1(E. 9)d8, (17)

S(t) =S(0) + 5— S" (-

F( )
The first step of our algorithm, under the assumption that the
function G; to be such that a unique solution exists on some in-
terval [0, T], consists of dividing the interval [0, T] into N unequal

subintervals {[ty,t;,1]. k=0,1,...,N—1} using the mesh points
to =0,

18

{tk+1:(t,f+h)1/p, k=01,...,N—1, (18)

where h = % Now, we are going to generate the approxima-

tions S, k=0,1,...,N, to solve numerically the IVP (9). The basic
step, assuming that we have already evaluated the approximations
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Si~S(t;))(j=1,2,...,k), is that we want to get the approximation
Sk+1 ~ S(ty,1) by means of the integral equation
l —a

1"( ) Ep 1(k+1

Making the substitution z = £°, we get

S(te1) = S(0) + =— £0)71Gy (&, S)dE,

P

S(tey1) =5(0) + =—~ @) (fkﬂ — %G, (@7, 5(zV/7))dz.
(20)

That is

S(tes1) = lf)( )Z/m =" 'Gi(z17P,S(zV/°))dz.

(21)

Next, if we use the trapezoidal quadrature rule with respect to the
a-1 . .
weight function (tk =2 to approximate the integrals appear

in the right-hand side of Eq. (21), replacing the function G;(z!/?,
S(z!/P)) by its piecewise linear interpolant with nodes chosen at
the tj’.) (j=0,1,...,k+1), then we obtain

ha

[, - D

[( =) = k= = (k= 1) Gr (4. S(E)

(=5 + D™ = (k= o+ k= )G (€. 5(t0) |-
(22)

Thus, substituting the above approximations in to Eq. (21), we ob-

276 (VP S(zV/P))dz ~

tain the corrector formula for S(t,¢), k=0,1,..., N—1,
S(ty) ~S(0) + r/() Z 4161 (81, S(t))
o
h*

+ %Gl (tky1, S(trs1))s (23)

where
ket — (k—a)(k+ 1) if j=0
Qs = (k= j+ 20" + (k=D —2(k—j+ 1) (24)
ifl<j=<k

The last step of our algorithm is to replace the quantity S(t,q)
shown on the right hand side of the formula (23) with the predic-
tor value SP(t,,;) that can be obtained by applying the one-step
Adams-Bashforth method to the integral Eq. (20). In this case, by
replacing the function G(z'/?, S(z!/)) by the quantity G;(t;, S(t;))
at each integral in Eq. (21), we get

SP (tk+1 ) ~

r( )Z/ W, — 2" G (t;, S(t))dz

=5(0) + ‘(’ )Zl(’<+1—1> — (k= )*1G1 (&, 5(¢))).
(25)

Therefore, our adaptive P-C algorithm, for evaluating the approxi-
mation Sy, 1 ~ S(ty, 1), is completely described by the formula

p—ahoz k
Sis1 ~ S(0) + INCE)) gaj.kﬂ Gi(t,S))
Dtth

F( o+ 2) Gl (tk+1vsﬁ+1)v (26)
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where S; ~S(tj), j=0,1,...,k, and the predicted value Sk+1
SP(ty41) can be determined as described in Eq. (25) with the
weights a; .1 being defined according to (24).

Similarly we can find the solution of the rest of the equations
of system (9).

So the solution of the proposed COVID-19 system (8) can be
written as:
St ~SO) + 2 Zaklcla,S)

1'*( 2) 1K+ ]

p—aha
+mcl (st sk+1),
k

N p—a o
Ik = 1(0) + NCES)) gaj,kﬂcz(fj, Ij)

p—ahoz
Ta+2)

U1 = U(0) +

GZ (tk+1 s II):Jr] )

p*a Ot

1"( +2)Za1k+1G3(t]7U)
GE (tk+1 s U]<+1 )7

phe i
v ) Ak1Ga(t;, W)
Mo +2) pard

(27)
L
F((x 2)

W1 = W(0) +

—()lho{
T@+2) h
—aha
Ris1 ~R(0) + m Y 4kGs (6. R))
aha i=0
F( +2)
where

=G4ty 1. W ).

= ———<Gs(tg1, Rh, ),

S (t1) SO + Zl<'<+1 -
~ (k=) ]G1(tj,5(t ).

F(ten) ~10) + 55 1) 2 Z[(kﬂ -0
k=) lcz<r,,1<t)>

U () ~ U(0) + £ +1)Z[("“‘” o8)
k= DIGGUG).

K f1)2[<k+1—1)

~ (k= )*IGa(t; W(t;),

R (t0) ~ RO) + 20 IZ([(kH -
~ (k= 163t R(t)).

5.1. Stability analysis

WP (1) ~ W (0) +

Theorem 4. Assume that G¢(t, S) in (9) satisfies the Lipschitz condi-
tionand S; (j=1,..., k+ 1) are the solutions of predictor-corrector
method (27) and (28). Then, the numerical method (27) and (28) is
conditionally stable.

Proof. Let Sy, S; (j=0.....k+1) and Sk+1 (k=0,...,N—1) be
perturbations of Sp, S; and Si - Tespectively. Then, the following

perturbation equations are obtained by using Eqs. (27) and (28)

—0(

S;;,‘] So+ F( +1)Zb1k+1(cl( .S;+S) = Gi(t.S)). (29)
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a _ _ i o _ 3 o ~ —0po ~
where bjy,q =[(k+1-7)" — (k- j)"] where o = maxg_-n{|So| + %m}. Also, from Eq. (3.18)
in Li and Zeng [12] we derive
Se = St o (G (et Sy + ST — G G S ) T
+1 = +15 “k+1 k+1 +1> “k+1 5 P m &
F(Cl+22 |S£+1| S?’]o+ﬁ2bik+1|5}'|, (32)
—apha - j=1
+% 3 G (Gr (6,55 4+5) = Gi (£,.5)). (30)
i N “CRm by o & o >
=0 where 1y = maxg,n{lSo] + Wlsd}. Substituting |5§:+1|

from Eq. (32) into Eq. (31) results
Using the Lipschitz condition, we obtain

~ ~Ahm,  pthYmy & . k -
[Skeal < Yo+ I(lz(a+2; (?‘(a-ﬁ—]; PPN +Zaj,k+llsj|>7
i i

k
~ P~ *h*m,y ( > -
S N E ; S; ) 31
| k+l| <o+ T(a+2) | k+1| + = a].k+1| ]l (31) (33)

1) (x107°)
5

R(t) (x107%)
12

10

Fig. 1. « =1 (solid line), @ = 0.95 (dashed line), « = 0.85 (dot-dashed line), « = 0.75 (dotted line) for p = 1.2.
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R(t) (x107%)
12

<10-8
5 'O (<1075

—————
- ~

e ———
pmmm—— - ~
.-
-

o ® o o - ~

%106
5 |0 (<1075

I(t) (x107°) u(t) (<107°)
5 7

Fig. 3. for o = 0.85, § = 0.1142 (solid), § = 0.26 (dashed) and & = 0.32 (dot-dashed).
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I(t) (x107°)
5
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u() (x1078)

Fig. 4. for « = 0.85, n = 0.0285 (solid),

n = 0.15 (dashed) and n = 0.6(dot-dashed).

Table 1
Parameter values cited from [9,14].
Parameter  Description Values
s Transmission rate between susceptible individuals and ~ 4.44 x 108
asymptomatic infected individuals
8 Transition rate between asymptomatic infected and 0.1142
reported symptomatic infected
n Transition rate between asymptomatic infected and 0.0285
unreported symptomatic infected
¢ Average time symptomatic infectious have symptoms 1/7
B The unreported symptomatic death rate 1.5%x 10
B2 The reported symptomatic death rate 1.7826 x 10~°
—@hemy, —ohemy, !:ig. 1 exempliﬁes the behaviour of achieved results by pro-
=V + 2 T(x+2) 4 Z T@+1) bikr +ajxsn ) IS, (34)  jected solution procedure for S(t), I(t), U(t), W(t)andR(t) for
different values of fractional order « at a fixed value of p =1.2.
—aha In the collection of Fig. 2 we analyse the relationship between
1% h myCy .2 .. . TN
<Y+ ﬁ (35) the asymptomatic infected people and (a) susceptible individuals,
(o +2) j=1 (b) reported symptomatic infected individuals, (c) unreported

PTERE MG q pes1 ; i
where yp = max{¢y + 1_(Dliﬂgf’fno}. Cq2 is a positive constant

only depends on « (Lemma 1) and h is assumed to be small
enough. Applying Lemma 2 concludes |Sk~+1| < Cyp. which com-
pletes the proof. O

6. Simulation results

In this paper we consider the fractional model of COVID-19 epi-
demic cited from [9]. To perform numerical simulation, we use pa-
rameter value from [9,14], which are summarized in Table 1.

We wuse the following initial conditions S(0) = 11.081 x
106, 1(0)=3.62, U(0)=02, W(0)=4.13,R(0)=0 [9,14].

symptomatic infected individuals, (d) recovered individuals for
different fractional order « by setting p = 1.2. In Figs. 3 and 4 we
analyse the effects of transition rate § and 7 on (a) asymptomatic
infected people, (b) unreported symptomatic infected people, (c)
reported symptomatic infected people used & = 0.1142,0.26, 0.32
and n =0.0285,0.15,0.6 at o = 0.85 respectively. All graphs are
computed using mathematica software. From the cited figures
we can observe that the given model exceedingly depends on
the order and gestures more degree of flexibility. Moreover, the
fractional method gives more interesting results than the integer-
order model and permit to better examine the obtained results.
The graphical simulations between o =0.85 to o« =1 are more
accurate to compare with the real data. The given classes are
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showing acceptable nature between these values. The parameter
o plays a very important role in the calculations. More varieties
in the graphical calculations can be observed for future models at
the different values of p.

7. Conclusions

In the last three decades, so many fatal diseases have manifest
their entity in different countries all over the world. In this pa-
per we studied the time-fractional COVID-19 model with the help
of corrector-predictor method in the sense of new generalised Ca-
puto fractional derivative. We presented the stability analysis of
the proposed numerical scheme by the help of some important
lemmas. The existence and uniqueness analysis of the system is
also presented by the help of some important fixed point theo-
rems. Our results are helpful to make an idea of COVID-19 cases in
Wuhan, China. The nature of the achieved solution has been speci-
fied with the help of plots and which show the effect and essence
generalizing the integer order system into a non- integer order sys-
tem with the specific theory of fractional calculus. The projected
scheme is strong and highly credible in finding the solution to
fractional models of physical, biological and medical importance.
In this method, we use a non-uniform grid for numerical simu-
lations and parameter p gives an advantages to study the model
more accurately compare to the real data. Which are the main fea-
tures of this scheme. For the solution of the epidemic model, we
stated various graphical results at the different values of «. The
present study exemplifies the applications of the projected scheme
and considered fractional operator while analysing real word prob-
lems and understanding as well as predicting the corresponding
consequences.
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