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Abstract

Public health awareness programs have been a crucial strategy in mitigating the spread
of emerging and re-emerging infectious disease outbreaks of public health significance such
as COVID-19. This study adopts an Susceptible-Exposed-Infected-Recovered (SEIR) based
model to assess the impact of public health awareness programs in mitigating the extent of the
COVID-19 pandemic. The proposed model, which incorporates public health awareness pro-
grams, uses ABC fractional operator approach to study and analyze the transmission dynamics
of SARS-CoV-2. It is possible to completely understand the dynamics of the model’s features
because of the memory effect and hereditary qualities that exist in the fractional version. The
fixed point theorem has been used to prove the presence of a unique solution, as well as the
stability analysis of the model. The nonlinear least-squares method is used to estimate the
parameters of the model based on the daily cumulative cases of the COVID-19 pandemic in
Nigeria from March 29 to June 12, 2020. Through the use of simulations, the model’s best-
suited parameters and the optimal ABC fractional-order parameter 7 may be determined and
optimized. The suggested model is proved to understand the virus’s dynamical behavior better
than the integer-order version. In addition, numerous numerical simulations are run using an
efficient numerical approach to provide further insight into the model’s features.

Keywords: Fractional; Optimal ABC; Boxplot; Least-Squares; Existence; Uniqueness.

million, including >4.5 million mortality worldwide.

COVID-19, a disease caused by SARS-CoV-2, is a
life-threatening respiratory pathogen that emerged
in Wuhan, China®™ and later spread to all parts of
the world to become the first pandemic caused by
the coronavirus family® As of September 1, 2021,
it was reported that the disease had affected >217

Public awareness is a crucial control measure to
prevent and curtail the spread of emerging and re-
emerging infectious diseases, including the current
COVID-19 pandemic® Public health awareness pro-
grams have been implemented in many countries
across the globe to mitigate SARS-CoV-2 infection.
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Proper implementation and well-planed non-
pharmaceutical interventions (NPIs) measures
remain the most effective strategy in controlling the
distribution of SARS-CoV-287 despite the increas-
ing rate of vaccination (over 5.2 billions doses of
vaccine have been administered by September 1,
2021).IEI Many countries have succeeded in suppress-
ing the number of active cases and deaths due to
the high compliance of NPIs by the general public,
which is directly proportional to the rate at which
the population becomes aware of the disease and
the implications it might cause due to noncompli-
ance with NPIs 210

There is a need to increase public health edu-
cation programs/campaigns worldwide to continue
suppressing the morbidity and mortality of COVID-
19. This is because even in some developed coun-
tries such as the US and UK, some people still
believe in conspiracy theories and rumors regard-
ing the COVID-19 pandemic or the implication of
vaccination, which causes an increase in noncompli-
ance of NPIs measures, indicating that the general
public needs more enlightenment/awareness on the
impact of SARS-CoV-2 in order to convince them
to comply with public health policies properly.

Implementing proper public health awareness
programs coupled with other NPIs measures can
effectively change public perspectives on the infec-
tion risk and severity of SARS-CoV-2. It could help
to educate individuals to make necessary changes
to their routine behavior to reduce the exposure to
the causative agent, and the possibility of infection.
Public health awareness programs can be imple-
mented physically with the help of health profes-
sionals; via news media such as posters, newspa-
pers, fliers, television, and radio advertisements;
or through social media such Twitter, Facebook,
LinkedIn, WeChat with the common aim of dissem-
ination of information to the general public about
the disease severity and direct them toward appro-
priate prevention and intervention during the epi-
demic. Increasing the rate of awareness programs
for the COVID-19 pandemic would be especially
useful in developing countries where people have
limited access to the internet and social media that
have been increasingly common in developed coun-
tries as the leading source for information update

A lot of epidemiological modeling studies have
been done recently to shed light and understanding
on the spread of SARS-CoV-21213 and pro-
vided suggestions for the most effective control

measures ¥ Some reports also assessed the impact
of NPIs measures on reducing the parthenogene-
sis of SARS-CoV-2, ascertained effectiveness of the
vaccines 2 determined the spatiotemporal variabil-
ity and heterogeneous severity of SARS-CoV-218
estimation of generation interval, attack rate, and
infection fatality rate 1718

As can be seen from the preceding facts, the
COVID-19 infection is a major and devastating
health condition that affects people from all walks of
life; hence quantitative analysis of the disease is crit-
ical for the literature. Using a fractional modeling
technique, we investigated the influence of public
health awareness campaigns on lowering COVID-19
parthenogenesis in this study. We recommend the
reader to Ref.[19 for the traditional form of the pro-
posed model. The ABC fractional operator is one
of the most important operators in the application,
although there are many different fractional deriva-
tives and integral operators in fractional calculus 2%
As a result, we observe and interpret how the arbi-
trarily chosen fractional-order affects the model’s
behavior by analyzing it theoretically and numeri-
cally with the ABC differential operator. We refer
the reader to a number of epidemiological models
that have been examined using different forms of
fractional derivatives? 28 including ABC while jus-
tifying its use in the modeling of infectious diseases
such as COVID-19.

2. MODEL DESCRIPTION

The model in classical sense has been designed in
the following form:

(dS, a1a2S,
=———"(asA+1

n ~ (asA 4+ 1) + asSy,

ds asS

dtu - ivu (a3A + 1) — asSy,

dE  a
== NQ(@,A +I)(a1S, + Su) — asE,

dA
E = 0/60/5E — a7A,

drI
i (1 —ag)asE — (ag + ag + aio + an)l,
dH,
—dtm = (Lg[ + ales - (ag + a/14)Hm’

dH

dts = a0l + a14Hy, — (a15 + a12 + a16) Hs,
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dR
T arA + asl + a13Hp, + ai5Hs,
dD
T ai1! + ajgHs.
(1)
The term ‘D(GBTAH) represents the force of infection

of the COVID-19 model ().

The mathematical model given in (Il) has been
previously examined in Ref. This model, how-
ever, excludes the effects of memory, which are
present in many biological systems. As a result, in
order for the mathematical formulation to account
for memory effects, we alter the model by substitut-
ing the standard derivative with the newly intro-
duced ABC fractional operator. For this purpose,
let us obtain the fractional representation of () by

considering the operator $B¢D":
a1a9S,
ABCDTIG, (1) = —%(@,A + 1)+ a4Sy,
asS,
ABCDTIG (1) = — 22" (agA + ) — asS,,

N
ABCDTUE(t) = ?V—?(QBA + I)(a1 84 + Su) — a5 E,
éBCDtﬁA(t) = agasE — arA,
0 D1

= (1 —ag)asE — (ag + ag + a0 + a11)1,
0B DI Hyn(t) = agl + aroH, — (ag + a14) Hp,
0" D} H(1)

= a0l + araH,, — (a15 + a2 + a16) Hs,
SBEDTR(t) = ar A + agl 4 ar3Hy, + ai5Hs,
0P DI D(t) = anl + aiHs,

(2)
where 0 < ¢ < 7T and (/?BCD[ denotes the AB opera-
tor in Caputo’s sense of order 7 € 0 < ¢t < 1. Based
on recently conducted research study in Ref.[29] the
use of a fractional operator to model infectious dis-
eases is justified wherein one of the strongest points
is the mere replacement of positive integer n in the
well-known Cauchy formula for repeated integra-
tion by a positive real number o € R to obtain
the Riemann-Liouville (RL) integral formula for
the classical fractional calculus. The RL formula is
the basic building block for several ground-breaking
research works in the literature including numerical
fractional calculus.

2.1. Preliminaries

This portion of the present work is dedicated to
basic findings connected to the current investiga-
tion.

Definition 1. If we substitute z(t) € H'(0,7T),
then the ABC derivative #B“D]" given by

denpa) = s [ 2a0)

(1—’7’1
—71(t — p)
Zr | —————=| dp. 3
<z, [P0
For the Caputo—Fabrizio operator we attain
—71(t—p)
Zy [F2=2)] by o 5 T should be noted that

ABCDT (const.) = 0.

Definition 2. Let z € L[0,T], then the fractional
integral for the AB operator in the Caputo sense is
given by

1 —
( Tl) Z(t L
Z(m) Z(m1)I(m1)

X /t %dp. (4)
o (

t—p)t-m

D=0 =

Theorem 1. The Atangana—Baleanu operator is
given as follows:

oD A (t) = g(t)

has a unique solution as

! T
=2z
x /0 %dﬂ (5)

Definition 3. Let
0PCDT (1) = g(t, 2(1)),
2(0) = zo

be a nonlinear fractional operator. Then the scheme
for ABC operator is expressed as

(6)

T1h™
Z(m)I'(n)

1—7n Q
z(tiy1) = 20 + mz(tiﬂ) +

%
X D aigg(ts, 2(t)
=0

+aign gt 2(t2,)) (7)
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and
1—7 h™
z(tgr1) =29+ Z(Tl)lz(ti) + m
i
x Y bivigglty, (1)), (8)
j=0
where
intl— (i 4+ 1)7(i—7) for j =0,
(i —j+2)1+ — (i — j)n+!
Ait1,j = —20i—j4+ 1)t for1<j<i,
1 forj=i+1
(9)
and
bty = —(i— ) + (= j+1)"
for 0 < j <. (10)

To perform qualitative study, we choose Banach
space as Z* = X1 x X1 x X1 x X1 x X1 x X1 x X7 xXq x
X1, where X; = C[0,T] and || - || is defined by H is
given by ||H|| = ||(Sa, Su, B, A, I, Hp, Hs, R, D)|| =
maxe(o,7) [|Sa+Su+E+A+T+ Hy+ Hs+ R+ D|.
For the proof of our results, we will use the following
theorem.

Theorem 2. For a conver subset G of Z*, suppose
that F,G are two operators such as

(i) @12+ P2z € G for every z € G.
(ii) ®q is contraction.
(iii) @9 is continuous and compact.

Then the operator equation ®1z + $®oz = 2z, has
minimum of one solution.

3. QUALITATIVE ANALYSIS
3.1. Existence of the ABC System

To discuss the existence of the solution of fractional-
order model (@), we first define the following:

(01(Sa, .. ) = 1925 (044 ) 4 0,8,
02(Sa,...) = —“35“ (a3A + ) — asSa,

03(Sas- ) = SelasA+ 1)@ Sy +S,) - asE.

@4(Sa, . ) = a6a5E - a,7A,

O5(Sq,...)

= (1 —ap)asE — (ag + ag + aip + a1)l,
O6(Sa,...) = agl + a19Hs — (a3 + a14)Hp,
©7(Sq,...)

= a1l + a1aHy, — (a15 + a1 + aie) Hs,
©s(Sa,...) = arA + agl + a13Hy, + a15Hs,
O9(Sa,...) =anl + ajgHs.

(11)

With the help of ([[I]), we can write the constructed

system as
ABEDT (1) = O(t, 2(t)), where t € [0,T]

and 0 <7 <1, (12)

2(0) = zo.
By making use of Theorem [I} Eq. (I2)) gives
£(0) = 20(0) + 006, 2(0)) — Ou(0)]
T tO(p, =z
" Z(Tl);(ﬁ) /o (t (—pp)(lp_))l dp: - (13)
where
Sa(t), 5a(0),
Su(t), Su(0),
E(t), E(0),
A(t), A(0),
2(t) = I(t),  z0(t) = ¢ 1(0), (14)
H(t), Hm (0),
Hi(t), H,(0),
R(1), R(0),
D(t), D(0)
and
©1(Sq; - -),
©2(Sa; - --),
O3(Sa;---),
©4(Sq,-..),
O(t,2(t)) = < O5(Sa,--.),
O6(Sas - - -),
©7(Sa;---)
Os(Sas - - -),
(O9(Sa; ),
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©1(54,0, Su,0, Eo, Aolo, Hin p,
H 0, Ro, Do),

O2(5a,0, Su,0, Fo, Aolo, Hm o,
H; 0, Ro, Do),

O3(54,05 Su,0, Fo, Aolo, Hpm,0,
H 0, Ro, Do),

©4(5a,0, Su,0, Fo, Aolo, Hm o,
H; 0, Ro, Do),

O5(5a,0, Su,0, Fo, Aolo, Hmp,
H 0, Ro, Do),

O6(54,05 Su,0, Fo, Aolo, Hpm,0,
H; 0, Ro, Do),

©7(5a,0, Su,0, Fo, Aolo, Hm o,
H 0, Ro, Do),

O5(54,05 Su,0, Fo, Aolo,
Hyn0, Hs 0, Ro, Do),

O9(S5a,0, Su,0, Fo, Aolo, Hmp,
H; 0, Ro, Do).

O(t) =

(15)

Using (I3)-([I5), define two ®; and @9 using (I3)

D1z = 20(t) + [O(t, 2(2)) — @o(t)]%’

o7 ' O(p, z(p))
P2 = Z(m)T(71) /0 (t—p)t—m @

We assume the following to be true for the creation
of Growth constraints, Lipschitzian constraints, and
existence with uniqueness.

(16)

(11) 3 constants n; and 72, such that
O, 2(1)] < mlz(t)] + 12-
(12) 3 a constant K7, such that K7 > 0, for every
z,21 € X such that
Ot (1)) — Ot 21(£))] < Ko}z — 2.

Theorem 3. If (11) and (12) hold, then it assures
that (11) must have one solution at least. This
implies [2)) possesses at least a solution only if

(1 - 7’1)K1

7 < 1. (17)

Proof. To get the desired result, that is, ®; is con-
traction, we take u; € G, where G = {z € Z* :

|z|| < r*,r* > 0} is a set which is closed and con-
vex. Taking @1 from (I6]), we get

71
D1z — Pyz1|| = ———— max
13 el Z(m)I'(11) tefo,1)

x|O(t, 2(1)) — Ot 21(1))]

(1—7)m
Z(m1)

Therefore, we can claim that ®; is a contraction.

Now, we have to prove that it is relative compact-
ness of ®5, for this we need to prove boundedness
and continuity of ®5. To get the desired results we
proceed as follows.

Now, since © is continuous so therefore the con-
tinuity of @5 is ensured, new for z € G as well, we
have

< Iz = 2. (18)

|P22| =

1e0.17 Z(nglrm) ‘ /0 5(—/)5@ d’)H

T /T 6, 2(p))] ,
Z(r)I'(m1) Jo (E—p)t 7
"
= ZErm).
Therefore, we claim from (I9]) that ®5 is bounded,
for equicontinuity, let t; > to € 0,77, as

/tl O(p, 2(p))
o (

tr—p)m
< dp— /;2 Mdp|

IN

par” + o). (19)

T
]<I>2z(t1) — <I>2z(t2)\ = !

< 1721[#1?"* + 2] (20)

whenever t; — ta, the right-hand side of ([20) moves
to zero, since ®5 is continuous and so

]@22’(151) — (I)Qz(tg)’ — 0, as tl — tQ.

It shows that ®5 is guaranteed for the boundedness
and continuity. It also implies that ®5 is uniformly
continuous and bounded. Moreover, the Arzela—
Ascoli theorem reveals the relative compactness and
thus complete continuity of ®5. According to The-
orem [3 it can be claimed that Eq. (I3) must have
at least one solution. Based on the findings in (12),
it can be said that (11) must have a unique solution
thereby the model in ([2) will have a unique solution
if the inequality given below is satisfied:

(1—7’1)K1 TTlKl
Z() Z(r)T(m) ~ 0
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Proof. Let M be an operator defined as M : W —

W* by
V(1) = 20(t) + Z Ot 2(1) — Bo(t)
m " O(p,2(p)
Ty T

Let z1,20 € W¥*, then
|[Mz1 () — Mzo(2)

1—7’1
< O(t, 2 (1)) — O(t
<7 tgggg;}\ (t,21(t)) — O(t, 22)|
t
1 O(p, z1(p))
- AN g
+Z<n>r<n>t§€‘fﬁ/o (t—pn
_/imm@@Dd|
o (t—p)t—
(1—7‘1)K1 TlTTIKl
< _
< [SZ5 "+ Forg I -
< 0|z — 2, (22)
where
— T1
oo U-mEr | TNEL o

Zm) | Z(m)r(n)

From (22)), we claim the contraction of M. So, (I3
has a unique result. Thus, the system we studied
has a unique solution. O

3.2. Stability Analysis of the ABC
System

To provide the stability results of the studied model,
we make an inconsequential tiny perturbation ¢ €
C'[0,T], which is dependent on the result only and
71(0) = 0. Also

(1) le)| < é(t)C, for ¢ > 0.
(i) ABCDI 2(t) = O(t, 2(t)) +(t), for all t € [0,T].

Lemma 1. Solution of the new problem, i.e. per-
turb problem

0" D7 2(t) = O(t, 2(t)) + (1),
2(0) = 2.

Fulfilling the condition stated below, we have

(24)

1—7

(0 (20) + 1000,5(0) ~ B(t] 5

m L O(p,z(p))
" Zm)r(n)/o (t—p)

dp>| < M, (25)

where
i~ A=) + 17
Z(m)T'(m1)
Proof. The proof is obvious. O

Theorem 4. From (12) and 28), the solution of
(@3) is Ulam—Hyers (UH) stable and hence the ana-
lytical proofs of our proposed system are UH stable

if < 1.

Proof. Let z9 € Z* represent the first solution and
z1 € Z* represent another solution of (I3]), then

|21(8) = 22(2))|

1—7’1

o) - (Zlo(t) + 160t 2(1) = €0()

+ T /0 ) ‘
1-m

() - (Zlo(t) + e B(t. (1) — Eult)

+ T /0 i) ‘

+ ‘ (zlo(t) + %

71 " O(p, z1(p))
- Z(m)T(71) /o (t—p)t—m dp)
1—7

- (zm<t> + 1Bl (1) - Ou(r)

! " O(p, 22(p))

T Zmrm) /0 (t—p)t—m dp)‘
(1 —7’1)K1
Z(71)
T K,

+ Z(Tl)F(Tl) ||Z1 - 22”
SCM—i—@”Zl —22”. (26)

From (20), we can write

<

[©(t,z1(t)) — Oo(t)]

< (M + 21 — 22|

(M
— | = 2. 2
o1 = 22l = T2 (21)

From (27), it has been claimed that the solu-
tion of (I3)) is UH stable and therefore generalized
UH (gUH) stable by making use of ©,(¢) = M,
©.(0) = 0, which clears the proposed problem has
UH and gUH stable solution.

2340005-7
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Now, let us suppose

(1) le(t)| < é(t)C, for ¢ > 0.
(i) §BCDI 2(t) = O(t, 2(t)) +(t), for all t € [0, T).

Lemma 2. From (24), the inequality given below
holds

2() (zoos) [0t 2(t)) — Oo(#)

71 " O(p, 2(p))
Tz /0 (t—p)t—n @

1 — 71
Z(n)

Proof. The proof is straightforward. |

Theorem 5. From lemma 28]), we declare that the
considered problem has the stability of Ulam—Hyers—
Rassias (UHR) type stable and therefore of gUHR.

Proof. Let 21,29 € Z*, where z; and z9 represent
the two solutions of (I3)), then

|21 (t) = 22(t)]

Z1 (t) — (Zlo(t) +

1—m

Z(m)
71 " O(p, z(p))
T 2 /0 (t—p)t—m dp) ‘

Z1 (t) — <210(t) + %

+ T /0 i) ‘

- ‘ <z10(t) - %

7] LO(p, z1(p))
Tz /0 (t—p)t-— dp)
1—7

- <zlo<t> + S Bl (1) — O0(t)

i )

(1 - 7’1)K1
Z(m1)

|21 — 22|

[O(t, 22(1)) — Oo(t)]

< [O(t,21(t)) — ©o(1)]

[O(t, 21()) — Bo(1)]

< @(t)CM +

|21 — 22|
L T

Z(m)(m)

< o(t)CM + Ol]z1 — 2. (29)

From (29]), we can write

p(t)CM
- = : 30
Jor — 2ol = 2252 (30)
Therefore, we say that the results of (I3) are UHR
stable and consequently gUHR stable. O

3.3. Estimation of Biological
Parameters

When a new epidemiological model is designed,
its validation is one of the crucial tasks to have
some reliability of the proposed model. The task
is crucial because, in most cases, the accurately col-
lected data set is not available, and even if it is
found, it has some measurement errors and uncer-
tainties. This leads to having misleading values of
the assumed biological parameters introduced in the
proposed model based on certain assumptions. In
this research study, we have obtained real obser-
vations for the COVID-19 cumulative cases via a
reliable source from the Nigeria Centre for Disease
Control (NCDC) 30

As it comes to estimate the unknown parameters,
several authors use a technique known as the nonlin-
ear least-squares curve fitting technique. MATLAB
software’s help is sought in this regard while using
its built-in routine with the name of “fminsearch”
available from the MATLAB Optimization Toolbox.
According to this approach, when a proposed the-
oretical model ¢ — Q(t, s1,s2,...,5,) is obtained
that completely depends on some unknown param-
eters such as si,9,...,8, and a sequence of real
observations (to,%0),--.,(tj,y;) is also available
then the objective is to achieve values of the param-
eters for which the computed residual error

n

Z(Q(t, $1,89, ...

=0

Residual := Sn) —yi)? (31)

attains a minimum. There are both fixed and
unknown biological parameters associated with the
proposed model. The fixed parameters are obtained
from the existing literature whereas unknown
parameters are obtained (fitted) with the technique
mentioned earlier. As can be seen in Table [ the
parameters’ values are listed. The initial conditions
for the model’s state variables are estimated as
Sq(0) = 130000000, S,(0) = 76000000, E(0) = 22,
A(0) 10, 1(0) = 111, H,,(0) = 5, Hs(0) = 0,
R(0) = 0, and D(0) = 0. The choice of initial
conditions, fixed and fitted biological parameters
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Table 1 Baseline Values of the Parameters Used in the Model ().

Fitted Parameter Value (Range) Units/Remarks Sources

as 0.01738 (0.01-0.5) day~! Fitted

a1 0.30659 (0.01-0.95) day ! Fitted

as 0.84801 (0.599-1.68) day ! Fitted

as 0.06750 (0.04-0.6) day ! Fitted

as 0.87959 (0.05-0.95) day ! Fitted

ag 0.01632 (0-1) day ! Fitted

az 0.03671 (1/28-1/3) day ! Fitted

as 0.00917 (1/1000-1/3) day ! Fitted

ala 0.16906 (0.001-0.5) day ! Fitted

Parameters from the literature

a3 0.11624 (0-1) day ! Refs. 32 and 33

ais 0.155 (0-1) day ! Refs. [32] and

an 0.015 (0.01-0.05) day ! Ref. 32

ale 0.025 (0.01-0.05) day ! Ref.

ag 0.1259 (0.09-0.51) day ! Refs. 32 and [33]

alo 0.13266 (0.001-0.5) day ! Ref. 33

as 0.0341 (0.001-0.5) day~! Ref. 32

ABC model —¥— Real data | 16000
14000 [ 14000 I -
€E
% 12000 12000 ]
©
3
-.E 10000 10000 g
-é 8000 - 8000 1
E‘ 6000 - 6000 - 9
3
E
§ 000} 4000 [ -
o
E
® 2000 2000 F ]
: . . . . . |
0 10 20 30 a0 50 60 70 o R;al ABG
time [days]

Fig. 1 The cumulative cases on daily basis for COVID-19
pandemic in Nigeria from March 29 to June 12, 2020 with
the best fitted curve from simulations of the ABC model.

yielded the average absolute relative error of magni-
tude 1.2764e — 01 which is reasonably small enough
and also smaller than the residual error obtained
via classical version of the proposed model.
Moreover, real observations for the COVID-19
Nigerian cases and the fitted curve from the ABC
version of the model are shown in Fig. [ It is
observed that the infected class of the ABC model
perfectly fits the real observations. The same is also
confirmed via box and whisker plot as shown in
Fig. @I The residuals can be obtained from (BI).

Fig. 2 The box and whisker plot for comparison of the sta-
tistical measures between real observations of COVID-19 and
the predicted observations under the ABC model.

Finally, the basic reproductive number (Ry) is esti-
mated as = 1.6737 (95%CI : 5.8725¢ — 02 —
2.8728) using the parameters presented in Table [II
whereas the summary statistics obtained with the
real and predicted (ABC) observations are calcu-
lated in Table 2. This result is largely consistent
with the previous estimate on the basic reproduc-
tion number (Rg) in Africal3l Subsequently, the
Ry value will increase (i.e. Ry = 2.98) if all the
awareness-related parameters are discarded, indi-
cating the positive impacts of awareness programs
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Table 2 Summary Statistics for the Actual COVID-19 Observations, and the Pre-

dicted Observations Via ABC Operator.

Data Min. 1st Qu. Median Mean 3rd Qu. Max.
Real  1.1100e +02 4.6750¢ +02 3.0475¢ + 03  4.6235¢ +03  7.9535¢ + 03  1.5181e + 04
ABC  1.0982e +02 7.0045¢ + 02 2.9783e + 03 4.5595¢ 4+ 03  7.8439¢ + 03  1.4259¢ + 04
on curtailing the distribution of the COVID-19 pan- ( Sultiss) = S 1-— (tQ )
demic in Nigeria and beyond. One of the most a\ti+l) = e, Z( 1)9 i+l
important points to be noted is that the fractional-
order parameter 7 under the ABC operator is also T 1 hﬁ Z a
optimized whose optimal value is obtained to be : i+1,i91(
9.9810e — O1.
Q
+ait1j+191(t5 ) |
4. NUMERICAL SIMULATIONS T
In this section, we present the predictor—corrector N I1—7m Q
approach, an effective approximation scheme for Sultiv1) = Suo + 7Z (71)92(75”1)
the numerical solution of the fractional differential
equation (). It should be noted that this approach T 1 hn Z “
has already been examined for fractional differen- : i+1 392
tial equations in Ref. [34l To develop this method
for Eq. () in the sense of ABC fractional deriva- 0
tive. Consider a uniform mesh on [0.7] and label +ait1+192(t5) |
the nodes 0,1,2,..., Nh, Where Nh is an arbitrary
positive integer and h = N—h is the time step size. E(t Ey + l—7 @
Now to find the approximate solution of the pro- (tiv1) = Eo Z(11) Zim) %2 li)
posed model we apply Theorem [ to each of S,, S,
E, A I, H,,, Hs, R, D of the system (2)), we get TlhT1 a
the results as follows: Z +1.493(L
aiaSy(t
(1) = 29250 (0, A1) + 1)) + 045, 0, .
+aiy1,j+193(t5 ) |
ag Sy (t
a(t) = =250 0, A1) 4 1(1) ~ a5, (0, o
as A(t1+1) = Z(’Tl) g (tz+1)
gs(t) = 2 (ag A(t) + 1(t)) (a1 Sa(t)
7'1hT1
+Su(t) — asE(t), Zam,y%
g4(t) = a6a5E( ) — G7A t),
t)=(1—ag)asE(t as +ag+a
95(t) = ( 6)asE(t) — (as 9 10 +Gz‘+1,j+1g4(t§i1) ’
+a11)I(t),
6(t) = agl(t) + a10Hs(t) — (a3 1—7
g6(t) (t) s(t) = ( I(tiy1) = Io + 7 g5(tgr1)
+a1) Hp(1), (1)
97(t) = a10l(t) + a1aHp(t) — (a15 + a1z Tlhﬁ
+ai)Hy(t), Z"“H j95(t
gs t) = G7A ) + agf( ) +a13H ( ) +a15H5(t),
99(t) = anl(t) + ars Hs(t), +aiy14195(t5) |
(32)
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Fig. 3 Time series plots for the simulation of the model ([2) showing the dynamical behavior using three techniques with
fractional index 71 = 0.99 over time interval [0, 500] while using the parameters’ values given in Table [II
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Fig. 4 Time series plots for the simulation of the model (2) showing the dynamical behavior using three techniques with

Time (t)

()

fractional index 71 = 0.97 over time interval [0, 500] while using the parameters’ values given in Table [II
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Fig. 5 Time series plots for the simulation of the model ([2) showing
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fractional index 71 = 0.94 over time interval [0, 500] while using the parameters’ values given in Table [Tl
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Fig. 6 Time series plots for the simulation of the model (2) showing the dynamical behavior using three techniques with
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fractional index 71 = 0.91 over time interval [0, 500] while using the parameters’ values given in Table [II
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and

Su(t,

Hp(tiv1)

H(tiy1) = H,

R( H—l)

D( z+1)

— Hyo + = g6 (2.))
Z( ) “+1

Z Qj4-1 ]96

7'1 th

+ai+1,j+1g6(tfi1) ;

Q
tz—i—l)

Z( 1)g(

ZaHl ]g7

7'1 th

+ai+1,j+1g7(t§|-1) ;

1—7’1 Q
Ry + t
0 Z(Tl)gs( z+1)

Z Qj4-1 ]98

Tlh 1

+Gz‘+17j+198(t@%1) ;

ne

DO + z+1)

Z( )gg(

Tlh 1

Z Qj4-1 ]99

+ai+1,j+199(t§i1) ;

(33)

i
XY bis1gi(t)
j:

1—m7 h™
) Su,O+Z( )92( )+m

i
XY birjga(ty)
=0

i
X Zbi+1,jg3(t])
j_

1—7 h™t
tgrl) A0+ Z( )194( )‘i‘m

i
X Y biv1,9a(t;)
7=0

1—-7 h™t

20y P 2 )

i
X Z bi+1,j95(t5)
=0

I(tfil) Iy +

7=0
1—7 h™
H,(t% H, o+ ;
i) = Hoo® 7y 70+ Zimrim)
X Y big1,g7(t;)
ji
1-— 1 th
Rt2,)=R -
( z—i—l) 0 + Z( )98( ) + Z(TlF(Tl))

i
X Zbi-‘rl,ng(t])
j_

Q 1—7’1 h™
D(ti,) = Do + 70 )99( )+m

i
XY biv1g0(t;)
7=0

(34)

where a;11; and b,y ; are given in (@) and (I0).
The influence of awareness programs on the
dynamics of COVID-19 is investigated in this sec-
tion by simulating the awareness-related parame-
ters of the model (2)) across the time span [0, 500].
The suggested model (dl) is simulated using the
beginning circumstances and settings supplied in
Sec. under three scenarios presented below.
Also, we are giving the plots for different values
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Fig. 7 The plot demonstrates the variation of Rq against
a1 and as.
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Fig. 9 The plot demonstrates the variation of R against
ag and asg.

Fig. 8 The plot demonstrates the variation of Rq against
as and asg.

of fractional order 7. The step size during sim-
ulations is taken to be h = 1072 where Nh =
500. Additionally, simulations were produced using
the Atangana—Baleanu predictor corrector method
in MATLAB software, which is running on a 64-
bit Windows operating system with an Intel(R)
Core(TM) i5-7200U CPU running at 2.50 GHz and
4.0 GB of installed memory (RAM).

5. SENSITIVITY ANALYSIS

Sensitive analysis helps us to see the variation in the
variables when changing the parameters occurring
in the Rg. It tells us which component of Ry plays
a vital role in the model under observed.

Definition (Ref. B35). The normalized forward
sensitivity index of the basic reproduction number
Ro that depends on a parameter p is given as

_iaRo

Fig. 10 The plot demonstrates the variation of Rg against
a7 and ag.

To calculate the sensitivity indices, one of the three
techniques, namely (a) linearization method, (b)
Latin hypercube sampling method, and (c) direct
differentiation method can be used and then the
consequences obtained can be solved using any tech-
nique. Over here, category (c) is used. The indices
help us identify which indices have positive influ-
ence and which have negative impact. It also helps
in developing strategies to control disease.

The positive influence of the parameters aq, as,
and ag on the basic reproduction number R is
reflected in Table [3] wherein it can be observed that
the growth (decay) in the values of these parame-
ters would bring an increase (decrease) in Ry. For
example, if 10% of the parameters are increased,
there will be a corresponding 10%, 0.08%, and 10%
increase in R as depicted by the table. On the other
hand, there will be approximately 0.07%, 0.08%,
0.3%, 4.4%, 4.6%, and 0.5% decrease in the value
of Ry if the index for parameters ag, a7, ag, ag, aio,
and aq; is increased by 10%.
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Table 3 Sensitivity Indices of the Reproduction Number Rg Against Men-

tioned Parameters.

Parameters S. Index Value Parameters S. Index Value

al Ha, 1.00000000 as Hg —0.03216947
as Ha, 1.00000000 ag Ha, —0.44148758
as Hg, 0.00855060 alo Hay, —0.46519256
ag Hgg —0.00789615 all Hap,y —0.05259979
ar Ha, —0.00855060

6. CONCLUDING REMARKS

Many epidemiological and clinical aspects remain
limited to date since the COVID-19 pandemic is
still fresh and evolving. Most reports and stud-
ies done thus far have used relatively small sam-
ples. When all of these papers and studies are com-
bined, the details of COVID-19 become apparent,
allowing policymakers to make better decisions.
Using NPIs to fight the SARS-CoV-2 epidemic
continues to be an important tactic. A worldwide
effort to raise public awareness about the dangers
of COVID-19 is essential if we are to reduce the
number of people who fall ill from the virus and
those who die from it. To this end, we suggested a
Susceptible-Exposed-Infectious-Recovered (SEIR)
type dynamic transmission model of SARS-CoV-2
to explore and analyze the efficacy of public health
awareness campaigns in lowering the parthenogen-
esis of SARS-CoV-2.

In this investigation, we looked at the ABC
model for COVID-19 strains. One of the deadli-
est and most concerning diseases of our day is
COVID-19. Infection with the COVID-19 pandemic
might be fatal within a matter of weeks due to the
severity of its effects. Therefore, greater research
into the dynamics of this fragile virus is necessary.
Researchers have shown that fractional operators
perform well when modeling the spread of infec-
tious diseases. This has sparked a discussion about
how the model came to be, whether it exists or is
unique, and whether it can be tested for stability
using the fixed point theorem. The best-fit curve is
based on simulations of the ABC model based on
actual cases and cumulative cases on a daily basis,
and the fitted parameters are generated from the
actual COVID-19 pandemic in Nigeria from March
29 to June 12, 2020, using the least-squares tech-
nique. The data sets for this country were selected
at random, and any data set can be used to test the
validity of the proposed ABC model.

The key epidemiological and theoretical findings
of our research work are summarized as follows:

(i) In this research study, the real cases for
the pandemic COVID-19 are used to compare
the simulations of the proposed model with the
ABC operator. The results obtained are in the
favor of the fractional operator.

(ii) It has been shown that how the basic reproduc-
tive number behaves under the influence of the
ABC fractional operator. Thus, it is concluded
that the ABC operator provides a better mea-
surement for this threshold quantity.

(iii) Several biological parameters are kept on vari-
ation to observe the transmission dynamics of
the disease investigated under the ABC oper-
ator.

(iv) There are a few existing research studies in
the literature to show effectiveness of the ABC
models. In this research study, it is found that
the ABC operator performs better than its
classical version when it comes to the valida-
tion of the model. It is done in this study with
the help of least-squares curve fitting tech-
nique wherein the minimum residual has been
computed when the ABC operator comes into
effect.

(v) Overall, the ABC operator is found to have
better simulation results in comparison to the
time-derivative operator taken in the classical
sense.
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