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Abstract. In this paper, a COVID-19 Awareness model in the setting of a generalized
fractional Atangana-Baleanu derivative is proposed. The existence and uniqueness of
a solution of the proposed fractional-order model are investigated under the techniques of
fixed point theorems. In addition, we perform the predictor-corrector method to find its
numeric solutions and present the graphs of the various solutions using different values of
the parameters embodied in the derivative.
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1. Introduction

Coronavirus (COVID-19) was first detected in a city called Wuhan in China
in December 2019, and it then spread exponentially in almost every part of the
globe. The virus is known as severe acute coronavirus syndrome 2 (SARSCoV-2) [1].
COVID-19 has no prompt diagnosis and vaccine, according to the World Health
Organization (WHO, 2020) and evolves into a global pandemic that causes substan-
tial morbidity and death. 1,603,428 confirmed cases and 356,440 recoveries from
the disease were recorded as of 9 April 2020 with 95,714 deaths worldwide [2].
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As of June 10, 2020, there are 13,464 laboratory-confirmed cases of COVID-19 with
364 deaths, recovered and discharged 4,206 while 8,893 ware undergoing treatment,
in Nigeria [3]. COVID-19 is a new disease with the most destructive consequences
in the world, and its existence and transmission create uncertainty, fear, and anxiety
among the general population. Anxiety is the breeding place for hate and discrimina-
tion the victims [4]. Since the recurrence of the pandemic, social stigma has occurred
among individuals. It is paramount that we resist this stigma because it might cause
people to hide and avoid reporting themselves if they have the virus which would
contribute to the spread of the virus. During COVID-19, WHO is offering advice and
solutions to public esquires to help people to overcome anxiety, discrimination, and
stigma. The 1st reported case of coronavirus in Nigeria was confirmed on February
27th by an Italian man who arrived from Milan to Nigeria, he stayed in the country
for almost two days before being isolated. He’d traveled through Lagos and visited
other places in the world [5].

Roy et al. [4] shows that only 29.5% of the participant are aware of the multiple
modes in which the virus could spread, such as touching, kissing, sneezing, and
through food in which only 43% of respondents considered COVID-19 to be highly
contagious. In the line with this, the public must be aware to minimize the spread of
the virus. It was also shown that during this pandemic, more than eighty percent of
the candidates felt the need for medical assistance from mental health professionals
and doctors to resolve psychological and other emotional issues. In line with the
above, there is a need for an awareness campaign to combat and control the pandemic
within the populace by using print and non-print media as suggested by a counseling
psychologist.

On the flip side, fractional calculus is to be one of the most interesting branches
of mathematics which have prepossessed the interest of many researchers because
of the results vested after these researchers used fractional operators to model real-
life phenomena [6–8]. All the fractional operators had singularities in their kernels
till 2015. This was aforethought to be a handicap for various applications. Due to
Caputo and Fabrizio [9], that year witnessed the birth of a new fractional derivative
having a nonsingular kernel. This was followed by the birth of a mathematically
strong Atangana-Baleanu fractional derivative [10] which contains a type of Mittag-
-Leffler function having one parameter in its kernel. A generalized Atangana-Baleanu
was then proposed in [11] with a 3-parameter Mittag-Leffler function in its kernel.
Applications of the latter derivative can be seen in [12].

Thanks to the efficiency of this operator in modeling aspects and due to the appli-
cations of certain fractional operators in epidemic mathematical models mentioned
above, this paper examines the awareness model suggested by Baba and Baleanu [13]
in the sense of a system of nonlinear differential equations through the generalized
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ABC fractional derivative described by

ABCDσ ,ν ,ρ
t0 S(t) = Λ−βSI −λSA− d̄S+ψI +ΘSA,

ABCDσ ,ν ,ρ
t0 I(t) = βSI − (ψ +α + d̄)I,

ABCDσ ,ν ,ρ
t0 SA(t) = λSA− d̄SA −ΘSA,

ABCDσ ,ν ,ρ
t0 A(t) = µI −φA.

(1)

equipped with the appropriate initial conditions

S(t0)≥ 0, I(t0)≥ 0, SA(t0)≥ 0, A(t0)≥ 0, (2)

where ABCDσ ,ν ,ρ
t0 (·) is the generalized ABC-fractional operator of order (0 < σ ≤ 1).

The model takes into account the following clue. The population N(t) is generally
split into three main classes. The common Susceptible class as S(t), the Infective
class as I(t) and the Susceptible class that have prior knowledge of the disease as
SA(t). Finally, we define the cumulative density of the awareness program as A(t).
It is also believed that an increase in the number of Infectives brings about an increase
in the density of the awareness program. The parameters are well explained in the
Table 1.

Table 1. Parameters description

Parameter Description
Λ Rate of recruitment of new members into susceptible population
β Infectious contact rate
λ Rate of awareness dissemination
Θ Rate of recovery
α Infectious death rate
d̄ Natural death rate
ψ Rate at which aware individuals are transferred to susceptible class
µ Rate of implementing the awareness program
φ Depletion rate due to social problems and ineffectiveness of the program

2. Preliminaries

For the simplicity of the notation we take

χ = (S, I,SA,A).

and E=C([t0,b],R) denotes the Banach space of all continuous functions from [t0,b]
into R with the norm defined by

∥χ∥E = sup
t∈[t0,b]

|χ(t)|,
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where |χ(t)| = |S(t)|+ |I(t)|+ |SA(t)|+ |A(t)| and χ : [t0,b]×R4 → R is a given
continuous function.

Definition 1 [14] Let 0 < σ ≤ 1, ν > 0 and ρ > 0. The operator

ABJ σ ,ν ,ρ
t0 g(t)=

∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σ i+1−ν)

∫ t

t0
(t−s)σ i−νg(s)ds, t > t0,

(3)
is called the generalized AB fractional integral of order σ of a function g where
N(·)> 0 denotes the normalizing function such that N(0) = N(1) = 1. 2

Definition 2 [11, 14] Let 0 < σ ≤ 1, ν > 0 and ρ ∈ R. The generalized ABC
fractional derivative of order σ with the lower limit t0 for a function g is defined by

ABCDσ ,ν ,ρ
t0 g(t) =

N(σ)

1−σ

∫ t

t0
Eρ

σ ,ν(p, t − s)g′(s)ds, t > t0, (4)

provided the function g differentiable on [t0,+∞), Eρ

σ ,ν(p, t − s) is a two parameter
Mittag-Leffler function defined by

Eρ

σ ,ν(p, t − s) =
∞

∑
k=0

pk (t − s)σk+ν−1(ρ)k

Γ(σk+ν)k!
, (5)

with p =
−σ

1−σ
, (ρ)k = ρ(ρ +1) · · ·(ρ + k−1). 2

Lemma 1 [14] If σ ∈ (0,1), ν > 0, ρ ∈ C and p =
−σ

1−σ
. Then

ABJ σ ,ν ,ρ
t0

ABCDσ ,νρ

t0 g(t) = g(t)−g(t0). (6)

Thus, the given problem {(ABCDσ ,ν ,ρ
0+ g

)
(t) = h(t),

g(t0) = g(t0),
(7)

possesses the given solution of the form:

g(t) = g(t0)+
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σ i+1−ν)

∫ t

t0
(t − s)σ i−νh(s)ds. (8)

3. Existence and uniqueness of solutions

The existence and uniqueness of nonlinear fractional differential equations play
a key role in the study of the qualitative analysis of fractional differential equations,
see [15]. Utilizing the concepts of Schaefer’s and Banach’s fixed point theorems,
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we present here in this section the existence and uniqueness of the solutions of the
fractional model (1). Rewrite systems (1) in the form:

ABCDσ ,ν ,ρ
t0 S(t) = A1(t,S, I,SA,A),

ABCDσ ,ν ,ρ
t0 I(t) = A2(t,S, I,SA,A),

ABCDσ ,ν ,ρ
t0 SA(t) = A3(t,S, I,SA,A),

ABCDσ ,ν ,ρ
t0 A(t) = A4(t,S, I,SA,A),

(9)

where

A1(t,S, I,SA,A) = Λ−βSI −λSA− d̄S+ψI +ΘSA,

A2(t,S, I,SA,A) = βSI − (ψ +α + d̄)I,

A3(t,S, I,SA,A) = λSA− d̄SA −ΘSA,

A4(t,S, I,SA,A) = µI −φA.

(10)

Thus, the proposed fractional model (1) takes the form:{
ABCDσ ,ν ,ρ

t0 Θ(t) = R(t,Θ(t)); t ∈ [t0,b], 0 < σ < 1,
Θ(t0) = Θ0 ≥ 0,

(11)

on condition that
Θ(t) = (S, I,SA,A)T ,

Θ(0) = (S0, I0,SA0 ,A0)
T ,

R(t,Θ(t)) = (Θi(t,S0, I0,SA0 ,A0))
T , i = 1, · · · ,4,

(12)

where (·)T represents the transpose operation. From Lemma 1, problem (11) is given
by

Θ(t) = Θ0 +
AB I σ ,ν ,ρ

t0 R(t,Θ(t))

= Θ0 +
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σ i+1−ν)

∫ t

t0
(t − s)σ i−νR(s,Θ(s))ds.

(13)

Consider the fractional operator T : E→ E defined by

(TΘ)(t)=Θ0+
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

∫ t

t0
(t−s)σk−νR(s,Θ(s))ds.

(14)
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Obviously, the operator T is well defined and the fixed points of the operator T are
the solution of the fractional model (1). For simplicity, we denote

∆ =


∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+2−ν)
(b− t0)σk+1−ν , ν ̸= 1,

∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1)
(b− t0)σk, ν = 1.

Now, we state and prove the existence of solution of the proposed fractional model
(1) by employing the concept of Schaefer’s fixed point theorem.

Theorem 1 Suppose
(H1) There exist η1,η2 ∈ E with η

∗
1 = sup

t∈[0,b]
η1(t), η

∗
2 = sup

t∈[0,b]
η2(t)< 1 such that

|R(t,Θ)| ≤ η1(t)+η2(t)|Θ(t)|, for t ∈ [t0,b], Θ ∈ E.

Then there exists at least one solution of the proposed model (1). 2

PROOF The proof is based on the following steps:
Step 1: The operator T is continuous.
Let Θn be a sequence such that Θn → Θ in E. Then for each t ∈ [t0,b]

|(T Θn)(t)− (T Θ)(t)| ≤
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−ν |R(s,Θn(s))−R(s,Θ(s))|ds

≤ ∆∥R(·,Θn(·))−R(·,Θ(·))∥E.

(15)

Since R ∈C([0,b],R), then ∥(T Θn)− (T Θ)∥E −→ 0, as n →+∞.
Step 2: T maps bounded set into a bounded set.
To see this, we show that for r > 0, there exists a L > 0 constant such that Θ ∈Br =
{Θ ∈ E : ∥Θ∥E ≤ r}, then ∥T Θ∥E ≤ L . Now,

|(T Θ)(t)| ≤|Θ0|+
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−ν |R(s,Θ(s))|ds.

(16)
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By (H1), we get

|(T Θ)(t)| ≤ Θ0 +(η∗
1 +η

∗
2∥Θ∥)

∞

∑
k=0

×
(

ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

∫ t

t0
(t − s)σk−νds

≤ L <+∞.

(17)

Step 3: T maps bounded sets into equicontinuous set.
Assume t1, t2 ∈ [t0,b], with t1 ≥ t2, and Br be a bounded set as defined above. For
any Θ ∈ Br, yields

|(T Θ)(t1)− (T Θ)(t2)|

≤

∣∣∣∣∣ ∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t1

t0
[(t1 − s)σk−ν − (t2 − s)σk−ν ]R(s,Θ(s))ds

∣∣∣∣
+

∣∣∣∣∣ ∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

∫ t2

t1
(t2 − s)σk−νR(s,Θ(s))ds

∣∣∣∣∣
−→ 0, as t2 → t1.

(18)

Thus, Step 1− 3 and the Arzelá Ascoli theorem, we deduce that the operator T is
completely continuous.
Step 4: A prior bounds.
Next, we show that the

U = {Θ ∈ E : Θ = υ(T Θ), 0 < υ < 1},

is a bounded set.
Let Θ ∈ U , Θ = o(T Θ) for some 0 < o < 1. Now, for t ∈ [t0,b], we get

Θ(t) = υ

[
Θ0 +

∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−νR(s,Θ(s))ds

]
.

(19)

This implies that by (H1) and for each t ∈ [t0,b] yields

|Θ(t)| ≤ |(T Θ)(t)|<+∞. (20)

Hence, U is bounded. Therefore, the proof is completed. ■
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Next, we state and prove the existence result based on the Banach contraction
principle.

Theorem 2 Assume the function R ∈C([0,b],R) and maps bounded subset of [0,b]×
R4 into relatively compact subsets of R. Besides, there exists LR > 0 constant such
that (H1) |R(t,Θ1(t))−R(t,Θ2(t))| ≤ LR |Θ1(t)−Θ2(t)|; for all t ∈ [0,b] and each
Θ1,Θ2 ∈ E. Then there exists a unique solution of (14) (consequently, model (1))
provided that ∆LR < 1. 2

PROOF To construct a neighborhood of radius r, we let sup
t∈[0,b]

∥R(t,0)∥ = E < ∞

and choose

r ≥ ∆E +∥Θ0∥
1−∆E

.

Thus, it is enough to show that TBr ⊂ Br, where Br = {Θ ∈ E : ∥Θ∥ ≤ r}. So, for
any Θ ∈ Br, we have

|(T Θ)(t)| ≤ Θ0 +
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

∫ t

t0
(t − s)σk−ν |R(s,Θ(s))|ds

≤ Θ0 +
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−ν [|R(s,Θ(s))−R(s,0)|+ |R(s,0)|]ds

≤ r,
(21)

which implies TBk ⊂ Bk.
Next, we let Θ1,Θ2 ∈ E. Then for any t ∈ [t0,b], yields

|(T Θ1)(t)− (T Θ2)(t)≤
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−ν |R(s,Θ1(s))−R(s,Θ2(s))|ds

≤ LR∥Θ1 −Θ2∥E
∞

∑
k=0

(
ρ

k

)
σ k

N(σ)(1−σ)k−1
1

Γ(σk+1−ν)

×
∫ t

t0
(t − s)σk−νds

≤ ∆LR∥Θ1 −Θ2∥E,
(22)

Therefore, the there exists a unique solution of the proposed model (1). ■
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4. Equilibrium solutions of the model

Setting equation in (1) to zero and solving the system simultaneously, we obtain
two equilibrium solutions, Disease free equilibrium E0 and Endemic equilibrium E1,
where:

E0 = {S0, I0,S0
A,A

0}= {Λ

d
,0,0,0} (23)

and

E1 = {S1, I1,S1
A,A

1}. (24)

Where,

S1 =
α + γ +d

β
(25)

I1 =
φ [Λβd +Λβθ − (γd2 +θγd +αd2 +θαd +θd2 +d3)]

βφαd +βφαθ +βφd2 +βφθd +λγµθ +λ µd2 (26)

S1
A =

λ µ(α + γ +d)(Λβ −dγ −dα −d2)

β (βφαd +βφαθ +βφd2 +βφθd +λγµθ +λ µd2)
(27)

A1 =
µ[Λβd +Λβθ − (γd2 +θγd +αd2 +θαd +θd2 +d3)]

βφαd +βφαθ +βφd2 +βφθd +λγµθ +λ µd2 (28)

It can be seen that I1,S1
A,A

1 are biologically meaningful only if
Λβ

d(d +α + γ)
> 1.

Define R0, basic reproduction ratio, to be
Λβ

d(d +α + γ)
. Thus the endemic equilib-

rium E1 exists only if R0 > 1.

5. Numerical interpretation and graphical analysis

The scheme is a predictor-corrector method. The full details of the numerical
scheme is presented in [12]. More precisely, the approximate solution of the initial
value problem

ABC
0 Dσ ,ν ,ρx(t) = g(t,x(t)), x(0) = x0, t ∈ (0,T ], (29)
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where α ∈ (0,1), is given by xm ≈ x(tm) where tm = mh (h is the step size and m ∈N).
The approximate solution xm is given by

xm = x0 +
m−1

∑
j=0

cm
j g j, where cm

j =
∞

∑
k=0

(
hσk−ν+1Aσ ,ν ,ρ

k rm
k, j

)
, (30)

rm
k, j =


ξ

m
k −wm,0

k,1 , if j = 0,
wm,1

k, j −wm,0
k, j+1, if 1 ≤ j ≤ m−2,

wm,1
k,m−1, if j = m−1.

Here, Aσ ,ν ,ρ
k , wm,i

k, j and ξ
m
k are, respectively, given by

Aσ ,ν ,ρ
k =

(
ρ

k

)
σ k

B(σ)(1−σ)k−1
1

Γ(σk−ν +1)
,

wm,i
k, j = (m− j+ i)

(m− j)σk−ν+1 − (m− j−1)σk−ν+1

σk−ν +1

+
(m− j−1)σk−ν+2 − (m− j)σk−ν+2

σk−ν +2
,

ξ
m
k =

mσk−ν+1 − (m−1)σk−ν+1

σk−ν +1
.

It should be advised that the step size used in the present calculations is h = 0.1,
whereas the following initial conditions and parameters values [13] have been as
given below:

S(0)=
19999685

aa
, I(0)=

3145
aa

, SA(0)=
19999685

aa
,A(0)=

200
aa

,aa= 10000, Λ= 400,

β = 0.0000157, λ = 0.0002, Θ = 0.16979, α = 0.03275, d̄ = 0.0096, ψ = 0.2,

µ = 0.0005 and φ = 0.06.
Figure 1: From the results and figures described here, it can be claimed that the

decrease of the fractional derivative order σ reduces the number of each population
phase (except for the Susceptible Population fraction as expected) and flattens
the curves to the limit in each population phase.

Figure 2: It can be noticed that reducing the rate of adoption of the awareness
program below the rate of depletion of the program contributes to the prevalence of
the disease in the population. On the other hand, the rise in the rate of implementa-
tion of the awareness program above the rate of depletion of the program tends to dis-
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ease prevention. This shows the importance of implementing the awareness-raising
campaign, especially in underdeveloped countries such as Nigeria.

Fig. 1. Graphs of the solution trajectories at ρ = 1, ν = 0.5 for different fractional order σ

Fig. 2. Graphs of the solution trajectories at ρ = 1, σ = 0.7 for different values of ν

6. Conclusion

In this paper, an extension of the awareness model to the fractional-order using
generalized ABC fractional derivative has been studied. We investigate the theoretical
properties of the proposed fractional-order model such as the existence and unique-
ness of the solution using fixed point theorems. Besides, the numerical simulations
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are carried out via an effective numerical scheme to analyze the dynamic behavior
of the fractional-order model while varying the fractional order. It has been shown
from the depicted figures that the introduced fractional-order model in the sense of
the generalized ABC operator provides more flexible results than the corresponding
integer order.
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