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Abstract

Malaria continues to affect many individuals irrespective of the status or class particularly in Sub-Saharan
Africa. In this work, an existing malaria status classical model is studied in fractionalized perspective. The
positivity and boundedness of the malaria model is studied. The existence and uniqueness of solutions based
on fractional derivative and stochastic perspective is established. The numerical simulation results depict that
the infectious classes of humans and vector increase as the fractional order derivative increases. Susceptible
classes humans and vector reduce as the fractional order derivative increases. This phenomenon is peculiar with
epidemiological models. The implications of the results are that in managing the dynamics of the status model,
the fractional order derivative as well as its associated operator is important. It is observed that fractional order
derivative based on Mittag-Leffler function provides a better prediction because of its crossover property, its
non-local and non-singular property.
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1. INTRODUCTION

Malaria is one of the most infectious diseases in Sub-Saharan Africa and due to climatic dynamics in recent
times, it continues to spread across other new places. Africa accounts for 94% of an estimated global cases
of 229 million [!]. Malaria induced mortality is 409,000 for 2019 year alone [1]. The infected anopheles
mosquitoes transmit the malaria parasites by biting human beings. The mosquitoes thrive on the moderate-to-
warm temperatures with high humidity and non-moving water bodies that are available for the vectors to lay
their eggs [2]. The global warming phenomenon is one of the key drivers for the spread of malaria parasites
across the continents. The quality of environmental management plays a major role in controlling the spread
of the disease [3].

Poverty is characterized by the individuals inability to undertake so many humans activities. Man’s inability
to function properly due to poverty increases that possibility of being infected by diseases including malaria.
Both material and human resources are needed to control malaria effectively in any community or society. The
socio-economic conditions of a community or a country determines the quality of health facilities available
for the people in accessing medical care [4], [3]. It is common in Africa to find a lot of individuals who have
malaria parasites but cannot access health care because of their status or class in the society. The consequence
is that these individuals may result to traditional treatment. This leads to drug resistance to the disease and
other complications.

The effect of status or class on Sub-Saharan Africa cannot be ignored in this subject matter. Typically,
individuals are either in the high or low status and this determines the quality of life the individual has in
the society. Those in the lower status or class usually live in poor households where sanitary conditions are
poor. This creates an environment that enhances the spread of malaria. In some extreme instances, those
affected individuals are not able to access medical care because of poverty [2]. This sometimes leads to some
complication such as lungs and kidneys related issues and eventually the individual may die. Persons who
are of high ranked status and financially sound are mostly highly educated people. They live in good houses
with standard environmental practices which minimizes the spread of the malaria.
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The players in the health sector require reliable information in order to predict the future trend of epidemics
such as malaria [3]. In recent times, mathematical modelling as an aspect of discipline in mathematics has
been a valuable tool that provides qualitative information which leads to proper planning in many epidemic
cases [2], [5], [6]. In the past century, many researchers have focused on developing different malaria models
with deterministic approaches. The ultimate goal is to provide qualitative information that helps to reduce
the spread of the disease.

In most recent times, fractional calculus has been noticed to be a formidable concept in mathematical
modelling processes. The fractional derivative concepts hinge on both past and present data in order to
predict the future [7], [8], [9]. This concept possesses memory effect which aids in accurate prediction. The
Caputo operator is non-local and it obeys power law and cannot predict accurately in a complex phenomenon
[71, [10]. Due to this shortcoming, a new operator called Caputo-Fabrizio was developed based on exponential
law characterised by nonsingular kernel [11]. Even though this operator has a crossover property that makes
it possible to stretch from one operator to another naturally, it is not every system in real life domain that
follows exponential law. Atangana and Baleanu currently developed a robust operator that hinges on Mittag-
Leffler function which is both non-local and non-singular [12], [13], [14], [15]. The operator has the ability
to stretch from one operator to another leading to quality prediction in some complex systems.

Few years ago, Atangana and Araz [16] developed a stochastic version of all three basic operators as
stated earlier. The stochastic aspect is to help account for the fluctuations in almost all real life applications
of fractional calculus. In epidemics for example, disease cases including malaria are not the same everyday.
Din et al., [17] examined dengue fever model utilising stochastic dynamics to account for the variations in the
spread of the disease. Meksianis and Adi in [18], examined the impacts of individual awareness and vector
controls on malaria dynamics based on multiple optimal control and found out that awareness in the presence
of malaria infection was the best way of reducing the disease in the community. Suandi et al., [19] explored
the dynamics of one-locus model and presented the evolutionary dynamics of resistance against insecticide
in anopheles mosquitoes in the environment.

Alkahtani and Koca [20] investigated an SIR model using fractional stochastic to present the existence and
uniqueness of solutions of the model. Alkinlar et al.,[21] constructed a mathematical model incorporating
a white noise and obtained some useful numerical solutions. Omar et al., [22] studied a COVID model
in the case of Egypt and obtained a conclusive evidence of the effect of the stochastic component on the
spread of the COVID. Sweilam et al.,[23] developed a stochastic fraction order COVID model and examined
the dynamics of the spread of the disease. Atangana and Araz [16] modelled COVID and presented a new
numerical scheme in solving fractional stochastic models. They showed the existence and uniqueness of the
COVID model solutions via stochastic approach.

The main aim of the fractional stochastic application to this work is to account for randomness and
generalised Mittag-Leffler function behaviour in the malaria model. The operator employed for this study
utilizes the crossover property which allows the tails of the kernel to extend beyond this Mittag-Leffler function
(ML) to other operators. The fractional order stochastic model will provide more detailed information of the
proposed model than the deterministic one, due to the crossover and random properties as stated earlier.
Other studies buttress the point that stochastic simulation of a model is likely to provide information close
to the actual data [24]. This paper therefore, utilises the Atangana and Araz nonlocal [16] and nonsingular
operator with stochastic component to account for the fluctuations in the spread of malaria. The study would
examine the existence and uniqueness of solutions of the malaria model.

2. MATHEMATICAL PRELIMINARIES
Definition 2.1. For a function u : [a,b] — R, the (left) Caputo fractional derivative of order p is expressed as:

¢
/u(”)(w)(t — )" P ldw, n-1<p<n (1

a

1

< Diu(t) = Tn—p)

Similarly, the corresponding Caputo fractional integral is given by
t

/u(w)(t — o)’ ldw. 2)

a

o I u(t) =

L'(p)
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Definition 2.2. Let u € Al(a,b),b > a, and 0 < p < 1.Then, the newly developed fractional Atangana-
Baleanu derivative in Caputo sense (AB) is expressed as:

t

220t = 70 [w@En |- 2wy i, o)

1-p 1-p
a

where AB(p) depicts the normalization function fulfilling AB(0) = AB(1) = 1 and E, represents the
Mittag-Leffler function

g p>0. )
— I‘ pk —|— 1)’
The connected AB fractional integral is defined as:
. ¢
AB 7p _i=D p / p—1
P L u(t) = u(t)+ =—=——— | uw(w)(t —w dw. 5)
0 = By Ot B ) )

3. MODEL FORMULATION

This model fractionalised Olaniyi et al., [25] malaria status model in which the total population is partitioned
into human population, Z,(¢) and vector population Z,(t) respectively. Further, the total human population
is subdivided into Sy (t) high status, susceptible high status humans, S;(t) susceptible low status humans,
1;,(¢), infectious high status humans, I, (t) infectious low status humans, Ry, (¢) recovered high status humans,
R, (t) recovered low status humans. Thus, Z, = Sy (t) + Si(t) + In(t)+, I;(t) + Ru(t) + R;(¢). The total
vector population is partitioned into S, (¢) Susceptible mosquitoes and I, (t) Infectious mosquitoes. Thus,
Zy(t) = Sy(t) + I,(t). This operator is a non-local and non-singular which possesses a crossover property.
In order to have same dimensions for both left and right hand, some parameters in the resultant fractional
derivative model are modified. This leads to the following system of equations:

f?BDfSh(t) = prZ — apﬂlpSth + VPR, + 5?5[ — (/LZ + 5£)Sh,
éBDfSl(t) = (1 - wp)HZ — ﬁlpSZL, + UpRl + 5£Sh - ([LZ}DL + 5?)51,
0P DETL(t) = a? B SpTy — (piy + 07 +0P) I,

GBDYL(t) = B STy — (1 + 7)1,

(6)
QB DY Ry (t) = 071y, — (uj, + vP) Ry,
0P DYRi(t) =271y — (uf, + o) Ry,
0P DY Sy (t) = ) — BH(L + ¢P 1) Sy — ph S,
f?BDfIv(t) = B0(L + ¢PIn)Sy — pb 1,
with the following initial condition
Sp(0) = Sho > 0,81(0) = S0 > 0, 11(0) = Ino > 0,1;(0) = L1 > 0,
@)

Rh(o) - RhO Z 07Rl(0) = RlO Z 07Sv(0) = S’UO Z 07[1)(0) = I’UO Z 0

The Table | shows the symbols and parameter description
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Table 1: Parameters descriptions.

Symbol  Parameter description

w Fraction of high status humans’ recruitment.

11y Recruitment rate for humans.

a Modification parameter for reduced transmission for humans.

B Transmission rate of mosquitoes to humans.

v Waning rates of high status acquired immunity.

1 Mobility rates of susceptible low status move into high status classes.
W Natural mortality rates of humans.

O Mobility rates of susceptible high status move into low status classes.
o Waning rates of low social acquired immunity.

n Disease-induced mortality rates of high infectious humans.

¥ Recovery rates of low infectious individuals.

I, Recruitment rate for mosquitoes.

Bu Transmission rate of humans to mosquitoes.

o} Modification parameters for reduced transmission.

Lo Mosquitoes natural mortality rate.

4. MODEL ANALYSIS
4.1. Non-negative solution of the Model
Theorem 4.1. The solution of the malaria model (6) in the fractional order derivative of a AB operator with
initial condition (7) singular and bound in Ri.

Proof: The existence and uniqueness of the malaria model (6) on the given initial (0, c0) can be derived
following the process as in the work of Muhammad et al., [26]. The positively invariant region of the malaria
model (6) can be established as;

&BDESy|s,_, = wPIP 4+ PRy — 8PS >0,
0D S sy, = (1—@P)I +0PR; — 675, >0,
MBDPL -, = aBPSyI, >0,
0PDIL_, = BISi, >0,
3
MDPR\R,_, = oPI, >0,
0PDVRi|p,_, = "L >0,
0EDYS,ls,, = T >0,
0PDl L1, = B+ ¢"1)S, >0.

(
If we have (S,(0),5:(0), I(0), I;(0), Rn(0), R;(0), S,(0), I,(0)) € RS, the solution of the model 6
(Sn(t), Si(t), In(t), I;(t), Rp(t), Ri(t), Sy(t), I,(t)) cannot outflow from the hyperplanes S;, = 0,5, =
0,I, = 0,1, = 0,R, = 0,R, = 0,5, = 0, and I,(0). The hyperplane points towards the non-negative
orthant Ri and therefore, positively invariant set. This is the end of the proof of the Theorem 1. ]
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Lemma 4.2. The closed set

= {(Sh(t),Sl(t),Ih(t),Il(t),Rh(t),Rl(t) : Zp(t)) € Ri D Zp(t) < 1;2}’
h

and
2 Hp
o = {500 1,(0) € R 200) < T }.

It is considered positively invariant with regard to malaria status model (0).

Proof: The total human and vector populations in model (6), with respect to Atangana-Baleanu is given
by:

SEDYZy =TI — i Z3, () < TIG, — b Z,,(t),

)
and  §PDPZ, =T — pb Z,(t) < T — pb 2, (¢),
Utilizing the concept of Laplace Transform, the equation (9) is organised as:
B(p) (1—p)II, )
Zn(t) < ( Zn(0) + BtP
O = Bo+a-pg O Boy - pag ) B )
IT) (p)
+ £ E 76 tp )
AB(p) ¥ (1 — p)MZ p,p+1 ( 0 )
(10)
B(p) (1 —p)Ip )
Z,(t) < Z,(0) + v E, 1 (—ptP
(0 <mm+u—m%*() B(p) + (1 — p)uy p1 (Z5F)
115 (p)
+ v tP
Bl + (1 -y vt O
_ [,P B (o . .
where 3y = ,B1 = and FE, s, constitutes the two Mittag-Leffler(ML)

. B(p) + (1 —p)uy B(p) + (1 —p)uy . . .
function parameters. Considering the fact that ML function has an asymptotic characteristic and given by:

A ok
—1-— b7
By (@) = = 3 s o ([ 717) (Il = 00, 57 <Jarg(w)| < 7))
k

.. . . j1Es b .

it is recognizable to appreciate that Z; < —[ﬁb and Z, < — as t— oo respectively. Hence, the complete
My, Hy

solutions of the malaria status class model (6), initial conditions which are in ®; and &, respectively

remain in ®; and ®; whenever ¢ > 0. Therefore, ®; and &, are considered positively invariant in the

region with regard to system (6). u

4.2. Existence and Uniqueness of the Solution with AB operator

This section examines the existence and uniqueness of the solution connected with ML function malaria
status model (6). To begin with, the system equation model (6) is reorganised we as:

SBDPu(t) = J(u(t)), 0<t<T < o0,
(12)
U(O) = Uo,
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where u represents the state vector expressed as u = (Sp, Si, In, I;, Ry, Ry, Sy, I,), J depicts an actual-
valued continuous vector function given by:

J1 WPITY — aP B Sp1, 4+ VP Ry, + 67S; — (phy + 67)Sh,
J2 (1 — WP — BPST, + 0P Ry + 62 Sy, — (uf + 6F)Sy,
J3 aP By Sy, — (ph + 0P + nP) Iy,
J4 Br STy — (uy, + 7)1,
T=1 5 | 7| o1 — (2 +v7)R, (13)
I VI — (i, + o) Ry,
Jz 5 — Rl + ¢PIn) Sy — ph Sy,
Js B+ ¢P11) Sy — ph 1,

and ug stands for the initial state vector used in the malaria model (6). By the fact that J constitutes a quadratic
vector function, it accomplishes the Lipschitz condition. Hence, there exist a constant () in a manner that

17 (u(t)) = J(w(E) < @ [lu(t) —v@)]- (14)
It is interesting to note that the existence and uniqueness of solutions models using AB operator has been

investigated by several authors[!13], [14]. The following theorem will be used theoretically to examine the
existence and uniqueness of solution of the malaria status model with ML function.

Theorem 4.3. (Existence and uniqueness). The fractional-order derivative malaria status model (12) pos-
sesses a distinctive solution whenever the following condition exists:

l—p p
Q + QI? < 1. (15)
AB(p) ©  AB(p)L'(p)
Proof: Making use of the AB fractional integral operator (5), the following is obtained:
t
() = uo + ~—L J(u(t)) + —L— / (t—w)P~ 1 J (u(w))deo. (16)
AB(p) AB(p)T(p) J

It is assumed that F' = (0,7) and G : E(G, R®) — E(G, R®) operator is defined as:

¢
Hult) = o + G 0) + s [ (== (). (7)
The equation (16) is arranged as follows: ’
u(t) = J(u(t)). (18)
Let ||.||; symbolise the supremum norm on G, i.e.,
lu®)lle = sup lu®)ll,  ult) € E(G, R®). (19)

Then E(G, R®) with |||, represents, a Banach space. Furthermore, it is simply demonstrated that

/Ktw w)dw|| < T|K(tw)g lut)lle, (20)

G
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where u(t) € E(G, R®), K(t,w) € E(G? R) and
1K (t. @), swp [K(t,w), |K(t,w)eE(G*R). @1
t,weqG

Making use of the definition of operator J given in equation (17), and in addition to equations (14) and (20),
the following is arrived at:

1-p p »
[J(u(t) = J(w®)le < AB(p) [ (u(t)) = J(v(@®))ll¢ + WT 1G(u(w)) = G(v(@))ll¢

(22)
I-p P
< Q+ QT? ) u(t) — J(v(t)] -
(5072 T &) 1) - 0l
Thus, one obtains
[T (u(t)) = J ()l < @ llult) —v(®)lg (23)
—-Pp p .. . . .
where L = Q+ QTP. If condition (15) is fulfilled, the operator J will be considered to
AB(p) * " AB(p)T(p) i
be contraction on E(G?, R). Hence, as a result of Banach fixed point theorem, model system (12) possesses
a distinctive solution. []

4.3. Existence and Uniqueness of Solutions with Stochastic Component

In this section, the existence and uniqueness solution of malaria status model with the stochastic component
(24) is examined. Diseases such as malaria has dynamics very difficult to predict in a deterministic manner.
The infection rate can change any time and therefore the fluctuation as an aspect ought be accounted for
in modelling malaria transmission. It is against this principle that model is examined with a stochastic
component. The equation is therefore reformulated to include the stochastic compartment as follows:

8BDES,(t) = (WPTIY — aPBPSyI, + VP Ry, + 6F'Sy — (ub + 68)Sh) dt + by Sy (t)dFy (1),
0PDES(t) = (1 —w)I) = BPS, + 0P Ry + 67 Sn — (uh + 67)S1) dit + ba Sy (£)dFa(t),
SBDPLL (1) = (aPBPShI, — (1L + 67 + nP)T) dt + bs T, (t)dFs(t),

GEDIL() = (BPST, — (1 +4P) 1) dt + bal,(t)dFu(t),

(24)

SBDYRL(t) = (0P1 — (1h + vP)Ry) dt + bs Ry, (t)dFs(t),

SEDIRI(t) = ("L — (i + oP)Ry) dt + b Ry(t)dFs(t),

0PDYS, () = (1 = BE(I + ¢P 1) Sy — by dt + b7 S, (£)dFy (t), 25)
0PDEL(t) = (BE(Li+ ¢P1n)Sy — pbly) dt + bsl,(t)dFi(t).

where F;(t), : = 1,2,3,4,5,6,7,8 depicts the standard Brownian motion and b; = 1,2,3,4,5,6,7,8 is the
stochastic constants.

Theorem 4.4. Let consider that there exist a certain positive constants q, q such that:

G Vve{l,..,8

T, 8) = T ) < qlu— 1.
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|J (u,t)]? < g1+ |uf?).
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Proof: The proof begins by examining the function Ji (¢, Sp, Si, In, I;, Rn, Ri, Sy, I,). In this regard,
the first condition is worked out as follows:

[1(Shst) = Ji(S5, 1)

| Jo(S1,t) — Ja(Sf, t)]?

|\ Js (I, t) — J3 (I, 1)

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IA

|—a?BPL,(Sh — S) — (ub + 62)(Sn — Sp)I?
|—(aPBPL, + (1 + 80)) (S — i),

{2(aP)2(B7)2| 1) + 2(uly + 08)%} |Sn — Sy,
(26)

{2@”)2(5{’)2 Sup |L,|? +2(uf) + 55)2} 1Sh = SiI?,
0<t<T
{202 (BT )12 + 2(f, + 07)%} 1S — S|,

@ |Sh— Si? .

|~BPLL(S1 = S§) = (uh + 67) (St — SP)I7,

|—(BP L, + (1 +67))(S — S7)I7,

{28021 + 20 +67)°} 150 = 871
27)

0<t<T

{2(5?)2 Sup |L,|* + 2(s} +6f’)2} S0 — SPP,
{2802 IIL 1% + 2(uf, + 67)*} 1S = Si |,

¢ |5 = Si[7

|~y + 6 +7) (In — L)

(ul + 07 +0P)? (I, — I7) 2

(U + 07 +0P)? + 1) |(In — 131,

qs |Ih_I;:‘2'
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| Ja(Ly, t) — Ja(I] 1)

| J5(Rn, t) — J5(Rj, t)]?

| Jo(Ri,t) — Jo(R}, 1)

| 7(S0,8) = J7 (S5, 1)

‘JS(Ivat) - JS(IZCat)

2

IN IN IA

IN

IN A

2

g7 |8y — il

The second condition is examined as follows:

Bonyah, E.

IN

IN

IN

AN

IN

IN

IN

IN

IN

|—(uB) (I, — I})?,
((uB)? +15)? |L, — I, (32)
|2

|~ (i +P) (L — 1),
(1 + P2 (L — 1),

(28)
((h +7)? + 1) [(In — I}) I,

qa|In — I |?

|—(ub + vP)(Ry, — R,
(1l + vP)? (R, — R},

(29)
(1 + )%+ 13) [(R, — R},

s |Rn — RLJ” .

|—(uf, + 0?) (R = )|,
(1 + ") [(Be = BRI,

(30)
(s, +07)? + 1a) [(By = B,

g6 |Ri — Ry

|—=BE(I + ¢P 1) (Sy — S5) — 1B(Sy — SE)I7,
|—(B2L, + BEQP I + p2)(Sy — S92,

{3(80)% |]* +3(80)%(¢P)* |In* + 3(18)2} |S, — Sif, 31)

3(85)% Sup |L|* +3(85)*(¢")* Sup [I* + 3(#5)2} 1S, — S3l,
0<t<T

0<t<T

{3(89)2 |12 + 3(80)2(¢P)? || Tnl|% + 3(u2)?}S: — S7 I,
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with respect to the condition

| Ja(Si, )]

such that

IN

IN

IA

IA

IN

IN

IN

IN

IN

IN
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WPTIE — aP 3PSy I, + vRy + 67S; — (b + 62) S|,

(5(wP)*(TI})? + 5(a”)*(BF)[Sul? | 1o]* + 5(v7) | Rul* + 5(57)?ISi[* + 5(up, + 07)%ISk?) ,

5 <(w”)2(H’ZL)2 + (a2 (B))?|Snl® Sup [I,|*+ (VP)* Sup [Ru|*+(67)* Sup |Si|*+ (ufy +5£)2|Shl2> :
0<t<T 0<t<T 0<t<T

5 (W) (T})? + (a”)*(B7)7 Sk l* ILul[2 + (7)1 Rnll3 + (07)* ISi1% + (uh + 67)2[Snl?) . (33)
5 ((w")?(I5)* + (W) [|Ral3 + (67)* 1Su]130) *

(@)2(B0)? 1ol5 + (ip)* + (GR)*)")* o 12
(1 PR + 07 Rl + D) 1S " ) ’

q (1 + ‘Sh|2) .

(@”)*(B7)? 11Holl36 + ((17)? + (6)%)?

<L
(wP)2(I13,)? 4+ (v2)2 || Ra I3 + (07)2 11522

2

)

|(1 = wP)IT} — BPSiI, + o Ry + 67.5), — (ul, + 67p) S
(5(1 —wP)*(I5)? + 5(8))|Si1?| Lo |? + 5(0®)?[Ril* + 5(87)|Sn|? + 5((u})* + (67)%)*[S1])
5(1 —wP)*(I5)* +5(87)? |Si]* Sup |L|* +5(0”)* Sup |Ri|* +

0<t<T 0<t<T

5(65)% Sup [Shl* +5((up,)? + ()%,
0<t<T
(34)

5(1 — (W)*)* () +5(87)% |Si* [1L]1% + 5(e®)? |1 R[5 +5(57)* [1Sall3 +

5((k3)* +5(57))% 1517,

5((1—wP)?(I})? + (07)? [[Rall3 + (57)% 11Sn][3) x

(B7)? 11T 136 + ((up)? + (67)%)? 2
(1 T A @R + (07 1R + G2 TSl > ’
o (1 + |Sl‘2) .

(BD)? 11u]% + ((up)? + (87)*)° <1

— (wP)?)?(T5)% + (07) || Rul 2, + (93)7 [1Sn]13)

s, O = (@B Suly = (ufy + 0" + ) Inl”, (35)

< (22 (B))?ISn P ?) + 2(()? + (07)% + (1")*)? I ?) |
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< (2022 IShP o ?) 4+ 2((1h) + (07)% + (nP)?)?1n]?)
< 2<(ap)2(ﬁf)2 Sup |Su|* Sup Iv|2+((u§)2+(9p)2+(77”)2)2Ih|2>,
0<t<T 0<t<T
(36)
< 2((@)?(B)) 1SnllZ 1ol + (uy + 67 +07)? 1)),
b+ 0P+ nP)?
<2ap2”53011,§0<1+ (u 12),
> (( )(ﬂl) |[Shll5 1] ) (ap)Q(ﬁlp)Q ||Sh||c2>o ||IU||C2>0| nl
< q3 (1 + |Ih|2) -
o - (up, + 67 4+ 1P)?
in line with the condition < 1.
(@)2(B7)2 1Snll% o] [%
[Ja(I, O1F = (8PS = (i, +AP) 0,
< (20021512 [?) + 2(uh +47)2 0%
< 2((55’)2 Sup |Si> Sup Ivl2+(u§+7p)2llzl2>,
0<t<T 0<t<T
37
< 2((BD)2 ISil1Z 1oll2 + (upy + 67 +1P)*|LJ%)
(N1;71+’7p)2 2
S 2(6p2|5l§o Ivgo (1+ Il 5
(IS ) (2 G e
< (1 + |Il|2) .
: . (pp, +7)?
in the condition that < 1.
B NS %6 [11o]1%
s (Ru, t)]* = (671 — (i +v7) R |*,
< (2007 I + 2(u, + v7)?|Ral),
< 2((9”)2 Sup Ifh|2+(ui+vp)2|Rh2>,
0<t<T
(38)
< 2((07)? |nll2 + (up, +v°)*|Raf?),
P D)2
< Y2 2 (py, +vP) 2
< 2(EP Il (1 g T R
< g5 (1+|Ih‘2).
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. . (ph + vP)?
in the condition that —2%*——-— < 1
(07)2 |[1n]2
Js(Ri,t)* = |(VIF — (1 + o”)Ri|?,
< (20201 + 2(up, + oP)?|Ril?),
< 2QWFSWIM“H%+¢VWﬂ>
0<t<T
(39)
< 2(()? LI + (uh +0P)? | Rif?)
(p + ")
§27p21;+<1+h ,
(O )+ {1+ G i
< g (L+0%).
(i, +0P)?
such that —%——"— < 1.
(v2)% (14l 13
|J7(So, )° = |TI% — BE(L, + ¢P1n) S, — phSu|?
< (4B + 4B L2180 [* + 4(8P)2 (BD)? | Tnl?[Sul? + (12)?]Su]?)
< 4<(H2)2+(65)2 Sup |I%|S,[* + (¢7)*(8%)* Sup IIh|2|5v2+(u€)2|Svl2>,
0<t<T 0<t<T
< A + (B2 Sul* + (87)2 (B2 In] 26 1Su]® + (12)?1S0]%) (40)
D)2 2 D\2 [ 3D)2 2 P\2
< a2 (1 s GG + @RGP+ 68 g 2\
(I15)?
< g (1+1S.%).

(B9)% 11136 + (&%) (B[ InlI3e + (1)
(IT)?

in a manner that < 1.

| Js (Lo, t)]? |BP(I + 6P 11) Sy — 21, )7,

IA

(3B 11?180 |* + 3(B5)* (672 [ Inl* 1Su]* + (uB)?|Lu?) ,

< 3((&’})2 Sup |I]* Sup [S,[* + (82)%(¢7)* Sup [In|* Sup Sv|2+(u€)2|1vl2>,
0<t<T 0<t<T 0<t<T 0<t<T

IN

3 ((BD2IILIZN1Su 13 + (BE)*(67)?| 36150150 + (45)?11u17)
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< B((B2ILNZNSul1% + (B9 (67)?[ | In] 121101 1%) (41)
<1+ (:U’g)Q |I |2>
(BO2I1Z 18112 + (B9)2(6P) 2 In] 21180112 )7
< 3(BLEMNS 12 + (B (¢7)? Tl 1% 1150 13) x
<1_|_ (ﬂ€)2 |I |2>
(BO2 L2 11Sul1% + (B8)2 (9P )2 Inl 2150112, )7
< Qg (1 + |I'u‘2) .
(1h)?
such that < 1.
(BENLNZ Sl + (82)26% | a2 115012
Hence

3
[71(t,Sn) = At Si)IP < SbilSh = Shl* <@l S — Sil?,

* 3 * — *
12t 80) = Lo, ST < 5310 = ST* <@l St — S
* 3 * — *
st In) = Js(t )P < SH3In — I < @slTn — TG,
* 3 * — *
[Jalt, 1) = Ja(t I <0 UL = TP <@yl = I,
(42)
* 3 * — *
|[J5(t, Rn) — J5(t, Ry)[? < §b§|Rh_Rh|2 < qs| R — Ry,
* 3 * — *
|[Jo(t, Ba) = Ja(t, ROI* < Sbg|R = Ri|* < 76| Ry — Ry |,
* 3 * — *
(1, 80) = T SDIP < SBIS, = i < a1y — S5,
3
[Js(t L) = Js(t, D" < SO8|T, = I < gl — I,

The solution of the malaria model exist and is unique under the condition below

max

(@?)2(B))? Mol 3 + (ph + 03)° (B7)? [Holl3 + (up, +67)?
(wr)2(mp)? + () | Rull3 + (072 [[Sull3. " (1 = wr)2 ()2 + (o) [[RulZ + (67)2 1ISnl[Z)”
(up, + 07 +nP)* (i +9% +p7)?  (up +vP)? (py +07)?
(@P)2(B7)2 [1Shl2e 11Hul3 " (B7)? 11Sul3 [Hull3” (07)% 11nl1% ™ (v7)% 1013
(B2)? |13 + (¢7)2 (D)2 [ nll3 + (1h)* (1)
(I15)? TBE2 LIRS 12 + (B8)%(97)2[1n] 12 1Sul 3

This ends the proof. ]

<1
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4.4. Numerical Solution for Malaria Status Class Stochastic Model

In this section, the malaria status class model is examined numerically: The Newton polynomial numerical
scheme is based on Atangana-Baleanu operator is used to solve malaria status model (24). In order to execute
this, the model in Atangana-Baleanu with stochastic component is considered as follows:

ABDPS,(t) = (wPTIY — aPBPSKI, + VP Ry, + 6F'Sy — (b + 6%)Sk) + by Hi(t, Sp) Fi (1),
ABDPS(t) = ((1 —wP)IL — BPSIT, + 0P Ry + 68Sy — (b + 67)Sy) + ba Ha(t, S) Fa(t),
GPDYLL() = (aPBySuly — (4}, + 607 + nP)11) + baH(t, Sn) F5(t),

SPDIL(t) = (BSily — (uh + ")) + baHa(t) Fy(2), 43)
JPDYR(t) = (6PIn — (uf, + vP)Ru) + bs Hs(t, Sp) F3 (1),

SPDIRi(t) = (WIP = (uf, + 0P)Ry) + b He (t, Sn) Fy (1),

SABDES,(t) = (78— (I + ¢"1n)Sy — 1BSy) + by Hr(t, Su) Fy(t),

ABDEIL(t) = (BO(I + ¢"1n)S,y — pb1,) + bs Hs(t, Sp) F4(t).

For simplification purpose, the system equation (43) is organised as

ABDPS,(t) = Sh(t,Sh,Si, In, Ity R, Ry, S, I,) + biHi(t, Sp) Fi (1),

ABDrS (1) Sy (t, S, Sty In, Ity Ry, Riy Sy, L) + boHa(t, S1) Fa(t),

Z?B.Df[h(t) = Ih (t,Sh,Sl,Ih7Il,Rh7Rl7Sv7]v)+b3H3(t7Sh)Fé(t)7
ABDYL(t) = I (t,Sh. St In, Iy, Ry, Ry, Sy, 1) + by Hy(t) Fi(t),
(44)
fBDth(t) = Rh (t,Sh,Sl,Ih,Il,RhaRthaIv) +bS];]E)(ta Sh)FSI(t)’
(?BDle(t) = Rl (t,Sh,Sl,Ih,Il,Rh,Rl,SU,IU)+b6H6(t,Sh)F6/(t)7
OABDfSU(t) = SU (t,Sh,Sl,lhaIlthaRl7Sv>Iv)b7H7(tvsh)F7/(t)7
SPDIL(t) = Iy (t, Sk, St In, Ity Ry, Ry, Su, 1) + bsHs(t, Sp) Fy(t).

The numerical scheme based on Mittag-Leffter function is obtained as follows:

n 1 —p
Sptt = Ay S o ST ST TR I R BE ST )
p(A)?P n e e e i e
T T D L1 Sy (t. 0. 8972 672 )72 172 RIT2 RIT2 qi—2 [J o
+ AB(p)I'(P+1) ]gz h ( J=2,0 0] Hdp Ay oty iy 05 L ) %
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p(AL)” - o

W;blHl (tj—275h ) (Fi(tj—1) — Fi(tj—2)) x © (45)
p(At)P n b1H1(tj,1,S,j;1)(F1(tj) _ Fl(tj—l))

ABGTw D 2 [ N

Jj=2 —blHl(tj_Q,Si_2)(F1(tj_1) —Fl(tj_2

(46)

biHi(t, S])(Fi(tj—1) — Fi(t;))

3

p(At)?

2AB(p)T(p +3) = —201Hi(tj-1, 8] ) (Fu(ty) — Fa(tj—1)) | x A

-
I|

+biHy (t-, 95 2)(Fi(tj—1) — Fi(tj—2))

AB(p)T'(p +2) “

Jj=

pary o | St ST ST R T R R ST R >
X
2 | = Su(tja, 87 282 172 72 R R S0 1)
Sh(tpsf;,Slj,IZ,I{,Ri,R{7S.7‘ )

v Tv

3

p(At)P i—1 @j—1 1j—1 7j—1 pj—1 pji—-1 qi_ i
_ 28y (ti 1, S8, T R R T, 8 it x A.
2AB(p)T'(p + 3) “ 5 '(J L Zh ! h L h L v o)

j=
j—2 j—2 j—2 j—2 j—2 j—2 - -
+Sh(tj*2»5i 7Slj 7Ilj1, vIlj vRi:, ’R{ vS{; 2715 2)

1—p
AAB(p) l(’rla hoRl s ths 4l s Slhy LY 5 Py u)

p(At)P n o o o o o o o
WZSZ (tj_Q,S}Jl ,Sg ,I;L ,Ilj ,R‘;L ,R{ 755 2,]5 2) x ©
ji=2

AL)P n i—2
AMZ()FM ; boHy (12,80 ) (Fi(tj-1) = Fi(t;-2)) x ©

paty s [ Bt ST (Fa(ty) — Fa(tion) D
AR (1) L 9) X
AB(p)F(w + 2) =2 _b2H2(tj72’ 3572)(F2(tj,1) . Fg(tjfz))

boHs (t5, 5] ) (Fa(tj—1) — Fa(t;))

p(At)? - i

2AB(IT(p+3) & —2boHa(tj-1, 5] )(Fa(ty) — Fa(tj-1)) | XA

+boHy (t5-, 5] ) (Fa(tj—1) — Fa(tj—2))
47)

AB(p)T'(p +2) “

j=2

i1 @i—1 7i—1 1i—1 pi-1 pi-1 qj—1 7j—
o RN

]Xz_

=Sty S ST T R RS ST )
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Sit;, 81,8, 1,1} R}, R}, SI,I)
oAy § i1 @il i1 i1 il piel i1 71
2AB(p)I'(p+3) JZ::Q =25t Sy S, L T R RSN T | XA

j—2 j—2 17—2 7j—2 j—2 j—2 i i
—|—Sl(tj72,SiL 7Slj VI}jL ’Ilj ’Rgz 7R§ ’SlJ) 2"[1]) 2)

1-p
AB(p)

p(At)P n o o o o o o o
WZI}I (tj_Q,S}JL ,Si] ,I}YL ,Ig ,R‘;L ,R{ ,ng 2,]5 2) x ©

Ih (tnasgaslnalﬁ7ll’naRZa i Y n)

lrPvrto

ABp w+1 Zb?,Hg(J 2. 1172) (Fa(tj1) — Falt; ) x ©

b3H3(tj—17I;;_1)(F3(tj) — I3(tj-1))

_ X X
AB I(w + 2) ]:2 —b3H3(tj_o, I} *)(Fs(tj—1) — F3(tj—2))
(48)
bsHs(t;, I])(F3(tj—1) — Fs(t;))
At)P - i1
2143}(););()19% D | —2bsHa(tyo1, I (F(ty) — Fa(t;1)) | x A

Jj=2 .
+b3Hs(t;—o2, Iffz)(F?:(tj—l) — F3(tj-2))

j— j—1 j—1 j—1 j—1 —1 i i
Ih(tj,thL 17513 ’Ii]L 7Ilj 7R.ZL ’R{ »Szj; 1715 1)

>

n
ABP P+2F2 CIn(ty_0,SI 2, S92 [ 2 RIV2 RIVY, 502, [i-2)

In(t;, S5, 8], 1, 1] R}, R, S1,T)
p(At)? - o
2AB(DT (1 + 3) E oI (t; 1,8 8yt P RITY RITH Si—l il “ AL
2AB(p)I'(p+3) = n(ti-1, S, S W Iy L Ry Ry ST )

FI(tj—2, 872,872 72 72 R R) 2,802 172)

v

1—p

7Il tn,Sn,S I alna n na 177 ;L

AB(p) ( h l l l )
p(AL)

ZIZ (5208072 802 72 2 B RS2 X ©

ABp w+1 Zb4H4(J 21 >(F4(7 1) = Fulty-2) < ©

b4H4(tjflez‘_1)(F4(tj) — Fu(tj-1))

AB erQZ i X2

i=2 | —byHy(tj—o, I} 7?)(F5(tj—1) — Fu(tj—2))
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baHu(t;, Ilj)(F4(tj,1) — Fy(t5))

At)P ~ 4
+ 2’43};’5);()])4'3)]22 —2b4H4(tj_1,IlJ_1)(F4(tj) — Fy(tj—1)) x A (49)

by Hy(tj—o, I %) (Fa(tj—1) — Fu(tj—2))

j—1 j—1 j—1 j—1 j—1 j—1 i i
p(anr | Bl ST ST LT T R R ST

TR T x>
ABOITW +2) 55 | g1,y 5972, 8972, 12, =2, RI-2, RI~?, 592, 1j2)

I(t;,8),8], 1., I R}, R}, S, I})

p(At)P

T ABMIT(p+3) 4

n
20ty SN LT R RS | XA

j=2

+I(tj—, 8] 82 72 )2 R ORI ST 10 2)

v Pt}

n 1_p n Qn In yn pPn PR Qn n
Rh+1 = mRh(thhvslelelv hs lvsvvjv)

(At)P S i—2 @i=2 -2 15-2 pi-2 pi-2 ai-2 rj—
ABrp D) 2o (e S ST B R R SR ) <6
=2

p(At)P - i
+ W;lﬁﬂé (tj—Q,Rh ) (F5(tj_1) — F5(tj—2)) x O

p(AL)P n [ bsHs(ti1, R (Fs(t5) = Fs(tj-1))

4+ Z X 2
AB(p)T 2 .
(P)T(w +2) 7= ~bsHy(tj—2, R) ) (F5(tj—1) — F5(tj—2))
(50
bsHs(tj, R})(F5(tj—1) — F5(t;))
oA § j—1
+ 2AB(p)F(p+3) = 72b5H5(tj—17Rh )(F5(t]) 7F5(t_7—1)) X A
+bs H (tj—2, R %) (F5(tj—1) — F5(t;—2))

L sy g [ M S E S R )
_—————— X
AB(p)F(p + 2> Jj=2 _Rh(tj*% Sier Sljiz’ I}];2’ Ilji2’ R{;Q» R{727 55727 -[372)

Ru(t;, S5, 81, 1, I R}, R}, ], I})
At)P n ) ) ) ) , ) ) )
+ p(At) —2Ry(tj—1, 8 N8 T T R R ST Y | x A

2AB(p)T'(p +3) =

-
I|

+RA(t—2, 8,0 S I R R ST 1)
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1
P R (tnvshvsl ’Il ’Il 7Rh’Rl 7517;’[17)
AB(p)
_plAyr

AB(p)T( ZRl (5208072 802 72 2 B RS x ©

p(AL)? i
W j;bGHG (tj—2,Rh 2) (Fs(tj—1) — Fs(tj—2)) x ©
S CUL o b Ho(tj—1, B] ") (Fo(t;) — Fs(t;—1)) -
AB(p)F(’lU + 2) =2 7b6H6(tj—2,Riiz)(Fﬁ(tj_l) . Fﬁ(tj_Q))
. (51
beHe(t;, R} )(Fe(tj—1) — Fs(t;))

—)p+3 ST —2b6Hs(t;—1, BRI (Fo(ty) — Fs(t;—1)) | x A

p(At
2AB(p)I'(p

j=2
+56H6(tj—2,Rf_2)(F6(tj—1) — Fs(tj—2))

j—1 j—1 j—1 j—1 —1 ) —1 i— i
Ry(ty—1, Sy 08 L0 Ry R ST Y

ABp p—|—2 jz:;

-

—Rl(tj72, Si_27 Slj_za 1]2_27 I[j_27 R;L_Qa R{_Qa S:Z_27 I"Z_Q)

Ri(ty, S}, 8] 1. 1], R}, R, S, 1))
L Y j—1 ci—1 7i—1 7i—1 pi—1 pi-1 gj—1 rj—1
2AB(p)T(p +3) —ahull A.
2AB(p)F(p+3)jz:; 2Ry (tj—1, S5, S, I I R, R, ST I | x

+R(tj—2,8, 72,872 72 [/ R/ R} 7%,8172,1]7?)
;psv(tnvsl?,szl,_[;;,[f, Z, Sn In)

vV

At)P n . . . . . . . .
__par S8 (t-20SE ST R R ST O

brHy (tj—2,572) (Fr(tj—1) — Fr(tj—2)) x ©
2

p(AL)? E”: [ brHr(tj—1, S371) (Fr(ty) — Fr(tj-1)) ] .
_ X
~br Hy(tj—2, 83 72)(Fr(tj-1) — Fr(tj-2))

(52)
brHr(tj, S)(Fr(tj—1) — Fr(t;))

—2b7Hy(tj—1, 8] 1) (Fr(t;) — Fr(tj—1)) | x A

b7 Hr(tj—2, 557 2)(Fr(tj—1) — Fr(tj—2))

p(At)” -

n [Sv(tjhb“i;%slj1715;1715171%?;171%?1753—1,15-% ] >
X
=2 | —S,(tj_2, 8728/ 2 72 )72 RI7* RIT? SI72, 1J72)

J » Mo y fo
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AB(p)I'(p +2) “

2AB(p)T'(p+3
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Sy (tj, S, 8], I}, I R. R, SI, I})

p(At)P n j—1 ci—1 i1 7i—1 pi—1 pi—1 aj—1 rj—1
_ , A
2AB(p)T'(p+3) = 28, (tj—1, 8, S, L )T Ry RSN | X
+Su(tj—2, Sy 2 S T I I T R R SR L)
l-p

Iv (tnys}?aS?aI;LI?IZn7RZ’R?’Sn

1)’1’;’}1)
AP n o o o . . ) )
__PADT s (t520 8072802 2 2 B R, 8172172 x ©

bg Hg (tj,Q,Ij_Q) (Fg(tj,ﬁ — Fg(tjfg)) x O
2

T [ by (11, T~ ) (Fs(ty) — Fi(ty 1)) ] N

AB(p)F(’lU + 2) j=2 7b8H8(tj_2,1572)(F8(tj_1) . Fg(tj_g))
(53)
bsHs(t;, I])(Fs(t;—1) — Fs(t;))
p(At)P . i
2AB(p)T(p +3) = —2bgHg(t; 1, 137 1) (Fs(t;) — Fs(t;1) | x A

+bsHg(tj—2, I372)(Fs(tj—1) — Fs(tj—2))

par [ B ST STL LT R R ST 2
X
=2 | = Io(ty2, 8,72 8] B T R RS )

L(t;, S}, 5]. 1.1} R}, R} S}, If)
n i—1 qj—1 7i—1 75—1 pj—1 pji—-1 gj— i
p(At)” )Z =20, (t; 1, S, ST T T R RSN | A

—~ L
! 1yt o, 8072 S92 72 72 RIT2 RIT2 072 [12)

© = [(n=j+1)"—=(n-4)"],

T (n—j+ 1) —=(n—j+342w)

L —(n—5)*(n—7+3+3w)

[ . w | 2(n—5)2+ (Bw+10)(n —j
(n=j+1) {Jr(QwZi)QwiH ! J)]

A 2(n =92+ (bw+10)(n—j
~(n=J) { +(6w21)18w(+ 12 o= ]
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5. SIMULATION

This section of the work concentrates on the numerical simulation results using a step size of A = 0.0001.
The numerical scheme employed was based on Newton polynomial as in [16]. Some of the parameter values
utilised in this work were found in [26] as §; = 0.010, II;, = 0.027, 8, = 0.072, pp = 0.0004, u, = 0.04,
I, =0.13, § = 0.611, n = 0.05, v = 0.4531, and the rest were adopted from the original model w = 0.46
op = 0.065, §; = 0.55, 0 = 0.25, v = 0.88, a = 0.03, w = 0.2.

Figure 1(a) constitutes the susceptible individuals with high status (S}) and as the fractional-order derivative
increases from 0.65 towards the integer order, the number of individuals in the class minimises considerably.
This is more common to most of the epidemiological models because, the more susceptible individuals (S})
get infected such persons reduce in the community. In Figure 1(b) is the susceptible low status individuals
S;(t) and the number of individuals getting reduced as the fractional order derivative moves towards the
integer order. Figure 1(c) shows the infectious high status individuals I} (¢) and the number of individuals
in the compartment appreciate as the fractional order derivative move towards the integer order. Figure 1(d)
depicts the infectious low status individuals and the number rises as the fractional order derivative gets closer
towards the integer order perspective.
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Figure 1: Numerical simulation results of model (6) based on AB operator order derivative for five arbitrary values of
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the order p and stochastic constants b; = 0.2,0.25,0.4,0.5,0.7,0.75,0.8,0.85.
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Figure 2(a) depicts recovered high status individuals Rj,(¢) and the number of individuals initially increased
within the first 3 days. The ensuing days, as the fractional order derivative appreciates towards the integer
order, the recovered individuals reduce for the rest of the 17 days. Figure 2(b), is the recovered low status
individuals R; and for the first three days the recovered individuals increased. For the rest of the 17 days,
the number of recovered low status individuals reduced as the fractional order derivative gets closer to the
integer order. Figure 2(c) depicts the number of susceptible vectors (S,,) and it reduces as the fractional order
derivative appreciates towards the integer order. Thus, this is typically associated with epidemiological models.
Figure 2(d) depicts the number of infected vectors (I,) and as the fractional order derivative appreciates
towards the integer order the infectious vector population increases in the community.
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Figure 2: Numerical simulation results of model (6) based on AB operator order derivative for five arbitrary values of
the order p and stochastic constants b, = 0.2,0.25,0.4,0.5,0.7,0.75,0.8,0.85.

This study tries to compare the numerical simulation results of the adopted malaria model and this
fractionalised model. The numerical simulation results of the model depicts the randomness which indicates
the fluctuations in each compartments. This randomness is in line with Din et al., [17] in their dengue fever
model. The integer order models as in [25] show a linear relationship with time domain. The randomness
in reality shows how changes in the dynamics in epidemiology occurs. The high and low malaria status
numerical simulation result presented in [25] indicate that the infection reduces with time however, in this
work, both high and low status individuals increase with time. This supports the concept of memory effect
that provides room for fractional derivative operator ML to thrive. In same manner, the susceptible vector
compartment of the [25] and the current work is in opposite direction. In this work, as the susceptible vectors
decrease, at the same time in their work the number of susceptible vectors increase. This again explains the
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two different concepts of integers and non-integers.

6. CONCLUSION

This studied examined the malaria dynamics with emphasis on status class in the society of a fractionalised
system. The work was solely based on the new operator characterised by non-local and non-singular kernel.
The positivity of the malaria model solution was proven. The existence and uniqueness of solutions had been
studied in both fractional deterministic and stochastic domains. Both results established the existences and
uniqueness of solutions of the status class malaria model. The numerical scheme based on Newton polynomial
was used to present the numerical results to support the analytical results. It was observed that the susceptible
classes decreased with respect to time. The dynamics of malaria status model indicated that the fractional
order derivative had a serious effect on the dynamics of the various compartments. Thus, the variations of
the fractional order derivatives provided the direction of whether or not as the fractional order increases or
reduces directly or indirectly influenced the compartment. It is suggested that fractional derivative based on
Mittag-Leffler function can be utilised in solving other complex models. Generalized Mittag-Leffler function
is non-singular and non-local therefore predicts accurately from the origin which leads to accurate prediction.
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