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Fractional Order Dynamical Behavior of Dengue
Hemorrhagic Fever with Saturation Factor
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Abstract In this study, we propose a modified fractional order derivative in
the scope of Caputo to investigate the dynamics of Dengue fever transmission.
The existence, uniqueness and boundedness of the fractional model were es-
tablished using a fixed-point approach. The stability analysis of the model was
done with respect to the reproduction number which was found to be stable
locally and globally at infection free and endemic state respectively. The frac-
tional order (DHF) model was estimated using the fractional Adams-Bashforth
predictor-corrector technique. Additionally, the numerical validation was done
to ascertain the impact of various parameters on the dynamics as a whole, as
well as the effect of vaccines on the model. The graphical solutions show that
the fractional order («) and vaccinations affect the dynamics of the model
when they are varied within the model. The findings indicate that satura-
tion of infectious individuals in the system helps to flatten out the infection
transmission.
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1. Introduction

The dengue virus is the primary cause of dengue fever, sometimes referred to as a
vector-borne illness. It has flavivirus serotypes, ranging from (DENV 1-4). This
disease poses a threat to the majority of countries worldwide. The Eastern Mediter-
ranean, Americas, Africa, and particularly the Western Pacific and South-East
Asian regions are the areas most severely impacted by dengue fever worldwide.
With thousands of fatalities and over 390 million cases, dengue fever is regarded
as the worst vector-borne disease after malaria [5] [17] [39]. Approximately 100
nations are at risk of contracting dengue fever globally, according to a 2012 es-
timate. The disease is carried by a variety of mosquito species, including Aedes
and particularly Aegypti [25]. In contrast to other dengue fevers, which often pro-
duce only modest morbidity and death, classical dengue fever, also known as break
bone fever, heals its victims in one to two weeks after the fever first arises [13].
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Dengue hemorrhagic fever (DHF) or the shock syndrome (SS) can strike some in-
dividuals [15]. The World Health Organization (WHO) reports a larger number of
(DHF) each year worldwide [37]. The primary method of transmission of the dengue
virus to humans is via the bites of female mosquitoes carrying the virus [9]. There
is currently no known efficient remedy for the dengue virus, with the exception
of fluid substitution therapy, which can be started early. Traditional therapeutic
methods are also possible. [10]. In addition to the lack of therapy for dengue virus
infections, there is currently no effective vaccine available to vaccinate vulnerable
persons. Despite the lack of an efficient dengue virus vaccine on the market, the
WHO recommended some advancement in the field of dengue vaccine development.
Regarding the dengue fever vaccine, a study that was released in 2015 said that
the first vaccine was created in Mexico. [38]. There are several mathematical mod-
els in the research [24], [22] [16], [36], that address the dengue dynamics. The
aforementioned references present several viewpoints on the dengue infection dy-
namics, including dynamic analysis, vaccine, and optimum control analysis. [33]
contains a few recent scientific publications that provided actual data on dengue
infection. In [1], a mathematical framework of an infection with dengue was cre-
ated, addressing the disease using actual data from Pakistan and providing some
practical methods for eradicating mosquito-borne disease. Analysis of the dynamics
of dengue with identical strains and their reinfection has been found in [2]. A basic
discussion of dengue modeling in both deterministic and stochastic approaches is
done in [8]. In [35] a hybrid system for dengue prediction is examined. In [21],
the authors examined the dynamics of dengue disease and its mutual infection with
the Zika virus, demonstrating the protective effects of immunization against dengue
hemorrhagic fever (DHF).

Many academics have used fractional differential equations to demonstrate a
variety of infectious and non-infectious diseases in the modern era [31], [30], [4], [40].
Omame et al. investigated the analytical solution of a fractional order mathematical
framework for a tumor displaying mutations in cells. [37]. The study [28] investigates
bifurcation and optimal control in co-infection scenarios of ZIKA and SARS-CoV-
2. Andrew et al. [29] used a fractional approach to investigate the dynamics of
complex systems. The paper in [28] provides basic rules for modeling complicated
systems, which facilitates the creation of axiomatic methods in the field. Atede
et al. [3] focused on Nigerian actual data as a base of study and investigated a
fractional-order vaccination model for COVID-19 that took ecological propagation
into consideration. Studies of TB in relation to internal reactivated and foreign
re-infection have been conducted using Frégal-order models [7].

1.1. Objective

This work attempts to examine the dynamics and management of dengue hemor-
rhagic fever (DHF) transmission in the population using a fractional-order model
and also attempts to show how the fractional order variable and memory indices
influence the dynamics of the disease.

1.2. Preliminaries and definitions

We include some notations, definitions, and established results that are required for
the sequel. This study uses Liouville-Caputo’s fractional derivative.
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Definition 1.1. Let J be a real function in the range C,,where x € R,t > 0.
There exists n > x, which is Real, then J(t) = t"k(t). [6], [14].

Definition 1.2. [32], [14] The fractional integrating operator of order o > 0 of
the Riemann Liouville for a function J € L!(a,b) is defined as

I¢J(t) = ﬁ / (t — )V J(r)dr, t>0,a>0,

to

where T is the Gamma function and I°J(t) = f(¢).

2. Formulation of model

Fractional order model are used in mathematics to represent the elaborate behaviors
of disease structures, providing a more practical representation than integer models.
This technique expands the capacity of integer-order models and has proven to be
an indispensable tool for infectious disease modeling. Important components such
as past disease status, memory of prior patterns of disease when the fractional
order is less than 1 and variation in genetic profiles are all included in these models.
Furthermore, as opposed to ordinary differential equations, which are bounded by
smaller regions, fractional order derivatives have a global character. The efficiency of
fractional calculus advances as the uniformity of range of the system gets better [18].

Moving forward, In order to illustrate the dynamics of dengue hemorrhagic fever
(DHF) transmission between mosquito and human populations, we build a frac-
tional mathematical model for the disease. The model makes some assumptions;
three mosquito compartments and four human compartments make up our seven
compartmental model, which is equipped with biological parameters. Three classes
comprise the whole mosquito population which are (S,, ) susceptible, Exposed (E,,
) and Infected (I,,). The human population as a whole is split into four classes: Sus-
ceptible (Sp,) ,Exposed (E}), Infected (I5,) and Recovered (Rp,). This is represented
with a schematic flow below.
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Figure 1. The Schematic flow of the proposed model.
The set of fractional differential equations is derived from figure 1:

6Dy SK(t) = Xn — (K1 + pn)Sh + Ry + 71,
6D Ep(t) = K1Sh — (p + pn) En,
6D In(t) = pEp — (pn + 6 + ) 1p,

6DP R (t) = wlp — (pn + o) R, (2.1)
6D S (t) = (Kz + Hm ) Sm,
EDYE,, () = — (m + €) B,

6D Ln(t) = eEy, — (Nm + ) m.

Here, §Dg*(.) with 0 < o < 1, denotes the Caputo Fractional derivative of order o
where K = 1? 7 and Ko = e’"II ; em and ey, are the effective contact rate for
mosquito and human respectlvely an, am, are the saturation factors for human and

mosquito populations.
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Table 1. Description of parameters

Parameters Bioliogical Meaning

Xn Human recruitment rate
K Incidence rate for human
Ko Incidence rate for mosquitoes
o Relapse rate
o Progression rate to infectious class
T Rate of progression to recovered
Xm Mosquito recruitment rate
€ Progression rate to infected mosquito
1) Rate of disease induced death
L Natural death rate for mosquitoes
Lh Natural death rate for human
¥ Transmission rate from I,,, to Sy

3. Qualitative analysis

3.1. Uniqueness and existence of solution of the fractional or-

der model

Initial conditions and integrals are embedded in the fractional model 2.1 to establish

the uniqueness and existence
Sp(t) = Sk(0) + F({l)t{t (t = 1)@= DIXy, — (K1 + pn)Sh + o Ry + v ]dr,
En(t) = Ex(0) + ﬁt (t = )@= D[K1S) — (p + pn) Enldr,
In(t) = 1n(0) + 1“(1a)tj: (t —7) " VpEy — (un + 6 + m)In)dr,
Ri(t) = Ru(0) + F(la)tf: (t — )@= Vrl, — (un + o) Rp)dr,

(t— T)(‘)‘_l)[Xm — (K2 + ftm)Sm)dr,

(t— T)(Oﬁl)[KTS’m — (m +e) By ]dr,

(3.1)



1910 Tjaola. A. L., Nkwuda. F. M., Erinle. L. M. & Ugwunna. C.O.

The fractional model 2.1 can be alternatively given as

¢DS(t) =t Fy (S, By Iy Sy, Eny In, Rist),
EDYER(t) = t* Y Ey (S, By I, Shy En, In, R, 1),
EDTL (1) = t* Y F3(Smy vy Iy Sy By In, Ry t),
EDY Ry (t) = t* Y Ey(Smy By I, Sy Eny In, Ry t), (3.2)
¢DXS,,(t) = t* Y F5(Sm, By Iy Shiy Eny Iny R, t),
DB (t) = t* Y Fs(Sm, Ems I, Shy Eny In, Riy t),
6D (1) = t* Y Fr(Smy Emy I, Shy Eny Iny R, 1),

where
Fiy = Xp, — (K1 + pn)Sh + 0 Ry + 71,

Fy = K15, — (p+ pn)En,

F3 = pEyp — (pin + 0 + )1,

Fy =7y — (up + 0) Ry, (3.3)
Fs = X — (K2 + pm) S

Fs = K2Sp — (i +€) B,

Fr=¢E, — (um + 7).

This can be generalized as; D@ F(t) = t*"1G(t, F(t)), with F(0) = Fp.
Using the last expression we obtain:

ro=h ﬁ [ = ne V6 P,

where F(t) = [Sp(t), Em(t), Im/(t), Sp(t), En(t), In(t), Rn(t)]. Lets us consider a Ba-
nach space of the foorm C = B x B x B x B and L € [0,7] with a norm op-
erator ||F|| = max |Sp,(t) + En(t) + Ln(t) + Su(t) + En(t) + In(t) + Rn(t)| We ob-
serve whether the terms of non-linear fulfill the following conditions:

(B1) : Let Fy € C. There exist L > 0 and R > 0 such that

|G(t, F1(t)| < L|Fi(t)| + R.
(B2) : Let Fy, F5 € C. There exists @ > 0 which is a constant such that

G, Fi(t) — Gt B0 < QF1(t) — Fa(t)] - (3.4)

Considering equation 3.4 we have been able to establish the uniqueness and existence
of the fractional order model 2.1.
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3.2. Positivity and boundedness of the fractional model

To establish the non-negativity of the solution, we assume that the parameters of

the fractional model remain positive.
6D S (t) |5, 0)=0 = X >0,
§DEER(t) | B, (0y=0 = K1Sh > 0,
§DPTn(t) |1, (0)=0 = pER > 0,
6D R (t) | ry (0)=0 = 71 >0, (3.5)
6D Sm(t) |5, (0)=0 = Xm >0,
6DF E (1) ’Em(o)=o = K>S, >0,
6DF Im (t) ‘Im(o):o =ek, > 0.

From equation 3.5 the solution sets of the model remain non-negative (positive).
Theorem 3.1. Fort > 0 the fractional model 2.1 remains bounded.

Proof. Let Np(t) = [Sn(t) + En(t) + In(t) + Rp(t)] which can be expressed as
0D{ Nu(t) = X — pn((Sn(t) + En(t) + In(t) + Ra(t)).
Simplifying further we obtain
SD?Nh(t) = Xh — /LhNh(t>. (36)

Using the approach of integrating factor on equation 3.6 we obtain
X
Ni(t) < 2 4 At (3.7)
K

where A denotes the constant of integration. As t — oo, equation 3.7 becomes

X
Nyu(t) < =2
HKh
Therefore the viable region of the fractional model 2.1 for human class is

Iy = [(Su(t), En(t), In(t), Ru(t)) € Ri s Np(t) < %]

In the same manner we compute for the vector (mosquito) population
X'"L ]
o

Additionally, let [(Sy, (t) + Ep, (t) + I (t) + S (t) + En(t) + I (t) + Ry (t)] be positive
and remain within limit (bounded). Then there exist positive constants Ly, Lo, L3,
L4, L57 L6, L7 such that

1L, = [(Sm(t)vEm(t)aIm(t) € Ri— :0< Nm(t) <

[Sh(®)Il < Ly, [ Ex()]| < Lo, [1n ()] < Ls [Rr(2)]| < La,

[Sm ()] < Ls [[Em )] < Lo, [[Im ()] < L.
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Hence the solution sets of fractional model 2.1 is bounded.
The fractional model 2.1 can be translated into a fixed point example (problem).
Let J: C' — C be given as

t

/ (t — 1) @=VG(r, F(r))dr, (3.8)

0

L L

TED) = Fot g3

provided that the assumptions given above are valid with the mapping G : [0, B]laC —
R Then there exists a solution that satisfies the fractional model 2.1. O
Proof. Let K be bounded in C and let a; > 0. Then there exists |G(r, F(7))] <

ay, for all F € K. We obtain [|J(F)| < Fo + ¢4 maxf t—r)e=Var, |J(F)|| <

Fo+ vy maxf (1—7) " dr and [|J(F)|| < Fy + al)t(”“l)(I)( a). From the last

expression J is bounded umformly Let’s assume that b; < by < B. With this we
obtain [G(F (b)) — G(F(b1))] < b5 (K [F(8)] + L)@ ()bl N
then |G(F(b2)) — G(F(b1))| — 0. Therefore, by the theorem of Arzela-Ascoli J is
continuous. Subsequently the fractional order model 2.1 has at least one solution
by the approach of Schauder’s theorem [14]. O

3.3. Points of equilibrium
Equilibrium point are the steady state solution of fractional model 2.1. Two types
of equilibrium points will be discussed; the absence of infection points and endemic
equilibrium. We solve this by equating the state variables to zero
605 S (t) = §D5 B () = §D5 () = §D5Si (1)
=D En(t) = 6D In(t) = GD7 Rp(t) = 0

which can be alternatively given as:

Xp — (K1 + pn)Sh + o Ry + v, =0,

K1Sp = (p+ pn)Ep =0,

pEn — (pn +0 +m) I =0,

wln, — (up +0)Ry =0, (3.9)

Xm — (KQ —+ ,Ltm)Sm = O7

KQSm - (Mm + E)Em = 0,

el — (Nm + '7)[771 =0.
At the disease free equilibrium point we obtain

X X
= (8% E° I° SQ,EQ,IQ,RQ):(M—,O 0, uh 0,0,0). (3.10)

m? m?rTm?
m

At the endemic equilibrium point we obtain

*
(Snn mv mvS]wEhthaRh)
( Xom KyS* eE* oR;—Xn KiSp pE}; iy )
(

m m

Kotpm)? (pm+e)’ (um+7)’ (Kit+pn)’ (p+un)’ (pr+06+m)7 (un+0o)/*

(3.11)
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3.4. Fundamental reproduction number

The fundamental reproduction number of the fractional model 2.1 is computed using
the next generation matrix technique [11], [23]. The human and mosquito compart-
ments will be done differently. Rg, = A(Mth_l), Rom = A(M,,, V1) where My,
and M, are the matrices of new infection for human and mosquito compartments
respectively, while V}, and V,,, are the matrices of secondary infections in the human
mosquito compartments respectively and A denotes the maximum absolute value
of the matrix.

0 ehS
h =
00
—(p+ 0
Vi — (p+ 1n)
p o —(6+pn+m)
The spectral radius A of MhV,:1 yields
enXnp
Ron = , 3.12
O o+ 1) (8 + pup, + ) (3.12)
0e,S
Mm =
0 0
V. — —(e+um) O
€ —lm,
The spectral radius A of M,,V,*
emXmée
Rop = ——F——. 3.13
0 ,U%n(&‘ + ,um) ( )

3.5. Stability analysis
The stability Analysis will be established at infection-free and at endemic equilibra.

Theorem 3.2. If Ry, < 1 and Ry, < 1, then the fractional order model 2.1 is
asymptotically stable locally at infection free equilibrium.

Proof. Let
Hy = Xy, — (K1 + pn)Sh + o Ry + vI oy,

Hy = K1Sp, — (p+ pn) En,

Hz = pEyp — (pup + 0+ m)1Ip,

Hy=mly — (un + o) Ry, (3.14)
Hs = Xy — (K2 + fim) S,

Hs = K28, — (i + €) En,

H; =eEy — (pm + 7).
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Using the Jacobian function we have:

JO(Sh7Eh) Ithha STV‘HEWM I’m):

—ln 0 ensS o 0 0 y
Ky —(p+pn) ensS 0 0 0
0 p —(pp +0+m) 0 0 0 0
Jo=1 0 0 m —(un+0o) 0 0 0
0 0 0 0 — b 0 emS
0 0 0 0 0 —(tm+e) emS
0 0 0 0 0 0 —(pm+7) ]

(3.15)
Steadily solving equation 3.15 we obtain the following;

)\1:_Mh,)\QZ_(ﬂ+U>7)\3:_(,U/m)7)\4:_(p+/j/h)a

Xs = —((kn + 6 + 1) + SEEELS) N = — (up + 6 +7)

and Ay = —((m) + 2 Tnsy).

From A5 and A7 we can easily establish that Rgp, < 1 and Rg,, < 1. A5 =

—((pp + 0+ 7) + %) can be re-written as

pXnep

As=—(up+d+m)(1—
° (b ™ (pn =+ 6 +m)(pn + p)pn

) < —(pn +6+m) (1= Rop).

(3.16)
Subsequently from equation 3.16 we can deduce that Ry, < 1. With the same
approach, using A7 = —((um) + %) we have
eXne
Ar == (m) (1 = —5———"=) < — (ttm) (1 = Rom)- (3.17)
117 (i + 6)) (
Similarly from equation 3.17, Ry,, < 1, which completes the proof. O

Next we establish the stability of the endemic equilibrium point (EE) globally.

Theorem 3.3. If Ry;, > 1 and Ry, > 1, then the fractional order 2.1 is globally
asymptotically stable at (EE).

Proof. According to Lasalle”s principle [19], we develop the Lyapunov function
which is given below

L(Sma E77L7Im7 Sh7Eha Iha Rh)

S .. E w1 o R
=[Sn = S5 g + [Bn — Ej(n 20)] + (I = I (0 7)) + [Ba — Ry (ln 0]
h h h h
+ [Sm - Sm(ln g)] + [Em - E’m(ln E';kn )] + +[Im - Im(ln I;;,L )]
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Differentiating equation 3.18 along the solution part of model 2.1 we obtain

- = 1 — 7h c «Q 1 _ h\c « 1 _ 7h c aI
dt ( Sh>0Dt Sh(t) + ( Eh)th Eh(t) + ( T, )th h(t)
R S*
+ (1= Z2)DY Ry () + (1 — Z2)§ D S, (t) (3.19)
Ry, Son
E:ﬂ C « I;’;l (& (6%
+ (1 — 5 >0Dt Em(t) + (1 — I—)th Im(t).

Replacing §D5 S5 (1), §D§ En(t), § D2 1 (), § Df Ra(t). § D§ Sy (1), § DF B (1), § D5 Tn ()}
in equation 3.19 we obtain

dL Sy

dt =(1- ?)[Xh — (K1 + pn)Sh + o Ry, + vIp)
h
(1= LS = (0 ) Bl + (1= D)o — (un + 6+ )]
: ! (3.20)
+(1- g:)[ﬂh — (un +0)Ry] + (1 — Sm)[Xm — (K2 + fim) Sm]
+(1— g’tl)[l(zsm — (ftm + &) Em] + (1 = %)[EEm = (pm + 7))

For Sy, = iy, Bm = By Iy = 15y, S = St I, = I, Ry, = R}, we obtain 92 = (.

Hence the fractional order model 2.1 equipped with positive starting points, Sj, =
E,=1,=R;, =S, =FE,, =1, >0 are found in

X, X
H:{Sm7EmaImashaEh7[h7RhERZ_;OSNmS L;OSNhS h}~
12 Kn

m

As the system approaches the endemic equilibrium point Px, it suffices that Psx is
GAS. This completes the proof. O

3.6. Numerical solution for model 2.1 in the sense of Caputo
operator

We apply the Caputo fractional operator to study the dynamics of the fractional-
order model 2.1. The proposed nonlinear fractional-order system’s numerical sim-
ulation is provided by the Adams-type estimator-corrector approach [10]. We con-
sider the following Cauchy-type with respect to the order o Caputo operator.

oDi'x(t) = O(t, x (1)),

xX"(0) = x¢,
0<a<l1l, 0<t<f, where k=0,1,2...n—1.
The above system can be transformed into Voltera equation of the form

n—1 . e 1 t ot
W0 = X5+ s [ = )ar (3.21)

k=0 to
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This estimated corrector method is proposed with respect to algorithm of Adams
bashforth-Moulten for us to achieve numerical values, taking the step size to be
b= %, t; = ih wherei = 0.1.2...N € Z*, and X; ~ X (t;), which can be discretized
using the corrector formular [23].

n—1 o 2
Sh(n+1) = Z Sézh) tnﬁl + F(a+2) Z ( 4 n+1)[Xh — (Kl + ,uh)Shz + O'Rm + ’}/Imz]

+ p(a+2) Z (Mys1,040) [Xn— (K1 +pn) Shin oy FoREE Ly I )],

n
Ennt1) = z BG4 go (M; 1) [K1Shi = (p + 1) Eni]

+ I( a+2) Z (Mpg1,n4+1) [FG n+1) —(p+ Nh)E}I:(ZJrU]?

t 1 o
Inni) = zﬂ"; +F(§+g)z< M) [pEni = (s + 8 + ) I

+ I( a+2) Z (My41 n+1)[th(n+1) (ftn +6 + ) h(n+1)]

h(n+1) Z R "fl ( 2) Z% (M; pt1)[mIni — (pn + ) Rhi

+ r(a+2) Z (M n+1, n+1)[ I}f(i+1) (1n + U)Rh(n+1)]

m (n+1) Z Sézm ’LZTI a_;,_g 2%)( 7 n+1)[X (K2 + .Um)sz]

+ 1“(2712) 1;) (Mn+1,n+1)[Xm - (K2 + ﬂm)San_H)]a

tn
Em(7L+1) = Z E(();)«L ;rrl + F(a+2) Z ( i n+1)[KQsz - (,Um + 5)Emi]

i=0

+ I( a+2) Z (M1 n+1)[K2Sm (n+1) — (pm + 5)E£{n+1)]a

n

£ o
m(n+1 Z IOn)z "{T + F(2+2 0( i n+1)[ Eri — (pm +7)Imi]

+ I( a+2) Z ( n+1 n+1)[5E£(n+1) - (Mm + V)I,if;ﬂ)l

(3.22)
n®* —(n—a)(n+1)%,
Mipn1 =< (n—i+2)2 + (n —d)ot (3.23)
1.

The next stage is to create the concurrence predictor formula , the predictor formula
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which can be given as Xn+1

SPI;:+1) = Z S(g;z ﬂiﬁ.—l + I( a+1) ;:0( i n+1)[Xh - (Kl + ,uh)shz +oRp; + 'YImZ]

1=0

o n
Bl = Z Eo) o+ e Z:O(Li,nﬂ)[KlShi = (p+ 1) Enil,

tt

I;:(Z+1 Z 28+ ;) (Lisn+1)[pEni — (pn + 6 + ) Ini),

hint1) = Z RY) b 4 ooty > (L) [wlni — (un + ) Rl

1=

(=)

Sinlns1) = Z St ﬂ;url + F(L:H) (Lin+1)[Xom = (K2 + i) Smil,

=0
t? pe D
By = Z:o EOn)"L i+ Mo 2 (Liynt+1) [K2Smi — (Hm + €) Emal,
n—_l i t; L n_
Iﬁgzﬂ ,20 I(gn)w ZT + F(a+1 Z:o( i n+1)[ = (pm + V) il

(3.24)
where L; i1 = (n+1—149)* — (n —i)*.

3.7. Congenital trace and memory tracking

To capture the dynamics of dengue hemorrhagic fever (DHF) model 2.1, we utilize
the defined Caputo operator in fractional order model 2.1 with 0 < a < 1. Let X (¥)
represent the fractional order derivative [40]. Then

Dix(t) = ¥(x(1),1). (3.25)

Using the approach of L1 scheme, the numerical estimate of the functional derivative
of X(t) is given by:

(dt)~ = 1- 1—
Dix(t) = T2—a) Z X(ter1) = XE)][(J = K) 7 = (J =1 —=r)""%| . (3.26)
k=0

L1 scheme is one of the most accurate approaches used for partitioning fractional
derivative due to its memory term and rate of convergence. Using equations 3.25
and 3.26 we obtain

x(ts) = DPT(2 — o) F(x(t),t) + x(t; — 1)
J—-2
- [2 (tesn) — XEIT = R)1= — (T — 1 — n)l-a} .

k=0

(3.27)

The fractional derivative solution can be termed the variance between the memory
tracking and Markov term, where the Markov term is fitted by a gamma function.
For oo < 1, all past analyses of disease are taken into account for memory tracking,
which is solely based on time t.

3.8. Numerical simulation

In this section numerical simulation are carried out using MATLAB software to
check the effect of the fractional order «@ and vaccination therapy on the fractional
order model 2.1, the Adams Bashforth Predictor-corrector technique has been in-
serted into the numerical scheme.
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4. Discussion of results

The stability and mathematical well-posedness (accuracy) of the fractional order
model 2.1 at P° and Px are illustrated in 2(a) and 2(b) for fraction order o = 0.9
with

X), = 0.05, K7 = 0.091193, o = 0.086, p = 0.10, 7 = 0.005, X,,, = 0.12,
& = 0.0003465, 11, = 0.057,8 = 0.001865, x5, = 0.001127, K; = 0.091196,

all taken as fitted values.

With the fitted values given, different values of fractional order are incorporated
in each class to check the dynamics of the fractional model 2.1. Figures:2(c), 2(d),
2(e), 2(f) which is the human population density increase as the fractional order «
increases over a period of 100 days.

Similarly Figures:2(g), 2(h), 2(i) and 2(j) also show an increment as the frac-
tional order « increases, depicting the effect of the fractional order on the population
density of mosquitoes.

In Figure:2(k), the effect of disease contact rate (ep) is incorporated into the
infectious human individuals for a = 0.9 to check the behavioral solution, which
also increases as the effective contact rate rises. Its attendant effect can be seen in
Figure:2(1) which shows the disease induced death rate (d;,).If a proper control plan
is not put in place it might tend to endemic point.

In Figure:2(m), the saturation factor (aj) for the fractional order a = 0.9 is
incorporated into the infectious human to check the dynamics, which depicts a
decrease in this set of individuals translating to flattening out the disease (saturation
in this context is treatment).

In Figure:2(n), over the course of 100 days the effective contact rate (e,,) is varied
in the infectious mosquito population for the fractional order « = 0.9 , and the
increase is evident as the contact rate rises. Similarly, in Figure 2(j) the saturation
factor (ap) is inserted in the infectious mosquito where the fractional order is o =
0.9 , demonstrating a sharp decrease in this class of mosquito. Saturation here
represents measures such as insecticide use and fumigation.

The effect of the increasing rate of constant vaccination is depicted in Figure
2(o) and 2(p), where the exposed and infected compartments shows steady state
solutions as the vaccination rate increases for fractional order av = 0.9.

5. Conclusion

Using a modified fractional operator within the scope of Caputo, equipped with
fractional order «, we investigated a dengue hemorrhagic fever (DHF). Initially
employing fixed-point theorem of Schauder and Banach types, we established the
uniqueness and existence of the fractional model solutions. We also established the
positivity and boundedness of the fractional order model within feasible regions.
Furthermore, the equilibrium points for both disease-free and endemic status were
verified, and the next-generation matrix technique was used to establish reproduc-
tion number (Rgp), which was found to be less than 1, via the stability analysis
using the Jacobian approach. The global stability analysis of the endemic state was
verified using the Lyapunov technique for Ry > 1. Through the numerical scheme,
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using the Adams-Bashforth predictor corrector approach we ascertained the stabil-
ity of the model. The results explain the effect of different parameters on the model.
Significantly, it is found that the present model’s integration of memory impacts
through Caputo FOD affects how quickly solution paths approach the steady state
solution. These results add to the body of data supporting the idea that fractional
operators give more insightful and dependable, understanding of the DHF fractional
model.

202,048

02,0408

o 0 ] ] [ n 0 ) "

TevelDas) Tine(es)

(a) At Infection-free. (b) At Endemic point.

FUIS

Dot okes Divetlnsl

10
[} —a

—t

—

H
5 m

J i J
] 3 © o o " [) F) E) ] ) ) ) [ ) w
Tl

(c) Solution trajectories of different values of a on  (d) Solution trajectories of different values of o
human susceptible. on Exposed Human.

E] [ E]
Time (Oays)



1920 Tjaola. A. L., Nkwuda. F. M., Erinle. L. M. & Ugwunna. C.O.

- 5

m

m-

h W @ w e« % w8 w w g o w » “ 51 w 0 o w w
i) s

(e) Solution trajectories of different values of « (f) Solution trajectories of different values of aon

on infected Human. recovered Human.

hl
w- J
wl J
“
w Jr— I I |
r 1 % —ll2
H s 1
J—
LS J H
H e —
H s
= 2 ok
H i
- ] EIS
i 1 a-
at 1 o
ok oL
s ] v w v e T P o o w w w o ® w w ] w
Tnelan) s
(g) Trajectory solutions of susceptible mosquito (h) Solution trajectories of Exposed mosquito with
with increase in the values of fractionalorder «. different values of «, depicting increment, .
o ml

-

-

ifected Mosauita (1)
T
Infocted Human (1,)

L

CE e w e e ; m ] w DRI W w W !
(i) Solution trajectories of infected mosquito (j) Dynamics of the infected human with different
with different values of a. values force of infection (eh) rate for the fractional

order a = 0.9.



Fractional Order Dengue Hemorrhagic Fever

1921

[ ———T

- —jas 4

—as

s

] " ] 0 ] 9 F n Fl F "
TineDay)

(k) Dynamics of the infected human with differ-
ent values of disease induced death rate.

-

o stationtotr 004

—r
w0 N
—s

J—

b J
v o ) ) 0 B ] n P ] [
T

(m) Dynamics of infected mosquito with differ-
ent values for force of infection.

-

m-

Efctosataton o, o =89

—r
—as

—

s

Infected Human (,)

-
mf

mh 4
] 0 @ Fl ) 0 @ n ] ) "
TineDags)

(1) Dynamics of infected human
factor where a = 0.9

with saturation

-

DVl fore of lcons, o o=03

o - s

—r

—r

Infected Mosauita (1))
T

a0

mp

o " » 0 0 ) o n 0 ) "
Tinel0as)

(n) dynamics of infected mosquito with saturation
factor for the fractional order o = 0.9.

EUIS

et contnt vicistan(CY) for 209

g

Exposed Human (E,)

Infactad Human @

K 0 2 3 ) E] n )

F
Time(Days)

(o) The dynamical effect of constant vaccination on the(p)

exposed human individuals for o = 0.9.

w0 o " Bl El ) ) @ n o @ )
Tie{Dags]

dynamical effect of constant vaccination on
the infected human for the fractional order a =
0.9.

Figure 2. Mathematical well-posedness at infection free and endemic point



1922 Tjaola. A. L., Nkwuda. F. M., Erinle. L. M. & Ugwunna. C.O.
References
[1] F.B. Agusto and M.A. Khan, Optimal control strategies for dengue transmis-

2]

3]

[4]

[5]

sion in Pakistan, Math. Biosci. 305 (2018) 102-121.

N. Anggriani, Hengki Tasman, Meksianis Z. Ndii, Asep K. Supriatna, Edy
Soewono, and E. Siregar, The effect of reinfection with the same serotype on
dengue transmission dynamics, Appl. Math. Comput. 349 (2019) 62-80.

A.O. Atede, A. Omame, and S.C. Inyama, A fractional order vaccination model
for COVID-19 incorporating environmental transmission: a case study using
Nigerian data, Bull, Biomath. 1 (1) (2023) 78-110.

ILA. Baba, and B.A. Nasidi, Fractional order epidemic model for the dynamics
of novel covid-19, Alex. Eng. J. 60 (2021) 537-548.

S. Bhatt, Peter W. Gething, Oliver J. Brady, Jane P. Messina, Andrew W.
Farlow, Catherine L. Moyes, John M. Drake, John S. Brownstein, Anne G.
Hoen, Osman Sankoh, The global distribution and burden of dengue, Nature
496 (7446) (2013) 504-507.

M. Caputo., Fabricio, A new definition of fractional derivative without singular
kernel, Progr. Fract. Differ. Appl., 173-85, (2015).
https://doi.org/10.12785/pfda/010201

R. Chinnathambi., F.A. Rihan, H.J. Alsakaji, A fractional-order model with
time delay for tuberculosis with endogenous reactivation and erogenous re in-

fections, Math. Methods Appl. Sci. 44 (2021) 8011-8025.

C. Clara, Bernard Cazelles, Comparison of stochastic and deterministic frame-
works in dengue modelling, Math. Biosci. 310 (2019) 1-12.

Dengue Virus Net, Dengue virus transmission,
https://www.denguevirusnet.com/ transmission.html, 2019

Dengue Virus Net, Dengue virus transmission,
https://www.denguevirusnet.com/ transmission.html, 2018

O. Diekmann, Heesterbeek, J.A.P. and Metz, J.A.J., On the definition and the
computation of the basic reproduction ratio Ry in models for infectious diseases
in heterogeneous populations, J. Math. Biol. 1990, 28, 365—382.
https://doi.org/10.1007/BF00178324

K. Diethelm., A.D. Freed, The FracPECE subroutine for the numerical solution
of differential equations of fractional order, Forschung und wissenschaftliches
Rechnen 1999, 57-71 (1998).

J. Duane. Gubler, Dengue and dengue hemorrhagic fever, Clin. Microbiol. Rev.
11 (3) (1998) 480-496.

K.M Furati, Iyiola, O.S. and Mustapha, K., An inverse source problem for a
twoparameter anomalous diffusion with local timedatum, Comput. Math. Appl.
2017, 73, 1008-1015.

S.B. Halstead., S. Nimmannitya, S.N. Cohen., Observations related to pathogen-
esis of dengue hemorrhagic fever. IV. Relation of disease severity to antibody
response and virus recovered, The Yale journal of biology and medicine 42 (5)
(1970) 311.



Fractional Order Dengue Hemorrhagic Fever 1923

[16]
[17]

[18]

S, M. Helena. Teresa T. Monteiro, Delfim F.M. Torres., Vaccination models
and optimal control strategies to dengue, Math. Biosci. 247 (2014) 1-12.

S.-M Jung, Hyers-ulam stability of linear differential equations of first order,
Appl. Math. Lett. 19 (9) (2006) 854-858.

S. Kumar., R. Kumar, M.S. Osman, B. Samet,A wavelet based numerical
scheme for fractional order SEIR epidemic of measles by using genocchi poly-
nomials, Numer. Methods Partial Differ. Equ. 37 (2) (2021) 1250-1268.

J.P. LaSalle, The stability of dynamical systems, in: Regional Conference Series
in Applied Mathematics, Philadelphia, PA, 1976.

C. Li.,, C. Tao, On the fractional Adams method, Comput. Math. Appl. 58(8),
15731588 (2009).

W. Liping, Hongyong Zhao, Dynamics analysis of a Zika—dengue co-infection
model with dengue vaccine and antibody-dependent enhancement, Phys. A, Stat.
Mech. Appl. 522 (2019) 248-273.

E. Lourdes, Cristobal Vargas, Influence of vertical and mechanical transmission
on the dynamics of dengue disease, Math. Biosci. 167 (1) (2000) 51-64.

A. Loyinmi, Tjaola, Alani Lateef., Investigating the Effects of Some Controls
Measures on the Dynamics of Diphtheria Infection using Fractional Order
Model, Mathematics and Computational Sciences: volume 5: Issue 4. (2024)
10.30511/MCS.2024.2032110.1183.

D. Mohammed, Abdesslam Boutayeb, Dengue fever: mathematical modelling
and computer simulation, Appl. Math. Comput. 177 (2) (2006) 528-544.

J. Oliver. Brady, Peter W,Gething, Samir Bhatt, Jane P. Messina, John S.
Brownstein, Anne G. Hoen, Catherine L. Moyes, Andrew W. Farlow, Thomas
W. Scott, Simon 1. Hay, Refining the global spatial limits of dengue virus trans-
mission by evidencebased consensus, PLoS Negl. Trop. Dis. 6 (8) (2012) e1760.

A. Omame A.A. Raezah, U.H. Diala, C. Onuoha, The optimal strategies to
be adopted in controlling the co-circulation of COVID-19, dengue and HIV,
Insight from a mathematical model, Axioms 12 (8) (2023) 773.

A. Omame, F.D. Zaman., Analytic solution of a fractional order mathematical
model for tumour with polyclonality and cell mutation, Partial Differ. Equ.
Appl. Math. 8 (2023) 100545.

A. Omame, M. Abbas, C.P. Onyenegecha, Backward bifurcation and optimal
control in a co-infection model for SARS-CoV-2 and ZIKV, Results Phys. 37
(2022) 105481.

A. Omame, M. Abbas, Modeling SARS-CoV-2 and HBV co-dynamics with
optimal control, Phys. A 615 (2023) 128607.

M.A.A. Oud., A. Ali, H. Alrabaiah, S. Ullah, M.A. Khan, S. Islam, A fractional
order mathematical model for covid-19 dynamics with quarantine, isolation,
and environmental viral load, Adv. Difference Equ. (2021) 1-19.

0.J. Peter, A.S. Shaikh, M.O. Ibrahim, K.S. Nisar, D. Baleanu, I. Khan, A.L
Abioye, Analysis and dynamics of fractional order mathematical model of covid-

19 in nigeria using atangana-baleanu operator, Comput. Mater. Continua 66
(2021) 1823-1848.



1924 Tjaola. A. L., Nkwuda. F. M., Erinle. L. M. & Ugwunna. C.O.

[32] I. Podlubny, Fractional Differential Equations, Vol. 198 of Mathematics in Sci-
ence and Engineering; Academic Press: (1999) San Diego,CA, USA.

[33] Q. Sania , Abdon Atangana, Mathematical analysis of dengue fever outbreak
by novel fractional operators with field data, Phys. A, Stat. Mech. Appl. 526
(2019) 121127.

[34] C. Shekhar, Deadly dengue: mew wvaccines promise to tackle this escalating
global menace, Chem. Biol. 14 (8) (2007) 871-872.

[35] C. Tanujit , Swarup Chattopadhyay, Indrajit Ghosh, Forecasting dengue epi-
demics using a hybrid methodology, Phys. A, Stat. Mech. Appl. 527 (2019)
121266.

[36] S. Tridip , Sourav Rana, Joydev Chattopadhyay, A mathematical model of
dengue transmission with memory, Commun. Nonlinear Sci. Numer. Simul. 22
(1-3) (2015) 511-525.

[37] World Health Organization, Dengue and severe dengue, https://www.who.int/
news-room/fact-sheets/detail /dengue-and-severe-dengue, 2019.

[38] World Health Organization, Dengue vaccine research, immunization, vaccines
and biologicals, https://www.who.int/immunization/research/development/
dengue-vaccines/en/, 2017.

[39] Yao, et al, SSW, Fractional order covid-19 model with transmission rout infected
through environment, AIMS Math. 7 (2022) 5156-5174.

[40] B. Yin, R. Lazarov, Z. Zhou, An analysis of the L1 scheme for the subdiffusion
equation with non-smooth data, IMA J. Numer. Anal. 36(1), 197-221 (2016).



	Introduction
	Objective
	Preliminaries and definitions

	Formulation of model
	Qualitative analysis
	Uniqueness and existence of solution of the fractional order model
	Positivity and boundedness of the fractional model
	Points of equilibrium
	Fundamental reproduction number
	Stability analysis
	Numerical solution for model 2.1 in the sense of Caputo operator
	Congenital trace and memory tracking
	Numerical simulation

	Discussion of results
	Conclusion

