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Advanced optimal control
approaches for immune boosting
and clinical treatment to enhance
dengue viremia models using
ABC fractional-order analysis
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Introduction: This work focuses on the Dengue-viremia ABC (Atangana-
Baleanu Caputo) fractional-order differential equations, accounting for both
symptomatic and asymptomatic infected cases. Symptomatic cases are
characterized by higher viremia levels, whereas asymptomatic cases exhibit
lower viremia levels. The fractional-order model highlights memory effects
and other advantages over traditional models, offering a more comprehensive
representation of dengue dynamics.

Methods: The total population is divided into four compartments: susceptible,
asymptomatic infected, symptomatic infected, and recovered. The model
incorporates an immune-boosting factor for asymptomatic infected individuals
and clinical treatment for symptomatic cases. Positivity and boundedness of the
model are validated, and both local and global stability analyses are performed.
The novel Adams-Bash numerical scheme is utilized for simulations to rigorously
assess the impact of optimal control interventions.

Results: The results demonstrate the effectiveness of the proposed control
strategies. The reproduction numbers must be reduced based on specific
optimal control conditions to effectively mitigate disease outbreaks. Numerical
simulations confirm that the optimal control measures can significantly reduce
the spread of the disease.

Discussion: This research advances the understanding of Dengue-viremia
dynamics and provides valuable insights into the application of ABC fractional-
order analysis. By incorporating immune-boosting and clinical treatment into
the model, the study offers practical guidelines for implementing successful
disease control strategies. The findings highlight the potential of using optimal
control techniques in public health interventions to manage disease outbreaks
more effectively.

KEYWORDS

dengue fractional-order mathematical modeling, Atangana-Baleanu operator,
Lyapunov stability, basic reproduction value, optimal control, Adams-Bashforth
method
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1 Introduction

Worldwide, thousands of dengue cases are reported every year.
The world’s tropical and subtropical regions are affected by dengue
infection, which is a mosquito-carrying disease. A high temperature
and flu-like symptoms are signs of mild illness or asymptomatic to
stern disease. DHF (Dengue Hemorrhagic Fever) or DSS (Dengue
Show Syndromes Syndromes) is a highly infectious form of dengue
fever that causes serious bleeding, shock, and death. Generally,
it was noticed that only one out of four dengue contagions is
symptomatic. Dengue virus occurs in four major types (DENV
types 1, 2, 3, and 4), all of which can cause serious illness. The usual
signs of DENV type 1 are like a common cold and mild fever, which
will not lead directly to DHF; conversely, later DENV types can lead
to DHF (1-3).

To understand the dynamical behavior of dengue transmission,
we formulated a mathematical model, particularly focusing on
vector-borne disease transmission from mosquitoes to humans.
Esteva and Vargas (4, 5) pioneered the creation of a fundamental
dengue model and explored numerous fundamental mathematical
concepts and their accompanying numerical simulations. Feng
et al. (6) presented a two-strain dengue infection model and
examined competitive exclusion. Researchers have conducted
numerous studies to better understand the transmission of dengue
fever (7-9).

The importance of fractional-order models lies in their ability
to capture the complex dynamics and long-term dependencies
within the transmission process. By incorporating fractional
derivatives, these models provide a more comprehensive
understanding of disease spread, which is crucial for designing
effective intervention strategies. The fractional-order models can
accommodate the nuanced behavior of dengue transmission,
offering insights that integer-order models may overlook,
thereby enhancing the accuracy and effectiveness of disease
control measures.

The fractional order model has been conclusively demonstrated
by a recent study to be capable of controlling the trend of complex
diffusion disorder (10-14). Many have emphasized various
mathematical models for Dengue transmission and prevention
(15-19). All cited references explain the transmission process of
Dengue infection from different perspectives, including dynamic
analysis, evaluation of vaccination, and optimal control measures
(20-24). The most updated studies on Dengue with real-life data
are presented in (25, 26). The mathematical description of Dengue
is briefly described in Deterministic and Stochastic terms. The
evolution of dengue with asymptomatic carriers using optimal
control measures was investigated in (27).

Therefore, motivated by the aforementioned literature, we
propose a computational framework for the dissemination of
dengue at a given viremia level. We investigated whether symptom-
free people were markedly more susceptible to mosquitoes
than clinically symptom-positive patients. The new idea of a
mathematical model to analyse the immune-boosting factor for
asymptomatic infected cases and the waning immunity that
cases re-infect is reported. To make practical applications and
simulations easier, we utilize the Adams-Bash forth numerical
scheme, which is renowned for its accuracy and stability. This
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choice ensures that our model reflects real-world scenarios while
maintaining computational efficacy. A key highlight of this study
is the incorporation of optimal control strategies into the ABC
fractional order Dengue viremia model. These strategies are
designed to explore how interventions, such as self-prevention and
vector control, can be optimized to curtail disease spread. The
analysis extends to investigating disease-free and endemic stability,
providing crucial insights into the long-term behavior of the system
under various control scenarios.

This article is prepared as follows: In portion 2, we review
the fundamental definitions for the fractional-order operator
and provide a list of mathematical properties that were used
throughout the work. The dengue viral mathematical model with
fractional order was presented in portion 3. Portion 4 examines
the local as well as global consistency of the suggested model
through the Routh-Hurwitz criteria and the Lyapunov function.
An optimal control solution and discussion are present in portion
5. The final section focuses on numerical simulations and a
comprehensive conclusion.

2 Fundamental results

This section introduces fractional derivation and some of its
properties, which will be used in the following components.

Definition 2.1.

Consider ¢ € " (0, T)and 5 € [0,t], then Atangana-Baleanu
fraction component in Caputo case is

N(n) £ d n
ABC
05);#/ ) = /0 1//(8)./\/,,[ 1 n(; S):| ds

I1—1
(1)

The method yields a variation operator Caputo-Fabrizio
that replaces

N,y [—Lu—sﬂ dS by N1 = exp [—L(x—&]
1= L=
It's noteworthy that ABCO’DZ [constant] = 0. Here AV () is the

typical function and it is defined as N'(0) = 1 and N (1) = 1.
N (n) depict the familiar Mittag-Leffler operator, it also reflects

the exponential function generality.

Definition 2.2.
The fractional integral of ABC with order 1 given by

— £
ABGT 0= Ly + —— [ ) a-5y as
ot N N@T ) Jo
)
Lemma 2.1.
Consider a fractional-order system
ABCD{x (1) = f(h2), t > 1o (3)

Where ne (0, 1) in the initial case x(tg).

If f(t,x) fulfills the Lipschitz condition in relation to x, then
system (Equation 3) exhibits a unique solution in the region
[tp, +00) X p and ¢ C R".
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Lemma 2.2.
If x(t) e

consequence. Then

RT become an ongoing and attainable

) =(-

Here t > ty, Me(0,1) and 2* € RT.

J:*

()

X

AB%@Z (.r (t)—a" —2"In (f)

X

) ABEY (1)

(4)

3 Evaluation of dengue dynamics

In this section, we expand upon the previously described
SIR-SI (18) by incorporating additional
and the classification of both human
and mosquito populations. Our includes
immune-boosting

Dengue model

factors refining
model viremia

levels, an factor for asymptomatic

infected cases, and clinical treatment for symptomatic
infected cases.
To study the mode of spread of dengue sickness, the human

species (Nj) is subdivided into four classes: susceptible (Sb),
symptomatic infectious (Tsh), asymptomatic infectious (T Ab)

and recovered human populations (£). We classified female
mosquito species (M) into Susceptible (3y) and infective
mosquitoes (Ty). A Susceptible individual among as one who is
not infected and immune, infected humans are both asymptomatic
and symptomatic are those who have acquired Dengue viremia
from an infected mosquito populations and are all capable of
spreading dengue virus to susceptible mosquitoes. Let we examines
my and my, the acquisition rates of humans and mosquitoes. The
proposed model, illustrated in the flowchart, demonstrates the
dengue transmission dynamics. Based on Figure 1, we developed

FIGURE 1
The process diagram in dengue dynamics.
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the following differential equation.

d%
G =Ty —am (Xsh + )(_Ah)sh‘fm — 353 + 0Ky
s,
it = Otm)(shsh‘zm - (f +y+ (Sh) Tsh
d¥ 4,
Tﬁh = omxA,%Tm — (047 +8) Ta,
dfy
= (S5, +T4,) 0% — 08 +oTg + 0%,
&
= e (Tg, + Ty ) S b
s,
d;m = CmXm (ssh + An) S — SmTm
(5)
Where

O - individual mosquito’s biting rate

Xs,” Dissemination to human by mosquitoes, which leads to a
symptomatic infectious in humans

XAy, - Dissemination to human by mosquitoes, which leads to a
asymptomatic infectious in humans

Xm- Viremia dissemination to mosquito by human species

8y- Human Fatality rate

7 - Symptomatic infected human treatment rate

y - Recovering rate.

0 - Transition rate at which a recovered person becomes
defenseless due to loss of immunity

0 — Rates of immunosuppression for asymptomatic victims

8m- Rate of mosquito natural mortality (an average mosquito
life span)

From the basic cases (Sh R TSI ) TAb,Rh,Sm, Tm) =>0.

In this approach, the ag’gregate human and mosquito
population ratios are provided by

Ny =% + Tg, + T, + Ry and Nuw =% + T

In addition, the area of biologically significance for the
aforementioned dengue model is indicated and presented by the
covered set

® = [Sh Ty > Ty RSy T € RE 18+ Tg + Ty + 5y
< NpSim + T < N

A fractional representation of the B¢ model as
AB%:D;S;) =Ty — Om <x$h + XAb) $Tm  — S + 0Ky
ABCOQQTS,) = m XsbShTm — (t+y+38) T,
ABCDIT A = amxa, 3 Tm — (047 +8) T,
ABCDIRy = y (ssh +Ta,) — 0%y — 88y + rTg +0Ta,
AB%@ZSm =Tm — Om Xm (‘Zsh + ‘ZAh) S — Sl
ABCO} T = amtm (T, + T4,) S = nTin

(6)

A fractional derivation of Atangana-Baleanu of order
0 < n < lisdenoted ABCOZDZ in Caputo notation.
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4 Model analysis

This section examines the validity, singularity and positive
variance of the solution of the SIR-SI type model. Additionally, a
reliability estimate for Model (Equation 6) has also been developed.

4.1 Existence and uniqueness

Theorem 4.1.
For each non- negative initial stage (Sh 0), ‘Zsh 0), Ta,0),

£ (0),3m (0), Ty (0)) € Ri, then there survives a oneness
solution of fractional order model (Equation 6).

Proof

Let & = {Sh,‘fsh, T Ay R ¥, T € RS, : max (3],
15, || T 8] 8] 1Tl ) < 0

Define a mapping

M (x) = (M (v), M (x), M3 (x), My (v) , M5 (x) , Mg (x)) and
M (v) =5 — am (Xsh + X-Ah) Shgm — ath + 08y

M, (x) = amxshSh‘Im — (‘L’ +vy+ 3[)) Tsh

M3 (2) = amx A% Tm — (0 + ¥ +8) T,

My (x) =y (TSH + TAU) —0Ry — Ry + 1 S:Sh +0%4,

Ms (v) = Tm — mXm (‘3:5'7 + TA;,) Sm - Smsm

M (1) = atmXm (‘Esh + ‘E.Ah) S — dmTm

Where x = (Sh , ‘Ish, T 4y R 2ms ‘Zm> S

Foranyx,r € &, we have

[M @ - M@ = M1 @) - M@ + M2 @) - @

+ M5 @) - M @)

+ ‘M4 () —m’

+[Ms @) = M5 @) + M (2) — M )|

< ‘m; — O (xsh + XAn>Sh§m — 8% + 08y — 7y

+otm ()(5h + XA,,) $Tm + 6;,%9,@7‘

+ ‘amxshshfm — (47 +8) Tg, —anxg $Tn
+(r 4y +8) g |

+‘amXA,,5hTm — (0+y +38) T4, — OmxAHTm

+(o+y +8) Ta,|

+‘y (TS,, + zAh) — 0%y — 89Sy +7 Tg +0 T,

—y (Tsh+ TAh) +0Fy + 8%y — 7T5 — 0T,

+ |7 = cmtm (Tg, + Tay) S = B = 7 + it

(s, + Tar) 8o + 80| + lermitm

(T, + T4y) S0 = mTm — amtm(Tg, + Ta,) S + Sna|-
< [20m (x5, + x4, P+ 8| 8 =S| + (27 + 2 + &)

5, — Fs, | + (20 +27 + )
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‘ Tay — TAP}’ + (29+5’J) ‘ﬁh - ﬁif)‘ + [Zam (Q+R) xm + 5;,]

S =S| + [T — T = K = 7.

20tm ()(Sh + XAh) P + 8y,
Where £ = max \ 5 (7 4 y) + 86,2 (0 + ) + 8y, 20+55,

200 (Q 4+ R) Xm + (Sh)(sm
Basically, since M () satisfies the Lipschitz requirement. Model
(Equation 6) has a singular solution based on Lemma 1.

4.2 Positivity solution

Since system (Equation 6) deals with mosquitoes and populace,
all components of system are positive. Following is our discussion:

Theorem 4.2.

Let ($h> Tsh, LAy Ry Sms Twm) > 0 be represent
the system (Equation6) solution for the primary points
S (0), ‘Zsh (0), T A, (0),8 (0),%: (0), Ty (0) and represents
an immutable set

i m

o =5, Tg,: Ty K T € RE: NG = T, Mo = ml,
then, all elements of the closed set

® is traveling in Ri space is positive invariant.

Proof

The given equation is used to construct the Lyapunov function:

L) = @i ®), L2 ) = G + T + T, + Rpo 3 + T)
The function IL (t) satisfies
L) = (L (1), Ly (1) = (Sh + Tsh + T;Ah +ﬁh,§;n + im)
= (m] — 8[)5;] - Tsh(sh - TAhSh— gh-ﬁh)”m — 5mSm — (Smlm)
= (7‘[[) — dplly, i — (Sm]Lg) (7)

Therefore, it is simple to demonstrate Equation 7 as regards:

Li () =7 — 8pL1 <0, forLy = 3 )
Ly (8) = 7w — Sl <0, forLp = 3=

Inferring L () < 0 from the above equations, which indicates
that f is positively stable collection. On the other hand, by solving
system (Equation 6)

0< (Ly (1)L (1) < (’;—: + 1Ly (0) e ¥, ’5’—‘“ + Ly (0)e” W)

Where L; (0) and L; (0) are the primary states of IL; (t) and
L, (t) respectively. Therefore, t — oo, 0 < (IL; (),Ly (£) <

Ty 7w
8y Om

This establishes the theorem.

and we can conclusion that ® is a desirable set.

4.3 Basic reproduction value Rg

Let Cy = S, gg , *Ah,ﬁ;;ﬁ;, T be the contagious free
h

equilibrium of Equation 6. We have Cf = (g—?, 0, 0, 7;—“‘, 0). The
h m

algorithm of the next iteration matrix is utilized to estimate Ry.
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Obviously, the infected compartments are TS , % Ay and T, as a
h

consequence of Equation 6. There are

BC T
A OQFZSK, = amethgm - (I +y+ 55) Tsh
ABGDE Ty = amx % Tm — (0 +y +3y) Ta,
AB%@Z‘Im = UmXAm (Tsh + ‘Z_Ah> S — T )
Then we derive
0 0 amxs
F= 0 0 amxa |
ameSm OlmeSm 0
T4y +38 0 0
0 0 S

The basic reproduction value is given by
T T (XSh + XAb>
B Om)’ (T +7 +8) (0 +7 +8)

Where p (F V1) denote the spectral radius. Surmise that Cp=
&, TE, T, /L8
b

Ro= p(FV') =

S p N o ¥m> T) represents the endemic equilibrium

for Equation 6. So that
(60 4 8p)uruz

S** _
’ (am (Xsh + XAh) T+ 5[1) Uy (9 + Sf)) — Oam Tty
. amXShshgm

% up
Tj _ OlmXAthTm

b U

o amsh‘lmm

"0+ 8w
S** _ ULUZTTm

" o ¥ Ttz + Smur i
e _ 6 + Sb)u3amnh§m — Spurtzdm

m

(Xgh + XA;)> us — Buy
Where uy = 74+ y +8y o = o0+ y +8 uz =

wiXAy +oU2Xg, us = wixa, (T+y) + waxg (@+y),and
Us = Uiy (9 +5h )Sm.

4.4 Local stability

In this part, we are covering the analysis of firmness conditions
of contagious free equilibrium C; and contagious persistence
equilibrium Cp points. A steady state analysis of this equilibrium
results in the following Theorem 4.3 and Theorem 4.4.

The obtained Jacobian matrix is:

—Qm (Xsh + XAh) Tm — 8y 0 0
amXShTm —(t+y +8) 0
5_ om X Ay T 0 —(o+y +38)
0 T+y o+vy
0 —0m xmsm —Qn XmSm
0 O Xmm O X
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Theorem 4.3.

If Ry < 1, the non - contagious equilibrium C fis locally stable.
Proof

The structure (Equation 6) in the Jacobian matrix of C 1 follows

—8 0 0 0 0 —am (XS + XAh) ;T':
h
0 —(t+y+38) 0 0 0 anxg %{"
h
J(C,): 0 0 —(@+ v +38) 0 0 amXAh%:
0 T+y o+y —(0+38) 0 0
0 _amezT"" _amegT"" 0 Sm 0
0 O Ym 5 O Xom 5™ 0 0 O

(11)

To determine the eigenvalue from the above-described matrix

det (J (cf) - ,\s) =0
We obtain the Eigen values Ai = —8p, 12 = —(7 + y + &p),
A3 = 8m, A4 = 0 + 8y and the characteristic relation is

MH(o+y +8+8m) At+dm(t+y +8) (0+y +8)
[1-Ro]l=0

When Rg < 1, it is obvious that x5 < 1 and A < 1,

all the Eigen values satisfy the condition |arg()))| > %F, i =
1,2,...,6. the without contagious equilibrium Cf is locally
asymptotically stable.

Theorem 4.4.

If Ro > 1, the equilibrium point Cp is locally stable, then
system (Equation 6) has ubiquitous contagion.
Proof
Jacobian matrix evaluated in static equilibrium:
det (J(Cp) —2%) =0 (12)

We obtain the Eigen values are h; =

(otm xm (Té: + Tjﬂ)) + Sm)»

(0 +38), » =

A3 = o ( Xsh +x -Ah) T4F 4 8y and the characteristic relation

MB4apl+ar+a3=0 (13)
Where
a) = (T+Q+2(y+5h))

a = (0+y+8 +6m)[(r +v +8) —om? (Xsh + XAb) XmSZ*S,’;*]
a3 = (t+y+38)[(0+y+38)bm —am? (XSh + XAb) XmSZ*S;*}

By using Routh-Hurwitz Criteria (22, 23), if the following
provisions are handling

0 0 —am (XSh +§XA;,) %
0 0
O(mXSI7 h
0 0 OlmXAhSh (10)
— (0 +8p) 0 0
0 —(ame(TSh + T.Ah) + Sm) 0
0 ame(TSh + ‘I.Ah) —&m
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a; > 0,a; > 0,a3 > 0and aja, —az > 0.

Then Cp is approximately stable locally. The evidence
is conclusive.

4.5 Global stability

Theorem 4.5.

If Ry < 1, the point of without contagious equilibrium C 1 is
global stability on ®.

Proof

Create a Lyapunov function V; (t),
Vi k)= (Sh - S; lnsh) +Tsh + T, + 8y + (Sm — S:; In Sm) + T
(14)

Calculating the fractional order derivatives of V; (t) in the
solution direction of Equation 6, from Lemma 2, we obtain

%

%
ABC@}; V (1;) < (1 _ ) ABC@”S
%
+A5DYTg, + P90 T, + DYy

s*

+ (1 - s“) ABCD {8y + AP0 T
m
S*

(1 %
+ (amxSthTm — (‘E +v+ Sb) T$h>

+ (tmx a4, Tm — (@ +v +38) Ta,) + ()/ (Tgh + TAn)

08y — 8y +T Ty +o Ta,)

+ (1 - 2:1) (nm — O Xm (Tsh + TAh)Sm — Smsm)

- 3,,&,“)

=

) (my —m (15, + 220 5 — 3% + 05

+ (am X (Tsh +q Ah) S

S* % *
<m (1 - S:) + amxshshim + XAy ¥ T
S*
]
_) s
Sh) h(S:Sh

S*
—8yTa, — O0Ry — 3y Ry + T (1 - Sﬁ + O Xm
m

—6;,5;, + 5(]5:; + 0 Ry (1

%
(g, + %4, % 5m< 5"~ ST
Substituting the reaction of without contagious free
C/: (m‘ 0, 0, 8‘“, 0) we obtain:
3 S, SIS
ABC@”V < + § zfifi + (T — 8w 27&77‘:
o W= (nh h) Sh Sh (T[ : Sm Svn
(15)

It is clear that each term in Equation 15 must be negative. We

have ABCODW V1 (t) < 0 due to LaSalle’s invariance principle (24),

the function ABCOQ;Z V1 (t) is required to be negative finite.
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z, Sm = S which is
T+ contains the limit set

The maximally invariant sets 3, =
singleton C; = (8, T, Tay N
for each solution. This demonstrates C 1 is globally asymptotically
stable on ®.

Theorem 4.6.

When Ry > 1, the positive contagious equalization level of
system (Equation 6) arises and is globally stable on ®.

Proof
Let’s create a lyapunov functjon of the following form
_ _ kok _ ok
Vo () = <Sh Sb In Sb) + <TS;) Tsh In ish"f
+(Ta, - T In Ta,)
+ (% = & K ) + (Sn = 8 InSn ) + (Tw — T In T
S**
ABGDEV2 () < (1 - é’) ARG,
h
By s
% ABC 4, ABC
S b
(i
b ) ABC o
S**
(1 - S‘“) ABCDS, + (1 - —) ABCD{ T,
m m
S**
b
< (1 — h) (m, — O (XS + XAh)ShTm — 5h5h —|—9ﬁb)
s
1> (ctmg, $5m — (r+7 +5;) T, )
Sh OlmXSh h2m 14 h) =S
i 5
b
+ (1 - th) (amx4,%Fm — (0 + ¥ +8y) Tay) (1 - ﬁh)

7 (s, +Ta,) — 0 — 8% +7Tg + 04,

O L A R (=
(et (5, + Tt ) S = )

< (1 - SS:) e (15, + 1) T — B4 (1 . 2;)
+9ﬁh;: Ty —aTy, (1 —~ 2‘“) —

h

sk

I**
S, n Ay
(Xsh TS X.Ah g

=8y T4, <1

O (1 " ) + (ﬁsh +o zAh)
ksk

+nm<1_55:>_8m<1_ )—am(l—z‘;)
Ham xm (Tsh + IAh) (S;* + Sm im )

ABED{ V) () < (7 — 8y + 05)

)im-f—(g-i-y)‘l

Tk
_ r};i”) —y (‘Zsh +‘IAh)

b
Kok

b
R
ko
m

S
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. T** 3:

S
(-T-2)reer-mf-g-
b ) 3, S,

+e+r—35)
Kok Kk
Ay TA@) b )
2— - +(y+8—-0)|2— - -
( T A, *Xh Ry ﬁ;;*
ok " e Tm
-4 22— Sm 2 -2 — 16
+ (T m) Sm S:;* + om ( T, T*m*) (16)

Hence, the condition in Equation 16 ensures

ABCDL Vs (1) < 0 for all ( b 3Sh TR S zm> €
® and strict the quality holds for S = $; = $;", Ty, 5
T 4, ‘ij{h,ﬁh = RB‘*,Sm = 5:1* and T, = T3, therefore the
equilibrium point Cp becomes globally stable on .

10.3389/fpubh.2024.1398325

adequacy condition required for the control system to be satisfied.
Equations 17, 19 can be transformed into the following point-
wise Hamiltonian H for (U;, U,) regression problem using the
aforesaid principle.

H = {a% + 6T, + cTa, + dSm + T + fUL* + 9157}
+)ush {ﬂb — O (Xsh + XAb) ShTm — ShSh + 608, —Up (b) Sb}

+ )»gsb [amxshshgm - (‘L’ +v+ 51-,) Tsh}
+)“‘3:Ah {amXAbShIm - (Q +vy+ 8h) T.Ah}
+ )\gm {7Tm — OmXm (Tsh + (IA;,) St — 8mSm — Uz *) Sm}

g, {amim (Tg, +Tay) S0 —0uTw — U2 OFu|  (20)

Where ASO, )qs , Ax Ay ASp, and Ag,, are the ad-joint variable
h

or co-state variable.

5 Optimum control approach

In this portion, we will discuss how to optimize the problem
and analyze the performance of the control function. Consolidation
of optimal controlling problem a dynamics of control system can be
described as system (Equation 6).

ABCDIS) = 7y —am (g, + XA, ) Sy — 84Sy + 05 — Ur (9) Sy
ABCO’DZTSh =amxs $Tm = (T +7 +8) T,
ABCOQZTAh = amX.AthTm - (Q +v+ Sh) S.Ah

AB%QZSm = Tm — CmXm (‘Zsh + TAh) S — 8m¥m — Uz () S

ABCD T = it (T, +Ta,) S0 — ST — U () T

di

S, oH
Tl; = Tsh =a +)\‘S[~| {—Otm (Xsh +X_Ah)‘fm —8;,}
_ ()u;:sh + Ax"‘b) O (Xsh + XAh) T
di

S U0+ aag (e +))

di 9T % s, f
+}V‘ImameSm
drz 4 oH

g =c—ig U

o T4, A, 1 (B)
g {= (@ + v +85)} + Ax, ot
d)usm 3 ﬂ

dt Sy

(17) =d+ig {~amtm (TSK, +Ta,) = bn— U2 ()]
Where +ig, (ame (Tgh + TA;,))
U;— Self-precaution (long sleeved pants and shorts, increase dis ol
immune system, consultation at & 9%, f?)@m{ —8m— Uz (1) }
the neatest health care) minimizes the susceptible individuals.
U,— Use of chemical insecticide sprays destroying the - (ATS + Az Ah) Om (Xsh + XAb> Sy + As,
susceptible and infected mosquito cases f
The optimal solution being minimized could be expressed as: |—0lm ( Xs, +x Ah) S ] (21)
h
£ i .
C UL Uy = / 1 <a§h i M'S +eTa, + 8+ eTo +U,2 + gUzz) & The conditions for transversality are
o h el =g 0=, )= g, () =45 () = 0
18 b "
For0 < U; < 1, ¢ = 1,2. From the interior of controls,
To reduce the cost of two controls U; and U, the objective is we have:
reduced ¥, Tg;, Ta, and Sm, Tin. oH
Therefore, we need to obtain optimal controls U* and U} AU, U1 - ’s, (Ts, +Tay)
oH
C ( T, U;) = minUl’UZ {C (U,0,)|U;, U, € @} (19) @ = ZQUZ - )Lsmsm - )L‘Imim (22)
A set of constraints P = From where:
{U1, U2) [U; :[0,87] = [0, 00) lebesque quantifiable i = 1,2 }. . (‘17 + )
The expense of minimizing S, ‘ZS[ s Tay 3w and Ty U, = S \ 7Y, Ag
) = =~ 7
is represented by the term ash, 63?5,,’ % Ap> &y and €Ty, f
respectively. Likewise, fU2, gU% represents the cost for controls U, = )”Smsm + I 23)
U;,U,. The most prevalent PMP can be used to find the 29
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5.1 Utilization of optimal solutions

Theorem 5.1. (UT,U;) is a control factor can reduce over U
provided by

. il L
U] = max {0, min {1, Zf)\Sh (‘Ish + TAn) }}

U; = max {0 min { )»5 S+ )»Tme}} (24)

Where )\Sh,)\ry,s , Ag Ay )‘S and Ag, are co-state variable
b ‘m

that satisfy the condition (Equations17-24) in addition, the
transversality characteristic that follows

g, () =hsg (1) =z, () = 25, () =P (1) =0

0 if Uy <o,

[UTZ [Ul ifO<U1<1,
1 ifIUle.

And

0 if Uy <0,

U; =140, if0<U,; <1, (25)
1 ingZO.

Proof

To demonstrate the survival of optimal control solutions, the
configuration of the Lipschitz criterion of the system and the
convexity of the integral in Equation 21 are related and state
variable that constrains U; and U, to the boundary of the state
solution. So we employ PMP and get the following:

oH
ABC
s, 0 = 3¢
JH oH
ABC 11 _ . ABC .
09);/\5%] ®) = 33@,]’ 0D A, (B) = T
ABEDhe (1) = S ABCDTL (1) = o ()
0= % 39S, e 9%

with,
g, () =g (1) =y () = As, () =Pz (t) = O

The Hamilton can be differentiated with regard to achieve the
conditional optimum:

oH - oM _0 27)
U, ol
The ad-joint system (Equations20, 21) derived from

Equation 17, the optimum system (Equation 23) is accessible
from Equation 24. The optimal method is the constrained system
(Equation 17) and its initial state is ad-joint the system includes
(Equation 20), and condition for intersection.
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6 Adams-Bash forth method

Here, we formulate the system of Equation 6 a recently invented
numerical approach, the Adams-Bash forth method (24). The
framework (Equation 6) can be used to test the essential theorem
from fractional calculus,

3 (1) =% (0) + - 1(;, % (1), Tg (B, Ta, B,

ABC()
ﬁh *), Sm(;))zm(};)) +

£
n

m/o Ky (ZU> Sh(w),‘zsh(w),

T, (@),

Ry (@), 8n(@), To(@)) (t — @)1 dew (28)
Tg () =Tg O+ ABC T o (b B ®.T5 o, T4 0,
Ry (1), 3 (1), T (1)) +

£
U
W./(; K2<w, S (w),‘ZSh (@), Ta, (@), Ky
(@), 3 (@), T (w)) t— o) o (29)

Tay ) = Ty O+ 3(;, S (1), Tg, (1), Ta, (),

ABC( )
Ky (B)> 3 (£) > T (;)) +

£
n
ABC () T fo Ks (@ S (@),

(Ish (w) > (I.Ah (w) >ﬁh (?D') >
S (@), T (@) (b — @) o (30)

Ky (B) = Ky (0) +

ABC( ) 4(1%, S (F),Tgb () »

Q.Ah (’5) > Rh (I’) > Sm (;) > gm (/t)) +

3
n
m/(; K4 (lTT, Sh (w)’TSh (@),

Ta, (@),
fy @)% @), Tn (@) (t — @) do €29)

S (1) = S (0) + Kz;(la, h (B) s

ABC( )
‘Ish (F) > (Z.Ah (F) )ﬁb (;) >Sm (F) »‘Im (F) ) +

3
1
m/o K5<w, Sh (w),ish (@),
Ta, (@),

Ry (w),Sm(w),‘Im(w))();,—w)"_ldlw (32)

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1398325
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Vijayalakshmi et al.

Tm () = T (0) +

ABC( e (18 1), %5, )

Ty (1), 8y B), ¥ (8), T (B) +

£
n
W./o Ks (CU; S () ,Tsh (@),

Ta, @), 8y (@)% (@), Tn (@) (t — )" dow (33)
Where,

Ky (1§ (0, Fg, (5, T, 9,8 (), S (), T (1)
=7y — U (Xsh + XAh) Sh%m — SbSh + 08Ky
K (b S (), Ts, (8)> Tty (028 1)+ S (6), Tn (1))
= (meShSh‘Zm — (T +vy + 5h) {ZSh
Ks (b S (), Ts, (8)> Tty ()28 ()2 Sm (6), Tn (1))
= dmx A Tm — (0 + ¥ +8) T4,

Ka (£ Sy (), Ts, (1) Tty (1), 8p (1) 5 S (£), T (1)) 34
—y (Tsh + IAh) — 08y — 8y Ry + 75 +0 T4,
Ks (5 % (5, Tg, (1, Ty (9,5 (), 8 (), T ()
= i — st (g, + Tty ) S0 = 25 — B
K6 (’5) Sh (;) > Ish (I’) > (I.Ah O‘“) )-ﬁh (F) > Sm (/t) > {Zm (;))
= ant(Tg, + Ta,) S~ (@4 60) T

The following structure is obtained at time #,,y 1,

—-n
ABC( )

(1;“, Sh“, ’Ssh“ , (’{Ahn > Ry Sm“ > {Zm“> +

Sy (k1) =35 (0) +

1

FnJrl
U
W/o = (‘;’ % (0, Ty, (1, Tay (0, % @),
S (), T (1’»)) (bny1 — t)"_1 dt (35)
-1
(ZS (tny1) = TS 0) + ——— ABC( )

K (Fm Shn,Tshn> T A, Rpyo Sm.,,Tmn) +

Ln+l
n
m w/0~ Kz (1;, Sh (1;) ,‘ISh (;) > ‘I-Ah (;) "ﬁh (1;) >
S ), Tm (t)) (1311—0-1 — t)n_l dt (36)
-1
T, (bnt1) = T, (0) + ABC )

K (Fn, Sh“,fsh s Tl R Smn,Tmn) +

’Qn+1
n
ABC (1) Tn- /0 s (*’ % (1), Fg (1, Ta, 0,8 (1),
Sm (F) (Im (ﬁ)) (Fn+1 _ t)ﬂ*l &; (37)
—n
Ry (bnt1) = Ky (0) + ABC =)

K (tn $000 5, + Ty Ri S T, ) +

Bot
Ul
W /0 Ky (F, Sh (9] ’Tsh *), TAh (®), Ry ()
Sm (F) :Tm (F)) (Fn+1 - t)n_l ‘ﬂ? (38)
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—n
ABC( )

Ks (Fu, Sh“,‘fsh » Tdp,> Ry Sm“,‘fm“) +

S (bnt1) = S (0) +

I‘n+1
n
ABC () - /0 s (’;’ % (1), Tg (1), Ta, 0,8 (1),
S (1), T (1) ) (b1 — DTVt (39)
-1
T (1) = T (0) + ABC( 5

Ks (Fm Sh",‘fshn, T Ay, > Ry Smn,Tm“) +

Bt
Ui
ABC () Tn /0 Ke (F’ % (1), Tg, (1, Ta, 0, % ¢,
Sm (1'») ’(zm (/t) > (I’n-&-l - t)n_l (ﬂi’, (40)

While, at t,, we have

S (kn) = Sp (0) + Ky (Fn 1 Sy ‘IS K > Ty

ABC( )
Rhn—l’ Smn—l’Tmnfl) +

U
ABC () [n

S (£) T (x)) (bn — 1)1 ot (41)

;Il
/0 K (;, S (5, Tg, (1), Tay (0,8 (),

Tgh (tn) = Tg O+ —5— ABC( ) (lén—b Sh,._l)zshkl: Ty,
’ﬁhn—l’ Smn—l"zmn—l)

En
Ui
+m /0 K, (ﬁ, Sh (£) ,‘ISH *), ‘I_Ah ), 8y (),
Sm t) >Tm (€3] ) (bn — t)n_l JL (42)

‘I.A(-, (Fn) - ‘I.Ah (O) + ABC( ) (ﬁnfl, Sbnil,i’sh"_l >

(ZAF;“_I > ‘Rhn—l > Smnfl > Tmn—] )

£
U
TABC )T /0 © (”” % (10), Tg, (1), T, (1), R (1)
S ), %m (F)) (bn — t)n71 dt (43)
-
Ry (tn) = Ry (0) + ABC o

K4 (Lnfl’ Shn—l > ‘Ish » > ‘I'Ahnfl > ﬁhn—l > Smn—l > ‘Imn—l>

£
n

+W/O K (‘* % (1), T (B, Ta, (1,8 ©),

S (8) s T (x)) (tn — D71 dt (44)
_ -1

S (ko) = Sm 0) + ABC ()

KS (/tn—l > Sb"—l > Tshn71 > {I.A[]“_l > Rhn—l > Smn—l > Emn—l)

L“
n
+W/O “ ("“’ $ (1), Tg, (), T, (6,8 (),
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S (1), T (:s)) (bn — D" 8 (45)
1—n
ABC (1)

Im (Fn) = {Im (0) +
Ke (ﬁn—b Sh"*I’TSI, R Ty, > Rours Smn,l,‘fmn,l)

;I’\
Ui
+W/O Ké(’;’ % (1), Fg (1), Ta, B, 8% (1),

S (1), T 0;)) (tn — D" 8 (46)

By subtracting Sh (tn) from Sh (bn+1)> ‘Ish (tn) from ‘Ish (bn+1)>

Q.Ah (tn) from T.Ab (Fnt1) Rh (tn) from ﬁb (bnt1) Sm (tn) from
Sm (tnt+1) and Ty (k) from Ty (Fn41), we get the following

1—n
ABC (1)

Ky (Fn) Sh“,fsh > TAhn’ﬁbn’ Smnysmn> -

S (bng1) = Sp (bn) +

+
Kl (Fn—l; Shn—p‘zsb N T.Ah“i1 ’ﬁhn—l’ Smn—l’Tm",l>
n Ln+l K S S ‘I
WA 1<’t’ h(ﬁ)> Sh(ﬁ), .Ah(lg))
ﬁh (/t) > Sm (,t) ,Tm (1;)) (/tl’H—l _ t)flfl (f/t _
L“
U
ABC () 1 /o = (’5’ % (1), Tg (1), Ty 1,8 (1),
B (£ T (ﬁ)) (tn — 1) dt
(47)
T =% + L=
Sh (Fnt1) = Sh (tn) ABC o

Ko (0 $000Fg, + Ty s Sy T )
K, <12n—1, Sh"*l’gsh s Tag > Rouys Smn_men_l)
n—1

;n+]
n
+W /0 K, <1§, Sh (£) »Tgh (#), Ta, k), 8 1),

S (£), T (13)) (bnt1 — )" dt —

_n
ABC (n) In

S (1), T ot)) (bn — O dt

o
/0 KZ (}5) Sh (;) > Tsh (/t) > T.Ah (t) )-ﬁb (/t) >

(48)
L—n
(I.A(-, (bnt1) = fAh (k) + ABC )
K3 (LIb Shn"zsh“’ ‘IAh“"ﬁhn’ Smw‘:mu> - N

K3 (Lﬂ*l) Shn,ly‘zsb . > ‘I-Ahn,l’ﬁhnfl’ Sm“_ls(zm"_1>

FI\-PI
Ui
JE Ks(t, S Y Y R :
ABC () rnfo 3(‘ h (8, Fg, (1), T, (), Ky (1)

Sm (F) >‘Im (F)) (Fn+1 - t)ﬂ71 Jl; -

tn
n
S K )S )T , T )R i
ABC (1) rnfo 3(‘ h (0, Tg, (B, Ty (), Ry (0)
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S (1), Tin (x)) (bn — 1)1 0t

(49)
1—1n
ABC (n)

K4 (J;m Sh"’TShn’ T Ag, > R Smn,Tm“)

—-Ky (anh Shn,l,fsh K Ty, Roors Smn,l,‘zmn,1>

Ry (bny1) = Ry (ba) +

;n+1
n
+W/o o (’5’ % @%h (1), Ta, 1), % 1),

¥ (£), T (};)) (bnt1 — O dt —

1;“
Ui
+Wfo K4(’S’ % (1), T ), Tay 1,8 ®),

S (£), T (B) ) (b — t>"1‘1 dt (50)
_ —1
Sm (Fn-&—l) - Sm (13:1) + .ABC (77)

KS <}5n» Shrp stn > T.A[]“ > -ﬁh") Sm“) {Im“)

+
—Ks5 (ﬁn—l» Sbn—pfsh v TAbn_l s 8oy Smn—v‘zmn,l)
Ln+1
Ui
m/o Ke (*’ % (1), Tg (1), Tay (1,8 ¢,
Sm (£)%m (F)) (bng1 — t)n_l dt —
Ea
n
+Wfo o (" $ (1), Tg, (), T, (), 8 (),
S (8), T (x)) (b — "1t
(51)
T (1) = T (ko) + oo
m )= S T ABe (n)
Ke (Ln; Sh“"%h > T-Ahn’ﬁbn’ Smn,‘Imn) —
' +

Kﬁ (anl) Shn,lx‘zsh . > ‘IAb“71 ’ﬁhn—l’ Smn_p‘zmn_l)

o1
Ui
ABC () 0 /0 Ke (13, S (£) ’TSF; ®), Ta, B8 ¢),

Sm (F) »‘Em (F)) (Fn+1 - t)'Fl ‘fﬁ -

tn
n
‘o K ,S , T Y R )
ABC (n) “’/o 6(1? b (b) s, ®), Ta, ), 8 ()

S (£) > T <x>) (bn — )" dt
(52)
The Equations 47-52 become

1—n
ABC (n)

S (bnr1) = Sp (k) +

Ky (%n, Sh“’iﬁh > Ty R
Smnrsmn)_

Kl (ﬁn_l’ Shn—l 4 Tsh . > {I-Ahn_l > Rhn—l > Smn—l > Imn—l)
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Al

1
+An,l a2

(53)

1—n
Tsh (Fn—&-l) = gSh (o) + W
KZ (Ln) Sf)n» Tsh > T.Ahn > -ﬁh“ >

Smn» Tl’\’ln) -

K, (%n—l, sh“—l’iﬁh K Ty, > Rousr

n

Smn—l > (Imn—l )

+A; - A, (54)

1—n
ABC ()

K; (Ln,Shn,Tsh Ty Ry Sm,.,fm..> -
K3 (ﬁn—l; shn,lxgsh > S.Ah ’ﬁhn—l’ Smn_p‘zm"_])
n—1

(55)

(Z.Ah (ﬁn+l) + i.Ah (Fn) +

n—1

3 3
A — A,

1—n
ABC (n)

Ky (%n, Sh“’(}:ﬁh s Ty R Smn,‘fm,.> -
Ky (Fn—l; Shn,pTSh > S-Ah“,l’ﬁbn—l’ Smn_p‘zm,._])
n—1

4 4
AL — A,

ﬁh (;l‘l+1) = ﬁh (Fn) +

(56)

1—n
ABC ()

Ks (Fm S"n’%h > T.Ah“)ﬁh“, Smm‘zmn) -
K5 <F‘ﬂ71> Shn—l > ‘Ish ) > I.Ah“71 > ﬁhn—l > Smn,l > ‘Zmn,1>

+Af]’1 - Afﬂ

Sm (Fn-‘—l) = Sm (Fn) +

(57)

1—n
ABC (n)
Ké (Fn) Sh“’gsh > TAhn’ﬁhn’ Sm“)‘Zm“> -
KG (Fn—l; Sbn—l > {ISF) . > TAh“71 > ‘ﬁbnfl > Smn—l > Tm"71>

+AS — AS)Z

Em (%n+1) = gm (ko) +

(58)
Where
A};)l — Wm /013n+1 Kl <F> Sh (F) ,(Zsh (F) > ‘IAh (F) >

Ky ()5 S (1) T (1) ) (b1 — D71 dt (59)

1;“
82y = i [V K (8% 0,55 ) Ta,®),

K1) 3 (1), T (©) (b1 — O 1 (60)
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Az,l — W fOFnJrl K3 <1;’ Sh (1;) >‘3:Sb (;) > TA{, (;) >
Ky 1) 3 (1), T (x)) (bngp1 — 71 dt (61)
Aﬁ)] — W f(fnJrl K4 <1;’ Sh (;) ,Ssb (;) > T.Ah (;) >
Ky 1), S 1), T (x)) (b1 — 71 dt (62)
45— e ]K5<);, % (1), T, (). Ta, 0,
R (), 3 (1), T (x)) (bng1 — D71 8 (63)
Aﬁ,l = W fOF“Jrl K6 <F; Sh (F) ’st (/t) > TA(, (/t) >
£y (E)> S (1), T (x)) (bnp1 — D71t (64)
and
1 —L/L“K (; Sy (8),Tg (), Ta, ()
2T ABC [ Jo D T A
Ry (1), S (1), T <:;>> (bn — 714t (65)
2 _,,/an<; Sy (8),Tg (), Ta, ()
2TABC Ty Jo T \D T AR
Ry (1), S (1), T <;>) (bn — 714t (66)
3 ="/;“K<1: Sy (8),Tg (), Ta, ()
RTABC iy Jo o\ A
Ry (1), S (1), T <;)) (bn — 714t (67)
Al —L/L“K (; Sy (1), Tg (8), Ta, (L)
TABC iy Jo o\ TR A
ﬁh *), Sm (F)»‘Im (ﬁ)) (bn — t)n71 4 (68)
AS —"/F“K (; S5 (1), Tg (1), Ta, ()
MTABC T Jo U\ S A
R (1), S (1), T o:)) (bn — 7148 (69)
A —"[F"K (; S5 (1), Tg (6), Ta, ()
2TABC iy Jo o \D TR S
Ry (1) > S () > T (;)) (tn — "4t (70)
Now, approximating Aiz,l ) A%,p A;,p A‘flyl, Af;,l’ Afhl
and A;,z ) Afﬂ, A?LZ’ A;l],Z’ A,SLZ, Af]’z with the help of
Lagrange’s polynomials
ﬁ - tn— ’5 - tn
P(t) ~ mf (l;nsZ/n) + mf (anl»llnfl) >
11 frontiersin.org
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b —ta
= Tlf (b ¥n1) +

Now, only consider the Equation 59 to evaluate under the
Equation 71, that is given as
1 n

N bos -
= -1
e A
H%Kl <%n, Sh“,‘fsh“, T Ay > R Smn,fm“> +
%Kl (1’“*1’ Shn—v Tshn,l > T-Ah“,l s Ru_rs Sy ’Tmu—l)

)%f (;nflul/nfl) (71)

dk

nkKy (Fua Sb“; Z:Sh > T.Ah“a-ﬁb“) Sm“){zmn>
Al — n
»t ABC () [n b

/tl'\+l 1
/0 (tnp1 = DT Ky (b — ta—1) | db —

Ky (anl, Sb“*"zs,, s Tay R Sm“,pfmn,.>
n—1

_n
" ABC b

Ent1
|:/(; (ka1 — O"TKy (4 — tnl)i| dt

w R R I N
»l ABC ()i b n n+1

Ky (t’n*l’ Sbn—l’TSh > T.A,,nq ’ﬁbn—l’ Smu—l ’Tmn—l>
n—1

N 1 Dy o 72)
ABC(m)n b | n n+1

Similarly, for A2 | ... AS |

K (F“’ Shn ’Tsh > TAh“ Ry s Smn v‘Imn>
n

ABC(nIn b
[zwﬁﬂ _ xﬁii} B

2
Aﬂ,l -

7 T
K, (anb Shn,l.st > Tay, o Roars $mn,1,3m,\,l>
n—1

n htﬁﬂ ﬂ:r} 73
XABCoHM G | Tn T ok (73)

ULS (F“’ Sbn ’TS > T»Ah“ UM Smn ’I“\n>
3 _ bn
A= ABCHT

2t bai
o ot
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FIGURE 2
(A-D) Illustrate the time series of susceptible, infected, and recovered human populations for fractional orders and respectively. (E, F) Depict the time
series of susceptible and infected mosquito populations for the same fractional orders. (A) Simulation of S., for different fractional order. (B)

Simulation of ¥ 4, for different fractional order. (C) Simulation of QS for different fractional order. (D) Simulation of & for different fractional

h

order. (E) Simulation of Sm for different fractional order. (F) Simulation of ¥, for different fractional order.
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6.1 Outcomes and results of simulation

In this section, we analyzed the dynamics of dengue disease
spread using both fractional and non-fractional models across
different compartments of the human and mosquito populations.
Simulations based on dengue case data collected from Karnataka
by NVBDC from August 2023 to May 2024, as detailed in reference
(28), revealed notable differences in the behavior of each population
compartment under fractional versus non-fractional conditions.

In Figure 2A, the susceptible population decreases with values

of n = 0.3, 0.5, 0.7, and 0.9, indicating a more realistic and
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variable decline due to the complex interactions and memory
effects incorporated. In contrast, the non-fractional model shows
a constant value of n = 1, reflecting a simpler and less
dynamic decrease. This suggests that the fractional model captures
a more nuanced reduction in the susceptible population over
time compared to the non-fractional approach. This suggests
that the fractional model captures a more nuanced reduction
in the susceptible population over time compared to the non-
fractional approach.

For infected asymptomatic humans %4, and infected

symptomatic humans Tsh, both populations will initially increase

as the infection spreads but will eventually decrease as individuals
recover or move between compartments in the Figures 2B, C.

Similarly, for the recovered human population £, in Figure 2D,
the fractional model reflects a slower recovery rate, acknowledging
the variability in recovery times, while the non-fractional model
suggests a quicker recovery that might not align with real-world
scenarios. In the mosquito populations, the susceptible mosquito
population Sy, decrease in Figure 2E, more slowly in the fractional
model, indicating that mosquitoes remain susceptible for longer
periods. The infected mosquito population Ty, in Figure 2F, also
rises gradually in the fractional model, unlike the rapid increase
seen in the non-fractional model. Overall, the fractional models
provide a more realistic representation of the disease dynamics by
incorporating memory effects and delays, which better reflect the
natural progression and spread of dengue compared to the more
immediate transitions observed in non-fractional models.

The comparison clearly shows that fractional-order models
provide a more nuanced understanding of how diseases like
dengue evolve over time, influencing both human and mosquito
populations. The ability of these models to incorporate memory
effects allows them to better simulate the slow and cumulative
impacts of disease control measures and environmental changes,
offering a more realistic depiction of disease dynamics and aiding
in the development of more effective intervention strategies.

TABLE 1 Description of parameter values.

Symbols Baseline values

Tm 0.0071
T 0.057
3 0.00042
Sm 0.02
Xsh 0.00567
Xah 0.01691
0 0.025
am 0.5

T 0.03436
o 0.40

y 0.0947
Xm 0.0113
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FIGURE 3

The influence of optimal control on the proposed model dynamics is illustrated.

Under this section, simulation results are performed, and values
of specification are stated in Table 1.

The disease trajectory can be seen in Figure 3, when optimal
control strategies are implemented and their effectiveness in
reducing infection rates is highlighted. Comparing the two control
strategies, it is evident that self-precautionary measures have a more
immediate and direct effect on reducing human infection rates.
This suggests that public education campaigns and community
involvement can be impactful tools in controlling dengue viremia.
Controlling both susceptible and infected mosquito populations
is crucial for interrupting the disease transmission cycle. The
impact of this strategy on reducing mosquito populations can be
observed in the control diagram, illustrating the importance of
vector management. Timing is critical for control strategies. The
effect effectiveness of vector control may be contingent on seasonal
variation in mosquito populations, while self-precaution can be
promoted consistently. To maximize their impact, it is crucial to
assess the optimal timing and deployment of these strategies.

7 Conclusions

The aim of this study is to explore the effect of dengue
viremia on the occurrence of different illnesses. We have presented
a comprehensive exploration of ABC fractional order Dengue
viremia, a novel mathematical model that incorporates critical
factors such as relapse and temporary immunity. After the model
is created, the positivity and range of solution is evaluated, and the
system survival and originality are verified. The basic reproduction
value R is determined by evaluating the equilibrium points. The
Rough Hurwitz technique is commonly used to estimate local
stability, while lyapunov functions are used to estimate global
stability. Specifically, when Ryp < 1 in C/, it indicates that
the disease is unlikely to establish itself. If Rp > 1 at Cp, it
indicates that the disease is likely to continue to spread. Through
the utilization of the Adams-Bash forth numerical scheme, we
have successfully simulated disease dynamics, achieving a balance
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between computational efficiency and accuracy. In addition,
we have developed the optimum measures by eradicating the
population of mosquitoes and reducing the number of victims.
The numerical simulation findings show the behavior of Dengue
sickness model affected by different fractional orders, and they
can serve as Dengue prevention and control recommendation. The
research underscores the importance of mathematical modeling
and optimal control techniques in addressing complex infectious
disease like Dengue viremia. To develop interventions that reduce
and control dengue, it is important to ensure that Rg is below
as a guideline. For future studies, our model can refine control
strategies and adapt them to specific regions and epidemics, which
is a promising way to treat infectious diseases and safeguard public
health on a global scale.
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