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1. Introduction

Dengue fever is a mosquito-borne infection predominantly found in tropical areas. An
infected female Aedes mosquito transmits the virus to the blood of a human host during
feeding [1]. Typical symptoms of dengue include high-grade fever, severe headaches, joint
and muscle pain, skin rashes, and, in severe cases, bleeding complications. It is worth
noting that rare cases of vertical transmission have been reported in both species. Pre-
ventative measures for dengue infection include mosquito control, such as the elimination
of breeding sites and the use of insect repellents and bed nets [2, 3]. There is ongoing
research into the development of vaccines and antiviral treatments to combat dengue in-
fection. Dengue prevention strategies primarily focus on vector control, public education,
and disease surveillance to reduce viral transmission. It is widely recognized that no fully
effective vaccine for dengue fever currently exists, although a partially effective vaccine
is available in some regions [4, 5]. Additionally, various vaccines for dengue infection
have been developed and are undergoing clinical testing, as reported in references [6, 7).
Consequently, alternative preventive measures are essential to manage and mitigate the
prevalence of dengue infection.

Mathematical innovations continue to facilitate the formulation, analysis, and opti-
mization of complex systems in interdisciplinary scientific research [8-10]. Mathematical
models serve as valuable tools for the exploration diseases and the introduction of effec-
tive strategies for infection control [11, 12]. These models identify and emphasize the most
critical and influential factors for the spread and management [13]. Over the past decades,
numerous models have been developed to investigate the transmission dynamics and epi-
demiological characteristics of dengue [14-20]. Lourdes Esteva, for instance, developed the
foundational model for dengue fever, exploring its behavior within a variable human popu-
lation [14, 15]. In 1997, researchers formulated and analyzed a two-strain model to better
understand the disease dynamics [18]. Additionally, other researchers have introduced
models for dengue fever and investigated the stability of their systems, as documented in
their work [16, 20]. Furthermore, researchers have delved into the dynamics of dengue,
considering the impact of vaccination and antibody-dependent enhancement (ADE) phe-
nomena to gain insights into disease transmission [21-23]. In the existing literature, a
common approach to control vector-borne diseases involves two primary interventions: one
targeting human immunization and the other focused on mosquito population reduction
[24-28]. These models primarily concentrate on vaccination, larvicidal, and adulticidal
measures as key strategies in combating the disease. Further advancements and continued
research are essential to effectively capture and manage the complex dynamics of dengue
fever.

Fractal dynamics significantly contribute to improving the realism and predictive ca-
pability of epidemic models, particularly for complex infectious diseases [29-31]. However,
the fractal-fractional framework is more comprehensive, as it incorporates both memory
effects and spatial heterogeneity. The memory effect, embedded in fractional calculus,
allows the model to account for past states of the system, capturing long-term biological
and environmental influences [32-34]. Simultaneously, the fractal component reflects the
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irregular, self-similar structures often observed in the spatial spread of infections due to
varying human mobility patterns, environmental factors, and heterogeneous population
densities. This dual capability makes fractal-fractional models highly adaptable to real-
world data, enabling them to replicate epidemic curves with features like sub-exponential
growth, multiple waves, and long tails. Moreover, these models provide a generalized
framework that encompasses classical models as special cases, offering greater flexibility
in parameter tuning and scenario analysis. Their ability to simulate the impact of vacci-
nation and other control strategies over time, while considering the cumulative effect of
past interventions, makes them an invaluable tool for public health planning and epidemic
management.

The structure of this research is as: A mathematical model describing the dynamics
of dengue, incorporating treatment and vaccination, has been developed in Section 2. In
Section 3, the foundational concepts and key properties of the fractal-fractional derivative
are introduced. In Section 4, the threshold parameter of the system is determined. A
suitable numerical scheme for solving the proposed fractal-fractional model is detailed in
Section 5, along with a comprehensive investigation of the system’s dynamical behavior
through simulations. Finally, the main findings and conclusions are summarized in the
concluding section.

2. Evaluation of the model

Let the total populations of vectors and hosts be denoted by .4, and .4, respectively.
The total female mosquito population .4, is classified into susceptible ., and infected
&, vectors. Similarly, the total host population .4} is classified into susceptible %%,
vaccinated ¥}, infected .#,, and recovered %), individuals. We also supposed that both
the hosts and vectors experience natural birth and death at constant rates denoted by up
and u,, respectively. The disease-induced mortality is negligible and thus excluded from
the model.

To capture transmission dynamics more realistically, we incorporate nonlinear forces
of infection governed by saturated incidence rates. Specifically, the transmission of dengue
from I, to susceptible and ¥ is represented by the terms

bh Sy and bB2

—_— — W7
1+ ap 4, 1+ ap 4, v

respectively. Transmission from infected hosts to 5, is modeled by

b3

1+Oévfhyvjh’

in which b is the average biting rate, ; (for i = 1,2, 3) are the transmission probabilities
per bite, and ay, «, are the saturation parameters reflecting behavioral or physiological
limitations in contact rates. Vaccination is assumed to confer immediate protection to a
fraction p of the susceptible .}, who transition to the vaccinated class %;,. Additionally,
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it is assumed that a fraction v returns to .%, after losing immunity. Based on these
assumptions, the dynamics of dengue are represented by:

C;d? = Ap— 1+a y ISy — hIh — DSn + V%,

dd;th = pyh T2V Iy = 1h Vs

e 1+ahﬂ InIo + 1—‘1-012 VnIv — (n + 0+ T)Ihs (1)
df&h = WIh+TIh — vBy — PR,

efv  — N, — B g S

dd} - v T Itau s, h —

& 1+a Jhy Ih = oI,

with the following

where the parameter «;, € [0, 1] symbolize the responsiveness rate of antibodies produced
in humans in reaction to antigens introduced by infectious vectors, while «,, € [0, 1] denotes
the rate at which antibodies are generated in vectors upon contact with antigens from
infectious human hosts. In the subsequent analysis, we investigate the recommended
model (1) of dengue for biologically feasible region.

Theorem 1. The closed set defined by Q = {(h, Yy Ih, Zh, S, o) € R6 0<% +

Y+ I, + Xy, < AZ 0< S+ A < —} 18 a positive invariant set for the recommended
dengue system (2).

The incorporation of fractal-fractional dynamics into the modeling of dengue fever
offers a powerful and comprehensive framework for capturing the complex, memory-
dependent processes inherent in disease transmission. Fractal-fractional models account
for the non-local behavior and long-term memory effects present in both host and vec-
tor populations. Thus, we represent the proposed dynamics through fractal-fractional
derivative as

FrDYtS, = Ay — 1+a Tra, 7. 70 — nh — DSh + v,

(})TFDf’H%L = pyh 1+ah] %lf h%u

FF o,k _ bB1

%FDfnjh = TFrant ISy + 1+ahf YhIy = (h +vn + 7) I, (2)
0 "D, = nIh+ Tfh — VEn — phFn,

5FD1’?’K<7U = AU — 1+Oé J S Ih — T,

OFFDfﬁﬂv = 1+avﬂ; S I — va,

where £ D™ denotes the Caputo fractal-fractional derivative with fractal and fractional
orders k and p, respectively. By providing a more realistic and flexible mathematical
representation of dengue dynamics, fractal-fractional models contribute significantly to
the development of effective public health policies and improve the alignment between
theoretical predictions and empirical data.
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3. Theory and results

Here, we will present some basic theory and results of fractal-fractional derivative for
the analysis of subsequent work [35, 36].

Definition 1. Assume a function x(t) such that x(t) be continuous and differentiable on
(a,b), and let k denote its fractal order. The fractal-fractional derivative of z(t) of order
p in the Riemann—Liouville sense with a power-law kernel is defined as

DR ((t)) = F(ml_p)j /0 (t =)™ P a(s) ds, (3)

where m € N such that m —1 < p,x < m. Here, the fractal derivative is denoted by d% of

order k and is J ;
vls) o wlt) —a(s)

ds® t—s K — 58

(4)

Definition 2. Let x(t) be a function that is both continuous and admits a fractal derivative
of order k on the interval (a,b). The Riemann—Liouville fractal-fractional derivative of
x(t) with an exponential kernel of order p is given by

D o) = 1 o [ (-9 ato)ds, )

where p € (0,1), k < m, withm € N, and M (p) is a normalization factor satisfying

Definition 3. Let z(t) be continuous and fractal-differentiable on the interval (a,b), where
k denotes the order of fractal differentiation. The fractal-fractional derivative of x(t) of
order p in the Riemann-Liouville sense with a generalized Mittag-Leffler kernel is

g ete) = T2 i [ (- oy

—£ p) x(s) ds, (6)

where 0 < p, k <1, k €N, and

AB(p):ﬁ+1—p.

Here, E,(-) denotes the Mittag-Leffler function.

Definition 4. Let x(t) be a continuous function defined on (a,b). The fractal-fractional
integral of order p of the function x(t), characterized by a power-law kernel is given by

FEP 70 (2(1)) = % /0 (t — ) Ls"La(s) ds, (7

where p > 0 and k > 0.
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Definition 5. Suppose a continuous function x(t) on (a,b). Then, the integral with ex-
ponentially decay kernel is

K t k(1 — p)ti—1z
FFEJ&t(x(t)) = A;(p)/osplx(s)ds—i— ( ]\p}(tp) (t) (8)

Definition 6. The generalized Mittag-Leffler kernel for a continuous function x(t) for the
above operator with order k and p is given by

K t rk(l — H—lx
L) = i e e R, o

where AB(p) denotes a normalization function associated with the kernel.

3.1. Threshold parameter

In this subsection, we derive the disease-free equilibrium (DFE) of the proposed dengue
transmission model, followed by the computation of the associated threshold parameter,
commonly referred to as the basic reproduction number. To determine the equilibria of
the system, we begin by considering the model equations in the following form:

0 = Ay— 2 j Iy — UnSn — pSh + VK,

0 = ph— 1+ahy YhIo — Vs

0 = 20Ty + ety Voo — (i + 1+ T) I, 10)
0 = I+ Tfh — B — i Tn,

0 = A 22 ST — oS,

0 = S5 — s

For disease-free equilibrium, we take .#, = 0 and .%, = 0 in the above and get

Ay, App Ay 7 0> .

07077

(A, 40, 70, 7, 70, 70 =< ; ,
oS5 s T o ) p+pn’ (p+ pn)in iy

To determine the threshold parameter, we will use the concept outlined in the research
work [37, 38] which is symbolized by Ry and is find out as

F_ ‘1+lfif ISy + 1+lf2¢ IhIo JV— [ (pon + 0 +7) I ]
= b3 and V = )
1+avfhy fh ,Uvjv

which further implies the following

_ 0 b3 + bBa V0 |l wntm+T O
F_[bﬁquﬁj 0 and V = 0 i |7

next, we have

0 bpB1.70+bB2 V2
-1 _ v
Fv - b3 79 %
hTYRFT
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The spectral radius of the above F'V ! is denoted by p(FV ') and is given by

- bB3.70
pEV = \/(Mh +’;h 7)o (b61.737 4 62 77),

this implies the following

- \/ bBs A, A, ( b5 bap )
0= + .
(n +yp) oo \ (P4 pn) (P + pn)pn

4. Numerical scheme and analysis

In this section, we present a novel numerical method for the fractal-fractional Ca-
puto (FFC) system (2) describing dengue infection dynamics. To facilitate the numerical
procedure, the FFC system is first reformulated as an equivalent Volterra-type integral
equation. Consequently, the system involving the FFC derivative can be represented as
follows:

1 d

1= —p)dt/o (t—r)f(r)dr

1
ﬁtm—l )

(1)

thus, the below is obtained

- bb
RL o _ k—1 . _ _
DO,tyh = ki (Ah T o7 tond, ISy — nSh — DSh + U%h),
- bBa
RL yp _ k—1 o o
Dg W = KT pS Tron 7, YnIs — in ),
RLDP 7, _ K‘,t”il(Lyhrﬂv"f_ &”j/hjv — (Mh+’7h+7—)jh)
0.2 1+ ap 2, 1+ ap. 2, ’
RLD87t=@h = /ﬂf”fl (’thh + 75 — vAE), — Nh%h)7
RLpE. 7 = kt"H(A, - _Bsb g g - [
0t 14+ a9, ’
_ bf3
RL P _ rk—1 _
D07t<ﬂy - Kt (41 +avjhyvjh Mvjv).
(12)

To make the Riemann-Liouville derivative flexible for the beginning circumstances, we
convert it to the Caputo derivative. Applying the fractional integral in the following step
yields the following

t
Sl = SO0+ s /0 = g1 (S Vi Ties By F s T €V,
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L(p)
L(p)
I'(p)

y<0>+rf)/ Lt — )

+/€Ht_

bb

where

gl(yhu/y/hujhﬁ%hﬂyvajvag) = Ah

() + /0 et — €y,
(0) + /0 &Lt — )
Bn(0) + = / &Lt — )

1+ Oéhf yhﬂ

(yhy %l’ fhﬂ%ha yva fv,f)df,

g3(=¢ha 7/}17 jh?‘%hayva jvaé)dga

94, Yoy Iy By Loy S, §)dE,

g5(¢§ﬁh7 %La jhw%h?y’l)) jvvé)d§7

gﬁ(yha 7/h7 ij%h:yv: j’t}ag)dﬁ:

phh — T + v,

8 of 19

(13)

92(Fhs Vhs Ihs Bnis Loy I, §)
93 Vos Ihs By vy 0, §)
94(Fhs Yooy Ins Bny Sy I, §)
95 Vos Ihy Bny S5 0, §)
96(hs Yoy Iy Bny Sy I, €)
Here, at time t,,11, we obtain

70 o(o)

Ii(t) =

t) = 20) + 5 /0 M ty1 — €y

t
+ R/ E 1 — " '

+/£Hltn+1 §)F~

7,(t) =f(o>+/0 (b1 — )

Fn(t) = %n(0)

Zo(t) =

L'(p)

t
_ A 0) + - / by — 6P g

bB2
P T oan,
bB1

1+ ap 4,

%Ljv - Mh%h

_bB
1+ a2,

YhIh + TIh — VR — nPh,

__ Pb
1 + Oévfh

Iy + nIo — (h + Y0 + T)Ih,

S Ih — v,

(

bBs3

1+av<ﬂyﬂh ﬂ

(yha%lafhﬂ%hayvva’g)dfa

0
t

90+ 55 / 5 (bnss — )7 Lga(Ths Vs T By Sy T, €)E
0

(yha %Lyfhu'%hay’wjv7€)d§7
(yhafj/hﬂ]hv%hay’mjvaf)dgﬂ
g5(yh7%lafhﬂ%hayvvjvag)dfa

96(5/}17%ufha%haymfvag)dé (14)
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Approximation of (14) implies
m+1 0, K ox~ [T e -1
S = At oS [ s = O (i S B S I, )
(p) j=0 t;
Mmoo rtia
= A0 S [ i = €7 9o T S B, i S ),
(p) §=0 tj
K m tit1 _ _
I = I 3 [ i = 7 a (S S o T s S ),
(p) j=0 t;
Tt
A = A S [ e = O (S i I B S S )
(p) §=0 tj
K m tit1 _ _
Syt = 22t oS [ s = (s s S B S I, )
(p) j=0 t;
ot
TP = I / E Nt — )P 96(Shs Vs Iy By Sy Iy €)dE. (15)
(p) §=0 tj
Additionally, the function £ tgi(Sh, Yh, Ih, Bhy S, S, €) on the interval [tj,t41] is

approximated with the help of the Lagrangian piece-wise interpolation as:

§—1tj1

Pi(&) = mt?_lgl(yzfa”fﬁ’/ﬁ,«@iyﬂ?fiij)
e AT A A ),
QO = LT (A AL
e A A A ),
RO = T (ISR )

E—t; . o
— ot e AT A A s ),
J J—

E—tiq ,_ o
S;(&) = ﬁt]’ 194(Y,f,7/;;7,ﬂ;f,%’i,5”57f3,tj)

by it it it et it it i
— LT hAn T AT AT L A ),
E—tj 1 o
L) = g (T I I )
J J—

E—t; ,_ L
- o e (TR AT T A A ),
J J—
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UNE) = (A A )
—t;
A A A ),
—tj
Thus, we have
g _ jg:”/° € (tmgr — €7 P(€)de,
=0
j+1
st = ¢f+§:/ & tmr — €771 Qs(8)de,
F(p) §=0 t;
1 0 Ko [U 1 1
T = A+ Z/ §" (tma1 — §)P7 Ry (€)dE,
F(p) j=0 t;
+1 0, Ko~ [T -1
A= A g [ 0 S0
P(p) =0 t;
1 Ko [T, 1
S = %"+Z/ § (b1 — O T5(€)d,
L(p) =0/t
7 +1 ﬂo K f:/tj+1§ 1(t g)p 1U (f)d{
vm = v T Ty i (tm — U )
r(p) = ), " !

Finally, the solution becomes as follows

m+1
yh =

m—+1
T

m+1
S, =

khP ik

yO
" T+

7 g1 (H IR S, I ) >
j=0

[(m 4+ 1= 5)(m =+ 2+ p) = (m—§)"(m = j +2+2p)|

—t g (LT T AT S A )

xﬁm—j+1w“—0n—ﬁ%m—j+1+mﬂ,
Z [t"‘ Yoo (S, I, R, ST, 7T 1) %

=0
Um+1—ﬁ<m—y+2+m—0n—ﬁ%m—j+2+mﬂ

<.

_tﬁ 192(y}z_174//15_17j}{_a‘%}{_lay{jilv]'[)jilvtj—l)
x@m—j+1w“—0n—ﬁ%m—j+1+mﬂ,

m
kawﬂﬁﬁﬂw%ﬁmx
j:()

10 of 19

(16)

(17)
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((m+1=3)P(m = j+2+ p) = (m— )P (m — j +2+2p)|
—t s (AT T AT ) i, A )
XQm—j+1V”—0n—ﬁ%m—j+1+mﬂ7

m
A = At iy S 6w (AT AT
=0

km+1—ﬁ<m—j+2+@—@n—ﬁ%m—j+2+%ﬂ

<.

) o
(ST AT A A I )

x((m=j+1 = (m=j)(m—j+1+0))|.

khP
[(p+2) 4

NE

yvm—f—l — yq?_'_ [t;ﬁfl%(y}{,“l/hj,f,{,%z,yg,fv],t])x

.
Il
o

(m+1=§)(m = j+2+p) = (m—j)"(m = j +2+2p)|
—t s (L T T AT S A )
x((m—j+17" = =) m—j+1+p)],

KhP
I'(p+2)

NgE

jm—i-l — fvo +

v

6 6 (A IR 1, 5 )

I
o

J
(m+1= )P (m—j+2+p) = (m=j)"(m = j +2+2p)]

-1 i—1 .51 -1 pi—1 j— j—
—t5 g (ST AT T A I )

x((m =+ 17 = (m=3)"m —j+1+p))]. (18)

Theorem 2. The fractal-fractional model (2) governing the dynamics of dengue infection
has a unique solution.

Proof. For the required proof, utilize the result of [35, 36], and take the Cauchy problem
with power law as

o) = 10) + 25 [ eyt e

and introduce a map as follows

¢ﬂ0=ﬁmﬂwﬁ;é<wlﬂ®¢@nﬁ,
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Figure 1: The dynamics of infected individuals of system (2) of dengue fever with different fractional and fractal

values while the values of other parameters are fixed.
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Figure 2: The dynamics of infected individuals of system (2) of dengue fever with different values of b while

the values of other parameters are fixed.
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Figure 3: The dynamics of infected individuals of system (2) of dengue fever with different values of 81 while
the values of other parameters are fixed.
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Figure 4: The dynamics of infected individuals of system (2) of dengue fever with different values of 85 while
the values of other parameters are fixed.
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Figure 5: The dynamics of infected individuals of system (2) of dengue fever with different rate of treatment

while the values of other parameters are fixed.

which further gives
[20(t) — R(O)|| <k =V,

. . kF
in which V' = supp |g] and V' < W@a(@'

Now, Take 0y and 0y € C[I,(t,), Ae(tyn)], and determine the following

PEL yip-3
|0 — Pbs|| < =——"TP°B(k, p).
I'(p)
As a result of this, one get the contractive property as
r
I< (p)

prctP=3B(k, p)
In the case, if the above is obtained then we have

kT (p)

V< :
prcitP=3B(k, p)

thus, under power law the existence and uniqueness of the solution of the model has been

proved and the proof is completed.
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5. Results and discussions

Numerical simulations are essential for understanding the complex dynamics of epi-
demic models. These computational investigations enable the systematic exploration of
disease transmission dynamics over time, offering insights into how infection trajectories
evolve in response to varying initial states and parameter regimes. By employing numerical
approaches, researchers can detect emergent phenomena including sustained oscillations,
asymptotic stability, disease eradication, or endemic persistence. Such patterns are often
governed by critical threshold parameters-most notably the basic reproduction number Ro-
that demarcate the boundary between epidemic outbreak and disease extinction. More-
over, numerical findings provide a unique window into the influence of biological memory,
temporally varying control interventions, and intrinsic feedback mechanisms-features that
are often analytically intractable within conventional modeling frameworks.

In essence, numerical experimentation complements and extends theoretical analysis,
furnishing a robust platform for validating mathematical predictions, probing diverse epi-
demiological scenarios, and informing the design of effective disease mitigation strategies
grounded in the model’s long-term dynamical landscape. In this study, we performed a
series of computational experiments to explore how variations in key biological and epi-
demiological parameters influence the spread of infection within a host-vector population.
Initial conditions for the system’s compartments-representing different population states-
were carefully selected, and biologically plausible parameter values were used to simulate
realistic transmission dynamics. This strategy enabled a thorough sensitivity analysis,
shedding light on the roles of these parameters in shaping the temporal patterns of the
epidemic.

In the first simulation, we investigated how modifications in the fractional and frac-
tal derivative orders-which capture memory and heterogeneity effects in the system-affect
the number of infected individuals over time, while maintaining all other parameters con-
stant illustrated in Figure 1. The red curve represents the scenario where the fractional
derivative order is 0.9 and the fractal order is 0.8; the blue curve corresponds to values
of 0.8 and 0.7, respectively; and the black curve depicts the case with a fractional order
of 0.7 and fractal order of 0.6. The results demonstrate that lower values of these orders
are associated with a slower and more attenuated progression of the infection, suggest-
ing that memory effects and spatial irregularities can significantly modulate the epidemic
trajectory. Figure 2 illustrates the impact of the mosquito biting rate b on the infection
dynamics, with all other parameters held fixed. The red, blue, and black curves corre-
spond to biting rates of 0.45, 0.55, and 0.65, respectively. The simulation outcomes clearly
indicate that an increase in the biting rate leads to a higher peak and faster rise in the
number of infected individuals, underscoring the pivotal role of vector-host interactions in
facilitating disease transmission. These findings highlight the biting rate as a key target
for intervention strategies aimed at controlling vector-borne infections.

Figures 3 and 4 illustrate how variations in the transmission rates §; and (3 influ-
ence the dynamics of the infected population. These findings highlight the critical role
of transmission efficiency in shaping disease spread, where elevated values of 51 and fs
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correspond to higher infection burdens within the host population. This suggests that in-
creased contact or transmission potential significantly exacerbates the outbreak severity.
Furthermore, Figure 5 explores the biological impact of the treatment rate 7 on infection
progression. The red, blue, and black trajectories represent treatment rates of 0.24, 0.34,
and 0.44, respectively. As the treatment rate increases, a marked decline in the number
of infected individuals is observed, indicating that enhanced treatment intervention can
substantially suppress disease prevalence and support effective dengue control strategies
within the community.

The proposed model and its associated simulations offer several significant advantages.
Firstly, the incorporation of both fractional and fractal derivatives allows for the accurate
characterization of memory and spatial heterogeneity effects, which are intrinsic to the
dynamics of vector-borne diseases. This enhanced modeling framework captures long-
range temporal dependence and spatial complexity more realistically than classical integer-
order models. Secondly, the ability to vary key epidemiological parameters such as the
biting rate, transmission coefficients, and treatment efficacy facilitates a comprehensive
sensitivity analysis and helps identify the critical factors that drive disease transmission.
Thirdly, the simulations provide valuable insights into the nonlinear behavior of the system
under different parameter regimes, facilitating the assessment of intervention strategies
such as increased treatment rates or vector control measures. Lastly, the model’s general
structure allows it to be extended or adapted to other infectious diseases with comparable
transmission patterns, making it a valuable and versatile tool for informing public health
policies and control strategies.

6. Conclusions

In this study, we developed a novel fractal-fractional mathematical framework based on
the Caputo operator to describe the intricate biological processes underlying dengue fever
transmission. The model integrates key biological features such as vaccination, treatment
and saturation effects in infection rates, reflecting the limited capacity of vectors to trans-
mit the virus under high infectious pressure. The biological soundness of the model was
ensured by demonstrating that population compartments remain positive and bounded
over time, preserving epidemiological realism. The calculation of the basic reproduction
number Rg provided a biologically meaningful threshold indicator, distinguishing between
disease extinction and persistence. Through biologically informed numerical simulations,
we explored how variations in vaccination, transmission intensity, treatment rate and vec-
tor infectivity influence the spread of dengue. The simulations highlighted the importance
of timely immunization and targeted vector control in curbing infection prevalence. Our
results underscore the potential of fractional-order models to capture memory effects and
biological heterogeneity in disease dynamics, offering valuable guidance for designing ef-
fective public health interventions to control dengue outbreaks in endemic and high-risk
regions. These findings not only enhanced theoretical understanding but also offered prac-
tical implications by identifying influential control variables. In our future work, we aim
to investigate the impact of time delays on the dynamics of dengue infection, thereby
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capturing the influence of latency periods more effectively.
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