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Abstract: Campylobacteriosis has been described as an ever-changing disease and health
issue that is rather dangerous for different population groups all over the globe. The World
Health Organization (WHO) reports that 33 million years of healthy living are lost annually,
and nearly one in ten persons have foodborne illnesses, including Campylobacteriosis. This
explains why there is a need to develop new policies and strategies in the management
of diseases at the intergovernmental level. Within this framework, an advanced stochas-
tic fractional delayed model for Campylobacteriosis includes new stochastic, memory,
and time delay factors. This model adopts a numerical computational technique called
the Grunwald-Letnikov-based Nonstandard Finite Difference (GL-NSFD) scheme, which
yields an exponential fitted solution that is non-negative and uniformly bounded, which are
essential characteristics when working with compartmental models in epidemic research.
Two equilibrium states are identified: the first is an infectious Campylobacteriosis-free state,
and the second is a Campylobacteriosis-present state. When stability analysis with the help
of the basic reproduction number R is performed, the stability of both equilibrium points
depends on the Ry value. This is in concordance with the actual epidemiological data
and the research conducted by the WHO in recent years, with a focus on the tendency to
increase the rate of infections and the necessity to intervene in time. The model goes further
to analyze how a delay in response affects the band of Campylobacteriosis spread, and also
agrees that a delay in response is a significant factor. The first simulations of the current
state of the system suggest that certain conditions can be achieved, and the eradication of
the disease is possible if specific precautions are taken. The outcomes also indicate that
enhancing the levels of compliance with the WHO-endorsed SOPs by a significant margin
can lower infection rates significantly, which can serve as a roadmap to respond to this
public health threat. Unlike most analytical papers, this research contributes actual findings
and provides useful recommendations for disease management approaches and policies.
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1. Introduction

In [1], the authors presented a deterministic model for Campylobacteriosis, with
an emphasis on zoonotic transmission, and compared different control measures to find
the best control strategies. The model was intended to study the characteristics of the
disease and assess the potential approaches to its control using vaccination, treatment,
or environmental modification efforts. For the numerical calculations, the nonstandard
finite difference (NSFD) scheme was used to analyze the accuracy and stability of the
model through time. The above approach was useful in establishing how feasible it was
to invest to minimize the prevalence of this disease. In [2], the authors concentrated on
Campylobacteriosis, a common bacterial disease that is mediated by different species
of Campylobacter, especially Campylobacter jejuni and Campylobacter coli. This infec-
tion is one of the most reported and mainly targets the gastrointestinal tract, with signs
of diarrhea, abdominal pain, fever, and nausea being observed. It is commonly spread
through ingesting contaminated food, the chief source being undercooked poultry, raw
milk that has not been pasteurized, or water that has not been treated. More information
is needed regarding the mode of transmission by which Campylobacter strains spread,
the mechanisms by which these bacteria cause disease, and the possible ways to tackle
and control this infection. In [3], the authors used the geographical approach, while the
study differentiated the impact of certain weather parameters on the given seasonal factors
and focused on Campylobacteriosis. Different weather conditions were analyzed to under-
stand how they contribute the most to the spreading of this bacterial infection at different
seasons. Such an approach made it possible to carry out a more systematic analysis of
the effects of environmental factors on the occurrence of Campylobacteriosis. In [4], the
authors suggested a novel mathematical model that could explain and encompass all of the
multifaceted observations associated with Campylobacter jejuni biofilm development. As
such, our strategy utilizes a discrete, probabilistic model based on a cellular automaton to
model biofilm dynamics. It is crucial to note that the model includes the competence model
of biofilm initiation, which deals with the likelihood of biofilm random start, particularly
taking into consideration the environment and microbial flora, as well as the model of
biofilm growth. This integration of the model gives an understanding of the factors of
the formation of biofilm by C. jejuni, enhancing the understanding of this model of the
formulation. In [5], the authors concentrated on the construction of mechanistically based
complex predictive mathematical models for the adhesion and detachment of multiple
species of biofilms. This involves also comprehending the relationships between microbial
species, the environment into which the biofilm is to be formed or from which it has to be
removed, and any other forces that might be involved. Thus, while modeling these dynam-
ics, the study seeks to enhance the understanding of how to effectively manage biofilm
formation in medical, industrial, and environmental applications. Finally, these types of
models may help identify the processes that may help avoid the problems associated with
biofilms and improve methods of cleaning and disinfection. In [6], the authors examined
the distribution of phase variable genes in the Campylobacter jejuni clonal complexes and
sought to reveal how these genes impact the adaptive potential among the bacterial strains.
In [7], the authors conducted to determine the point prevalence of Campylobacter in a U.S.
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commercial broiler production farm system by simply observing the level of contamination
at different stages. It also attempted to categorize the types of Campylobacter strains that
are likely to be in the farm environment. This research is relevant to establish the trends of
infection and then work on the recommended measures to be taken to enhance safety in
food and general health. In [8], the authors discussed other possible ways of improving
the management of CJ by employing a theragnostic concept. This includes the practice of
using chicken embryos as the critical pre-clinical model to determine and enhance their
‘therapeutic and diagnostic approaches’. As a result of this integration, the anticipated
benefit is the enhancement of the general CJ control and treatment effectiveness. In [9],
the authors focused on the pathophysiological alterations of the GI tract following an
infection with Campylobacter jejuni and explained how this bacterial infection impacts
the functional and structural integrity of the gastrointestinal tract with emphasis on the
processes that are involved. They analyzed changes in gut physiology, which entailed
looking at inflammation and breach of the mucosal layer. In [10], the authors quantified the
ability of asinex library compounds to bind to the Campylobacter jejuni DsbA1 protein,
which is a core thiol-disulfide oxidoreductase enzyme that is used in the protein oxidation
of bacterial pathogen proteins. Because the DsbA1l enzyme has a central role in bacterial
virulence, it can be useful for the development of anti-viral compounds. This particular
evaluation is therefore aimed at establishing, among other things, antiviral compounds
that may interfere with this important enzymatic activity and reduce the pathogenicity of
bacteria. In [11], the authors studied the indications of this bacterium in raw milk by both
the quantitative and qualitative observations of colony-forming units (CFUs) and viable
but non-culturable cells (VBNCs). This was regarded when determining the impact of these
two different states on the bacterium’s survival and ability to persist in raw milk. In [12], the
authors conducted a comprehensive comparison of three source attribution methodologies:
Machine Learning, Network Analysis, and Bayesian modeling. They evaluated their perfor-
mance using three distinct types of whole genome sequences (WGS) data inputs: the known
typing schemas that can be used are core genome multi-locus sequence typing (cg MLST),
5-Mers, and 7-Mers. In effect, this analysis seeks to assess the validity of each approach in
informing sources based on different types of genomic data. In [13], the authors studied
some factors that lead to antimicrobial resistance in Campylobacter, emphasizing the need
to supervise antimicrobial utilization in medical and farming fraternities. This research
highlights the need to step up the surveillance and regulation mechanisms to counter
this advance of resistance. Thus, the findings speak for the synergic approach of merging
healthcare and agriculture into the common fight against antimicrobial-resistant pathogens
that have become increasingly detrimental. In [14], authors proposed a new algorithm
called ‘LPEM’ (Linear Programming-based Elementary Mode decomposition) that takes,
from a steady-state flux value of a metabolic model—including genome-scale models—a
unique vector and dissects it into several components, each of which corresponds to a
weighted elementary mode. Indeed, these elementary modes are considered metabolic base
flux modes, and LPEM guarantees that the weighted sum of these modes will correspond
to the original flux vector. This approach allowed for reaching a high resolution at the
pathway level to study the Metabolic network and its usage in using different pathways.
In [15], the authors provided a systematic and up-to-date picture of the global burden of
Campylobacteriosis, highlighting the importance of official actions in the control of the
pathogen. The discussion showed how the infection happened by pointing out that the
food handlers somehow contributed to the spread of the pathogen. Also, extraordinary
emphasis was made on the aspect of food safety measures as a reason for controlling the
spread and health preservation. In [16], the authors constructed detail-specific growth
rate models for Campylobacter jejuni, Campylobacter coli, and Campylobacter growing
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in controlled pure culture environments. They determined the growth kinetics of the
species in question: lag phase duration, specific growth rate, and maximum cell density.
All of these measurements were carried out under comparable environmental settings to
provide consistent comparisons of the growth attributes of every Campylobacter species.
In [17], the authors aimed to identify the diagnostic performance of a range of assays for
Campylobacter infection. In particular, by combining data from several sources, they aimed
to assess the reliability and efficacy of the above diagnostic tools. The evidence synthesis
offers a clear assessment of the extent to which these tests performed in the detection of
Campylobacter across settings and populations. In [18], the authors studied naturally
occurring Campylobacter-associated diarrhea in Indian rhesus macaques to assess the
impact of vaccination in reducing severe diarrheal disease and growth stunting in infants.
This research was intended to find out more information on how vaccination could be used
as an intervention in preventing the degree and effects of Campylobacter infections. The
study offers information for future practicable measures of enhancing the well-being of
both primates and humans who suffer from comparable illnesses. Muthukrishnan et al. [19]
studied the time variability of Campylobacter spp. Its density and presence were assessed
in different camels. In several matrices, cows’ milk, feces, surfaces of the farm, and teat
skin throughout a year on a dairy farm in Germany. For this extensive survey, we aim to
examine the effects of seasonality and environment on bacterial density and distribution
and examine how any of these may affect the dairy farm hygiene and animal health in
several weeks of the year. In [20], the authors outlined key areas that needed more focus
to gain further Campylobacter reduction in poultry meat. It is also important to set a
standard measure that would be used in the assessment of these interventions. It should be
used as a reference point for easy comparisons and enhancements of future strategies of
Campylobacter control.

The stochastic delayed method consequently combines stochastic processes, fractional
calculus, and temporal delays as its powerful apparatus for a better representation of the
complexity of the real world. This approach goes further, using the memory effects that are
incorporated by fractional derivatives, which are vital in fields like biology and economics,
where past events determine the current and future events. By including delay, this method
can simulate the time in between cause and effect, hence making the system representations
realistic. The stochastic component looks into the inherent elements of risks and probability
within such systems to enhance the modeling of the uncertainties. Altogether, these
elements enhance the elaboration of more precise models regarding reality and improve
the comprehension of different real processes in practically all scientific branches.

Based on the structure of this paper, seven sections have been created to ensure
that major areas of Campylobacteriosis dynamics are tackled effectively. In Section 1, a
general background is provided with a literature review of the disease and its infection
rates comparable to other infectious diseases, namely Campylobacteriosis. This section,
therefore, lays some background by providing the previous works and theoretical literature
related to the present research study. Section 2 expands on the delayed model by presenting
the stochastic fractional delayed Campylobacteriosis model in detail. This section contains
the mathematical description of the disease and the stability of the model about the steady
state equilibria points locally and globally. Hence, the basic reproduction number is
analyzed, as well as the circumstances that arise due to changes in the parameters of the
model under consideration. Section 3 extends the stochastic fractional delay differential
equation of the reproduction number for a more comprehensive sensitivity analysis of
the disease spread related to Campylobacteriosis. The following sensitivity analysis is
vital to determine the effects of other factors of change and pressure within the system.
In Section 4, an attempt is made to use the stochastic GL-NSFD (Generalized Linear
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Nonstandard Finite Difference) numerical method to assess the suitability of the scheme
in capturing the dynamics of Campylobacteriosis. This section underlines the need to
have a proper implementation of the GL-NSFD method to avoid generating most of the
wrong analyses. The non-negativity and boundedness properties, which are vital to the
stochastic GL-NSFD method, are highlighted in Section 5. Preserving such properties is
very important for model identification and verification of real-world Campylobacteriosis
cases to increase the generality of the model. Section 6 is dedicated to the numerical
methods; however, examples are given to explain how the simulations that are built in the
previous sections are performed. In this section, the results of the simulation are analyzed,
as well as the possible implications of these results on disease prevention and public health
policies. Finally, Section 7 summarizes the conclusions, including the key findings, the
contributions of this study, and the implications for future research. This section also
highlights the generality of the developed model and its applicability to other challenging
epidemiological situations with stochastic and delay structures for further analysis and
control of the disease transmission within the human population.

2. Model Formulation

Campylobacteriosis manifestations in people and animals are depicted in the model
map in Figure 1. This illustration is important because it provides an understanding of
the pattern of disease transmission in both people and animals. The whole human and
animal populations constituted the two divides of our model. According to their condition
inside the system, these populations are also split into six sub-compartments at any given
moment. (Nj), The whole human population is split into subpopulations: susceptible
humans (S,), infected humans (I;,), and recovered humans, (R;). At a rate of recruit-
ment (Ay,), susceptible individuals are drawn into the population through immigration.
They develop Campylobacteriosis at a rate of B, (I, + I,) by consuming tainted food and
water, as well as from direct contact with diseased humans and animals. Humans with
the infection recover from Campylobacteriosis at a rate of (7). The mortality rate from
Campylobacteriosis is represented by (d;). At a rate of (0y,), recovered people may lose
their immunity and reintegrate into the vulnerable group. The natural mortality rate from
Campylobacteriosis in all human compartments is (y,). Immigration brings in susceptible
animals (S, ) atarate (Ay). Animals can develop Campylobacteriosis at a rate of B, (I, + I,)
by consuming contaminated food, water, or by coming into contact with affected animals.
The natural mortality rate of susceptible and infected animals is (},). The mortality rate
of Campylobacteriosis-infected animals is (Jy ), but their recovery rate might range from
(0) to (6y). Hence, the total human population is N, = S;, + I, + R;,. The whole animal
population, Ny, is split into subpopulations: recovered animals that are recovered (Ry),
infectious animals (I, ), and susceptible animals (S,). Hence, the total animal population is
Ny = So + I + Ry.

The deterministic model [1] is a basic epidemiological model that is derived by replac-
ing first-order time derivatives with Caputo fractional derivatives of order o«. Regarding
this adjustment, we think that it will improve the representation of the Campylobacteriosis
viral infection diffusion. It uses Caputo fractional derivatives to minimize the presence of
memory effects that describe how the system depends on prior states and carries informa-
tion about past infections in long-term memory. With this modification, the model is now
able to capture the dynamics of infection over time into account, owing to the nonlinearity.
The addition of ‘noise’ terms takes care of stochastic elements that are naturally occurring
and characteristic features of biological processes. All of these stochastic components are
then incorporated into the model to capture and analyze the interactions of the disease
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transmission specifics in the realistic scale of real-life accounts due to the stochastic nature

of biological systems.

SDE([Sp] = A} — BESu(t — T)(In(t — T) + Lo(t — T)))e M7 — pSy + o Ry, + 07 Syd(B)
SDF[Iy] = BESu(t — T) (In(t — ) + Lo(t — T)))e M7 — (y* + 6% + ) Iy + 0§ Id(B)
0D [Ry] = 9*I — (o + ) Ry + Ué"th(B)

§DF [So] = A% — B3Sy(t— T) ((In(t — T) + Io(t — 7)) )e o7 — p8Sy + 05 Ry + 0§ Sud(B)
§Df [Io] = B8So(t — T) (In(t — T) + Lo(t — T)))e T — (65 + 6% + u) I + 0% Ld(B)
6D¢ [Ro] = 051 — (05 + pg)Ro + 0 Rod(B)

)

This approach describes the dispersion of random loads in a system or stochastic
fluctuations characterized by the symbols: 07;i =1, 2, 3, 4, 5, 6. Let B(t) denote Brownian
motion, which is a continuous stochastic process for t > 0. The parameter 7 is used as

a time delay in the system, so T < t, and thus the influence of delayed feedback is only

visible after a certain period.

orRp
BaSn(t —7)
Apn ((1ne— o) + 12 — ) ) e e V/ N

l )RS (llh + )i lllth
/
\
N
uvsvl \\ (uv ke av)lv R,
\
y, b 0,1,
B.S.(t—17)

(Ip(e — o) + I.(e r)))e o
\ o,R, /

Figure 1. Graphical map of the Campylobacteriosis disease model.

Preliminaries: In the conceptualization of Caputo, the following foundational pre-

liminary definitions are crucial for a deep and thorough understanding of the fractional

derivative concept:

Definition 1. For a function ¢ € C,, the Caputo fractional derivative of order « €

(2 —1, m),m € Nis

a”
D90 = |

)

Definition 2. For the function ¢ (t), the expression describes the equivalent fractional integral

with order & > 0.

()= 5 / 2(T)dT

where “T'"” is the gamma function displayed.

®)
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2.1. Existence and Uniqueness of the Stochastic Fractional Delayed Model

This section aims to prove the existence of solutions and their uniqueness for the
stochastic fractional delayed model represented by model (1), which describes the Campy-
lobacteriosis disease. To that end, we appeal to the notion of fractional integrals appropriate
for this setting by reflecting on the initial conditions of a system to show these features. In
this regard, the models adopt the assumption that ¢ = 0; i =1, 2, 3, 4, 5, 6 as there are no
interacting deterministic components. This assumption offered the advantage of removing
stochastic noise, and, thus, only the deterministic behaviors of the system can be observed.
After that, using the necessary mathematical instruments involving the Caputo derivative,
it is proved that the fractional delayed model of Campylobacteriosis has a unique solution.

Sy = Spo + r fo (t—s)"" 19’1(5 Sp)ds.
I, = Iy + r fo (t—3s)"""Pa(s, I))ds.
Ry = Ryo + r fo (t—s)" ' Ps(s, Ry)ds.
So = Spo + T fo (F—s)" 1@4(5, Sy )ds.
I = Ipo + T fo (t—5)" ' Ps(s, I,)ds
Ro = Roo + gy fo —5)* 1 P5(s, Ry)ds

In system (4) the functions are defined under the integral are as follows:

Pi(t, Sp) = AF — BESy(Iy + L)e MiT — uS), + o R,
Po(t, Iy) = BESu(Ty + L)e Mi™ — (9% + 8F + ut) Iy
P3(t, Ry) = 71y = (0 + #) Ry )
Py(t, Sy) = NS — BES, (I + Iv)e_?‘v — UsSy + 05R,
Ps(t, Io) = B5So(Iy + L)e 0T — (65 4 85 + p5) I
Ps(t, Ry) = 051y — (05 + %) Ro

There is also a general assumption that the limiting functions Sy, I, Ry, So, I, and R,
are strictly non-negative. For these functions of asymptotic behavior to achieve, positive
constants €1, &, &3, &, &, and & should be set. In such a manner, as the period (t)
undergoes an increasing scale, the values of Sy, I, Ry, Sy, I, and Ry tend to approach
particular positive values below which no greater number than a predetermined one can
be found (those will be denoted by €1, €;, €3, €4, €5, and &).

Such that

[Sull <€, ]| <&, [|Rull <&, [[Soll < €4, [[I]] < Es5and [|Ry| < E.

Theorem 1. Let P;be functions fori =1, 2, 3,4, 5, 6 with0 < W =max {1,2,3,4,5,6} < 1.
satisfying 0 < W < 1,and assume 0 = 0; i =1, 2, 3, 4, 5, 6. Then, each function F;satisfies
the Lipschitz condition and is a contraction mapping.

Proof. First of all, we consider the function % as our main concern. To further understand
the associations and consequences of the following functions, let us define and analyze
them in this context: S; and 5111.
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171, S) = Fa(t, S| = || B3 (Sk = S1) (I + Lo)e ™7 + pi (5 — S} |
|1t S1) = Fa(t, S| < ||B5(Sh— Sh) (O + To)e ™57 | + || (S = S} |
|1t $1) = Za(t, S| < (Bre W11 (3 + L) | + ) 1S — S} ®)
|1t $1) = Fa(t, S| < (Bre i (€2 +85) + 1 ) S — S
[71(t, S) — F2(t, S3) | < al[Sw — S}l

Consider this expression: ¢; = (ﬁﬁe*”ﬁr(sz +&)+ yﬁ) This equation indicates that
the Lipschitz condition is satisfied, given ¢1. To ensure that the Lipschitz criteria apply for
the functions &;, where i = 2, 3, 4, 5, 6, we may employ an analogous method that takes
advantage of the nature of these functions. Additionally, the fact that these functions are
contractions is confirmed under the specific conditions that %" = max {1,2,3,4,5,6} < 1
and 7" = max {1,2,3,4,5,6} < 1. This implies the presence of contractile properties in the
system, which are required for the solutions to stabilize and converge. It is also noteworthy
that the system, as shown by system (6), has a consistent expression. For the overall validity
and stability of the model to be maintained, the solutions must be continuous for them to
behave smoothly over the designated domain.

Shn(£) (£ —5)" ' F1(s, Sy )ds.
Ihn(t) = ﬁfot (t - S)aing(s Ihn 1)dS
Rin(t) = g5 Jo (= 9)" ' Fa(s, Ryp_y)ds -
Son(t) = wiy Jo (= )" Fals, Son1)ds.
Ion(t) = i Jy (£ =) ' F5(s, Loy_1)ds.
Ron(t) = 15 Jy (t—=9)" " Fe(s, Rop1)ds
The representation of the variation between the two terms in the system (7) is
$u-1() = (Sna() = Sw1(1) = g fo (F1(5 Shum1) = F1(5, Snu—2))ds
Pu-1(t) = (Inn(t) = Iin-1(t)) = %fot (F2(s, Tnn—1) = F2(5, Tnn—2))ds
On1(8) = (Rup (8) = Rip—1 (£)) = r(l,x) fot (F3(s, Run-1) = F3(s, Rip—2))ds. ®
@p-1(t) = (Sou(t) — Son-1(t)) = ﬁ ot(t%}(sr Son—1) — Fa(s, Son—2))ds
Xn— 1(t) = n(t) — Ipp— l(t)) = ﬁfot (?5(5, Ivnfl) - 975(5 Ivn72))ds
Yu-1(t) = (Rop(t) — Rop-1(t)) = r(l,x) Jo (Fo(s, Ron—1) — Fo(s, Ron—2))ds
Therefore, we have
Sin(t) = Limo $i(t), Inn(t) = iz @i(t), Ry (t) = Lilo 0i(t), ©)
Son(t) = Liso @i(t), Ivn(f) = LiloXi(t), Ron(t) = Xito ¥i(h).
Let,
||47 (O] = 1S (#) = S (1)
||11b71 H - f ‘0;1 S, Shn— l) 971(& Shn72))ds (10)

19 (t) r 55 Jo IShn(t) = Suna (8)|ds
Hl/)ﬂ< ) r(a)f() Pn-1(t)ds
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When system (8)’s remaining equations are solved using the same approach, the
following outcomes are obtained:

lon(®)ll = £25 Jo @n-1()ds, 18] = 25 J5 u-1(t)ds,
lon ()] = 2% fo @1 (D)ds, | xn(B)l| = 125 fo xn-1(8)ds, (11)
e (0)]] = 1555 Jo a1 (B)ds

as required. [J

Theorem 2. Show (i)the existence of a uniform function defined in system (8). (ii) If there
is a ty > 1 such that % < 1. The model system has at least one solution if Wlx) < 1 for
i=12,3,4,5 6andof =0;i=1,2,3,4,5,6.

Proof. The functions Sy, I, R, Sy, I,, and R, are bounded, and each kernel &; for
i =12, 3, 4, 5, 6 fulfills the Lipschitz condition, leading to the derivation of the follow-
ing relations:

lgn(®)] < 1540 ]| 55 1)
184(8)]| < IR (0) HH% (1)
ln(8)]) < (011|355 (1)

" lea()ll < 11 0) ]| $25(6)
" ()l < 152011525 (1)
(O] < IRa(0)]]| 1555 (1)

7

y (12)

n

n

In the system (12) demonstration, the function given in (9) is demonstrated to exist
and be uniform.

To prove (ii), one must show that the system of solutions of (1) is reached by
Sn, In, Ry, So, Ly, and R,. Specifically, we define Sy, Iy,, Rn,, Son, lon, and Ry, as
terms that function after n variations are performed, so that

W
=
—
~
N—
|
[¥p)

1(0) = Spn(t) — Mu(t), In(t) — In(0) = I, (t) — Nu(t),
h ) - Xn(t)l Sv(t) - SU(O) = Svn( ) (t 7 (13)
Iy(t) — I,(0) = Iy, (t) — Zn(t), Ro(t) — Ry(0) = Ryp(t) — On(t),

z
<
—
~
=
|
=
—
(@)
=
I
=
=
=
=
=

Utilizing the triangle inequality in conjunction with ¢; Lipschitz condition, we con-
clude that t
IMa (D] = 17 Jo (F1(5, Snu—1) = F1(s, Sun—2))ds

(14)
IMa ()] < 2511 (1) = Shu—1 (B
Repetitively carrying out the procedure in (14), we obtain
o < [ 2] e 5
Next, at ., one acquires
gl n+1
< || == (t« € 1
Ima)] < |25 e (16
Assuming n — co as the limit.
@'1 i
lim [[ My ()] < lggloH & (17)
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By applying the hypothesis % (t+) < 1, we obtain the following from (17) yield:
nh_r){}o”Mn( )I=0 (18)

By using the same process as for n— co, we obtain
INa(B) [ =0, [[Xn(B)[| = O, [Yu(B)] = O, |Zn(t)[| = O, [[On(t)[ 0. (19)
Therefore, there is certainly a single solution as desired. [J

Theorem 3. Prove that the system (1) is unique if (1 - %(t)) > 0 for the assumption 0" =
0,i=1,23,4756.

Proof. Consider that another collection of solutions to (1) is represented by the sets
Shl, Ihl, Rhl, Syl, Ivl, al‘ld Rz;l.

194(t) = Sia (DIl = ey Jo (Fa(s, Su) = Fi(s, Sia))ds 0)
I181(t) = S (O < 5118 () S ()]

If the terms in (20) are rearranged, one obtains
1
- = — <
(1= 2501510 - sia(0)] <0 @

By applying the hypothesis (1 - % (t)) > 0, we obtain the following from (21) yield:

15n(t) = S (1] =0 (22)

It follows from this because Sy, (t) = Sy;(t). Applying the identical process to every
solution fori = 2, 3, 4, 5, 6 we arrive at the following:

Sn(t) = Spr(t), In(t) = Iy (t), Ru(t) = Ryp(t),

So(t) = So1(8), Io(£) = Ion (1), Ro(t) = @)

~—
|
=
S
oy
—~
~
~—

Hence, the theorem is proved. [

Theorem 4. The solution of the given stochastic fractional delayed model (1) will be positive
in R0 according to its initial conditions for U;" =0,i=1,2,3,4,5,6.

Proof. Whenever states are bounded by initial conditions, they have to be non-negative
throughout the system. This means that any variable or parameter of this system cannot
have a negative value at any stage within the presented framework of evolution. Non-
negativity is important for convolutions because non-negative states are more physically
realistic most of the time, while the negative states are undefined in most of the physical
models. Consequently, we obtain the following:

cD& [sh]|5h:O = A*+0R; >0, §D¥ [IhHIh:O = B4Su(Iy + Lr)e MiT > 0, {DE[R |R =71, >0,
6DF[So]ls,— = NS +05Ry > 0, §Df (]|, _y = PESolpe 197 > 0. {Df[Ro] |R o =081, > 0.

It is worth emphasizing that a positive solution for the given stochastic fractional
delayed model, as explained in system (1), is possible when the initial condition is inside the
feasible area. This suggests that, despite the stochastic noise and or fractional values of time,
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the system remains manageable and will act within physically or biologically plausible
restrictions and thus end up being positive. Thus, model stability and correspondence of
the dynamics of the disease behavior remain unchanged if the initial values are located in
the permissible area. [

Theorem 5. For any time t the system (1) in feasible region & = {(Sh, I, Ry, So, In Ry) € RT6;
0 < Nu(t) < % 0< No(t) < 2%, t >0, 7 <t }, (where Ny = ), + I + Ry is total human
population and N, = Sy + I, + Ry is the animal total population) with initial condition is bounded
with assumption 0 =0; i=1,2,3,4,5,6

Proof. The total sum of human populations can be written as follows:
Njy(t) = Sp(t) + In(t) + Ry (1)

0Df Ny, (t) = §Df Sp(t) + D¢ In(t) + 5Df Ry (¢).
oDf Niu(t) = Ay — pj, Ni(8).

0D Ni(t) + up N (t) = Ay

Using the Laplace Transformation, we obtain

Z{oDENp (D)} + Z{upNu(8)} = A {1}

o

SLN(D) — s INO) + L Ny (1) = Db

(55 4 1)L (N (1)} = 57N (0) + 2.

s* "INy (0) Aj
(s*+pi) (" pp)
By applying the Laplace inverse, we obtain

o1 S*TINL(0) Ay
Ny(t) =2 {(suyg) +S(Sa+yz)}.

Z{Ny(t)} =

Ny (t) = Np(0) 7 By g (—pst®) + At By g o (—pit®).

AIX
Ni(t) = Ni(0) Bo (—pht") + p ot Bura(—H3E").
h
_ Ay
Let M = max{Nh(O), z }

Nu(t) < M Byp (—ppt") + Myt By g o (—ppt").

Ny(t) < M[ By1(—ppt®) + ppt* oo (—ppt")].
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AS, Eb,ﬁ = ZEb,bJrﬁ(Z) + %

1
Nh(t) <M _.u%tlea,lJrzx(_Vﬁtlx) + m + VﬁtaBoc,lthx(_VZt“) :

Ny(t) <MasT(1) =1.

Ny (t) < M.

Similarly, applying the same approach, the system is bounded and lies in the feasible
region for the animal population. Therefore, the epidemiologically feasible region for the
propagation of Campylobacteriosis is provided.

AY A%
?z{wmm&ﬁwumeR%m<Mmsy$0<mwgy;wzar<ﬂ (24)
h v

It is necessary and appropriate to use the stochastic fractional delayed model when
studying and forecasting the characteristics of Campylobacteriosis from an epidemio-
logical point of view. This model is appropriate and steady for using and comparing
the introduction of disease in a given populace useful input into quantity relating to the
Campylobacteriosis circulation parameters. Based on the developed equation, this positive
and stable value informs about the invariance of the structure of the applied model to the
Campylobacteriosis-related parameters. [

2.2. Model Equilibria and Reproduction Number

This section is devoted to the extraordinarily detailed compartments of the stochastic
fractional delayed Campylobacteriosis model (1), namely in the disease dynamics section. It
provides enhanced information about the system’s behavior under different scenarios, how
the disease present equilibrium exists and has Campylobacteriosis stay in the population,
whereas the disease-free equilibrium means the absence of the disease. It also tries to figure
out how the disease can spread within the population stochastically.

Therefore,

Disease-Free Equilibrium:

DFE = 0° = ((Su)o, (In)or (Ru)or (So)os (lo)o (Ro)o) = (,0,0,4¢,0,0).  (25)

Disease Present Equilibrium:

DPE = 6* = (S}, I, R}, SE, I, R%). (26)
(e ) (0585 ) (o8 + ) (s + 1) — (0305 15) By LT — A (crz‘ + y%ﬁ%lj;e*%‘%f)
YR+ I)e T A5 (08 + ) Ble 19T + (050%) B8 Lye 1T '
A (VR RT3 S

* . Fh — ) _ ]
o) T Bs(L+ Iy)e T (o + )

po (04 00 ) (0 ) BT — g (v + 0 + ) (0 + 1) + 2" Byl — A (of + i) Be T
’ N0+ 1) Be 1T = Be T (v + 8 + i) — v Bl '
For an infectious disease, the reproduction number indicates whether the disease is

likely to be prevalent and controlled or receding and eliminated in a population. If the
reproduction number is less than one, the disease may be manageable; if the reproduction
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number is greater than one, the disease is expected to continue spreading. The next-
generation matrix approach is used to calculate the basic reproduction number.

apu,—HET
Apppe

" x a)’ (27)
iy (7% + 0 + )

Ro

Theorem 6. Disease-free equilibrium (25) is locally asymptotically stable for « € (0, 1) if Rp <1
with the assumption of 0 =0;i=1, 2,3, 4, 5, 6.

Proof. The stochastic fractional delayed model (1) is linearized around (25) to obtain a
6 x 6 dimensional Jacobian matrix with negative real components and eigenvalues,

M =~y Ao = (04 + ) As = oy Aa = — (09 + i),
The second-degree polynomial follows as
ApA® + A+ Ag = 0.
Here,

Ay =1,
Ay =a1 —ay+az—ay,
v Ag = (a1 — a2) (a3 — ag) — mya3.
ay = BESue 1T, ay = (Y + 0F + ), a3 = BESee T, ay = (65 + 05 + p).

Since all four eigenvalues are negative, the disease-free equilibrium point is locally
asymptotically stable. According to the Routh-Hurwitz criterion for a second-order poly-
nomial, local stability is ensured when all coefficients Ay, A1, and Ay are positive. This
condition holds when R < 1. Therefore, the disease-free equilibrium of the stochastic frac-
tional delayed model (1) is locally stable if Ry < 1. Conversely, if Ry > 1, the equilibrium
becomes unstable. [

Theorem 7. The stochastic fractional delayed model (1) is globally asymptotical stable (GAS) at
disease-free equilibrium, 00, if Ro < 1 with the assumption of of=0;i=1,23,4,5,6.

Proof. The Volterra Lyapunov function # : ¥ — R is defined as

Sh

2(t) = [sh (S — <sh>olog} R+ [sv  (Su)g— <sv>ozog5”] ot Re.

oD

oDFZ(t) =

Z(t) = [Sh] D{S;, + DI, + DERy, + [

(Sn)o (So)o

Sp— (S
n = (Suo ]D;‘SU+D§‘IU+D;"RU.

Sy - (Sv)o
So

[S050] (g — B3S(h+ Io)e 5 — S + 0 R, ) + (B3S (1y + Lye #i7—

(Y + 8 + i) 1) + (71— (0 + i) Ry) + | gAz — B3So(ly+ Io)e 4T — i3S, + 0§ Ry )+

(B3S0(l + To)e 57 — (6% + 0% + ) I

+ (051 — (05 + pg) Ro).

a
—ulr
ﬁ‘,’;she h

(Su=(Sn))?
D1 2(1) < — (A + iR B — o+ (1 )~ (e + )R-

5059 (05 +#o)

2 o —t%‘r
(A% + 0% Ry) Se=0 _ (50 1y [1 B! } (0% 1 u%)R,.

This implies that D} # < 0if Ry < 1,and {Df Z = 0if S;, = (S3), So = (Sv)g, In =
Ry, = I, = Ry = 0. Therefore, 0° is globally asymptotically stable. [J
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Theorem 8. Disease-present equilibrium (26) is locally asymptotically stable for « € (0, 1)if Rg > 1
with the assumption of 07 =0;i=1, 2, 3, 4, 5, 6.

Proof. The stochastic fractional delayed model (1) is linearized around (26) to obtain a
6 x 6 dimensional Jacobian matrix with negative real components and eigenvalues;

The 6th degree polynomial follows as
AA® + AsA® + AgA* + AsA3 + ApA? + AjA 4+ Ag = 0.
Here,

Ag=1.
As = a1 +ag + a1 — ajp + as — as.
Ay = (14 ay)(aga — agayg — ajparn + agay + (ag — as)(ag + ay — ayg) — azae + azaz).

Az = (1+ay)(azagary — agagayy — agbyog + (ag — as)(azagary — agagary — agly oy ) —
a3ae(ag + aj — ayg) + azaeay) + azazag + azaza, — asop;y".

Az = (1+a1)((ae — as)(azagary — agagary — aglyoy) — asae(as + ayy — ayg) + azag—
a7a3(aeAo — agAs — AeA11 + A1149 — AgA11)) — Agasoy, Y™ — (a0 — a11)as05 v+
ayaz(ag — a11) + agazay(ag — ag).

Ay = (1+a1) (a2a6 — agas(arp — a1 )ofy" + asazagar o™ + agazagoy™ + azazasaiarn+
azasaz(ag — ag)(as — ar1) + azae(agasary + agfyoy — azagayy)).

Ao = (1+ a1)(azagazary (ag — ag)) — agagayoar o y* + azasae — azarpanory™ — (asofy™) (agofod )+
a3a4a6a11a7(ag — ag).

Also,

iy = BTG+ I)e T 4 i, a2 = BSie T, a5 = BySie 1T, ag = B(I; + 15)e Y,

a5 = PUShe MiT — (Y + 6% + k), ap = (0 + pk), ay = PESie T, ag = BL (I + I3)e M7 4 pt, .
ag = B5 (L + 1) e 17, ang = ByS5e 0T — (05 + 55 + piy), ann = (0% + p).-

Which is the 6th-degree polynomial where the coefficients of the polynomial are positive
with AjAy — AgAz > 0, A1Ag — (A3)* > 0, AAgAs — AsAsAsz + (Ay)* A — (As)? > 0.
So, using the Routh-Hurwitz criterion for a 6th-degree polynomial, the coefficient of the
characteristic equation is positive with the constraint Ry > 1. Hence, the disease-present
equilibrium of the given system (1) is stable in the sense of being locally stable. Else, if
Ro < 1, then Routh-Hurwitz’s condition for stability is violated. Thus, (29) is unstable in
the sense of local sense. [

Theorem 9. The stochastic fractional delayed model (1) is globally asymptotical stable (GAS) at
disease present equilibrium, (0*) if Ro > 1 with the assumption of o} =0;i=1, 2, 3, 4, 5, 6.

Proof. The Volterra Lyapunov function Z : & — R is defined as

h

Z =k (8= = Sin(32)) +ka (1= 1 = Liin (1) ) + ks (Ru — Ry = Ryt (52 ) ) +
k4(Sv i s;m(%g)) +k5(zy - zgzn(%)) + ke (Rv _R: - R,’jln(R—g)).

Given positive constants k;(i = 1, 2, 3, 4, 5, 6), we can express the following equation:
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}D“SU T ks [Iv I ]D’XIU +k6{ ]D“RU

CD’XZ—kl[Sh Sh}D“Sh—l— kz[ Z]Df‘lh-i-kg[ ]D“Rh—Fk [

oDiZ =k {Sh hSh} (Aﬁ — BSu(Iy + Lo)e ™ — Sy + Ui'th) + k2 [Ihﬂﬂ (ﬁish(lh +Ip)e M7~
(7" 4 05+ ) ) + ks [P | (4 — (o + i) Ri) + e | 35522 ] (A8 — /s“s,,(zh +L)e M — s, +
O8Ro) + ks | 7L | (B3Su(lh + Lo)e M7 — (05 + 8% + i) Lo ) + ko | S 2] (081 — (0% + ) Ro).

2 2
S,—5 e\ (LI R,—R
D17 = —ky (Mg + 0 Ry) Cihl — ko (B (1 + 1,)e ”’”)% —ka(r" M,—Rf)—
Ka(AS + 05 R) S0 ks (B8S, (1, + To)e#7) Ul — g (ot ) (Bl

If we choose k; where(i =1, 2, 3, 4, 5, 6),
(5u-5;)° oo\ (1)’ (Ry—R;)?
SDFZ = — (AL + 0 R,) S5 - (BiSH (I + I )e—uhf)iflhlf — (1 1) St -
Sy—52) L—1I R, —R})?
(A8 + 08 Ro) S50 (B, (1, + Ip)e 1) Ukl (gu,) Bemfil”

§D¥Z < 0,for Ry > land {DfZ = Oifand only if S, = S;, I, = I,, Ry = R}, Sy =
S.,, I, = I, R, = R},. Hence, Lasalle’s invariance principle (26) is globally asymptotical
stable. [

2.3. Extinction and Persistence of the Stochastic Fractional Delayed Model

Definition 3. Let B(t) be a Brownian motion and 2(t) be an Ito drift-diffusion process that
satisfies the stochastic fractional delay differential equation [21]:

ODF (1) = (BT + Lo)e ™5 — (7" + & + i) I ) + o5 Ll (B(£)).

6DE (1) < (BiSule ™7 — (v + 8} + i) Iy ) + o3 L (B(£)).

If f(2,t) € 2?(R%,R), then f(D(t),t) is also an Ito drift-diffusion process, which
satisfies the following:

oDt (f(2(1),1) = (D f(2(t), t)dt +5D¢ ((2(t), £))dB(t) + %Ssz (2(1),1))dB(t)*.

Let us introduce )
Iy _pd _ (03)
RS =R} T
2(y* + 6y + pip)

Lemma 1. The unique solution of the system (1) exists and lies in the region & if it satis-
fies ((Sn)os (In)or (Ri)g, (So)g, (Io)o, (Ro)g) € RF®.

Definition 4. The active criminals will be extinct in the system (1), if tlim 2(t)=0,Vt>0.
— 00

apu *V%T

Theorem 10. If Rg” <1land 02 < %, then the infected humans of the system (1)
mh (o)

exponentially tend to zero.
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Proof. Let us consider the initial data ((Sy,)o, (I)o, (Rn)o, (So)o, (In)o, (Ro)y) € RT®, and
the system (1) admits the solution as (S, I, Ry, Su, I, Ry), with o and ¢ are the randomness
and drift, respectively, if it satisfies the stochastic fractional delay differential equation;

D8 4] < (Bi(Su)olie ™ — (v + 8§ + i) )t + cof 1d(B).

By using the It6’s lemma with f(C) = In(C), we have

1

oDf In(I,) = oDf (I,)dV + §6D2f(1h)1h205‘df-

1 1/ 1\,

« 1
3D In(ly) = (ﬁ%(swoew — (" G ) - 2<a§>2)df + g cd(B).

in(h) = in(1,(0)) < [ (Bi(Sidoe 57 = (" + 0+ ) — 50807 v+ [ oged(5),

Notice that, W(t) = [; o¥cd(B) with W(0) = 0.
Appre i

a2
03)" > trersem)’

AjBye 1
i (r™ + 0f + uf)

« 1
ln(lh) > (ﬂﬁ(sh)oe_yﬂ — (’)’a +5ﬁ + ﬂz) - E >t+ W‘l—lnlh(()).

7 (7" + 6 + ﬂZ)) + ¥ + M’i(o)-

In(l;) _ Ay Ble Hi
t T\ 2up (v + 0+ g

AL B —HT
miC) iPie — (7" +8F +uf) | >0, with lim W_o
t—oo t Z;I/lg ("y"‘ + (5ﬁ + yz) t—oo t

A’X‘B“eﬂ‘?’i’
sy then
i (v 05 ;)

In(I) < Ajpe 1T — (Y +o+ “)—1(0"‘)2 t+ W +Inl,(0)
R T O R B U e

—

i)

A&l 1T W Inl, (0
g(v“+5g+yz)< il —1>++”h().

2y (" + 0 + ) t t

lim supln(lh)

t—oc0 t

<(r + o + ) (RS = 1).

When R} < 1, we obtain Jim sup™thl <o,
—00

liml, =0,
t—o0
as desired. )
R(I)h :Rg o (0’5‘)
2(7" + &, + uj)
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Va

h =

_ M 3R
Ro oA,

1)
V&h = FZ X

3. Sensitivity Analysis

In this section, we examine the behavior of model parameters concerning the repro-
duction number Ry and examine the transmission of crime with the sensitive analysis of
the model (See Figure 2). Preliminary: The formalized sensitivity index of a variable %,
which depends on the differentiable on a parameter @:

PN )

¥o=% %3

In spatial terms, determine the sensitive indices of the parameters concerning the
reproduction number Ry.

Brn _ 9Ro Y  9Rg 1
=150, Vg =L xS0 150, V=L w0~
PRy " 9Py TRy ot (v 4 0 + )
WRo_ 1 gy M R 2+ (" +5)
Xy (o) M R dm (v 40+ )

Basic Parameters

Sensitivity indices of R0

Figure 2. Sensitivity indices of reproduction number (Ry).

The graph displays the sensitivity indices of the reproduction number, Ry, which
determines how sensitive Ry is to modification of the stochastic parameters presented in the
model. Sensitivity analysis reveals the parameters that predominantly impact the disease
spread, and the nature of relationships between factors that will be the focus if the disease
control strategy is to be effective. The estimation of Ry is to increase with the A, and g,
parameters due to the positive sensitivities of both. In particular, the increase in the flow of
susceptible Ay, individuals, that is, the recruitment into the population, enhances Ry as the
number of possible infective individuals is expanded. When B, is increased, the value of
Ry increases as well, and the transmission becomes more effective in the population. Values
of 7, uy, and 6y, have negative sensitivities; hence, increasing their values will lead to a
decrease in the value of Ry. In particular, A higher recovery rate vy entails a lower Ry, given
that people recover faster, meaning that the time available to infect others is less. Natural
death rate yy, is inversely proportional to the transmission potential, and thus a higher y,
reduces Rj. An increase in the proportion that dies due to the disease ), also reduces Rg
because the infected patient is taken out of the population, thus decreasing transmission
opportunities. As for the sensitivity analysis, yj, is the most sensitive variable with a
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sensitivity value of —3.95, meaning equal attention is paid to Ay and B;, demonstrating
that the influx of susceptibles and rates of transmission have the same importance for the
further spread of the disease. Applying medical measures for increasing recovery rates vy
and decreasing mortality can influence the spread of Campylobacteriosis to the maximum.
Decreasing the number of people entering susceptible compartments in the population, Ay,
or decreasing the transmission rate f, through vaccination or better hygiene, therefore, can
reduce Ry (See Tables 1 and 2).

Table 1. Parameter sensitivity signs.

Parameters Signs
Ay Positive
Bn Positive
0% Negative
Hh Negative
Oy Negative

Table 2. Parameter sensitivity values.

Parameters Values
Ay 1
Bn 1
0% —-1.95
i —3.95
) —-1.95

4. Stochastic Fractional Delayed GL-NSFD Method

This section presents a numerical method for the stochastic fractional delayed model (1)
that underlies it. Another instance of the stochastic fractional delayed system is provided

as follows:

ODF [Sulli=t, = Afy — Bi(Sn) yr ((Tn),, + (Iv)n+12€7”zT — U (Sh) g1 + 05 (Ry), + 07 (Sp),,d(B(t)).
0D In]le=t, = B (Sn) 1 ((TIn),, + (L) )e ™M™ — (v 465 + uy) (In) 1 + 05 (1) ,d(B(t)) (28)
(C)Df( {Rh”f:tn = ’Ya(Ih)n-&-l - (0']1;6 + ]/lZ) (Rh)n+1 + Ug(Rh)nd(B(t))

6DF [Solli=t, = A = B3(S0) pya ((Tn)ygr + (Iv)n)ea_“% — Ho(S0) i1 + 05 (Ro), + 07 (S0),,d(B(1)).
6DF [Tl le=t, = B5(So)y1 ((In)yi + (To),,) e 0T = (65 + &5 + i) (To) 41 + 05 (L), d(B(t))
0DF [Rollt=t, = 05 (Io) 11 = (05 + #5) (Ro), 41 + 06 (Ro),d(B(2)).

First, the Grunwald-Letnikove approach, or GL. approach, is explained:

1 n+1
oDiv(t)]e=t, = (H(ADF (*%nH =Y iy ViTn1-i— Pn+155/0) (29)

1

Here, v; = (—1) 1 <¢x> v = a.

i*ﬂ(
== 1=1,2,3,... 1.
pl 1—.(1_“>/l 7 /3/ 7’1—"-

Now, the outcome that follows helps verify some other hypotheses.
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NSFD rules are added to the GL approach, making the discrete model for susceptible
humans as follows:

(%(111))“ (( W1~ E? 1 Vl(sh)”“—i +‘O"+1(Sh)0) = Ay = Bi(Sn) g1 ((In), + (Iv)n+1)67”zr — W5 (Sh) it

(30)
o_lf(an + U%(Sh)nAB'

L vilSu) i1 i + Pur1(Su)o + (K (1)" (Af; + 0f (Ry),, + 07 (S) ,AB)
L ()" (B (1), + (L), )e 57 + )

Additionally, the latent and breaking out Campylobacteriosis model GL-NSFD scheme
is as follows,

(Sh)n+1 -

(31)

T (D)1 Pusa (Do + (T ()" (B3 (S0, 1 (1), + (Io), e 47 + 08 (1), AB)

iz = T () (15, + ) o
(R ) _ Zln 1 Vz(Rh)n+17i +pn+1(Rh)0 + (%(h))a(')/“(lh)n+l + U'éx(Rh)nAB) (33)
hintl 1+ (F ()" (o + p)

Y Vz(sv)n+1 1+Pn+1(sv) (H (1) (AG + 05 (Ry),, + 0505 (S0),A )
(Sv)n+1 - 1+ rx(ﬁ ((Ih a1t Iv) )e*}l%’f_i_#v) (34)
. i vi(Io) g i+ nga (Io)g + (%(h))a (ﬁ“(sv)nﬂ((lh)nﬂ + (Io),, )E_F%T+U§‘(Iv)nAB) 25
ol = )@+ 05 1 ) @
(Ro),y = L vi(Ro) 1 + Pnr1 (Ro)o + (F ()" (85 (Io) 1 + 7% (Ro),, AB) (36)

14 (H (h)" (08 + ps)

5. Positivity and Boundedness of Stochastic Fractional
Delayed GL-NSFD

The positivity and boundedness of the solution for the system (1) are confirmed by
the following theorem: ((Sy,)q, (In)o, (Rn)g, (Sv)o, (In)g, (Ro)g)-

Theorem 11. Suppose that (Sy,), >0, (I)y >0, (Ry)g >0, (Su)g >0, (I)g >0, (Ro)y >
0, AZ >0, B >0, 0% >0, ut >0, 9% >0, 68 >0, A2 >0, 0% >0, u >0, g% >0, 6% >
0, 6 > 0, then (Sy),, > 0, (In),, >0, (Ry),, >0, (Sv), =0, (I), =0, (Ry), > 0 forall
n=1,2,3,...and AB = 0.

Proof. For this, by using the Mathematical Induction method, we obtain the following:

Forn =0

> 0.

v1(S1)o +P1(Sn) + (H(h))" (Af + o (Ry)o)
1 (2 ()" (B3 (1) + (To)o)e 7 + 3

(In)y = " m >0
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Ly k) +p1<lv> <%<h>>“(ﬁz<sv>1<<1h>1+<Iv>0>e—ﬂ%r)>O
( v)l - ( (h))tx(ea +5a +V%) >
11 (Rely + o1(Ro (7 (1)" (65 (L),)
(Rv)lf ( (ho)) (gtx_|_‘uv) 1 >0
Forn =
(5,), = 151+ ¥a(Su)o + pa(Sido + (F )" (A + 0 (Rihy)
2= = U.

L (9 ()" (B4 () + (L) )e 757+ )

w1 s+ #2()o + pa)o + (T 00)* (B0l + (R))e )

2 = H ) (7 + 3 + 1)
v (Ri); +v2(Ra)o + p2(Rig + (F (1) (1 (1))
(Ry)y = -2 21+°(%(h))a(§g+y%) 2) >
(5., — {Se)1 £ 1a(Suly pa(Se)y + (T () (AT B (Ro))
v U () (B8 (D) + (o) )e M0 + )
vi(Io)y +va(I)g + p2(Io)o + (F (1)* (B (S0)a(Tn)z + (o), e 47) .
o)z = T+ () (@5 103 + ) .
_ Rl + el + palRoly + (H (1)) (350
(Re)s = S e (ot 7 1) =20
Forn =

(S1) :v1(5h)2+1/2(5h)1 +v3(Si)o + p3(Sn)g + (F (h)* (A} + 0 (Ry),) > 0.
’ 1+ ()" (B () + (o)a)e 157+ )

vi(In)y + va(In)y +v3(In)g + p3(In)g + (F ()" (:3%(511)3((111)2 + (IU)Z)e_HZT) >0
()3 = L+ (3 ()" (7 + 0} + 1) )

V1 (Ry )y +v2(Rpy)y +v3(Ry)g 4 p3(Rp)g + (F (1)* (v (In)3) -0

(Ru)s = T+ (W) (0 + 1) 2
(621, = PLSe)a + a(S0) + 15(S:)y + pa(Suly + (M) (A + 05(Roy) |
s 1+ ( (1) (Ba((In)3 + (Lo)y)e M7 + p) -

(bl 4y sl + oy + (20 (511 + e 7)
+ (H (h)* (05 + 05 + us) -
Vi (Ro)y +12(Ro)1 +13(Ro)g +p3(Ro)g + (F (1)) (65 (Io)3)
1+ (F ()" (05 + pt)
Suppose that forn =1, 2,3, ...,n—1,(Sp),, >0, (I),, >0, (Ry),, >0,(Sy), >0,
(I),, > 0and (Ry), > 0.
Thus, forn =n

(Iv)3 =

(Ro)y = >0

iy Vi) + Pn1 (Sudo + (F ()" (A} + 73 (R),)
L (92 () (B () + (Io),)e ™ + )

(Sh)n+1 -
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S )1+ et (1o + () (BE(S)n (), + (R), )e 17

(In)py1 = 1+ (H ()" (v + 08 + ub)

E:H—]l Vl(Rh)n+1 i + Pn+1(Rh> (‘%(h)) ( (Ih)n+1)
T+ ( ()" () + )
)

(Rh)n+1 =

(S ) ):z 1 VI(SU)n-H 1+Pn+1( ) ‘%(h) a(A%+Ug(Rv)n)
T L () (B (I gy + (To),) e+ i)
?:11 Vi(To) 1+ ont1(To)g + (F (1)) (,Bz(sv)nﬂ ((In)yyr + (Iv)n)e_ygr)
14 ( ()" (05 + 05 + pg)

Y (Ro)gq i + Pt (Ro)g + (F (1)) (68 (o) 141
1+ ( (h))" (08 + ps)

(Iv)n—H -

(Rv)n-H -

As required. UJ

Theorem 12. Suppose that (Sy,)q+ (In)g + (Ri)g + (So)g + (Io)g + (Ro)g = 1, A} >0, B} >
0,08 >0, 4 >0,9%> 0,8 >0, A% >0, 0% >0, ud >0, 5 >0, 05 >0, & >

0, and (F (h))" > 0 then (Sp),,, (), (Ru)p (So)n (L), (Ro), are all bounded for all
n=1,2,3,....n,and AB = 0.

Proof. For this,

(Siduer + () (B3 (B (), )5+ (S + () + () (0 453+
Vﬁ)(lh)nﬂ + (Rn)yy1 + (%(h))“(‘fff + Vﬁ) (Rn)pg1 + (So)pyr + (% (h))" (ﬁ%(S )n+1((1h)n+1 + (o), ) T4
Plv(sv)nﬂ) + (Iv)n+1 + (%(h)) (05 + o5 + V%)(I‘Il)n—i—l + (Rv)n+1 + (‘%(h)) (o5 +ug)(R )n 1=
i vi(Sn) a1 + Pnr1(Su)o (%(h))a(/\ﬁ + 07 (Ri),) + X vilIn) g + ona (In)o+
() (B S a1 () + (), )e ™57 )+ KI5 0 (R ey + pusa (Rudg + (F (D) (v () 1)+
S i(S0) pa1—i + P (So)g + (FH ()" (A'X‘HT (Ro),) + X vilo) g i+ eur1(To)g
2(S0)

(F (h )) ( 2(So n+1((1h)n+l+(1'0) )e Ho T) +Zl 1 Vz(Rv)n+1—z+Pn+1( v)o + (H(h N* ( ('U)n+1)

Next, we use the Induction method to evaluate the further iteration then,
Forn =0

(14 (7 ()" (B (I + (Lo )g)e M7 +y) (S +

1+ (L (F(h) (v + 65 + pit)) (In), +
(1+ (7 ()" (ohw))() (1+ () (8
IS

(
(In)y + (I )g)e 7 + it ) ) (So)y +
(

()

(14 ( ()" (05 + 05+ 18)) (L) + (1+ (F ()" (0% + i) (Ro); = u((s > (In)o + (Ru)o + (So)o+
<Iv>o+(Rv>0>+p1+<%<h>>“(Az+o,f<Rh> + B (S ((Tu)o + < 0)e T+ 97 (), + A%+ 0% (Ro)o+
BE(So): (In)y + (To)g)e 4T + 08 )

(14 (T ()" (B (I + (o) 57+ u ) ) (Si)y + M) (v + 83 + 12)) (I

(1+ (% ()" (ahw))( > (14 (x ()" (ﬁ"‘((lh) <>>ew+yv))<sv>
(L (0 (1)) (05 + 85 + i) (L), + (1+ (F (1)*(03 + 15)) (Ro)y = w1 + prgy + (F ()" (A
78 (Ru)o + B3 (Si)1 (1) + (Io)g)e 47 #7145+ 5 (R + BE(Sn () (10)0)6”T+
03(1)y).



Fractal Fract. 2025, 9, 358 22 of 31

(1+ () (B + (T)o)e ™7 + 1) ) (Si)y + (14 (F ()" (1% + 85 + ) ) (1) + (1+
(5 ()" (0 + 1)) (R + (14 (F (1) (B3((0)y + (o)) 7+ it ) ) (So)y + (1+ (5 ()" (65 + 63+
#8)) (o)y + (1+ ( (1) (05 + ) (Ro)y = Vi,

(14 (2 ()" (B (o + (To)g)e ™5 + it ) ) (Su)y < v + gy + (F ()" (Af + 0 (Rig + B (S ((I)o+
(Io)o)e M + % (In) + A% + 05 (Ro)g + B5(S0)1 ((In)g + (Io)g)e 7 + 95(10)1)-

(1+ (T () (7% + 8+ 1)) () < 1+ gy + (2 00)* (A +0f (Rado + B (S (o + (T)g)e Hi+
V() + A + 05 (Ro)g + B3(So)1 () + (To)o)e ™7 +63(L), ).

(L4 ()" (05 4 1)) (Ray < v+ iy + (T ()" (A4 + 0 (Rado + B (511 () + (o)) 57 49 (Iy) +
A8+ 08 (Ro)g + B3(So)y (1) + (lo)o)e ™7 + 08(L)y )

(1+ ) (B (D) + (o)g)e 7+ i8) ) (Su)y < w1+ gy + (F ()" (A% + 0 (Ra)g + BE(Sn); ((I)o+
(Io)g)e M + 9 (In) + A% + 0% (Ro)g + BE(So)1 ((In)g + (Io)g)e #o7 + 95(10)1)-

(14 (I (1) (85 + 85 + i8)) (T)y < w1+ iy + (F ()" (MG + 08 (Ra)o + B (Sn)y (In)g + (o))e M+
Y (); + A + 05 (Ro)g + BE(So)1 () + (To)o)e ™7 +63(L), ).

(1+ (H ()" (0% + 18)) (Ro)y < w1+ gy + (F ()" (A% + 08 (Ru)o + (S (1) + ()o)e ™7 + 7% (L), +
A + 05 (Ro)g + B3(So)y (In); + (To)o)e 17 + 85(L), ).

Yy
(S < - .
T (@) (By(o + ())e T+ )
(I); < il .
(14 (F ()" (v* + 6% + )
Yy
R < T @ m @ )
Y
(e = (1 + (F () (BS((In)y + (Io)g)e M7 + pt))
(Iv>1 S aYl .
(14 (F ()" (05 4 65 + p%))
(Ro)y < X -
(1 + (X (1) (% + p8))
(Sn)y <Y1, (In); <Y1, (Rp)y <Y1, (So)y <Y1, (Io); <Y1, (Ro)y <Y1
Forn=1
(14 () (B + (T))e ™5 4 1) ) (S + (14 (F ()" (v + 8 + 1)) (B)o+

(1+ (F ()" (0 + 1)) (Ru)p + (1+ (% <>>( S((1), + < >>e BT s ) ) (So)+
(1+ (I (1) (85 + 85 + i8)) (L), + (1 + (H (1) (08 + 18)) (Ro) = va ((Su)y + (g + (Ry)y + (So)y +
(Io)y + (Ro)y) +v2((Sn)g + (I + (Rag + (So)o + (o) + (Ra)g) + pa + (I ()" (Af + off (Ry)y +
B (S () + (o) e M7 + 97 (1) + A% + 05 (Ro)y + B3(So)a (1), + (Io)y)e T + 65(L,), )
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(1 @ )" (B (B + (o) )e™ 57+ w3 ) ) (S + (14 (F ()" (v + 83 + 1)) (1),

(14 (T () (of + 1)) (R, + (1 (%(h))“( S((In) + (Io)y)e ™7 + it ) ) (o),
1+ (F00)" @ 485 +18)) Goly + (1 (T ()05 4 15) (Rolg
() e+ +V++Y+Y)+ r(la)
1)) (A + 0 (Ru)y + B (S)2((n)y + (To))e ™M + 92 (I), + A% + 03 (Ro),
+ﬁ“(5v) () + (T)y)e 7 + 05 (1), ).

1 (5 (1) (B3 () + (L), >e—”ﬁT+yz))<shz (1+ (5 ()" (v* +5“+uh>> +(1+

>“(ah+uh>> W+ (1 (F ()" (B5((1), + meﬂwu)) ><ea+5w

) (1 (9 (1)*(05 + 18)) (Ro)p =+ 6Y1a + s + (F ())“(Auoh(zeh) +ﬁ“<sh> () +
(o)) 4 )y 8 + 08 (Rely + B3 Se () + (e T4 0 (L),) = Ya.

(14 (2 )" (B (D)1 + () )e ™5 4+ it ) ) (Su)z < o+ 6Yaa + gy + (F ()" (A + 0 (Ri)1 +
B (S)2 () + (lo)1)e M7 + 92 (1) + A% + 08 (Ro)y + B3(So)a (D) + (To)1)e ™7 +03(L), )

)

(
(70
)

(L4 (F ()" (7" + 8 + 1)) (1), < @+ 6Yia+ iy + (F ()" (A“+ah<Rh> B (52T + (L) )e T+
V() + A8 + 05 (Ro)y + BE(So)a(In) + (o) )e M7 + 85 (L), ).

(14 (F (1) (0 + 1)) () < o+ 6Y10 + priy + (F ()" (A"‘—irah(Rh) + BE(Sh) o (In)g + (Ip)g e Mi™+
at > + A+ 05 (Ro)y + B3(So)a(In) + (o) )e 17 + 85(L), )

(1+ () (B3((1), <Iv> e T us) ) (Sl < w61+ gy - (5 () (Af + 0f (Ri)y
B (S)2 (1) + (o) )e ™ + 9% (1) + A% + 03 (Ro)y + B3(So)y (1) + (To)y)e 7 +03(L), )
(14 (F (h))" (0% + 65 + b)) (Io), <0¢+6Y106+1-( (h)* (Af + 0f (Ry), +
B (S)a((In); + (To)y)e M7 + 9 (1), + A% + 03 (Ro), +ﬁv<sv> << > + (o)) ﬂwewv))
(14 (F (1) (05 + 15)) (Ro)y < @+ 6Y1a + gy + (H (1) (AG + 0f (Rp)y + B3(Si)p(ln)y + (Io)y)e 7+
V() + A% + 08 (Ro)y + BE(So)a (1) + (Io)y)e 7 +05(L), )

Y,
(Sp), < . .
U (1 @) (B + (B))e 4 )
Y,
(In)y < (T+ (H M) (r*+ 64 +us))
Ys
Rie < G @ m) @ 1))
Y>
(5e)a = (1+ (H ()" (B8 (L), + (Io)y)e M7 + p))
(Iv)z S och .
(1+ (H(h)* (6% + 65 + us))
Y,
(Redo < G (a0 + 30))°

(Sh>2 <Yy, (Ih)z <Yy, (Rh)z <Y, (Sv>2 <Y, (Iv)z <Y, (Rv)z <Y
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Now, consider that

(Sh)n S Yn/ (Ih)n S Yn/ (Rh)z S an (Sv)n S Yn/ (Iv) S an (Rv)n S Yn-

n

Here,

= b 68 (Y1, Yy Yo 1) ey + () (A + 0 (Re), + B () + (1), Je 7+
Y (In) 1 + A + 05 (Ro), + B5(So) g ((In) g1 + (Iv)n)efygr + eg(IU)nJrl)‘

Forn=mn
(1 (T ()" (B (I + () )e ™57 4 i) ) Sy + (1 (F (W) (7 + 68 + 1)) (i) +
(14 (2 ()" (o + 1) ) € Rh n+1+(1+< () (B (I + (o), )e 7+ i) ) (So) i+
(14 (F (h)*(05 + 05 + pg)) (To) g + 1+( (1) (08 + 15)) (Ro) 1 = L7 Vil (Sn)ya—i + () pgpr—i+
h n+l—i+ S )n+1 i ( )n+1 i ( U n+l1— 1)+ On+1 (Sh) ( ) +(Rh) (SU) ( ) +(RU) )Jr

(
(%(h))“(A“+Uh(Rh) + B (SH) gt ((Tn)y + (L) )e ™ 4+ 4 (1) g + A% + 0% (Ro), +
B3 (S0)na ((I)sy + (L), )e 4T + 05 (L0) .. ).
=v1((Sn)y + (In), + (Ri),, + (So),, + (Io), + (Ro),,) +v2((Sn)y1 + (In) 1+ (Ri)yq + (So)yq + (o), 1+
(Ro)y—1) +v3((Sn)pa+ (In)y2+ (Rp)y 2+ (So)y o+ (Io)yp + (Ro), o) + - +va((Sp)y + (In); + (Ru)y +
(S0)1 + (In)y + (Ro)q) + Va1 ((Sn)o + (In)g + (Rp)g + (So)g + (Io)g + (Ro)g) + pnr1 + (F ()" (Afi+ :
OF(Rp )y + BE(Sh) 1 (Tn)y + (T0) e ™+ 9% (1) 11 + A% + 05 (Ro),, + B5(S0)pir (Tn)pq + (To),, ) e 197+
6%(10)n+1).
< a(6Yn) +a(6Yy—1) +a(6Yy2) + - +a(6Y2) +a(6Y1) +a(1) + ripy + (F ()" (Af + off (Ry), +
BE(SH) a1 (Tn)y + (To) e HiT 4 % (Iy) g + AL + 05 (Ro),, + BE(So) oy ((In) sy + (To) ) e HoT+
05 (1) 11)-
Sa+t ﬁ +6a(Yy-1,+Yn—2,....Y2+ Y1) +(%(h))a(l\a+Uﬁ(Rh)n+ﬁz(Sh)n+l((Ih)n + (L), )e MiT+
Y (Ih)n+1 +AIX +(T (Rv) +:BIX(SU n+l((1h)n+1 + (IU) )€7H%T+6$(Iv)n+1> = Yn+1~

)
(14 (2 ()" (B3((1), + T ) ) (Su)sr S @+ pgy + 64 (1, HYna, e Yo 1)+
( (h))" (A“JF%(Rh) +5h(5h)n+1(( W+ (Io),)e FiT 4+ 4% (1), 41 + A% + 0% (Ro), +
B (So)st () + (o), )€ 47 + 05 (1)1 )

(T4 (F ) (v + 0+ u3)) (In) g < a+ r( o F (Y1, +Ya2,... Y2+ Y1) + (F (h))" (A
o (Rp), + B (Sh) 1 ((In), + (In) e T 4y “(In) 1 + A+ 05 (Ro), + B5(So) ppr (1) yyq + (Io),, )3 MoTp
eg(lv)n—&-l)‘

(14 (F ()" (o + p)) (Rp) g < @+ ﬁ +6a (Y1, +Yn—2,... Yo + Y1) + (K (h)" (A} + 0¥ (Ry),,+
:Bz(sh)n—l—l((lh)n + (I'U)n)eiyzﬁ[ + ’ya(lh)n—l—l + A% + O-g(Rv)n + ;Bg(sv)n+1 ((Ih)n—i-l + (Iv)n)e—ﬂg’f+
9%(117)11—&-1)‘

(1 + (% (h) “(55,( )y + (L), )e 187 + yg)) (So)us1 < &+ pgy +60(Yo 1, +Yu 2, Yo + Y1)+
(9 (1)* (A + 08 (R + B (S () + (To) e 49 (1) g + AS + 08 (Ro), +
BS(So) i () + (Io), )e ™7+ 65(L), ).

(1+ (F(h)" (0% + 6% + ) (Io)peq <@+ r(%_a) +6a(Yy_1, +Yu—2,.... Yo +Yq)+ (%(h))”‘(AZ + 07 (Rp),,+
ﬁz(sh)n—i-l((lh)n + (Iv)n)eiﬂ%”[ + ’)/a(ll’l)n—i-l + A% + Ug(RU)n + ;Blle(sv)n+l ((Ih>n+l + (Iv)n)e_H%T+
eg(lv)n—&-l)‘
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(14 (H(h)" (0% + %)) (Ro) yiq <ot ﬁ +6a(Yy_1,+Yy2,... Y24+ Y1) + (K (h)" (A} + 0} (Ry),,+
lglft(sh)wrl(([h)n + (Iv)n)e_VZT + 'Y‘X(Ih)wrl + Ag + Og(Rv)n + ﬁ%(sv)nﬂ ((Ih)nJrl + (IU)n)eiygT_F
Gg(IU)nJrl)‘
Yii1

(1 @) (B + (o)) 7+ 5))

Yn+l
T (M) (v + 05 + 1))

(Sh)nJrl <

(Ih)n+1 < (

Yn+l
L+ (F ()" (o5 + 7))

(Rh)nJrl < (

Yn+1
St = A O B s + o) P 1))

Yn-i—l
Godnsr < 3 (o () (08 + 05 + 18)

Y11
(Ri)py1 < (1+ (%(h))z(aﬁ +up))

(Sh)n+1 < Yn+1/ (Ih)n+1 < Yn+1/ (Rh)n+1 < Yn+1r (Sv)n+1 < Yn+1/ (Iv)n+1 < Yn+lr (Rv)n+1 < Yn+1'

As required. O

6. Numerical Simulations

The simulations’ parameters are explained in this section. The primary features of
the simulated graphs are examined using the set of parametric variables given in Table 3.
Furthermore, these graphs were created at the time when Campylobacteriosis disease was
broadly exposed in the human population and finally achieved a stable, present form.
Appropriate values of « are selected at the current equilibrium to examine the dynamics of
the active cases. The Campylobacteriosis disease model has demonstrated to us that the
rates at which the disease spreads vary throughout nations. Since every person or group of
people has distinct physical surroundings, health concerns, and other factors, these rates
have biological significance.

Table 3. Values of parameters.

Parameters Values Source [1]
Ap 0.5 Estimated
Ay 0.5 Estimated
Bn 1.03 Fitted
Bo 1.04 Fitted

Hn 0.5 Fitted
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Table 3. Cont.

Parameters Values Source [1]
Mo 0.5 Estimated
o 0.001 Estimated
Oy 0.003 Fitted
oy 0.004 Estimated
oy 0.007 Fitted
0, 0.1 Estimated
0% 0.001 Fitted
o; 0<i<1 Fitted

Discussion

This section provides a detailed explanation of the comparison of the stochastic frac-
tional delayed model at different values of the fractional order « with delay tactics (7 = 10)
on susceptible, infected, and recovered humans and susceptible, infected, and recovered an-
imals. In Figure 3, we show the temporal behavior of the susceptible human population for
various values of the fractional order .. The larger the fractional order « is, the system has
less memory effects and, therefore, the system is faster. This can create a more protracted
decrease in susceptible humans over time, meaning that lower fractional orders may signify
a longer period of susceptibility in the populace. Higher fractional orders might indicate a
faster transition, which is a result that indicates that we might expect to see more classical,
integer-order disease dynamics and a quicker reduction in susceptibility. Figure 4 displays
the number of infected humans in different fractional orders «. The lower fractional orders
o mean that the infection spreads at a small rate but can stay longer in the system, which
causes a wider infection peak. On the other hand, higher fractional orders may exhibit even
higher peaks of infections and an even faster decline, meaning faster infection transmission
and healing in the population. From this, it can be made out that the fractional order has a
direct influence on the time and amplitude of oscillation of the infection wave in humans.
In Figure 5, the patterns of recovery of humans are depicted for different values of fractional
order «. The rates of recovery decrease with decreasing fractional orders, leading to a
delayed increase in the number of recovered individuals and suggesting longer infectious
and recovery periods. This could suggest that higher fractional orders may be linked to
the rapid aggregation of persons recovered and shorter durations of infectiousness, with a
faster recovery period. This means that the memory effect that is contained in fractional
orders is central to determining the time that the population takes to recover. In Figure 6,
the susceptible animal population is illustrated for different values of the fractional order
.. In the same manner, the susceptibility phase is prolonged for lesser fractional orders
o in the human population; a similar argument applies to animals and is attributed to
slower dynamics, probably due to memory effects where the current state significantly
depends upon the past states. Higher fractional orders might indicate a faster decrease in
susceptibility, which is in better agreement with traditional disease models, with current
statuses impacted less by the previous states. In Figure 7, the number of infected animals
with varying fractional orders « is compared. The dynamics of the infected animals portray
the contribution of fractional order in the infection spread rate. Hence, lower levels of « are
generally associated with lower rising infection rates and longer periods of infection peak
width. However, higher fractional orders could denote more precisely the peaks and the
decline of the infection, pointing out the increased and speedy dynamics of the disease in
these circumstances. Figure 8 presents the analytical results for the recovery of the number
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for different values of the fractional order «. As earlier observed, lower fractional orders o
produce slower recovery rates as well as a later increase in the recovered population. The
above shows that at lower fractional dynamics, animals, like human beings, take a longer
time than usual to recover from diseases. The result presented shows fractional orders
greater than 1 exhibit a higher rate at which recovered animals are been accumulated,
suggesting faster recovery from the disease. The graphs show a combined format detailing
how the fractional order « affects Campylobacteriosis disease and recovery in both human
beings and animals. Smaller fractional order results in longer memory effect and reduced
rates of progress as well as recovery, while higher order comes closer to the classical disease
rate of change. These effects may give insights into how fractional modeling may more
accurately depict real-world diseases where past conditions strongly influence current and
future conditions.

GL-NSFD Method
0.85 T T T T :

Susceptible Humans

0 5 10 15 20 25 30 35 40 45 50
t,7=10 (days)

Figure 3. Susceptible humans are shown graphically for different values of the fractional order a.

GL-NSFD Method

0.3 T

T T T

©
BN o
o N

Infected Humans

o©
=

0.05

L | L |

. |
0 5 10 15 20 25 30 35 40 45 50
t,7=10 (days)

Figure 4. Infected humans are shown graphically for different values of the fractional order .
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Figure 8. Recovered animals’ graphical behavior for different values of fractional order «.

7. Conclusions

Probabilistic modeling and the parameter of delayed infection rate are vitally impor-
tant factors in understanding Campylobacteriosis in populations. The model suggested
in the paper provides the means to describe the interaction between the system and the
identified factors, as well as the resulting alterations using mathematical analysis and
numerical simulations. This is because the numerical solutions attained using the stochastic
GL-NSFD scheme have other important characteristics, such as the positivity and bound-
edness of solutions, which are imperative for any endemic model. The model identifies
two equilibrium states: the disease-free equilibrium, in which the Campylobacteriosis
rate changes with changes in the public health interventions and behavior; and the en-
dogenous equilibrium, which gives the persistence level of the infection rate in response
to the infection transmission dynamics and interventions. Since graphical illustrations
assist in identifying situations where the disease indicates equilibrium, which means a
continuous interconnected infection, this situation is particularly useful. On the same note,
the model shows that an infection-free state is possible if the intervention measures that are
recommended are implemented. Our results suggest that increasing the delay parameter
and minimizing the memory effect can shift the system dynamics from an endemic state to
a disease-free state. In such cases, the effective reproduction number naturally drops below
one without altering any other model parameters. The model also looks into the effects of
delayed intervention approaches on the incidence of Campylobacteriosis. While the health
complications of early intervention in disease are experienced in the form of high incidences
of infection, appropriate and aggressive measures (initiation of intervention) offer better
ways of minimizing the spread of the disease. This brings the issue of early intervention
systems in curbing the spread of Campylobacteriosis into a larger perspective. Applying
the same concept to the model, it could be inferred that if strict measures are observed
in the model, then the levels of infection in communities could be reduced. Therefore,
this stochastic fractional delayed infection model is useful for studying and modeling the
impacts and transmission dynamics of Campylobacteriosis in diverse scenarios. Analyz-
ing the delay strategies, the model suggests creating an ideal public health policy and
prevention practices. In addition, food hygiene improvement, cementing the safe use of
water, targeted vaccination, and other public health measures constitute efficacious control
strategies that minimize the spread of Campylobacteriosis.
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