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Abstract: In this paper, the global complexities of a stochastic virus transmission framework featur-
ing adaptive response and Holling type II estimation are examined via the non-local fractal-fractional
derivative operator in the Atangana-Baleanu perspective. Furthermore, we determine the existence-
uniqueness of positivity of the appropriate solutions. Ergodicity and stationary distribution of non-
negative solutions are carried out. Besides that, the infection progresses in the sense of randomization
as a consequence of the response fluctuating within the predictive case’s equilibria. Additionally, the
extinction criteria have been established. To understand the reliability of the findings, simulation stud-
ies utilizing the fractal-fractional dynamics of the synthesized trajectory under the Atangana-Baleanu-
Caputo derivative incorporating fractional-order « and fractal-dimension @ have also been addressed.
The strength of white noise is significant in the treatment of viral pathogens. The persistence of a
stationary distribution can be maintained by white noise of sufficient concentration, whereas the eradi-
cation of the infection is aided by white noise of high concentration.

Keywords: immune effector response model; fractal-fractional derivative operator; Brownian
motion; ergodicity and stationary distribution

1. Introduction

Diverse viral outbreaks, including those engendered by the human immune compromised virus
(HIV) [1], ebola virus [2], acute respiratory syndrome Coronavirus-2 (SARS-CoV-2) [3], dengue
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virus [4], nipah virus [5], HBV [6], etc., have been researched utilizing mathematical formulas to
describe the within-host nonlinear versatile tendencies. In typical latent infection systems, uncon-
trolled infections, vulnerable tissues, and attacked cellular responses interact. Additionally, several
researchers highlight the phenomenon of incubation by mentioning persistent contamination. The
recipient defensive mechanism responds to viral infestation via inherent and monoclonal antibody im-
munogenicity. Both kinds of reactions can be roughly classified into lytic and nonlytic parts. While
nonlytic responder processes prevent viremia by aqueous molecules, lytic responder strategies elim-
inate afflicted organisms. Innate mechanisms include the ability of autonomous assassin systems to
destroy intracellular pathogens and the nonlytic inhibition of viral multiplication by cytokines released
by cellular functions. Cytotoxic T lymphocytes (CTLs), which are allergen antibodies, destroy intra-
cellular pathogens while autoantibodies deactivate dispersed viral proteins and prevent the transmis-
sion of bacteria to infected macrophages. Furthermore, CD4+ and CD8+ T lymphocytes can produce
chemicals that inhibit infectious proliferation (e.g., IFN- and TNF-), (see Figure 1).

\ Destabilization
CCL3,CCL4, of CD8* T cell-
Guie £ CCLS5, IL-12 and DC interaction T, cell-mediated
CBIS‘a'PEil(l)s to| ILF15 e 200 XCR1* ] sSﬁpresﬁon of DC
cognate DC { %%Ié Ichng Bhdiiiis maturation
y L= [ %)
and IL-15_°75

CD80 or CD86

CTLA4 or LFA1

LAG3

CD4*
[ cell
eg

IL-12 and/or IL-15-
mediated regulation
of CD25 expression
and apoptosis

/

IL-2

Autocrine and paracrine
IL-2-mediated programming of Reduced IL-2 exposure
CD8* T cell survival and recall to CD8* T cells

Figure 1. Life cycle of CD4+ and CD8+ T cells.

These discrepancies are not necessarily easy to make, though. For instance, cytokines like interferon
and tumour necrotic signal have been shown to promote apoptosis in some circumstances, in addition
to inhibiting infectious multiplication [7]. Eichelberger et al. [8] investigated whether the pathogen
can be eradicated by the CD4+ T-cell-dependent antigen reaction in the absence of CD8+ T cells, (see
Figure 2). Topham et al. [9] demonstrated that CD8+ T lymphocytes can eliminate the pathogen by
a lytic process that is either regulated by complement activation or Fas. In terms of explaining the
four distinct HCV scenarios quantitatively, Pan et al. [10] addressed the HCV infectious system, which
incorporates the pathways of contamination and propagation, such as infectious agent and cell-to-cell
dissemination patterns.
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Figure 2. Aging and respiratory viral infection: from acute morbidity to chronic.

Chronic infestations result when the pathogen weakens and suppresses the innate immunity. An
immunological reaction has occurred whereby, upon a bacteria’s penetration into the system, the im-
munological mechanism identifies the onslaught and communicates this information to the defensive
components, which then generate lymphocytes to eradicate the infection. Additionally, the respon-
sive immunological mechanism is very important in regulating the virus replication. When an infec-
tion propagates in a person, the cells respond in two ways: first, a host antibody immune reaction
is triggered by the B-cell, and then a cytotoxic immunological reaction is induced by the Cytotoxic
T Lymphocyte (CTL). According to earlier investigations, the autoimmune disease seems to be more
robust than the intracellular immunological defences. Elaiw et al. [11] addressed the production of an-
tibodies, particular nonlinear prevalence rate expression, and behavioural features of viral transmission
scenarios, including insidiously viral particles. Luo et al. [12] analyzed a nonlinear prevalence, cell-to-
cell dissemination, and host immune protection framework for diffusive pathogen infectious diseases.
Wang et al. [13] investigated the infectious patterns of a system of persistent HIV transmission that
included multiple latencies, B-cell immunological responses, and the Beddington-DeAngelis occur-
rence criterion. Hattaf [14] presented a generalised virus-induced framework with several delayed and

Mathematical Biosciences and Engineering Volume 19, Issue 11, 11563-11594.



11566

immune regulatory components that exhibit global stability and Hopf bifurcation. Rajivganthi and
Rihan [15] presented the stochastic analysis of viral infection model involving latently infected cells.
Olaide et al. [16] presented a novel metaheuristic algorithm named ebola optimization search algorithm
(EOSA) based on the propagation mechanism of the ebola virus disease. For further investigations on
optimization and epidemics, we refer the readers [17-25].

Fractional calculus (FC) is a subfield of mathematics that was created by applying integer deriva-
tives to differential equations (DEs) involving fractional-orders [26-31]. Since many considerable
anomalies in digital circuits, phonics, physio-chemical processes, special relativity, photo-catalysis,
transport phenomena, stretchability, and optoelectronics can be characterized by fractional DEs, this
field, which deals with classical derivatives and fractional-order, has gained popularity in the last three
decades. Additionally, FC is currently an essential strategy for simulating complicated events as well
as electron mobility that occurs in permeable heterogeneity environments [32-36]. In order to an-
alyze FDEs, scientists require a powerful toolset, yet it might be challenging to identify precise al-
ternatives to these kinds of computations. Therefore, it is vital to designing appropriate quantitative
strategies to address these issues [37]. However, quantitative approaches for FDEs create mathemat-
ical challenges that are not present in the evaluation of integer-order models. Because certain of the
advantageous aspects of the conventional approximation operators are compromised, there are certain
systemic problems in performing simulations of the fractional derivatives. During the last decade,
the Atangana-Baleanu fractional operator has made recent advancements in fractional DEs approxima-
tion, [38]. Atangana [39] proposed a revolutionary nonlocal formulation that combines fractional-order
and fractal-dimension: fractal-fractional (FF) differential and integral operators. To examine intricate
real-world situations that can never be modelled using classical and fractional derivative/integral for-
mulations of single order, the F-F technique has been expounded as a valuable technique in numerous
scientific and epidemiological fields. Versaci et al. [40] presented a fuzzy similarity-based approach
to classify numerically simulated and experimentally detected carbon fiber-reinforced polymer plate
defects. The present scheme can be further formulated with the method proposed by [40].

However, the fractional-order and integer-order mathematical models have been developed to ana-
lyze a large number of randomized order derivatives, providing an additional level of flexibility in se-
lecting; see [41-44]. The stochastic DEs might offer a significant level of reliability, and when linked to
deterministic systems, they encompass the comprehensive spectra of an individual cohort and produce
a highly precise result as compared to a classical model. We need to execute the simulations repeatedly
and detect commonalities in the projected scenarios because the results of every inquiry in a stochastic
procedure differ from the preceding [46—48]. According to several researchers, a non-linear recurrence
projection for stochastic processes is one of the epidemiological techniques that has been examined for
stability evaluation. In fact, random events are prevalent worldwide. Systems frequently experience
random disturbances. Various studies have been conducted on stochastic dynamics; for example, a
wide range of scientific theories, including meteorology, accounting, biology, and telecommunication
systems, frequently exhibit randomized fluctuations with long-term dependency. In order to analyze
fractional stochastic processes, fractional Brownian motion (BM) employing the Hurst index H(1/2, 1)
has been proposed as an alternative to classical BM [49]. Kerboua et al. [50] looked into stochastic
fractional DEs with perturbed regulatory frameworks that involved fractional BM. Pei and Xu [51]
investigated the non-Lipschitz stochastic DEs driven by fractional BM. In 2021, authors [52] presented
a novel notion for analyzing and predicting the transmission of COVID-19 throughout Africa and Eu-
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rope using stochastic and deterministic methods. Alkahtani and Koca [53] contemplated the fractional
stochastic SIR system within the fractional calculus technique. Rashid et al. [54] contemplated the
stochastic fractal-fractional tuberculosis model via a non-singular kernel with random densities.

Owing to the aforesaid propensity, we intend to suggest a novel fractal-fractional stochastic immune
effector response to viral infections while taking the notion of a fluctuating population with white
noise into consideration. We intend to divide the entire population into five distinct groups based
on the severity of viral infection. Furthermore, several qualitative analyses are conducted, such as
the existence and distinctiveness of the positive solution in the stochastic immune effector responses
considering a Holling type II functionality reaction. Perceptions from these systems are distilled in
this assessment, which also contrasts them with test findings. Numerical results are presented by
employing the revolutionary technique proposed by Atangana and Araz [52] in the fractal-fractional
derivative sense. Graphical illustrations are presented with low random densities, incorporating the
fractal-dimension and fractional-order. In a nutshell, we presented the simulation findings with and
without control.

The rest of this paper is structured as follows. Section 2 gives some foundational information on F-F
operators in the ABC sense, formulations of stochastic perturbation and the fractional viral infection
model construction. In Section 3, we demonstrate the model’s configuration. Section 4 exhibits the
solution’s existence-uniqueness, as well as ergodicity and conducts a stationary distribution study on
the proposed model. The unique result for the F-F viral model is established utilizing the Atangana-
Baleanu sense and standard Brownian motion in Section 5. Furthermore, the discussion of numerical
simulations utilizing the novel numerical scheme is provided to analyze the behaviors of the considered
model. Finally, we give the conclusion of our paper in the last section.

2. Preliminaries

Before advancing on to the formal description, it is imperative to study certain fundamental F-F
operator concepts. Take into account the parameters provided in [39] as well as the functional v(t;),
which is continuous and fractal differentiable on [c, d] with fractal-dimension ¢ and fractional-order
a.

Definition 2.1. ( [39]) The FF operator of v(t) involving the index law kernel in the perspective of
Riemann—Liouville (RL) can be described as follows for t € [0, 1]:

t
FFPIY9 (o (EY) — 1 if—_ u—a-1
DO,E (v(t)) = Fu—a) dv (t—w) v(w)dw, 2.1
0

dv(w)
dwy

v(t)—v(x)
[

where = lim andu—-1<a,9p <ueN.

t—x
Definition 2.2. ( [39]) The FF operator of v(t) involving the exponential decay kernel in the terms of
RL can be described as follows for a € [0, 1]:

t

ap o . M(@) d a -
D) = f exp( = (- 2)veodx, (22)
0

such that M(0) = M(1) = 1 containing « >0, p <u € N.
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Definition 2.3. ( [39]) The FF operator of ¥(t) involving the generalized Mittag-Leffler kernel in the
perspective of RL can be described as follows for a € [0, 1]:

t

ABC d _

DY (v(D) = 1_(;)ﬁ f Ey( - (- 0)Vedz, (2.3)
0

such that ABC(a) =1 —a + m involving a > 0, p <1 €N,

Definition 2.4. ( [39]) The corresponding F-F integral formulae of (2.1) is described as:

IO = 5 f (-2 %" Vo) dx. (2.4)

Definition 2.5. ( [39]) The corresponding F-F integral formulae of (2.2) is described as:

t
v
T (VD) = % f 2 WGodw + P DT VO, 2.5)
0

M(a)

Definition 2.6. ( [39]) The corresponding F-F integral formulae of (2.3) is described as:

t
 oVE-lu(E
d 21 (E = 1) Gy + 20— VO (2.6)

FFMya \) —
i) = 3y ABC(e)
0

Definition 2.7. ( [38]) Let v € H'(c,d), ¢ < d and the Atangana-Baleanu fractional derivative
operator is described as:

t _
ABCD2(v(E)) = Afff) f V' ()E( - O‘(lt%?)dx, a€[0,1], 2.7)

where ABC(«) represents the normalization function.

Definition 2.8. ( [55]) The Gaussian hypergeometric function %1, characterized as

1 _ _ o
2F 101, Y23 Y3, y4) = B0s 71— f 271 -7 A =y 7t (3> 92 >0, < 1), (2.8)
2 Y3 — )2

where B(y1,y2) = Fr%‘)z(y)zz)) andI'(y,) = f exp(—t)" dt is the Gamma function.
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3. Model configuration

Here, the immunological mechanism is necessary for the highly contagious viral replication. If
infectious processes are adequately described, the infection and the therapeutic medications employed
to address it can be comprehended. Lymphocytes are vicariously liable for specialization and retention
in responsive immunological systems. B cells and T cells are the two primary categories of lympho-
cytes. T cells have the ability to identify and eliminate contaminated organisms, whereas B cells are
responsible for producing antigens that can neutralize pathogens. Immune systems, including CTL and
antigen-response, have been examined in terms of their impact [56,57]. The impact of CTL reactions
and cytoplasmic latencies has been considered by a few other scientists as well [58]. Murase et al. [59]
presented the mathematical framework that shows how adaptive immunity affects viral transmission as
follows:

YD — A —cU®) - 1, UDF®) - L, UDA®D),

AD — 2 UDF®) + LUDA® - 6A®D),

B0 = pA® - v.F(® - EFDQ),
A — yFHQ() - LQOA® - 6A(D),

3.1

The system (3.1) based on unrestricted infections F(t), unaffected target cells U(t), productively
infectious specific cells A(t) and antibodies/B tissue Q(t). The productivity A of the infectious organ-
isms U(t) and fatality rate ¢ are both constant. The incidence of the disease by uncontrolled pathogen is
A11, and uncontrolled bacteria become constructively contaminated at a rate of A,, for each of the two
individuals. The percentage of viral components that died at 6, v, and { released pathogens, antibodies,
and B tissues, respectively. When tissues are actively infested, individual viral particles are created at
a speed of ¢, where is the ratio ¢ at which responses can eliminate the pathogen. The frequency of
responses that are active versus the pathogen is y.

However, the persistent infectious factor is applied to framework (3.1) in this article as an improve-
ment. We suppose that the incidence at which a Holling type II functioning reaction develops is that
the unaffected cell U(t) becomes contaminated by a neutral pathogen F(t) or by virus is transmitted
organism A(t) at the rate Alﬂggt) + ”lei(zé)(t) response. The rates of pathogen to tissue infection and
tissue to cell propagation are indicated by 4; > 0 and 4, > 0, , respectively, see [60]. We further
estimate that the amounts of contamination that result in response times and efficiency are 1 — ¢ and
¢ € (0, 1), respectively. In addition, we included the effect of unpredictability within the host by in-
jecting nonlinear disturbances on the spontaneous mortality rate, employing white noise throughout
each expression in an attempt to depict a more accurate state of pathogen progression. As a result, the
modified framework is specified:

dU®) = (A - U — 42030 — LEOADNGE 1 p, UD)dB, (D),

dS(®) = ((1 - ¢)(4e3 + 25Q20) — vy + 0)S(D))dt + p2SDB,(D).

dA(®) = (¢ (ﬁll‘fgf;” LULAD) + orS(1) — 6AD))dt + psA(DdBs (D), (3.2)
dF(®) = (pA® - v:F({) - EFDHQD))dt + psF DB, (D),

dQ(® = (\FOQ(D) - £Q(D))dt + psQD)dBs (D),
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subject to initial conditions (ICs) U(0) > 0, S(0) > 0, A(0) > 0, F(0) > 0, Q(0) > 0. Moreover,
the term S(t) stands for the concentrations of contaminated tissues in the predictive phase at time
t. v, be the death rate of S(t), the underlying contamination becomes prolific at the rate o. Also,
p?, ¢ = 1,...,5 are intensities of standard Gaussian white noise and B,, ¢ = 1,...,5 are independent
standard Brownian motion (BM). The underlying ideas of probability theory and stochastic differential
equations are described as: let (€, §, {F}i=0, P) be a complete probability space using filtration such that
{&}i=0 admits the basic requirements. For further information on It6’s technique, see [61]. However,
the deterministic model has certain limitations because it cannot consider demographic stochasticity,
which are important features of any natural system. Due to the influence of environmental noise,
population density usually does not stabilize at a fixed value, but fluctuates around a certain average
value. Nowadays, stochastic biological modeling has attracted great interest from researchers all over
the world [20-22].

4. Existence-uniqueness of non-negative solution

In what follows, we provide the accompanying result to identify the stochastic model’s (3.2) exis-
tence and uniqueness.

Theorem 4.1. For y <& <, Lip<vy+x, 1+ 4, < %, the solution of the system (3.2) (U(0), S(0),
A(0),F(0),Q(0)) is unique for t > 0 underlying ICs (U(0),S(0), A(0), F(0),Q(0)) € R3. Also, the
solution will probably stay in RS having unit probability, i,e., (U(0), S(0), A(0), F(0), Q(0)) e R3, V t >
0 almost surely (a.s).

Proof. Briefly, if the local Lipschitz criterion is fulfilled by the components of the scheme (3.2).
Thus, (3.2) has an unique local solution (U(t), S(t), A(t), F(t), Q(t)) on [0, 7.], where 7, is the expo-
sition duration. Then, we illustrate that 7, = co. Let us apply the same methodology used in [48] to

prove the result. Our intention is to define a non-negative mapping C> as H : R} +— R, such that
7}Lr£10(U(f), S(®), A(®), F(t),Q(t)) € RI\ T, inf H(U,S,A,F,Q) = oo and LH(U, S, A,F,Q) < k, where

T, = (1/n,n7)x (1/n,n) < (1/n,n7) x (1/1,17) x (1/n,71) and k is non-negative constant.
Now, considering two positive constants values € from (0, 1) and T must exist such that

PIT>71.] > €. 4.1)
Introducing a mapping H : R3 — R, as:
HU,S,AF,Q=U+S+A+F+Q-5-(InU+InS+InA+1InF+1nQ). 4.2)

This stored procedure non-negativity is shown by examining at o — 1 Inp, Yo > 0. Suppose thatky < k
and T > 0. The Itd’s formula can be used to acquire

dH(U,S,A,F,Q)  =LH(U,S,A,F,Q)dt+p,(U- 1)dB;(®) + p>(S — 1)dB, (%)
+p3(A — DdB3(1) + pa(F — DdB4(D) + ps(Q — 1dBs (D). (4.3)
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It follows that

o Wya e AU®SE®  LUBA®
LHUSAFQ  =(1 U)(A sU® 1 +S(b) 1+ A1) )
1

g)((l B )(/IIU(t)S(t) N ﬂzU(t)A(t)) - a')S(f))
1

1+S® 1+ A
)(¢(/11U(E)S(f) N AZU(E)A(E))
1+ S®) 1+ A

(PA® - v:F(d) - EFOQD)

(YFOQ® - £Q(D)
< %(p%+p§+p§+pi+p§)+/\+c+vl + oSV +
HE-D+X—HFQ+(Up -+ XDF + (L + g - A, (4.4)

Utilizing the given hypothesis, there exists a non-negative constant 77 such that LH < 7.
Therefore,

U|H(U(r, A T).S(r, A T), A(r, AT).F(r, AT). Q(r; AT))]

Ty AT _
< H(U(0), S(0), A(0), F(0), Q(0)) + U| fo nd|
< H(U(0), S(0), A(0), F(0), Q(0)) + 7T. (4.5)

Inserting Q,, = {7, < T} for n > i, and by (4.1) we have P(Q,) > €. Observe that for every w from Q,
there exist at least one U(7,, w), S(1,,, w), A(1), w), F(1,, w), Q(7,, w) that yields 1/5 or . Consequently,

H(U(t,), S(t,), AT)), F(1,), Q(7,)) > (1/17 —-1+1In 77) AU@m—-1-1nn).
In view of (4.1) and (4.5), we can express

H(U(0), S(0), A0), F(0),Q(0) + T 2 U[la,, H(U(t,),8(r,), A(r,), F(,), Q(zy)]
> €(1/n—1+Inp) AU®p -1 -1Inn). (4.6)

The indicating mapping of w is denoted as 1q,, that approaches to oo, the contradiction
oo > H(U(0),S(0), A(0), F(0), Q(0)) + nT = 0

reveals itself, proving that 7., = oo.

4.1. Ergodicity and Stationary distribution (ESD)

Now, we review and examine the model’s (3.2) stationary distribution outcomes, which show that
the infections are eliminated or enduring.
Suppose there be a regular Markov technique in R} for which the behaviour is as below:

dD® = bi(O)E+ ) ¢, d¥, (D).
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The diffusion matrix takes the form
A@) = [ay@)]. ay(®) = ) L, (@)(@).
ri=1

Lemma 4.1. ( [62]) Suppose there is a unique stationary distribution technique ®(t). If there is a
bounded region involving regular boundary such that S,S € R4S closure S € R? satisfies the follow-
ing:

(a) The smallest eigenvalue for A(t) is bounded away from (0, 0) for the open region S having neigh-
bourhood.

(b) For y € R4S, the mean time 1 is bounded and for every compact subset K C R", SUpye; S VT < o0,
Therefore, fi(.) is an integrable mapping containing measure m, then

T
1 I
Piim 2 [ @@= [ fiwman)=1 vy er
=00 Rd
0

Acgli(1-¢)

I La > 1,

2 . 2 2 )
Theorem 4.2. For & = v; + o + %, 06=0+ %, Vo = vy + '9—24, then assume that R} :=

then for any ICs exists in R, the system has a unique ESD n(.).

Proof. The diffusive matrix for system (3.2) is computed as follows:

P02 0 0 0 0
0 p$ 0 0 0
A= 0 pA2 0 0

0
0 0 0 pF 0
0

This proves that the criteria (a) in Lemma 4.1 is applicable for any compact subset of R3. In view of
mapping C? defined as H : R — R,. Thus, we have

1 ] 1 1 1
H(U,S,A,F,Q) = M(lnﬁ +£11n§+£21nK +l3In +1n6)

1 1 1 I (U+S+A+F+Q)¥!
+an+lnS+lnA+lnF+ )

= MH, + H, + Hz + Hy + Hs + H,

where 6 € [0, 1], £, = MZEL=0, ¢, = 2UGE0 p, = A;—jf fulfilling ¢ — 403 vV p2 V2 V02V p2) > 0
and M > 0, admitting the assumption —My, + Ny < -2 and v» = ¢(Rj — 1) > 0.

This shows that H(U, S, A, F, Q) is continuous as well as it tends to co. So that (U, S, A, F, Q) ap-
proaches to Ri and ||(U,S, A, F, Q)|| = oo. Also, H have ICs that lies in Ri.

Again, in view of mapping C? defined as H : R > R,. Thus, we have

H(U,S,A,F,Q) = HU,S,A,F,Q — H(U(0),S(0), A(0), F(0), Q(0)).
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Considering Itd’s technique L on the mappings Hj, ..., Hs and utilizing the given hypothesis such
that ¢ = max{g, vy, 9, v», (}, we have
A 51 0'528 (,DAfg
<——=-=10-¢A4UF - -
TR A
1
+6Ql; — (y — ADF + ¢ + 5(,o% + €103 + 0203 + L3075 + p3)
02
<-F+ 31 + + P+ LA + E6Q. 4.7)

L?'[l +§'+/12A+€1(V1+0’)+6€2+V2€3

Analogously, we have

A 2
L?-(zs—ﬁ+g+/11F+/le+%,

1 L, UF  A,UA 1%
L‘?-{;; ——§(1—¢)(1+F + 1+A)+V1+0'+ 3,
¢ UF  ¢L,U oS o3
LH, = - - S tot o
{TTAN+F) 1+A A %773
2
QDA ,04
LHs = —2— =
7’{5 F + vy + fQ + >
1 9
LiHs < No = 5(e1 = 501 v 93 v p3 v pi v p3) (U 8™ L ATLESL QM. (48)
where Ny = sup  {A(U+S+A+F+Q)"—1(c1—5(03Vp3Vp3Vpivpd) )(U+S+A+F+Q)"!} < oo,

(U,S,AF,Q)ecR3
Utilizing (4.7) and (4.8), we have

7 —A 1 oLU oA
LH < -MF 1DEQ — (1 - F- _e
H o < - MF+ MG+ 1DEQ- (1 - HAUF - —— -
1 0
_E(Cl _ E(p% vp% VP% Vpi Vp%))(Uﬁ-ﬂ + Sﬁ+1 + A19+1 + Fﬁ+1 + Q19+1) g

2 2
+(M+1)%+M{+M%+(M+1)/12A+6+v2+/11F+N2+v1+a

2 2 2
Py Py P
24+ 243 4,
+ > + > + > 4.9)
For € > 0, we construct the following set
D= {(U,S,A, F,QeR:Uel[el/el,Sele,1/€],Ae[e8,1/€],Fe[e,1/€],Q € [e, 1/61}.
(4.10)

We can validate Lemma 4.1 in order to demonstrate that LH < -1 for (U,S,A,F,Q) «€
R3\D and R3\D = | J!°, D,, where

D, ={(U,S,A,F,Q) e R : U € (0,¢),
D, = {(U,S,A,F,Q eR}: A€ (0,),U>¢F > €},
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{(U,S,A,F.Q) eR} :Ac(0,6), Ux¢,
{(U,S,A,F,Q) e R} : Fe(0,€),A > €},
{(U,S,A,F,Q) eR : Qe (0,¢)},

{(U,S,A,F,Q) eR :U> /e,
{
{
{

(U,S,A,F,Q) eR] :S>1/¢},
(U,S,A.F,Q) e R} : A > 1/€},
(U,S,A,F.Q) eR] : F> 1/€},
Dy = {(U,S,A,F,Q) €R> : Q > 1/€}.

D;
Dy
Ds
Ds
Dy
Dy
Dy

Case (a) If (U,S,A,F, Q) € Dy, then by (4.9), we find

_ ~A 1 9
LH < T (Mt; + 1DEQ — Z(cl - 5(,o% VPIVPeIV iV pé))(Uﬁ“ + ST 4 AT

2 2
+F0+1+Q’9+1)+g+(M+1)%+M{+M%+(M+1)/12A+5+v2

2 2 2
Py P3Py
+UF+ Ny +vi+o+ =+ =+ —
FrNetwvito 22 2

A
<S4+ M,
€

If we choose a sufficiently small € > 0, then we get LH < 0 for each (U,S,AF,Q) eD,.
Case (b) If (U, S, A,F, Q) € D,, then by (4.9), we find

LH < %1(1 - )4, UF + M,
-1
< ?(1 -4 + M,

If we choose a sufficiently small € > 0, then we get LH < 0O for each (U,S,AF,Q) € Ds,.
Case (¢) If (U,S,A,F, Q) € D3, then by (4.9), we find

- -pAL,U

L

H =g x ™M
—([)/126
§1+€2+M1.

If we choose a sufficiently small € > 0, then we get LH < 0 for each (U,S,A,F,Q) € Ds.
Case (d) If (U,S,A,F,Q) € Dy, then by (4.9), we find

— —pA
LH S%+M1

S_—¢+M1.
€

If we choose a sufficiently small € > 0, then we get LH < 0 for each (U, S, A,F, Q) € Dj.

4.11)

(4.12)
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Case (e) If (U,S,A,F, Q) € Ds, then by (4.9), we find

LH < —-MF+ (Mt +1DEQ+ N,
< -MF + (M€3 + l)é:G + N.
If we choose a sufficiently small € > 0, then we get LH < 0 for each (U, S,A,F,Q) € D,.
Case (f) If (U, S, A,F, Q) € Dg, then by (4.9), we find
- 0
LH < ——(01 - i(pf V3V pe3Vp; Vpg))(U)HJ'1 + M,

0 1
< _Z(Cl - E(p% VO3V PV, Vpg))m + M.
If we choose a sufficiently small € > 0, then we get LH < 0 for each (U, S, A, F, Q) € Dg.
Case (g) If (U,S,A,F, Q) € D, then by (4.9), we find

_ 1 0
LA <—Z(e =50t Vo3 v os v i v pd) S + My
1, ¢ L
< _Z(cl - E(p% Vp% VP% Vpi Vpé))eswﬂ) + M.

If we choose a sufficiently small 1/€> > 0, then we get LH < 0 for each (U,S,AF,Q) e D,.
Case (h) If (U,S, A, F, Q) € Dg, then by (4.9), we find

_ 1 0

LA <—Z(ei =501 VoV es v et v pd) A + My
1, ¢ L

< _Z(cl - E(p% V,D% VP% Vpi Vpg))ezwﬂ) + M.

If we choose a sufficiently small 1/€> > 0, then we get LH < 0 for each (U, S, A, F, Q) € Dy.
Case (i) If (U,S,A,F,Q) € Dy, then by (4.9), we find

_ 1 0
LA <—Z(ei =501 Ve Vs v i v pd)) ™ + M,
1 0, 5 2 2 2 2 —1
< _é_l(cl - E(p1 Vpy; VP53V Vps))63(9+1) + M.

If we choose a sufficiently small 1/€*> > 0, then we get LH < 0 for each (U, S, A,F, Q) € D.
Case (j) If (U,S,A,F,Q) € Dy, then by (4.9), we find

_ 0
LH < —4(ci - E(,o% VPRV eIV iV D) Q! + M,

0 2 2 2 2 2 1
< —gler =501 Ve VRV iV D) G + M

If we choose a sufficiently small 1/e > 0, then we get LH < 0 for each (U, S,_A, F,Q) € Dy,.
As a result of the foregoing explanation, a € > 0 exists such that LH(U,S,A,F,Q) < 0V

(U,S,A,F,Q) € R3. The unique ESD of the system (3.2) is predicated on Lemma 4.1. This com-
pletes the proof.
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4.2. Extinction of the model

This part defines the objectives for a virus’s systemic elimination (3.1). Before proving the key
findings, let’s take a closer look at a key premise. Suppose

i
_ 1
(@) = T f ¢(r)dr. (4.13)
0

Theorem 4.3. Suppose there is a solution of the system (3.1) (U(t), S(t), A(t), F(t), Q(t)) having ICs
lies in R3. If
- A1 + H)A
RS = : 34 + 2)2 <
S +DA G-+ A +5)

t—>oo t—oo

t
1 A - - _
= lim - f U@)do < =, limS® =0, limA® =0, limF() =0
S t—ooo t—ooo
0

almost surely.

Proof. Under the hypothesis of Theorem 4.1, model (3.2) has non-negative solution,
dU(t) < (A - gU)dt + p;UdB, (t).
Assume the stochastic DE of the aforementioned system

dU,(®) < (A = sUpdt + p,UidB, (D), U,(0) =U(0) >0,

t
we have lim % fU(w)dw < 2 (a.s).
i S

oo T
Applying the result of [48], gives U(t) < U, (t) (a.s). Then
t t
o1 1 A
lim - | U(w)dw < lim T U(w)dw = — (a.s).
S

t— oo t— oo

0 0

For ¢ < § and introducing In(S(t) + A(t) + F(t)) and implement the Itd’s technique, we have

o i LUF  L,UA
d(nS® +AD + F@®) = S(i)+A(i)+F(E)( e+ Ty ~MS-(G-9A
= p2S : oA .
voF gFQ)dH B+ 0B
psF < 1 2Q2 L 2A2 212\ F
By - ———— A2+ pF
s AarE O Sgr AT S H AT ekt
p2S . A . p4sF -
= S+A+FdBZ(t)Jr S+A+FdB3(t)+ S+A+FdB2(t)

B 1 2 2 2 B
A+ U= (01 + ) A @ -9+ Z) A 02+ E)dE

(4.14)
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Applying integration from 0 to t and dividing by t, we have

In(S® + A® + F®) _ In(SO) +A©0) + F(0))
i i
A+ f 1 03 03 fon
< 222 [Ure - 3((1 + Z) 6 -9+ 202+ )
0

t t t
P2 [ dBxo) | ps f dBs(0) . P4 f dB4(0)
tJ S+tA+F tJ S+A+F tJ S+A+F
0 0 0

1 2 2 2 N
< 5(((V1 + %) NG -p)+ %) A+ %)))(Rg - 1) <0 (a.9)

that yields lim S(t) = 0, lim A(t) = 0, lim F(t) (a.s).
t—o0 t—oo

t—>oo

5. Numerical experiment for fractal-fractional system

The modeling framework helps us understand and interpret experimental data on immune responses
against viral infection model (5.1). The role of the fractal-fractional operator in the Atangana-Baleanu
fractional derivative sense and antibodies for the resolution of viral infection is debated by utilizing
the scheme proposed in [52]. Studies of the acute phase of the infection showed that humans who
cleared the virus from their blood developed strong and sustained CTL responses [57]. Here, we
illustrate the fractal-fractional derivative for the classical derivative formulation stated in (3.1). The
fractal-fractional version in the sense of a generalized Mittag-Lefler function is described as

IMDYYU®) = (A - sU® - 2553 — B )dn + p1Gi (1, U)dB, (O),

B _1+S(f) _ L+A@)
FMDIS® = (1 - (MR + S ) — 01 + IS@)dE + 026 (E, S)dBa (D).
FIMDECA(T) = (p( ALl + R0 ) + oS(D) — SAD))dE + p3G5 (T A)dBs(D), (5.1)

IMD{F(D) = (¢ A® —v2F(® ~ FOQD)dt + psGa(E. F)dB4(D),
™MD Q) = (WFHQMD — ¢Q(D)dE + psGs(E Q)dBs(D.

For .1 = (n + 1)At, then we transform these mappings by their polynomials as follows:

(1 - a’) —0—1

Uy =T, + ABC(a) 2L

U*(E"”’_Uiﬂ’ Afl)Jrl’ Fi_ﬂ _
+plgl (tu+l s Uf:+] )(Bl (tn+2) - Bl (tvwl))
et [ U*(EK+1 5 UK+1 > AK+1 > Fk+l )jr,(w

CEQ U (im-] Ui 1 Ak 1.F i1 )_Ux ({KVUK-AKvFK) @,
+ 8
ABC(a)I(@) Z:OJ *

h 2.k
+ U1 U1 A1 Fin) 20 (U AR U (1 U1 A1 B

,., s
[ plgl(fwly UK+1)(B1(EK+1) - B](h))jﬁj)

+{p1g1(fk+1’UK+1)(B1(EK+1) -Bi(t))
n—-1

N 0161 (€ U B1 () -~ By ) T3
ABC(@)I(@) + 2161 (Fs1.Upe1 ) (B1 s )-B1 00) 20161 (8.U) (B1 (20-B) F-1))
h

PG (81,01 ) (By Geo1)-B1 (B2)) } .9
h 3.k
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N
ABC(a)['(@)

d-a)

Siii =80+ o ABC(a)

ag

T ABC(@)I (@) 44

ap

T ABC(@)I (@) £

agp

T ABC(@)I(@)

Mathematical Biosciences and Engineering

U (i"“ ’ Un+1 ’ Aiﬂ 4 n+1)j;ln@
+U*(E"+1’ e n+1’ u+1) mﬂ
-U (Em Um An, Fn) ;,iﬂ
+{U (b Ul AL Fﬁn) ZU*(EWU"’A"’F")} @,

+plgl(tn+l, ,Hl)(Bl(th) - Bl(in))jﬁf s
+plgl(fn+l, Uﬁil)(Bl(an) - Bl(in))jz;?
016G (6, U )(Bi (8) — Bi(t-))T 5y

Y ) oy
2161 (005" )(By @0)-B (fa-1) )
2 ( > Yy )2(h 1 n— %{Yﬂ‘
PIQI T,-1.U70 ) (B (f1-2)-B (fi2)
= 2h j;n

2h 3n

U (lu 1:Un—1, A1 Foe l)jafyp
3n

212

p161 (w1 U,‘+1)(Bl(fn+1) B, (i) a9

20—1 S*(E"H > n+1 ’ S1lj+1 > A]’l’+l ’ l:‘1"i+1
b +p2g2(tn+1 5 n+1 )(BZ(tn+2) - BZ(tIH—l ))

[ S*(EK+1’ UK+1 > S/<+1 > AK+l s FK+1)
+ S*(iwl sUK+1 ssk+l sAx+1 »Fk+l)*S* (istszstxst) ja,g,o

n=1

h o
+ 8 (fr1 st Seat Acr1 Fur1)-28" (L UeScAcFr)
h

+ S* (61U 1 S 1A 1 F 1) )j—a 9

i h

[ (0262t Siet)Ba(Bsr) — Ba(€0)).T Y
0262001, S001)BalEerr) - Ba(l)
2620 SIBo(E) ~ Bl TS

n—1

+ ngz(m.,sm)(Bzam>—nz<ik>)—zngz(ik,sk)(BzaK)—Bz(ix_]>)

/ngz(lx 18- 1)(37(% 1)-Ba (i 2))}

3/(
[ *(F P @,
S (t"+]’ n+1’Sn+1’ n+1’ n+1)jl n
*(F V4 a/q?
+S (t"*"’ n+1’Sn+l’ n+1’ n+l)

_S (tm Um Sn, A", Fn) 2 n

P P h
+ s* (t"*l Un+] Su+] Au+l’ n+]) 28* (t“’U“'S"'A“'F") @,
2h 3n

48 (01Ut St A Fo I)J-w
252 3n

+,02g2(tn+1, SP )(Ba(tir) — Ba(ty) ;,n@
+02G2 (i1, SP ) (Ba(tisr) — Ba(t)) ;’f
_p2g2(in9 Sﬁl )(BZ(EII) - BZ(EH l))j;::’

L0 (101,871 ) (Bo e )-Ba @) e

2h
pqga(t.l sP1 )(Boa..) -By(t,-1))
= j 3n

Pzgz(ln 181 1)(32(‘n 2)-By(6:2)) .9
3n
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(I-a)

A, Lo
+1 ABC(@)”

:A0+

n-1
TABC(@)I (@) Z;

K=

n—

ABC(a)F(a/)

I
ABC(a)[(@)

(1-a
ABC(a)"

Fo =Fo+

n—=1

ABC(a)F(a) Z
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_W—l
n+1

k=0

[ A*(Enﬂ )

—o—1
n+1

S? AP

-
A(t"+1’ LS R 1P Rl 18 R 18 |

+p3Ga(tws1, AL )(Bs(ti2) — Ba(tis)) }

A*(EK-I-] 5 UK+1 s SK+1 D AK+1 > FK+1 )jﬁf
LA U St A FK+1) A" (80U ScAF )j

FP

A (Gt Uit Sea1 Aet FK+1) 2A* (LU ScAF,)
+ 7

+ A" (EK*I ,kal »Shkfl 1AK*1 ’kal) )
[ | 03G3 (b1, As1 ) (B3 (Es1) — B3(8)). T
+{P3g3(tk+1 A1) (Bs(terr) — Ba(tx))

~p3G3(t A)(B3(t) — Ba(t,- 1))} T57
" p3G3 (EKJrl Astl )(BS({/(+1 )—B3(tk))—2103§3 (tK9AK)(B3(EK)_B3(iK*1))

a,p
3,k

1

3/(

_p3G3(ic 1A .)(B;(tx_n B3 (i, 2>)}

4
Su+l ’

n+1’ n+l)jl o
+A*({“+1’ n+1° Sﬁ+1’ n+1’ 1+1)
-A*(t,, Uy, S, A, Fn) oy

NES (01,07, ST, A? )-2A%(£.,UnS0Aw, F)}

u+l’

.9
3n

1 el n+1

2h

+ A” (in— LUn-1,Aw-1,Fo) )
212 3n

+P3Q%(tn+1,An+l (B3(tn+1) B3(tn)) m() ,
+p3G3(thr1, AL )(Bs(thi1) — Bs(t)) (w

211
_p3g3(tTl’A1II)I)(B3(t) B3(tn 1)) 2u

+p3g3(tn+1,Am)(Bg(t,Hl)fBz(tn))
2h 3n
zngz(tu A (B3 @)-Bs(E-1) o
2h 3n
P3Q3(tn 1L AP 1)(33(tn 2)-B3(t0- 2))
2h

3u

(t"+1 ’ u+] ’ 1|+1 > Qn+] B
+04G4 (et FY ) (By(tii) — Bu(tinr))

F*(t»@l’ K+15 K+17QK+|)jnW
F* (tx+1 Ax+l Fl<+1 QK+]) (tx Ay F, Qx)jaw

WF (fer1 Acs1 i1 .Qert )-2A% (T A Fr QK)+F (tK 1 A1 Feo Q1)
h

N
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n—1

agp

T ABCI (@) ;

L
ABC(a)[ (@)

[ F*(E"‘*"’AZH’ n+1’ n+l)j01:a

d-a

Quii =Qo+ ABC(a/)

ag

TABC) (@)

ag

TABC(@)T (@) &

ap

TABC) (@)
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PaGa(ter1, o )(Ba(ter1) — Ba(t))T f,f)
HpiGulrr, Pt Ballrr) - Bu(l)
16 FIBA(E) ~ BulE1)|T5

+ 4G4 (ix+ 1 F et )(B4 (tes1 )—B4(fx))—2p4§4 (iKaFK)(B4(iK)_B4(i)(—I ))
h

_/J4§4(i,<71»Fxfl)(34@71)—34@72)) } a9
h 3.k

— p "
+F*(t“+]’ n+1° n+l’ n+1)jaw’\‘
_F*(tn’ A", Fn, Qn) 2 n

WLICHELAE ) = TSN 8]

3n

F (ln 1A= 1 Fne1.Que 1) v,
282 3n

+,04G4(tn+1, "+1)(B4(tn+l) - B4(En)) 1%;? 5
+04Ga(tus1, Fﬂl)(B4(Eu+1) - Bu(t) ;}fa
_p464(fns Fgl )(B4(fu) B4(tn l)) ;f

n 4G4 (Tt FI| )(B4(fn+| )-By (i)

"in
5 3G F" )(B4<tn> -By(,-1) g
3n

+ P4G4 (‘\H’Fn-l ) (Ba(f12)-Ba(i2)) @9
2h 3n

Zp-1
n+1

+P5g5 (tn+1 5 n+l)(B5 (En+2) - BS(EnH ))
[ Q (tK+1 s FK+1’ QK+1) N W

Q ("K+l Fir1 QK+1) Q (tx Fx Qx)ja 0

{Q (t“”’ n+1’Qn+1

n—-1

<0l [ QK+1) 20" (L Fu. QK)+Q (tK 1E1.Qe1) cranp
L h 3.k

| pSQS (tK+| B QK+1)(B5 (tK+|) BS (tk))ja v
+{psgs(tk+1 2 Qui1)(Bs () — Bs(t,)

~ps63(is Qu)(Bs(L) — Bs(E)|T5
F’SgS (£01.Qus1 ) (Bs (EKH)*BS(iK))*ZPSgS (1.Q0) (Bs(0-Bs @)

n—1

ﬂigs(lk-l JQu— 1)(35(%-1) Bs (t,— 2)) }ja )

Q (tn+1’ n+1’Qn+1)J{”o
+Q (tn+l, “HaQnH) m,o

_Q (tm Fn, Qn)
Q (tu1 ¥/, Q(;,) 2Q* ({1.F1.Qu) }

.9
‘73 n

2h
Q (i an 1.Qu-t)
jS n

+P5§5(tn+1, Q2 )(Bs(t1) — Bs(t, ))jf’f )
+0p5G5(tue1, Q)L )(Bs(tisr) — Bs(t)) T3

—P5§5 (tm (2[7l )(BS(tu) - BS (tn l)) ;,?
Psgs (lu+1 Q7 )(Bs(lun) Bs(ln)) (y w

ﬂsgs(t Qv )(BS(t) B5(t”_])) @,
2 11\ zﬁ ol j3 l:’

n p5Gs (ln-l YQ,H )(Bs(ln-z)—Bs(tu-z)) .9
2h 3n
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where
Upll =Up + _ 80_&7_11 {U*(EmUn:Aan) _ _ }
ABC(@)" ™! || +p01G1(t:. U)(Bi (1) - Bi(E,1)
U'(f,, U A F)TY
ABC(“)F(“)Z {+p1§1(tk,UK)(B1<tK> B, (E-1)T7Y }
=8+ . {S (€ Un, Su Ay, Fy) ]
" ABC(OO 1 || +9paGalln S.)(Bat,) - Bai1)
S*(t., U, Si, A, Fy )j" #
ABC(O‘)F(“)Z {+ngz(tk, S)(Ba(E) — Bt )T ]
N W Ll {A*(f,l,Un,Sn,An,Fn) }
" ABC(@)"” " | | +9p3Gs(Er, A)(Bs(E) - Bs(Er 1)
Z {A (t Upo S A FOTTY }
ABC(Q/)F(“) +03G3(te A)(Bs(t) — Ba(t- )T} ’
B —F, {F*(in,An,Fn,Qo }
ABC(@) | +901G(E F)B(E) ~ BaE1)
Z {F*(EK,AK,FK,QK) e ]
ABC(@F@ +p4Ga(t F)Ba) - Bs@ )Ty |
P = Qo+ l-a Sofgoll { *(EaniQn) ) ) ]
" ABC(@) " ™" | | +9psGs(Er Qu)(Bs(E) — Bs(E1))
N 3 {Q*(EK,FK,QK)J“’@ ]
ABC(o)I'(@) & | | +psGs(te, Q)(Bs(t) — Bs (- NS e
Also,

v (1+ D! | {«K + DRy 5 Fi([9. 1= al. [1 + 9], 1) ]
T ~(c)? o F1([p, 1 — e, [1+ 9], -) ’
[(o(k+ DR F([1+9,1 - al, [2+ 0], )

v (U DR =1+ @)k + D! z"ﬁ([so, al,[1+ 9], <)
P g+ D || —p(wnrt A ([1+ .1 - el 2+ 9l )

| +0n (1 + )1+ 0, Fi([9. 1 - al.[1+9].£)
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(00 + D((k+ D2, F1([2+ 9.1 - al. [3+ 9], 1)

~20(p + 2)(k + L)+ D7 (11 + go, 1-a].[2+9]. )
o+ DR+ + Dl + 2)(( + DR F([p. 1 - al, [1+ 9], <)
(e + D9 +2) | +20(p + 2)(k + L)) T ([1+ 9,1 - ], [2+9].25)
—p(p + Dh)™ 2, F([2+ 9,1 - al,[3+ 9], £)

|| -7ip + D + 2k + D 2 F([9.1 = el [1+ 9] £5)

6. Results and discussion

To exemplify the theoretical outcomes of the suggested framework, numerical computations were
performed in this part. We accomplish this using the stochastic complete numerical technique proposed
by Atangana and Araz [52]. Moreover, we compute the fractal-fractional model (3.2) for Atangana-
Baleanu-Caputo sense when both fractional-order « and fractal-dimension g are distinct.

Figures 3-5 illustrate the effects of uninfected U(t), latently infected S(t), actively infected A(t), free
virus F(t), and antibodies Q(t) at various fractional-orders and fixed fractal-dimensions. We assign the
following parameter values: A = 10, ¢ = 0.1, 4y =2, 4, =2, ¢ =05, v =05, 0 =5, 6 =
10, ¢ =2, v, =10, £ = 3, xy = 2, { = 4. To demonstrate the system’s dynamical behaviour, we input
various white noise levels (5.1). We first take into account the white noise components p; = 0.9, p, =
0.9, p3 = 0.7, ps = 0.9 and ps = 0.8, where the distinctive stationary distribution sensitivity criterion
Ry > 1 1is attained. As the virus spreads through the community, the class diminishes over time and
eventually affects all other categories in the structure. This classification corresponds rapidly at low
orders and slowly at higher orders, which displays a consistent tendency.

—a=1p=1

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

t (Days) t (Days)
(a) (b)

Figure 3. Graphical display of uninfected cells U(t) and latently infected cells S(t) of the
model (5.1) considering the fractal-fractional derivative with generalized Mittag-Leffler ker-
nel and varying fractional-order with fixed fractal-dimension.
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1.5 14
—a=1p=1 —a=Lp=
—a=09p=1 b —a=09,p=
a=08,p=1
—a=07p=1 —a=07p=1
— — 10— o= =
11 ——a=06,p=1 a=06p=1
a=05p=1

< >
6l
0.5t
al
2k
R Aol
0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 20 40 60 8 100 120 140 160 180 200 0 20 40 60 8 100 120 140 160 180 200
t (Days) t (Days)
(@) (b)

Figure 4. Graphical display of actively infected cells A(t) and free virus F(t) of the model
(5.1) considering the fractal-fractional derivative with generalized Mittag-Leffler kernel and
varying fractional-order with fixed fractal-dimension.
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Figure 5. Graphical display of antibodies Q(t) of the model (5.1) considering the fractal-
fractional derivative with generalized Mittag-LefHler kernel and varying fractional-order with
fixed fractal-dimension.

Figures 6-8 display the temporal patterns of (U(t), S(t), A(t), F(t), Q(t)) of the stochastic system
(5.1) involving white noise p; = 0.9, p, = 0.9, p3 = 0.7, p, = 0.9 and ps = 0.8, respectively. The
solution varies at white noises, having a corresponding stochastic mean. The affected cells S(t) exhibit
a rapid decline in behaviour over time, similar to the behaviour of uninfected cells U(t) at various
fractal-fractional orders.
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Figure 6. Graphical display of uninfected cells U(t) and latently infected cells S(t) of the
model (5.1) considering the fractal-fractional derivative with generalized Mittag-Leftler ker-
nel and varying both fractional-order with fractal-dimension.
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Figure 7. Graphical display of actively infected cells A(t) and free virus F(t) of the model
(5.1) considering the fractal-fractional derivative with generalized Mittag-Lefller kernel and
varying both fractional-order with fractal-dimension.

Figures 9—11 show the impacts of uninfected U(t), latently infected S(t), actively infected A(t),
free virus F(t), and antibodies Q(t) at various fractal-dimension and fixed fractional-orders. The cor-
responding attributed values: A = 10, ¢ = 0.1, 4, =2, L, =2, ¢ =05, vy =05, o =5, 6 =
10, ¢ = 2, v, = 10, ¢ = 3, y = 2, { = 4. Then, by increasing the white noise intensities to
p1 =39, pp =37, p3 =39, py, = 3.9 and ps = 3.8, we are able to satisfy the elimination criterion
Rg < 1 in Theorem 4.3 and validate the findings. Figures 9—11 demonstrate that as the white noise
intensity escalates, contaminated lymphocytes S(t), productively infested cells A(t), and uncontrolled
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pathogen A(t) can all perish and settle at a variety of fractal dimensions and fixed fractional-order.
This shows that white noise concentration can effectively eradicate all insidiously, proactively, and
freely virally infested cells, dramatically reduce the quantity of virally affected cells, and prevent the
proliferation of contaminated nuclei.

1,p=0.5

0.9,90=0.6
0.8,0=0.7
—a=07p=08
——a=0.6,p=0.9
a=05p=1

Q
[T

0 2‘0 4‘0 6‘0 8‘07 1(;0 12‘0 14‘10 1(;0 1%;0 200
t (Days)
(@
Figure 8. Graphical display of antibodies Q(t) of the model (5.1) considering the fractal-
fractional derivative with generalized Mittag-Lefller kernel and varying both fractional-order
with fractal-dimension.
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Figure 9. Graphical display of uninfected cells U(t) and latently infected cells S(t) of the
model (5.1) considering the fractal-fractional derivative with generalized Mittag-Leffler ker-
nel and varying fractal-dimension with fixed fractional-order.

Figures 12-14 predict the behaviour of uninfected U(t), latently infected S(t), actively infected
A(t), free virus F(t), and antibodies Q(t) at various fractal-dimension and fractional-orders. The cor-

responding attributed values: A = 10, ¢ = 0.1, 4, =2, 1L, =2, ¢ =05, vy =05, o0 =5, 6 =
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10, ¢ = 2, v, = 10, ¢ = 3, y = 2, { = 4. Then, by increasing the white noise intensities to
p1 =39, pp =37, p3 =39, p, =39 and ps = 3.8, and Rg < 1. This shows that the stochastic noise
is demonstrated to be suppressed by the massive boom. The infectious populace is disappearing more
significantly when both fractional-order and fractal-dimension are changed simultaneously in an in-
fectious system in comparison to fractional systems, which leads to fascinating and biologically more
plausible findings.
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Figure 10. Graphical display of actively infected cells A(t) and free virus F(t) of the model
(5.1) considering the fractal-fractional derivative with generalized Mittag-Lefller kernel and
varying fractal-dimension with fixed fractional-order.
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Figure 11. Graphical display of antibodies Q(t) of the model (5.1) considering the fractal-
fractional derivative with generalized Mittag-Leffler kernel and varying fractal-dimension

with fixed fractional-order.
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Figure 12. Graphical display of uninfected cells U(t) and latently infected cells S(t) of
the model (5.1) considering the fractal-fractional derivative with generalized Mittag-Leftler
kernel and both varying fractal-dimension with fractional-order.

3.5

0 20 40 60 80 100 120 140 160 180 200
t (Days)

(a)

——a=05p= T—a=05p=1
—a=0.6,p=0.9 —a=0.6,p=0.9
8 a=070=08 ] t2r a=07,p=08
——a=08,p=07 ‘ ——a=08,p=07
25 ——a=0.9,p=06 1 1 ——a=09,p=06
a=1,p=05 a=1p=05

0 20 40 60 80 100 120 140 160 180 200
t (Days)

(b)

Figure 13. Graphical display of actively infected cells A(t) and free virus F(t) of the model
(5.1) considering the fractal-fractional derivative with generalized Mittag-Lefller kernel and
both varying fractal-dimension with fractional-order.

Figures 15-17 demonstrate the effect of uninfected U(t), latently infected S(t), actively infected

A(t), free virus F(t), and antibodies Q(t) at fixed fractal-dimension and fractional-orders with and
without control, respectively. Considering an inadequate CTL reaction, we examine how virus replica-
tion affects the patterns of HCV and immunological reactions from acute infection through the chronic
stage. This is accomplished using a mix of analytical and numerical techniques. Since the target cell
restriction prevents the penetration of new viral variations in the case of severe liver damage, virus

development is predicted to come to an end.
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As a result of these pictorial outcomes, we draw the conclusion that by using this novel fractal-
fractional operator concept, it is possible to detect more precise outcomes and to offer a wider insight
of problems that arise in engineering and science as well as in the reality.
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Figure 14. Graphical display of antibodies Q(t) of the model (5.1) considering the
fractal-fractional derivative with generalized Mittag-Lefller kernel and both varying fractal-
dimension with fractional-order.
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Figure 15. Graphical display of uninfected cells U(t) and latently infected cells S(t) of
the model (5.1) with and without control when @ = 0.98 considering the fractal-fractional
derivative with generalized Mittag-Leffler kernel.
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Figure 16. Graphical display of actively infected cells A(t) and free virus F(t) of the model
(5.1) with and without control when @ = 0.98 considering the fractal-fractional derivative
with generalized Mittag-Lefller kernel.
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Figure 17. Graphical display of antibodies Q(t) of the model (5.1) with and without control
when @ = 0.98 considering the fractal-fractional derivative with generalized Mittag-Leffler
kernel.

7. Conclusions

In this article, we examined the variations in cellular complexities of a novel randomized fractal-
fractional virus transmission system considering latently diseased tissues and a Holling type II func-
tionality reaction. We discovered the existence of non-negative solutions to the examined system by
accounting for environmental noise and the fractal effects of vaccination. In view of 1t6’s technique
and Lyapunov candidate, we established the necessary assumptions of the stochastically permanence of
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the virus transmission scenario and the elimination of chronically diseased, productively contaminated
cells and independent pathogen fragments. Ultimately, in order to create the suggested system, we em-
ployed the F-F calculus notion in the ABC context. Additionally, numerical simulations are provided
to understand the tendencies of our theoretical model’s analysis. We determine that increasing the
noise strength will eventually render the virus obsolete. The illustration analysis shows that the fractal-
fractional notion outperforms the integer-order and classical derivatives in terms of effectiveness and
biological dependability. Upcoming research on viral infections, particularly the novel COVID-19,
monkey pox and lumpy virus can confidently implement the revolutionary modelling methodology
termed as the fractal-fractional operator.
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