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Abstract:
The primary objective of this research is to examine the model of Marburg virus disease with therapy

to prevent the infections from spreading throughout the community due to saliva, urine, and feces.
A mathematical model is established using the created hypothesis for a healthy environment in order
to examine the different rates of Marburg virus disease after taking control measures with treatment
for different protection. The model is then converted into a fractional ordered model for continuous
monitoring, including theoretical solutions, by using the Fractal Fractional operator. The model’s
global stability is studied through Lyapunov derivative by equilibrium and endemic point of model.
Both qualitative and quantitative analysis is done on a proposed model with the power law kernel,
with particular focus on unique solutions, positivity, and boundedness. By using of fixed point theory
and the Lipschitz condition, there is only one exact solution. By confirming the Lyapunov function
globally, equilibrium points that are both endemic and disease-free are checked for stability. Numerical
simulations are utilized to investigate the effects of the fractal fractional operator on the generalized
form of the power law kernel using a two-step Lagrange polynomial approach for ongoing monitoring
of the Marburg virus disease and treatment strategies. The simulations show how different parameters
affect the illness. In order to simulate the actual behavior and management of Marburg virus disease
produced by saliva, urine, and feces and to implement control measures for a healthy environment
with a hypersensitive reaction (HR), simulations have been constructed. This type of research will
be helpful in figuring out how diseases spread and in developing management strategies based on our
verified results for human in community.

Keywords: Mathematical Modeling; Boundedness and uniqueness; Sensitivity analysis; Marburg
virus.

1. Introduction

Marburg virus disease (MVD) is a zoonotic illness with a case death rate of 88 percent. It is caused
by the Marburg virus (MARV), An individual belonging to the Filoviridae family, which also harbors
the Ebola virus [30]. Phylogenetic study of the genomic sequence data shows that there are five differ-
ent lineages of MARV. These lineages are now considered to represent two distinct viruses, MARV and
Ravn virus (RAVV), which are classified. A pleomorphic virus known as MARV has been found in



six, round, U-shaped, rod-like, and most frequently filamentous in nature [35]. MARYV virion typically
have a diameter of 80 nm and an average length of 790 nm, though this can vary substantially [36].
Spikes that range in length from 5 to 10 nm and are positioned at intervals of roughly 10 nm protect
the virion’s surface [35, 37]. The hallmark of Marburg Virus Disease (MVD) is an acute hemorrhagic
fever brought on by the Marburg [12]. Humans and various primates are occasionally exposed to the
Marburg virus. It is found in Egyptian fruit bats (Rousettus aegyptiacus) naturally [12, 13, 14]. When
laboratory employees in Yugoslavia’s (now Serbia) Belgrade and Frankfurt, Germany contracted an
infectious agent that was not previously identified, itwas August 1967 that the Marburg virus (MARV)
first appeared. Thirty onepatients25 with initial infections and 6 with secondary infectionsdeveloped
serious illness, which in seven of the cases led to death. A second case exhibiting illness symptoms
was identified after the fact [1]. It was found that African green monkeys, or Chlorocebus aethiops,
were the virus’s primary carrier. They were shipped to each of the three locations after being imported
from Uganda. Paradoxically, the monkey’s kidney was the source of its initial infections. They had
their cells extracted in order to create a vaccine against poliomyelitis. Scientists from Marburg and
Hamburg worked together to isolate, characterize, and identify the causative agent in a remarkable
period of fewer than three months [15, 16]. The Marburg virus (MARV) and the Ravn virus (RAVYV),
together known as the “marburg viruses” are naturally occurring reservoir hosts in Egyptian rousette
bats (Rousettus aegyptiacus) instances of Marburg virus illness in humans (MVD) [2]. In environments
such as homes or nosocomial hospitals, when infection control measures are not at their best, person-
to-person transmission can happen. When individuals come into contact with infected bats shedding
the virus during their invasion of caverns and other environments, the virus can spread straight from
bats to people or from one person to another [3, 4]. Human-to-human transmission can occur through
various means, particularly upon coming into contact with damaged skin or mucous membranes. The
virus can be transmitted via blood or body fluids like feces, milk,sweat and others. Even in the ab-
sence of obvious symptoms, having sex with a guy who has just recovered from a Marburg virus attack
whether orally, vaginally, or anallycarries a risk because possibly polluted seed.

Additionally, handling items such as medical equipment, needles, syringes, and personal belong-
ings of infected individuals or corpses prior to burial, which may have been contaminated with bodily
fluids, can lead to disease transmission [5, 6]. Even though Marburg was found more than fifty years
ago.There are currently no approved preventive or therapeutic countermeasures. Since the Ebola out-
break in West Africa, more attention has been paid to Marburg in addition to Ebola [7]. The Marburg
virus induces flu-like symptoms, including chills, a high fever (3940C), myalgia, extreme fatigue, and
general malaise. Following these, patients may experience vomiting, severe nausea, abdominal pain,
lack of appetite, and diarrhea that is watery. By days 4 to 5, additional symptoms may include pharyn-
gitis, dysphasia, and an enanthem, along with a distinctive maculopapular rash. Other notable features
of the infection are lymphadenopathy, thrombocytopenia, and leukopenia. Elevated fever neurological
symptoms, including psychosis, agitation, aggressiveness, and encephalitis. abnormal vascular perme-
ability, especially in the case of conjunctival injection, dyspnea, and edema. - Hemorrhaging symp-
toms include mucosal bleeding. Involvement of the liver, kidney, and pancreas. Reduced circulation
from extreme dehydration, convulsions, restlessness, confusion, dementia, metabolic abnormalities,
and multiple shock, organ failure, and coma. Prolonged convalescence; myalgia, fatigue, perspiration,
skin peeling at rash areas, partial forgetfulness, and subsequent infections (non-fatal cases) [8].

Malaria, septicemia brought on by gram-negative bacteria, plague, leptospirosis, and typhoid should
all be distinguished from MVD. Serum neutralization tests, electron microscopy, viral isolation, enzyme-
linked immunogenetics assay (ELISA), and nucleic acid detection techniques like reverse transcriptase
polymerase chain reactions (RT-PCR) are utilized for the MVD diagnosis. Unfortunately, these diag-
nostic methods are not widely accessible in many of the regions where MVD outbreaks are most prone
to develop [9]. As of right now, there is only supportive care available for MVD. As the body increases
its defenses against infection, these supporting actions prevent the disease from becoming more seri-
ous and leading to shock. Monoclonal antibodies for Ebola have been developed, and although there



is currently no approved treatment for this virus, experts believe that in extreme cases, Marburg viral
infections may be treated with them [10].

1.1. Preliminaries

Definition 1. ([23, 24]) Suppose U(t) be a non-necessarily differentiable function. Suppose 0 < & <
1 and 0 < y < 1, where v is fractal dimension and & is fractional order. A fractal fractional derivative
having order 0 < &, y = 1 is given for the power law kernel in the RiemannLiouville meaning..

PPMDEY (1) = ﬁd% /Ot FOO) (1 — Y)Y

Where

af(e) _ . f)—f(0)
av — o vV w2 V)

Definition 2: In the Riemann-Liouville concept, the fractal fractional derivative with the exponential
decay kernel is given as [23, 24]

EPMDEY () = 1_gdzw/f —%(l‘—Y)]dT

in which M(0) = 1 = M(1) and M(&) denotes the normalization function.
Definition 3: In the Riemann-Liouville notion, the fractal-fractional derivative with Mittag-Leffler
kernel is provided as [23, 24]

ZFMD§7Wf(t) — ’%@;%/Otf(l')Eé[—%(t—T)é]dT

Where E¢ is the Mittag-Leffler function and AB(E)=1—-¢E+ % is a normalization function.

Definition 4: [25] Think about Y € H'(ny,n3),ny > ny,n € [0,1]., subsequently the Caputo sense
(ABC) Atangana-Baleanu derivative is defined as

: M(&) 15, (t—y)°
6DV = T [ rEele Yy
1
Where E is the one-perimeter Mittag-Leffler function and M(&), M(0) = M(1) = 1, stands for the
function of normalization.
Definition 5: [25] In relation to the normalizing function M (&), the Attangana-Baleanu(ABC) The
fractional integral can be found using

FFM &, _1-8 ¢ ! o Ed
BT = YO+ Fa . TV vy

2. Formulation of Marburg Virus

Our thesis presents an evolutionary compartmental model that explains the dynamics of Marburg
transmission throughout two communities: African fruit bats, Rousettus aegyptiacus, and people. Fur-
thermore, the human occupant is divided into various sections: the susceptible S,(¢), exposed E,(t),
infectious I,(¢), and resurgent populations R, (¢). Three categories, liable S,(t), contaminated I,(z),
and restored R, (), are employed to group the population of non-human species. The entry rate for
Homosapien residents is E,.A, is the rate at which susceptible people become infected after coming
into touch with an infected person or nonhuman object. This represents the human infection rate.



ﬁpp(l +0y(1— 1),
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by = Bt ()

The effective contact rate is 8,,, Hence the likelihood that every interaction will result in a human
being contaminated by an infectious non-human with an infected or recovered person multiplies the
actual contact rate, which is ﬁpa will cause one human to become infected with the Marburg virus for
every exchange. ® is the percentage of those exposed who develop extremely contaminated. In bat
and human populations, the natural death rate is a and p, respectively.After coming into contact with a
non-human that has previously been ill, the non-humans are added to the susceptible class at rate A,,
which is steady. They are subjected at a constant rate A, to the Marburg virus that is specified to

Iq
Baa N,’ 2)

where f,,, this denotes the real contact rate and shows the probability of spreading the infection to a
bat with each touch. The animal’s rate of recovery is p.

() = Ap—(Hp+2Ap)Sp(t),

(1) = ApSp(t) = (p + @)E, (1),

(1) = @Eyt)— (1 + 1)),

(1) = Y(A=DIp(t) — wpRy(1),

(1) = Aa—(Ha+2a)Sa(t),

(t) AaSa(t) — (Ha + P )1La(t),

(t) = plu(t) — HaRa(1), (3)

SRR S R

N

by starting circumstance:
S,(0) > 0., E,(0) >0.,1,(0) >0.,R,(0) >0.,5,(0) >0.,1,(0) > 0.,R,(0) > 0.

Sp(t) +Ep(t) +1p(t) +Ry(t) = Ny(t)and
Sa(t) +1,(t) + Ry(t) = Nu(1)

Utilizing the fractal fractional operator definition, we obtain

SFMDf’wSp(Z) = Ap—(Up+A,)S,(1),

EFMDEVE (1) = A,Sp(t) — (Up+ ©)E, (1),

EPMDRYEL() = (1) - WH) (©),

EPMDFVR,(1) = (1= f)Ip(t) — wpRy(0),

}Ov“FMDf-,‘//Sa(l) = Ag— (Ua+2) a(t)a

IE;FMD;:’WIQ(I) = AaSa(t) — (Ha+p)1a(t),

EPMDEVR,(1) = pla(t) — taRa(t), @

Theorem.1 Assume that the starting points are {S,(0),E,(0),1,(0),R,(0),54(0),1,(0),R,(0)} CY
Next, if the solutions {S,,E,,1,,R,,Sa, 14, R} exist, Each of these is +ve for all r > 0..

Proof:

Let’s start with a basic analysis that highlights real-world scenarios with positive numbers using
the suggested method in order to show why the solutions are preferable [24, 29, 31]. We look at the
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requirements that guarantee positive results from the proposed paradigm. We are going to determine
the accepted norm.

I et [leo= sup |ex(r)], (5)

leDa

where o’s domain is denoted by Dy,. First, let’s look at the S,(¢) class.

SFMD?WSP(I) = Ap—(Hp+2p)Sp(1),v1 >0

EPMDEYS, (1) > —(p + Ap)Sp(r), ¥t > 0
this yield,

Cl_wg(ﬂp+’lp)t§
ABE) —(1- &)y 12 120

C represents the component of time. This means t > 0., S, () is +ive.
Now we have the function E,(t).

Sp(t) = Sp(0)Ee [~

EPMDEVEL(1) = ApSp(t) — (i + @)Ep(1),

I(F)FMDté’WEp(t) = —(Hp+ @)Ep(1),

this yields that

A VE ()
ABE) (1 &)y ra) =0

C represents the component of time. This means ¢ > 0, E,(t) is +ive.
Let’s go on to the function 1,(¢).

Ep(t) 2 Sp(0)E¢]

EFMDEYL(1) = E,(t) — (p+ 1) (0),

EEPMDE YL (1) > —(tp + V(1)
This results as

B ! VE(up+ )t
AB(S)—(1=¢)(1p+7)

The time component is denoted by c. For any ¢ > 0, this demonstrates that /,,(¢) is positive.
For R,(1),

I,(t) > I,(0)E ¥ >0

BEMDEVR,(1) = (1 — f)I(1) — tpR, (1),

SFMDté’WRp(I) > —UpR, (1),



This implies that

! VE ()it
AB(E) — (1=¢)(up)

The time component is denoted by c. This gives that for any r > 0, R, (¢) is positive.
For S,(1),

Rylr) > Ry (0)E¢ [~ v >0

EPMDEYSa(t) = Aa— (ta+2Aa)Salt),

FFMDS VS (1) > — (o + Aa)Sa(t),
This yields,

_ c'"VE (g +7La)té
AB(8) — (1 - &) (Ma+Aa)

The time component is denoted by c. This gives that for any # > 0, S,(¢) is positive.
For the function 1,(z),

Sa(t) > Sa(O)Eé[

|,vt >0

EEMDEVIL (1) = AuSalt) — (Ha+P)La(t),
EFMPEYLL (1) > — (ko +p)La(t),

V(e p)rt
ABE) (1 Oarp) 70

The time component is denoted by c. This demonstrates that for any ¢ > 0, I,(¢) is positive.
Now for the function R,(¢),

Io(t) > 1,(0)E¢

gFMD§7WRa(I) = p[a(l)—,uaRa(t)a

SFMDté’wRa(t) > —HaRy(1),
This results

L vE)S
AB(E) — (1 &)(ta)

The component of time is denoted by c. This demonstrates that for any r > 0, R,(¢) is positive.
Theorem.2: The proposed Marburg virus model, in addition to the original circumstances

R4(t) > Ra(0)E¢| ,vt >0

(1) = Ap—(p+2,)Sp(1),

(t) = ApSp(t) — (Up+ @)E)(t),

(t) = @Ey(t)—(up+y)Ipt),
BMDFVR(1) = V(1= f)Ip() — wpRy(2),

(1) = Aa—(Ha+2a)Sa(t),

(1) = AaSa(t) = (Ha+ P )1a(2),

(1) = Pla(t) — HaRa(2),
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is restricted to and unique in RZF.
Proof: We employ the technique described in[32] , we got

EPMDFYSy(1)s,—0 = Ap >0,

SFMDf’pr(I)E,,zo = A,S,(t) > 0.,

EEMDEYL ()0 = @Ep(t) > 0.

EFMDEYR,(r,—0 = YI,(1) >0,

EFMDEYS,(t)s,m0 = Aa >0,

BMD YL (1)—0 = AaSalt) > 0.,

SFMDf’WRa(t)Ra:o = pl(t) >0, 6)

If {S,(0),E,(0),1,(0),R,(0),8,(0),1,(0),R,(0)} € R’ The answer cannot be able to escape the hy-
perline, as stated in (3.6). It demonstrates that the domain RZr is an invariant set that is positive.

2.1. Effect of global derivative

The integral that appears the most frequently is the Riemann-Stieltjes integral, and one specific
example is the classical integral, as the literature has long since demonstrated. If

2(@) = [«e)d@) @
The Riemann-Stieltjes integral is
Zy(o) = /z(a)dw(a) (8)

z(a) global derivative with respect to w(c). is

Z(a+h)—z(a)

Dyz(a) = i 9
wil) = i ) —w(a) ©)
If distinguishing between the two roles may be done in a traditional manner, then,
Z (@)
Dyz(a) = — 10

GiventhatVa € D,/ ’, w (a) # 0. We will use this concept in this part to see if it affects the Marburg
virus model in any way. We use the global derivative in place of the classical derivative to accomplish
this.

DySp = Ap—(Up+2A)Sy(1),
DyE, = ApSp(t) — (Up+ ®)Ep(t),

Dyl, = OEp(t) = (1p+7)Ip(1),
DRy, = y(1—f)Ip(t) — pRy(1),

DS, = Ag— (.ua + la)Sa (t)7

Dyly = AaSa(t) — (Ua+ p)la(t),

DyR, = pla(t)_.uaRa(t)u (11)

To keep things simple, w is differentiable, thus



AL "::;U\ TS R

Ao — (Ha+A0)Sa(1)],
AaSa(t) — (Ua +p)1a(2)],
PL() — taRa(1)], (12)

~
S-S

The result of appropriately selecting the function w(¢) will be a certain process. For example, fractal
behavior will be seen if w(r) =%, where a € R. In light of the situation, we have

[wlle = sup |w ()] <N (13)

teD
w

The next example will demonstrate that there can only be one variable solution for the system of
equations.

S;a = WI[AP_(NP"'}LP)SP(I)]:Zl(17517’Epleva’Sa’IaaRa)7

E, = w[ApSp(t) = (Hp+@)Ep(1)] = Za(t,Sp, Eps I, Ry Saslas Ra)s

I, = wOEt) = (ty+ V(1)) = Z3(1,Sp, Ep, Iy, Rp, Saslus Ra),

R;a = WI[Y(l_f)Ip(t)_.upRp(f)]:Z4(laSvapJp?RPvSavaRa)’

S = W[As— (Ua+2a)Sa(t)] = Z5(t,Sp,Ep, 1, R, Sar1as Ra),

I = wAaSa(t) = (ta+P)la(t)] = Zo(t,Sp. Ep, 1y, Rp. Sarlas Ra),

R, = W [pla(t) = HaRa(t)] = Z1(t,Sp, Ep,1p, Ry, Sa, las Ra), (14)

To accomplish , We must confirm the next two requirements.

11Z(t,Sp, Ep, 1y, Ry, Sy Iy Ra) |* < K(1+1S]%),

2.98p1,Sp2, wehave,, || Z(t,Sp1, Ep, Iy, Ry, Saylas Ra) — Z(t,Sp2, Epy I, Ry, Sas Iy Ra) |2
< EHSPI - Sp2HZo

Initially,

1Z1(t,p, Eps Ips Ry Sas T Ra) > = W [Ap — (1 + ) S, ()]
lw [Ap+ (—Np _Ap)sp“z
20w P A+ [(—1p — A,)Sp /%]

2 sup [w*A%+4 sup |w [2(u2+22)[S,
IGDW/ Z‘EDW/

IAIA I

IN

2w 25 + 41w [12 (15 + A5)ISp I
2(uy +2;)Sp
A

IA

2|l |2 A5 (1 +

IA

K1(1+|Sp|2)

8



Under the condition
2(us+ A7)
2
AP
Where

Ki = 2|wl|2A;

1Z2(,Sp, Ep, Ly, Rp, Sar L Ra)> = W ApSy(t) — (1p+ @), (1))

W [ApSp(t) + (—ttp — ) Ep(1)]]?

20w (|ApSp (1) + [(—ptp — @)Ep (1))

20w ZA211Spl12 +4llw |12 (1 + @) |E, 2

2(u§+w2)lEp!2)
218,112

IA A

IN

2w A5 1Sl (1 +

IN

K> (1+ ’Ep‘z)
Under the condition,

2(up + %) |Ep|?

<1
A31ISp 112

Where,

Ky = 2|wl2A;lIS,l1%

W [@E (1) — (1p + 7)1 ()]
= WIOE(t)+ (—p — V()]
21w (| 0Ep* +|(—tp — VIp|?)

2\w @2 By 2 + 4w P (u2+ 7)1
2(w 2?1 Ep |2 + 4w 12 (12 + V)1,
22 + 7)1

\Z3(t,8p, Epy Ipy Ry, Say Iy Ra) |
2

IA A

IN

< 2fwlRe?|E |21+ )
P w2||Ep”go
< K3(1+Up|2)
Under the condition,
2(u§+72)<1
W*[|E,|I2
Where,
2 o2 2
Ky = 2w |L07E|



\Z4(t,Sp, Ep, Ly, Rp, Sas Ly Ra)|?

VARVAN

IN

IN

IN - IA

IN

Under the condition,

W [Y(1 = Iy (t) — mpRp (1))
W [(y = 1)1 (1) — pRy (1))
20w 2| (y= ¥ (0)* + ] — R (1) ]
20w P2(Y — PO + 12|R, )

4w PP =PI 2+ 2w Pl R,
4 sup W (= 72f%) sup [1p[*+2

l‘ED[I7

w1207 = P12+ 201w [R5 IR,

/
sup [w [*u;
IEDW/

AW = PR+ o PoiRel
W oo - [ole]

P 2(72 =713
K4(1+|Rp|2)

2
arl <1

2(y?
where,

Ky

’ZS (tJSpaEp7Ip7Rpasa71a7Ra

el

4w 2P = P2

W [Aa — (Ha + Aa)Sa(1)]
W [Aa+ (—Ha — Aa)Sa(1)]?

)

< 2w P[lAal* + 1 (~ta — Aa)Sa(t)]?]
< 2w A (AZ) + 4] w2 (12 + A2)]Sa[?
< 2 (a3 4+ eIl
< Ks(1+]S4?)
Under the condition
Mz +4d) _
A2
Where
Ks = 2[lw/2(A2)

’Z6(t7SpaE[MIp?Rp;Sa;IcuRa)|2

W AaSa(t) = (Ha + P)La(1)]

W AaSa(t) + (—ta — P)a(0)]

20w P [|AaSal* + | (—tta — p)Lal?]

20w PA2|Sal? + 4w A (2 + p?) ol

20w 12 A 1Sall% + 4w |2 (12 + p?) a)?

2(u3+p2)|1a!2]
(ADSall

ININ TN

2|l [12(A2) 1 Sall%[1 +

IN

K6[1+|Ia|2]

VAN

10
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Under the condition

2(u2+p?)|L
(A2)|ISall2

<1

Where

Ko = 2w lZ(A3)lISallz

W [pIa(r) — taRa(1)]
W [pILa(t) + (— pa)Ra(1)]|?

|Z7(I7Sp7Ep71paRp7SaalaaRa)|2

< 2w P(IpL* + | (—ta)Ral)
< 2w P(P?1al* + (1) |Ral?)
< sup |w[*(p? sup +3|Rq|?)
teD teDy,
< 2w |2 (P21 allZ + 12 Ral)
< 20w 22 Tal|2 (1 + p2 | Ral*p?(|a|2)
< Kp(1+|Ry[)
Under the condition
2
u;
<1
P21l

Where
"2 A207 112
K = 2[wlap”alls
Consequently, the need for linear growth is met. In addition, we verify the Lipschitz condition. If

|Z1(t,Spl,Ep,IP,RP,Sa,Ia,Ra)—Z1(t,sz,Ep,Ip,Rp,Sa,Ia,Ra)|2
=|w [_(ﬂp+lp)(5p1 _SP2|2]

|Zl(t75p17E]J71p7Rp7‘Sa7Ia7Ra)_Zl(taSp27Ep71paRp75a7[(l7Ra)|2
<l|w |2(2“§+2)L§)’(SP1 _SP2)|2

SUP |Zl (t,Spl7Epalp,vasa71a>Ra) - Zl (t7szvEpalpvR]hSa)IaaRa)|2

ZEDSp

< sup |w |2(2.u;%+2l§) sup |(Sp, _SP2)|2

S €Dy,

||Zl(t7Sp17Epa1p7Rp7Sa7IaaRa)_Zl(taSp27EpaIpaRp7Sa7Ia7Ra>||Zo
<|w ||i(2u,%+2/1§)||(5p1 —sz)lli

HZl (t7Sp17Ep7]p7Rp7SaalaaRa) _Zl (taszvEpalpavasaalaaRa)||go
2
<K ||(SP1 _sz)”oo

11



Where

K = |[w|i@u;+24))

|ZZ(tvsp7Ep17Ip7Rp7‘SavIa7Ra)_ZZ(tuSpuEppIpaRpasa?I(luRa”z
= |w [~ (up — @)(Ep, _Epz)”z

1Z2(t,Sp, Epy s s Rpy Sas Iy Ra) — Za(t,Sp, Epyy Iy Ry Sy Iy Ra) |2
av) 2 2 2
< |w " (2u, +20°)[(Ep, — Ep,)|

sup |Za(t,8p,Ep, 1 1p, Ry, Say Lus Ra) — Zo(t,Sp, Epy s Iy Ry, S Iay Ra) |
tGDEp

< sup |w[*(2u, +20%) sup |(Ep, —Ep,)|®

teD IEDEP
w

||ZZ(I7Sp7Ep17Ip7Rp7SavlaaRa)_ZZ(taSpaEpzalpavasavlaaRa)||go
2 2 2 2
< [Iw = @u, +207)[[(Ep, — Ep, )%

||ZZ(tvsp7Ep17Ip7Rp7SavlauRa) _ZZ(tuSpuEpzulpuRpasavlauRa)”go
7 2
< Ko[|(Epy — Epy) I
Where

K = vk +20?)

|Z3(I7SpaEp71p1 7vasavlaaRa) _Z3<t7SpaEp7Ip27Rp75a71aaRa)|2
/ 2
= w [=(tp +7)Up, —1Ip,)]|

|Z3(I7SpaEp7Ip17Rp7Sa7Ia>Ra)_Z3(t7SpuEpvlpzaR]%Sa?IaaRa”z
<|w |2(2“1%+272)|(1P1 _IP2)|2

sup |Z3(l‘,.5'p,Ep,Ip1 ,Rp,Sa,Ia,Ra) —Zg(t,Sp,Ep,Ipz,Rp,Sa,Ia,Ra)|2
tED]p

< sup |w [*(2up +27%) sup |(Ip, —I,)[?
teD 1€Dy,

HZ3(I7SP>E]J7I]917Rp7Sa7IaaRa)_ZS<t;SpaE[hIpz;Rp,Sa,Ia;Ra)||go
112 2 2
<[l 12,2y + 27 Ty, — 1y lI2

1Z3(t,S s Epy Iy, s Rpy Sas Iay Ra) — Z3(t,Sp, Epy Iy, Ry Say Iy Ra) ||
r 2
< K3||(Zp, — Ipy) |l
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Where

K = |wl@ui+2r)

|Z4(t,Sp,Ep,Ip,Rpl,Sa,la,Ra)—Z4(t,Sp,Ep,Ip,sz,Sa,Ia,Raﬂz
! 2
= |w [_.up(Rpl _sz)H

’Z4<I7SP5EP7IP7RP]7Sa7laaRG)_Z4(tﬂSpaEp7Ip7Rp27Sa7Ia7Ra>’2
2,2 2
< w "1 (Rp, = Rp,)|

sup ’Z4(t7Sp7EpaIp7Rp| 7Sa7laaRa) _Z4(t75p7EpaIp7szaSaalavRa)’2
tGDRp

< sup |w/*u? sup [(Ry, —Rp,)I?
IED/ l‘E Rp

‘|Z4(I7SPJEP,IP7RP1 7Sa71aaRa) _Z4<t SpaE[J?Ip?sz,Sa,Ia;Ra)||go

2
< w12 1Ty — 1) 1%

1Z4(t,Sp, Epy Ly, Rpy s Sas Tay Ra) — Za(t,Sp, Epy Ly Rpy y Sas Ty Ra) |12
o 2
< K4||(RP1 _sz)”oo

Where

K = |l

|ZS(t75paEp7Ip7vaSb1 7IaaRa) _ZS(taSvap7[p7Rp7Sb27Ia7Ra)|2
= | [—(ta+Aa)(Sp, —Sp,)]]?

’ZS<t Spa P> pvaaspraaR ) ZS(t Sp7 P> p7Rp75b27Ia7Ra>’2
< |W ’ (Zl,ta +2A’a)‘(sb1 _Sb2>’2

sup |ZS (taspaEpallthaSbl 7IaaRa) _ZS (t7SpaEpalpvaaprIaaRa)|2
teDg,

< sup |w[?(2u5 +247) sup [(Sp, —Sp,) [

1D t€Dg,

||ZS(t7SpaEp7Ip7RpaSb| 7ILZ’R(1) _ZS(taSpaEpvllthaprIaaRa) 2

8

< |w l12@2uE +2AD)1(Sb, — Sp,) |12

HZS<t Sp; P> pvaaspraaR ) ZS(t Spa P> p7Rp75b27Ia7Ra>Hzo
2
< Ks][(Sk, — Sp,) |l
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Where
K = |wlZ2u; +247)

’ZG(t7Sp;EpalpaRpaSa;IblaRa) _Z6(t;SpaEpJpaRpaSavlbzvRa)’z
= [w [=(ta+p) U, —1I,)]|?

|Z6(I7SpaEp,Ip7R[)75aalb17Ra) _Z6(t7SpaEp7Ip7Rp7Sa71b27Ra)|2
< |w*2ug +20%)|(Iy, —Iny)?

sup |Z6(I7Sp7Epvlpvavsa7]b1 7Ra) _Z6(I7Sp7Ep7Ip7RpaSaalbzaRa)|2
teDy,

< sup |w [*(2p7 +2p7) sup | (I, — I,)|*
lEDW/ tGDIu
||Z6<t7SpaEp7Ip7Rp7Sa71b1>Ra) _Z6(t7SpuEp7[p7Rp7Sa71b27Ra)||Zo
< HW ||go(2N3+2p2)H(Ib1 _Ib2)||go
‘|26(t7Sp;EpalpaRpasaalpra) _Z6<t;SpaEp7Ip>Rp75a71b27Ra>Hzo
< Ksll (I, — I, ) II2

Where
Ks = |Iwll2(2u; +20%)
|Z7(t7SpaEp7Ip7R])75a7[a,Rb1)_Z7(t7S[)aEp7Ip7Rpasaala7Rb2)|2
! 2
= |w [ (Ha) (Rp, — Rp,)]|
1Z7(t,8 p, Ep, Iy, Rp, Saslas Ry, ) — Z7(,Sp, Epy I, Ry Sas Iy Ry, ) |2
"277,,2 2
< |w[*(2u) | (Rp, — Rp, )|
sup |Z;(t,Sp, EpsIp, Rp, Saslas Riy) = Z1(,Sp, Ep Iy, R, Sas Las Ry )|
IGDRa
"2 2 2
< sup |w[7(21g) sup |(Rp, —Rp,)|
teD 1€Dg,
HZ7<t7Sp;Ep71p7Rp7Saala7Rb1)_Z7<taSpaEp7Ip7Rp7Sa7]a7Rb2>”zo
2 2 2
< w152 (Rp, — Ra,) |
||Z7(t7SpaEp,I}NRpuSauIa?Rbl)_Z7(t7SpuEpvlpvaasaalavaz)||zo
v 2
< K7[|(Rp, — Ry, [
Where
7 12 2
K, = |[wa(2ug)
Then, system 3.4 has a unique solution under the given conditions.
max[2(u,%+7t§) 2(uy + @) |Epl* 2(uy+77) u 2(u2 +22)
Ay T MlISHlE T @?ENL 2= AILIET AT

2ui+pHL*  ul
(ADNSZ P

| <1
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2.2. Global stability analysis

It is demonstrated that the global stability analysis provides the prerequisite for the elimination of
sickness using Lyapunov’s method and Lasalle’s invariance principle.

2.2.1. First derivative of Lyapunov

Theorem 3:([33]) The equilibrium points that are endemic to the S,,E,,I,,R,,S4,14,R, Global
asymptotic stability of models is achieved when Ry > 1 for the number of reproductions.

Proof. The function of Lyapunov can be expressed as follows for proof:

*

Y E
L(Sy,E5 . I5 Ry Si. 10 RY) = (Sp—Sp—SplogS—p)+(Ep—Ep—EplogE—p)

pp?
p p
I* *
+(I, -1 —Iglogi) + (R, — R, — R} log R—Z)

*

S I
+(Sa— S, —S;log*)+ (I.—1; —I;log =)
Sa Ia

R*
+(R;— R, —Rlog-%) (15)
Ry
Consequently, if the derivative is applied with respectto t” on both sides, the result is
dL . Sp—38, . E,—E; . I,—-I . R,—R; .
—=L = £)s PVE ) P)R
I ( s, )Sp+( E, )Ep +( I, )Mp =+ ( R, )Ry
Sa—S8k. . I,—I).. R,—R} .
+( “Sa )8, + ( ”Ia “)Ia+(aR—a“)Ra (16)
i (S—p)@\p_(lip"‘lp)sp)‘k( E B)(ApSp = (Wp + @)E))
p p

J A R,—R:

+( I, p)(a’Ep_(Hp+Y)1p)+(R—pp)(7’(1 —)p— UpR))
2258 8y — -+ 20180+ () (S~ ()
+(RQR;RZ)(pla—NaRa) (17)

Putting S, = S, — S5.E, = E, —E}l, =1, — I}.R, = R, — R5.Sq = Su — S,
I,=1,—1I;,R, = R, — R} leads to

a ( S, )(Ap_(ﬂp+lp)(5p_5‘;))

EP_E; * *
+( E, J(Ap(Sp—S,) — (Up + ®)(Ep — E,))

IP_I; * *
@~ Ej) ~ (i 7)1y~ 1)

RP_R;; * *
LA = 1)l = 1)~y Ry = )
+<S"S;a53><Aa—<ua+za><sa—sz>>
+<’“,‘a’5><xa<sa—s:>—<ua+p><1a—1;>>
(e Ra) (ot —17) — 1a(Ra—R2)) (1)
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The above can be arranged as follows:

dL A (S, —S%)? S,E} S*E*
= A=A (A 1 A, — ApSh — Ay A, T
dt 4 Sp 1% S, pOp P p P E, P E,
(E,—E:)? E,l; . EI (I, - I*)?
_(Np+w)#+pr_w%_Q)Ep"‘w%_(.up"‘?’)pl—p
14 p p p
=Y Yy Yy ”Hfl,,—yf—’;ep
p p p
(Ry—R;)? St (Sa—S5)2 W
_“PR—pP+A“_A“S_a_( a+/1a)S—a+7LS — XSt — g ;a
S (I, - I)? LR  ['R*
A Zaa a L —ol* — a a’ta
A= (ua+p)—la tPla—pla =P PR~
(Ra —R7)
a Ra

It is possible to write (3.19) as to eliminate the complexity.

IR, .
L e
p

dL
— = 3X-Q
dt
where
Y o= AptAS,+2,-2 ”+pr+@ PP 4oL, +y-L i
17 IP 17
S*EI* IR
+Aa+AaSa+ Ay ;“+p1 +p 2
and
S* S, —8%)2 S E*
o = ia B s ST
SP )4 EP
E, — E*)? E, I* 1,-TI;
+<up+w)( v E) L, PL 4 oE) + (up+7)—( 2
E, 1, 1,

LR, IR’ (R, —R*)?
+7—+71 YT+ v ”R £
17 P P
S* S, — S*)?2 S I*
‘Jl‘Aa_a“'(,ua"’)Va)M‘{‘laSZ‘i'la 2a
Sa Sa Ia

la—13)* . laRi  (Ra—R;)?
—+pl
Ia + p a + p Ra + “(l Ra

+(Ua+p)

It is concluded that if X < €, This ylelds < 0, However when S, = 57,

E,=E; I, =R, =R},S.=S},1a —1 ,R.=R:
dL
0 = 2-Q=—=0
dt
It is evident that the proposed model’s biggest compact invariant set in
() Ep I, R, S0, R,) €T o 0}

is the endemic equilibrium of the model under consideration, located at E,.
globally asymptotically stable in I' if £ < €, thanks to Lasalle’s invariance idea.
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3. Numerical Scheme

In this section, we present a numerical solution to the problem that makes use of a Newton polyno-
mial. Regarding the proposed paradigm, We employ the new differential and integral operators in this
situation. Here, the traditional differential operator will be replaced by an operator that makes use of
the Mittag-Leffler kernel. In addition, the version with a movable order will also be applied.

FEMDEVS (1) = Ap— (1p+2,)S,(1),

SFMDzé’WEp(t) = ApSp(t) = (up + @)E, (1),

IgFMvaV’]p(t) = E,(1)—( p—H’) (1),

EFMDEVR (1) = y(1— £)I,(t) — tpRy (1),

pO*FMDté,ll/Sa(t) = As— (Ua+ L) a<t>7

EFMDSVI (1) = AaSalt) — (ta+ p)La(t),

EPMDFYR,(1) = pla(t) — taRa(t), &

(1) = Sp1(t,Sp,Ep. Iy, Ry, SarIs,Ra),
(1) = Epi(t;Sp.Ep;1p,Rp,Sarlu,Ra),
(1) = Ly(t,Sp.EpLy Rp:Sa s Ra),
EFMDEVR (1) = Rp1(t,SpEp Iy, Ry SarlasRa),
(1) = Sat(t,Sp,EpiLpRp,Sa I, Ra),
(r)
(1)

(0]

EFMDSVILt) = Ia(t,Sp,Ep. Iy, Ry, SaiIu Ra),

FFMDEVR,(t) = Ra1(t,SpEp Iy, Rp,Sarla,Ra), (24)

Where

Sp1(t,Sp, Ep,Ip,Rp,Sa,1a,Ra) = Ap— (Up+2,)S,(1),
Ep(t,Sp, Ep, Iy, Rp,Su1a,Ry) = ApSy(t) — (Up + ®)E,(t),
Lp1(t,8p, Ep,Ip,Rp,Sa,1a,Ra) = @E(t) — (.up‘H’) (1),
Rp1(t,8p,Ep,1p,Rp,Sa,1a,Ra) = v(1—=f)I,(t) — WpR,(2),
Sa1(t,8p Ep, Iy, Ry, Sy Ra) = Ag— (Ha+Ag) a(),
Loy (t,8p, Ep,dp,Rp,Saslas Ra) = AaSa(t) = (Ha+ Pp)la(t),
R (t,8p,Ep,1p,Rp,Say1u,Ra) = pla(t) — 1aRy(t), (25)

Following application of the Mittag-Leffler kernel to the fractal fractional integral, we derive the fol-
lowing

y(l— é)tl’ll
AB(E) °

14 O [l - o
m Z /t' SP] (t7S[NEPJIP,RI),SQ,IQ,RQ)T (t(f-i-] _T) dT
f=2"7f

Sp(te+1) = Spi(te,Sp(ts), Ep(ts),Ip(ts)  Rp(ts),Sults),1a(ts),Ra(ts))

+

(26)
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E,(ts +1)

I)(ts +1)

Sa(ts +1)

L(ts +1)

Ry(ts+1)

v(1-&) y1

AB(&) s Epl(lc’SP(IG)’EP(IG)’IP(IG)7RP(IG>7Sa(tc),la(tg),Ra(to-))
148 O i . e
+Wf22/tf Epl(I’SI”EP?IP?RINS(uIa,Ra)T 1(l0+1 ’L') ldT
(27)
‘/’(1—_5) y-1
AB(E) ts  Ipi(ts,Sp(ts),Ep(ts),Ip(ts),Rp(ts),Sa(ts),la(ts), Ra(ts))
‘I/—é O [l . .
+AB(§)F(§)J;2/” L1 (1,80, Epy Iy, Ry, Sa Iy R) T~ Hto 1 — 7)° " ldt
(28)
M y-1
AB(E) ts Rpi(ts,Sp(ts),Ep(ts),Ip(ts), Rp(ts),Sa(ts),1a(ts), Ra(ts))
W—é O [l - e
+AB(§)F(§)]§2/U Rp1(t,8p,Ep, 1y, Rp, Sa, 1, Ra) T (to 41 — 7)°~ d7
(29)
y(A=¢) y
AB(E) 181801 (16,8, (16), Ep(16), I (16), Ry (t6), Sat6), a6 ), Ra(t5))
W—é I, [l . e
+AB(§)F(§)JZ42 /tf Sa1 (t,8ps Eps Ips Rp, Saslas Ra) T~ (1611 — 7)° 7 d7T
(30)
y(1-¢) y
ABE) 0 Lit(to,Sp(t), Ep(te), Ip(to), Ry (ts), Salts)s Lu(ts ), Ralts))
vé O, [lf+i ) .
+W;2/tf Ial(t7SP7EP7IpaRp7Sa,Ig,Ra)Té l(tc_H_T)é ldT
(3D
y(1-¢)

AB(E) t " Rt (t6,Sp(1), Ep(ts) I (1) Ry (ts), Salte) Ta(t), Raltc))
_VE g [
e L,

+ Ral (I7Sp7EpalpaRp7Sa7IaaRa>Té_l(IG+1 - T)é_ldr
Iy

(32)

As we will remember, the Newton polynomial’s source is

G(ta SpaEp7[p7Rp7 SaalaaRa) = G(t0'72> SpﬁfzaEp6727Ip6727Rp6727 Sa()'7271a6727Ra672)

1

+A_t[(lon,SprZaEprhlprlaRpoflasaoflalaothaGfl)

_G(lo—27 Sp6—27EpG—271pG—27Rp6—2, Sao—271a6—2,Ra6—2)]
1

Ktz[G<t67Sp07EpCﬁIp(ﬁRpG’SaGaIaG;RaG)

_ZG[(tG—Za SpG—ZaEpG—l 7Ip6—l 7Rp6—1 ) Sacr—l 7Iacr—1 ;Raa—l)

_G(to—Za SpG—ZvEPO'—27IpG—27RpG—27 Sac—27la0'—27Ra0'—2)]
X(T—to_2)(T—t5-1) (33)

X(T—ts-2)+
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Equations should use the Newton polynomial instead(3.34-3.40),we get the following

S§76+1)

1— _
w;B(\;).tg’ L1t S t6), Eplte) s Ip(t), Ry (to), Salte) Jalto), Ralts))
143 U
FABE T S - )L R SRR
l‘f 1
X/ ' (tor1— )5~ ldT
lf
AB(&)F(é) fzzAt I=f pIVS=1 p TP »p »rp Ma s La sy g
~1 _ . -~ - B 3 3
—t}/_zspl(lf_z,sljj 2’EIJ; Z’I}; 2’R£ 2755 2715 27R£ 2)]

If+1
< [t tor —0F ar
I

vé 5o
AB(E)T(E) /=222

-1 —1 -1 —1 —1 —1 —1 —1
—2tY 7 Spr (1, S5 ES T R S R
-1 —2 f=2 7f=2 pf-2 of=2 ;f-2 pf-2
S Spi (2,852 ES 2 2 RS2 S IR R

_|_

-1
[f;!/ Spr(tyS).Ef 1} R}, S}, 1] RY)

If+1
X/f (t—tr2)(t—t7-1)(tos1 —7)° 'dt (34)
Iy

The following approaches can be used to determine the integral in the given equation.

Iy

Tr+1 g
L g =) ldr = %[(o—fﬂ)i—(c—fﬁ]
trt1 E+1
/f (T—t72)(tos1—7)° 'dT = é(Aé)+1)[(c—f+1)5
X (06— f+3+28)—(0—f)*(c— f+3+38)]

(35)
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S(cH—l) o y(l1-¢&) v—1

P = Tap@E) o SnlieSplio) Eplie) Ip(te), Rplte), Salte), alte). Ra(to)
& (an)f y
ABGNE LT 22 Sniltr2. 8y B 2 RS2 1R
x[(6—f+1)5 = (0 - f)*]
E(Ar)S » o
AB(g)r(g+2)Z?:2[ff'/_f5p1(ff—15£ LESNL TR SI T R

) Splty 2, Sy 2 E) 2 1RSI R )]
x[(6—f+1)%(6— f+3+2&)
—(6—f)*(c—f+3+3E)]

£ (A »
ABETE T3 ol SnltrShEL IR SLILRD)

—2tj‘ﬁ':llSp1(tf,1,S£_l,Eg_l,lg_l,Rg_l,Sg_l,Ig_l,Rg_l)
Sty B IR SR L)

x[(6—f+1)5{2(c— f)>+ (3E +10)(0 — f) +2E2 +9E + 12}
—(6—F)*{2(6 = )*+ (5E +10)(0 — f) +6E2 + 18& +12}], (36)

and similar for the all remaining equations of the model.

4. Results and Discussion

The following examples demonstrate the efficacy of the obtained theoretical consequences. A
mathematical analysis of marburg disease is presented, and by using non-integer parametric parame-
ters, compelling results are obtained. By reducing the fractional values and the dimension, the answer
for Sy, Ep, I, Rp, Sa, I, and R, in Figure 1-7 approaches the desired value. The numerical simulation
for the fractional order marburg disease model is found using Matlab code. We show the graphical
representation of the marburg disease model using the suggested numerical method in Figures 1-7, and
we compare the integer order result with the fractal-fractional order result. The dynamics of marburg
susceptible S, marburg exposed E),, infected marburg /,,, bacterial susceptible S, and infected becte-
rial I, are shown in Figures 1, 2, 3, 5, and 6, respectively. In these scenarios, all of the compartments
had a sloped downward inclination, and after some time, they approached a steady position because
to a rise in recovered. The dynamics of marburg recover R, and recovered becterial R, are shown in
Figures 4 and 7, respectively. In these scenarios, all of the compartments rigidly sloped upward, as the
recovered situation increased, the compartments approached a stable state. Figures la-7a and 1b-7b,
respectively, show that while behaviors are comparable when using dimensions of 1 and 0.7 with small
impacts, decreasing dimensions yields more acceptable results. Additionally, as shown in Figures 4a
and 4b, respectively, recovered human with and without medicine grow by decreasing the fractional
values and dimension. It makes predictions on what this research will lead to in the future and how
we will be able to lower the number of sick human and infected vectors that spread throughout the
environment. When compared to traditional derivatives, the FFM technique yields better results for all
sub-compartments at fractional derivatives. It is also suggested that as fractional values and dimensions
are reduced, the solutions for all compartments become more reliable and accurate.
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Proposed Method Proposed Method

9000 T T 9000 T
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(a) Dimension = 0.7 (b) Dimension = 1

Figure 1: Numerical solutions for the recuperated S,(¢) population.

Proposed Method Proposed Method
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(a) Dimension = 0.7 (b) Dimension = 1
Figure 2: Numerical solutions for the recuperated E,(¢) population.
Proposed Method Proposed Method
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Figure 3: Numerical solutions for the recuperated I,(¢) population.
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Proposed Method Proposed Method
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Figure 4: Numerical solutions for the recuperated R, (¢) population.
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Figure 5: Numerical solutions for the recuperated S,(¢) population.
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Figure 6: Numerical solutions for the recuperated /,(¢) population.
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Proposed Method Proposed Method
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Figure 7: Numerical solutions for the recuperated R,(¢) population.

5. Conclusion

It is essential to increase awareness among people during any pandemic for reducing the chance
of infectious diseases spreading to individuals.Mathematical modeling serves the primary purposes
of planning, controlling, and reducing the harmful consequences of infectious diseases that have his-
torically decayed on the planet.As the fractional order model’s findings on the epidemic model are
more trustworthy compared to those of the traditional model. We cover the whole scenario of disease
transmission using fractional derivative. In this study, we introduced the Mittag-Leffler kernel-based
fractal-fractional derivative model of the epidemic Marburg virus. It has been established that the so-
lutions are bounded and positive. Our mathematical model for the human species is of fractional order,
wherein the exposed (E,),partition joins the conventionally susceptible population (S),), infected per-
sons (I,), and recovered human compartments (R),).Similarly, the population of nonhuman animals is
divided into three groups: Infected (1), Sensitive (S,), and the presence and uniqueness of the solution
have been thoroughly investigated. Following the determination of the reproduction number and equi-
librium points, we go over the suggested model’s local stability. The global stability analysis has been
discussed using the Lyapunov direct approach. Sensitivity analysis is explained as a way to determine
the effects ofincluded parameters in the model that was suggested.Using Newton’s polynomial, We
use the Mittag-Leffler kernel to calculate the numerical solutions for the proposed model. Numerical
simulations for various fractal values. Fractional order () and dimension (&) have been built. A com-
parison between Orders in fractions and integers has been conducted in order to observe the effects of
illness on humans and non-humans. The findings of our study will be beneficial to scientists in their
further endeavors. It is important to note that the memory elements in the FF derivativewhich cannot
be realized with integer-order derivativesexplore the hidden infected dynamics in mathematical models
of viral diseases.Ultimately, graphical representation of all the theoretical discoveries is provided by
Matlab program. Though fractional operators provide us with continuous surveillance of infectious
diseases, many physical processes are theoretically expressed such that the classical derivative only
reveals the dynamics in one direction and fractional orders investigate illnesses as soon as they arise.
Modeling aids in the analysis of the full course of infectious behavior and the effects of control mea-
sures.Compared to previous fractional order derivatives that preserve the properties of non-singular
kernels, a more practical method is available using the fractional derivative with Mittag-Leffler ker-
nel.The fractional derivative of this The memory effect should be obtained for the models that are
being given. In our work, we thereby make advantage of this new derivative. When precise Real-time
transmission structure calculations are provided, and this model gains a high degree of dependability.
The newly proposed adjustment will provide some light on modeling challenges both with and without
singularity at the origin.
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