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Abstract. The applicability of the Atangana-Baleanu derivative in modeling and assessing the dynamics of the
Nipah virus is investigated in this paper. The Atangana-Baleanu derivative, a fractional derivative operator, is used
in the mathematical model of the Nipah virus to add memory effects and non-local behaviour. To do this, we first
use fixed point theory to establish the existence and uniqueness of the solutions for the fractional order model.
Using various fractional order values, we got a number of numerical simulations emphasizing the significance of

the aforementioned derivative. The findings of solving the Nipah virus (NiV) model using the Atangana-Baleanu

derivative provide a better understanding of the dynamics and behaviors of the studied systems.
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1. INTRODUCTION

The Nipah virus is a zoonotic pathogen that is a member of the Henipavirus genus and family
Paramyxoviridae. It was first identified during an outbreak of encephalitis (inflammation of the
brain) in Malaysia and Singapore in 1998-1999. The name ”Nipah” is derived from a village in
Malaysia where the outbreak occurred ([31],[27]).

Nipah virus is primarily transmitted to people via direct contact with infected pigs, most
notably fruit bats (specifically, some species of flying foxes) or their infected bodily fluids.
Transmission from person to person has also been observed, typically through intimate contact
with infected people’ respiratory fluids or secretions ([27],[10], [20],[11,[23]).

Nipah virus disease can cause moderate to serious symptoms. They commonly include fever,
headache, muscle soreness, disorientation, and respiratory problems ([16],[8]). In severe cases,
it can progress to encephalitis, characterized by seizures, altered mental status, and coma. Nipah
virus disease has a significant fatality rate, ranging from 40% to 75%.

Nipah epidemics have largely occurred in South and Southeast Asia, most notably in
Bangladesh and India [10]. Such outbreaks are frequently caused by a mix of transmission
from person to person and contact with diseased pigs or their products, such as tainted fruits or
raw date sap from palm trees ([23], [32]. [23],[12]).

Pteropus fruit bats are thought to be the Nipah virus’s natural reservoir hosts. These bats
do not show symptoms of sickness, but the virus is often found in their urine, spit, and stool.
In certain outbreaks, intermediate hosts such as pigs have been implicated in multiplying and
spreading the virus to people ([15],[15], [20]). Because of its ability to cause severe sickness
and epidemics, the Nipah virus remains an important threat to public safety. Ongoing research
and surveillance efforts are focused on understanding the virus, its transmission dynamics, and
developing effective preventive and therapeutic strategies.

The Atangana-Baleanu derivative is a fractional derivative operator that extends the concept
of differentiation to include fractional orders. It was introduced by Dumitru Baleanu and Jean

Roger Atangana in 2016 as a generalization of the classical derivative. The Atangana-Baleanu
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derivative has found applications in various fields, including physics, engineering, and biology.
It is particularly useful for modeling phenomena such as viscoelasticity, anomalous diffusion,
fractal behavior, and population dynamics, where memory effects and non-local behaviors play
a crucial role. In fractional differential equations, researchers use the Atangana-Baleanu deriva-
tive to accurately characterize and evaluate systems having memory effects. It is a mathematical
instrument for investigating the stability, its current state, uniqueness, and attributes of answers
in these systems. The use of the Atangana-Baleanu derivative contributes to a more compre-
hensive understanding of complex dynamics and facilitates the development of more accurate
models for real-world phenomena.

Several writers played a role in the formation of fractional mathematics beginning in 1695,
after L’Hospital asked Leibiz what if the order of a derivative is n = 1/2. The modeling of bi-
ological processes, engineering, physics, finance, and many other fields have shown increased
interest in fractional operators [9]. Despite the fact that the classic fractional Riemann Liou-
ville and Caputo derivatives have various advantages for describing reality as more reliable, the
singularity that results from the strength of their kernels presents several significant process-
ing challenges [18], and [17]. To overcome these concerns, Caputo and Fabrizio presented the
Caputo-Fabrizio (CF) derivative, a novel non-singular fractional derivative that uses an increas-
ing kernel. [17]. Atangana and Baleanu have introduced Atangana-Baleanu (AB) derivatives
with Mittag-Leffler kernel function, which are influenced by the concept of CF derivative [2].
Apart from being a derivative, these operators have been viewed as a filter regulator [3]. Atan-
gana and Alkahtani performed a comprehensive examination of the existence and uniqueness
of Keller-Segel model solutions including the CF derivative [4]. Baggs and Freedman models
with exponential kernels were examined by Atangana and Koca [2]. Singh et al. investigated
the epidemiological model for computer viruses with CF derivatives using Banach fixed point
theory [13]. Yavuz et al [25] solved fractional partial differential equations with an AB deriv-
ative. The traditional model of a contaminated lake system was changed using the notion of
fractional differentiation [28]. Ucar [34] used CF and AB variants to investigate a smoking

model as it relates to determination and education-related activities.
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Therefore, motivated by the applicability of Atangana-Baleanu derivatives, we intend to fur-
ther explore a Nipah Virus model in the perspective of fractional concept in relation to the effects
of the vaccine and condoms. Following is how the remainder of the document is organized: On
the following page, we give some introductory information about fractional order derivatives.
The method described in Section 2 for the Nipah virus. In Section 3, it is established that our
fractional NiV model’s solutions exist and are distinct using fixed point theory. A few number
findings are presented in Section 4 along with a brief commentary on them. The conclusions

are found in section 5 of the research.

1.1. Basic Definitions. In this part, we provide some essential definitions of fractional deriv-

ative.

Definition 1.1. The Sobolev space of order one(1) in (k,/) is defined as [19]:
(1.1) Wk, ) ={peL?(k1): p' € L*(k,])}

Definition 1.2. Let p € W!(k,I), k < I be a function and & € [0, 1]. The Atangana- Baleanu

derivative is Caputo type of order & of p is given by [?]:

(12) g lp(0] = 1 [ e | -0

— d
| l1-o o

where G(a) is a normalization function with G(0) = G(1) = 1 and E is the Mittag-Leffler

function

Definition 1.3. Let p € W!(k,I), k < be a function and & € [0, 1]. The Atangana-Baleanu

derivative in Riemann-Liouville type of order & of p is given by [34]:

(13) ABR D (1)) ME/I:])(@EOC {_a(t—x)a} »

:l—ocdt l—o

Definition 1.4. . The fractional integral is defined by [34]:

(14) B0 = G PO+ G . PO

Theorem 1.5. For a continuous function p on [k,l]. The inequality given below holds on [k, ]

[34]:

(1.5 80 p0lll < 22 00
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where ||p(0)|| = Max|p(0)

Theorem 1.6. The Atangana-Baleanu derivative in Caputo and RL type satisfy Lipschitz con-
dition [34]:

(1.6) 105D p(1)] =6 DY ()|l < W|[P() — q(1)]]
and
(1.7) 162D [p ()] =5"F DX g(0)]]] < WI|P(r) —q(t))]

2. MODEL INFORMATION

From the humans and pigs population, we have S,(): the number of pigs who are not yet
infected with the NiV at time ¢, but may get it if they come into contact with other infected
pigs or eat contaminated fruits, E,(¢): the number of pigs that have come into contact with
the infectious agent or pathogen that causes the Nipah virus, 7,(z): the number of pigs that
are capable of transmitting the virus to others including human, S(¢): susceptible with respect
to human beings, S,(¢): the susceptible persons who are vaccinated, S,(¢): the susceptible
persons who are not yet vaccinated, S, (¢):the susceptible persons who are vaccinated and use
condoms, S,,(7): the susceptible persons who are vaccinated and do not use condoms, S, ():
the susceptible persons who are not yet vaccinated and use condoms, S,,(¢): the susceptible
persons who are not yet vaccinated and do not care for condoms, E(z): people that are in
touch with the infectious agent(human and pigs) or pathogen that causes the Nipah virus, 1(¢):
people that are capable of transmitting the virus to others, C(¢): they are people who have been
infected with the virus but do not develop any symptoms of the disease, and still carry and
transmit the virus to others, /;(¢): they are isolated individuals undergoing treatment who are
capable of transmitting the virus to others, I;(¢): they are not isolated but undergoing treatment
as individuals that are capable of transmitting the virus to others, R(z): they are individuals who
have recovered from the Nipah virus and are capable of contacting the virus again, D(z): the
bodies of those who died due to the virus.

We assume the following: Natural sickness recovery can take place because of powerful

antibodies [7]. Casual touching of the dead bodies will expose the individuals to the virus
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[5]. There is an interaction between the farmer and the infectious pigs [6]. Since they are
continuously watched, medical personnel safeguard themselves against the virus, and infection
can happen in a therapy class, isolated individuals do not aid in the spread of NiV [7]. The
general public has easy access to and can afford condoms, an infected isolation facility, and
vaccinations [6]. After some time, people who have recovered become susceptible to infection

once more [35].

TABLE 2.1. Describe the Variables

parameters Parameter Description
Ap The proportion of new pigs introduced
o Exposure rate of pigs
p The rate at which infected pigs become exposed
A Human resource recruitment level
X1 Rate of vulnerable non-vaccinated peoplee
X2 Vaccination coverage among vulnerable populations
m The fraction of unvaccinated vulnerable people who use condoms
m The fraction of unvaccinated vulnerable people who do not use condoms.
T The fraction of vaccinated people who use condoms
(73 The fraction of vaccinated vulnerable people who do not use condoms
I3 Infection force on Sy
Iy Infection force on S,
I Infection force on S,
I Infection force on S,

The rate at which an exposed population becomes infected

The proportion of the exposed population who becomes a NiV carrier

v Rate of isolation of infected people having treatment

{1753 Treatment rate of infected persons

" Recovery rate from the disease therapy class

b2 Recovery rate from the infectious isolated undergoing treatment class
7 The NiV carrier recovery rate

Ya The infectious recovery rate

€ Rate of susceptibility among recovered persons

)] Illness-related death rate in NiV-Carriers

& Illness-related death rate in infectious population

83 Illness-related death rate in infectious isolated people undergoing treatment
Oy Illness-related death rate in infectious people undergoing treatment
S4 Illness-related death rate in infectious pigs

Uy The rate at which deceased bodies are disposed of (burial/cremation)
Uy Pig mortality rate

u Natural death rate
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(2.2)
(2.3)
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2.17)
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ABEDYS(1)] = A— (1 + X2 + 1)S + €R
0PDYISV ()] = x2S — (T1 + T+ 1)S,y
0PDY[Su()] = x1S — (M + M2+ 1)
éBCDta [Sve(t)] = T18y — (1 + 1) Swe
8BCD? [Sun(t)] = 128y — (T2 + 1) Sun
0PCD [Suc(t)] = mSu— (U3 + 1) Suc
0% D [Sun(1)] = M2Su — (T + 1) Su
ABCDRIE (1)) = TaSvn + TaSun + T3Suc + T1Sve — (L + 6 + K)E
0°DIC(1)) = 6E — (13 +p+81)C
0P D) = K E— (W1 +ya+ 1+ 8+ 1)l
0PDI I (1) = wil — (o + 1+ 83)I;
0D (1)] =yl — (i + 1+ 84T,
OPCDER(1)] = polis + Wl + 1k + 1€ — LR — €R
oPEDED(t)] = 84l + &1y + 8,C + &I — paD
07 DE[S, (1)) = Ap— (0 + 1p)Sp
0" DE[EN(1)] = 6Sp — (P + p)Ep

05D, (1)) = PEp — (Up + 8p)I,

where the force of infections are

ri=p

F3=B3<

allp arC ~+ a3l + aql; + asD bllp brC + b3l + byl + bsD
+ . Th=Pp +
Np N Np N

qil,  q2C+q3l +qal; +qsD z2ily,  22C+z31+z24l; + 25D
+ ) 1—‘4 = B4 + y
N, N N, N

N is number of human beings, N, is number of pigs. Therefore a;,b;,q;,z;, i = 1,2,3,4,5 are

contact rates, {)‘BCD[“ is Atangana-Baleanu derivative in Caputo type, and « € [0, 1].
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3. EXISTENCE AND UNIQUENESS OF NIV MODEL SOLUTION

The solution of nonlinear equations is a complicated matter in differential calculus [?]. The
fractional order model under examination is nonlinear, accurate solutions to these kind of prob-
lems may be hard to find. Therefor, we analyze the existence and uniqueness of Niv model so-
lution with the use of fixed point theory.

Consider €[k, ] x C[k,l] x C[k,l] x C[k,l] x C[k,l] x C[k,l] x E€[k,l] x E€[k,l] x E[k,l] X
Clk,l] x C[k,l| X Ck,1] x Clk,l] X C[k,l] X €k,l] x €[k,l] x €[k,l] such that €[k,l] is a Ba-
nach space of continuous R — R valued functions on the interval [k, /] with the norm defined as
1S, Sus Svs Sucs Suns Sves Svny E,C L L 1t R, S, Ep, Ip ) [| = [[ S]]+ [ISull + [Sul + [1Sucl | + [ Sun| | +
[[Svel - [[Sunl I+ NETT A+ [CH AT 4 e[|+ [+ RIS+ TR+ [5]]

where |[S[| = sup{|S(t)| -1 € [k,1]}, |Sull = sup{|Su(0)] : 1 € [k, ]}, [[Sul] = sup{|S,(1)] -
te iy, ISucll = sup{ISuc(®)| - 1 € [0}, [[Sunl| = sup{|Sun(1)] : 1 € [k, 1]}, [ISvell =
sup{ISvc(®)| = t € [k}, [Sull = sup{|Swm(1)] = ¢ € (&1}, ||E|l = sup{|E(t)| : ¢ €
[k, 0}, [ICl = sup{|C(@)| -t € [k, 11}, (1] = sup{[I(0)] : 2 € [k, 1]}, [[fiel| = sup{|Fu(2)] : 1 €
00}, (]| = sup{[I@)] : 1 € [k,2]}, (IR = sup{|R(2)| : 2 € [k, 1]}, [ISpll = sup{|S,(r)] :
telkdly, [Epll=sup{|Ep()] 1 € [k}, (|l = sup{|l,(t)] : 1 € [k, 1]}

We reorganize the model (2.1)— (2.17) in the simple method shown below.

(3.1) 0°DIIS(1)] = WA(1,S)
(3.2) 0PCDE[Sy ()] = Wal1, S,(1))
(3.3) 07D [Su(1)] = Ws(t,Su(1))
(3.4) 07D [Sve ()] = Wa(t, 81 (1))
(3.5) 07D [Sun(1)] = Ws(1,Sun(1))
(3.6) 07 D [Suc(t)] = We(t, Suc(1))
(3.7) 07 D [Sun(1)] = W (t,Sun(1))
(3.8) 0" DIE(1)] = Wa(1,E (1))

(3.9) 05EDEIC(1)] = Wo(t,C(1))



(3.10)
(3.11)
(3.12)
(3.13)
(3.14)
(3.15)
(3.16)

(3.17)

THE MATHEMATICAL NIPAH VIRUS MODEL WITH ATANGANA-BALEANU DERIVATIVE

07D (1)] = Who(1,1(1))

07 DR L (1)] = Wi (2,1 (1))

0" DI (1)) = Wia(t,1(1))

0" DY [R(1)] = Wi3(1,R (1))

07 DHD(t)] = Wia(2,D(1))

07 DS, (1)] = Wis(2,S,(1))

0" DIE, (1)) = Wis(t,Ep(1))

SBCD;X[IP(I)] = Wiz (t,1,(t))

such that W;, i=1,2,...,17 are the kernels

Applying fractional integral [11] to the equation (2.1)— (2.17), we have

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

S(t)—S(0) = leao)CWl(t,S)qLm/ot(t—v)“_lwl(vﬁ)dv
S0 =5.0) = G Wa(t.8) + grars [ (=) Wa(v.S)av
S0 =50) = G W68+ graras [ (=) Wa(v.S,)dv
$lt) =50(0) = G Wa.5:0)+ graires [ (6= V) Walv. v
1) =5(0) = GtWal1Su) + grases [ (=) WA (Y. Sy
$uc) = S.0(0) = Gt WaltSu)+ grasces (=) We(v. 5.y
Sun(1)=Sun0) = Gt WaltsSun) + G | (6= V)% Wa(v. Sy
E(t)—E(0) = %Wg(t,E)—km/ot(t—v)“IWg(v,E)dv

Clt)—C(0) = leaO)CWg(t,C)Jrﬁ /Ot(t—v)“_IW9(v,C)dv

1) —1(0) = %Wlo(t,l)+W/Ot(t—v)“_lwlo(v,1)dv
In(t) — 1,(0) = %Wn(t,h,)qtW/Ot(t—v)“‘lwn(v,lh)dv
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329 L) —L(0) = 1(_ Wis(t I,)+m/ot(t—v)“1W12(V,It)dv
(3.30)  R(t)—R(0) = é(_—;)cW]g(t,R)—i—W/ot(t—v)“1W13(V,R)dv
(331) D(t)—D(0) = %Wm(t,D)+m/oz(t—v)“‘lwl4(v,mdv
(332) S,(1)—5,(0) = %Wls(r,sp%uﬁ/{)t(r—v)“—lwls(v,sp)dv
(333) E,(1)—E,(0) — %W@,Epnﬁ /Ot(t—v)o‘_le(v,Ep)dv
334 L) —1,0) = 1Gz—a‘;‘wl7(z,1p)+ﬁ /Ol(t—v)o‘_IWn(v,Ip)dv

Theorem 3.1. If 0 < E,- < 1, then the kernels W;, i = 1,2,...,17 fulfill the Lipschitz condition
and contraction such that

(3.35)
Wi (2,8) = Wi (2, 8[| < & [IS() = S (O], s [Wi7(2,1) — Wi (t,1p) | < Era[[ () — I (1) ]

Proof. Given two functions S and S, we have

Wi (t,8) =Wi(t, )|l = [[A—=(x1+x2+u)S+ER—[A—(x1+x2+1)S«+€R]||
< (+x2+u)l|S—S|

(3.36) = &il|S— S]]
where & = ()1 + x2 -+ it). Therefore
Wi (t.8) = Wi (e, S| < &[S — 8. ]|

Hence, the Lipschitz condition satisfied for Wy and 0 < y; + x2 + 1 < 1 implies W is also
contraction.
Similarly, it can be demonstrated that the other kernels satisfy the Lipschitz condition and

contraction. However, observe that

S(#) 4 Su(t) +Su(t) + Suc(t) + Sun(t) + Sve(t) +Sun(t) + E(t) +C(t) +1(2)
+Iit(t)+1,(t)+R()<2:>C() %I()S%I(I)S%I(K% ,R(t)égasfzo-
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Without loss of generality, 5_2 = (11 +m + u), 52 = (M + m + un), 5_4 =
aiA, (ar+az+as+as)A biA, (b2+b3 +by+bs)A z
ﬁ < + ; 2 5 =
Mo, ( N | u,&s=p p“p ( N | K, &
QNy | (@2 +q3+qa+gs A) (m/\ n+z+zatzs A) _
+ + 4, + 1,
B (e BRI i w
M+0+K),8=mB+u+b)So=Wi+twvt+u+db+nu).lun=r+u+0d, =

N+u+68i,Ez=p+e Eu=pa Es=0+p, E6=p+ Ly, E17= 5, + 1y,
Therefore the kernels W;, i = 1,2, ..., 17 fulfill the Lipschitz condition and 0 < & < 1 implies

W;,i=1,2,...,17 are contraction. 0

We define the system (3.18)— (3.34) in the following recursive form:

(337) S (t) = le—aO)CWI(Z’S(”I))—i_G(a;XF( o0 =) WA (Y. S )av
B38) S(0)= g Valt- S )+ Gy o= V)% WAV S, v
(3.39) Sy (1) = i;(_—oco)th’(t’s”(””)jLG(a?F( )fo(f— V) IW3(V, Sy (um1))dV
(3.40) Sye(ny(t) = %W4(I,Sw(n—1))+G<a;( )fo(f— V) T IWa(V, Syc(n—1))dV
BAD S (0= 57 W50 o) + gy e = V)% W(V-So v
342) S (1) =572 Wolt-Sucto ) + gy e = V)% W(V-Suta v
B43) Suin (0= 57 WSt ) + e S = V) (Y-S0 )Y
(3.44) E(y (1) = %WS(@E@—U)WLG(O:F( )fo<t— V)* Wy (v, Eq))dv
(3.45) Cuy(1) = %Wg(t,C(n_l))—l—G(a;XF( )fo(r— V) Wy (v, Cyyy)dv
(3.46)  I,(t) = %Wm(r,qn_l)waa;‘r( )fo(r— v)* IWio(v, Ipy)dv
(A7) Iy (1) = %Wll(t,lit(n_l))—f—G(a?F( )fo(r— V)W (V, Ly 1y)dV
(3.48) Ly (1) = %WIQ(I,L(”U)—FG(OC?F( )fo(t— V) IWia (v, k1) )dV
(349) Riy(t) = %WB@,R(M)HG(O:F( (0= V)" WA (v Ry v
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1—

(3.50) D(n)(t) = TO:))CWM(LD(n—I))_F G((X)F( )fO(t_ )a_1W14(V7D(n—1))dv
1—

(351) Sp(n)(t> = W;;WIS(LSP(H 1))+ (a;xr( )fO(t_ )a_]WIS(V7Sp(n—1))dv
1—

(3.52) Ep(n)(t) = G(a(§W16<t7Ep(n—])) + (a;xr( ) fO(t o )a_]WIG(V7Ep(n—l))dv
1—

(3.53) Ip(n)(t) = Wa‘éwﬂ(t?[p(n—l)) + (aar( )fO(t - )a_1WI7<V71p(n—l))dv

with the initial conditions:

So = 5(0), Suo = Su(0), Sy0 = $v(0), Suco = Suc(0); Suno = Sun(0), Svco = Sve(0), Syno =
Sun(0), Eg = E(0), Co = C(0), Ip =1(0), Iro = 1;:(0), Iro = 1;(0), Ro = R(0), Spo = S(0), Epo =
Ep(0), Ipo = 1,(0)

Next, we look at the difference in the successive terms as follows:

1—
Win(t) = Sult) = Spu-1)(t) = 5= Gla) T, S-1)) = Wi(t,S-2))]
o ! o—1
(3.54) + W/o(t_v) W1 (V,S(u-1)) = Wi (V,S(,-2))ldV
(3.55) Wult) = Sv(n)(f)—Sv(nq)(f)=—)[W2(f sSun=1)) = Walt, Syn-2))]
« ! o—1
(3.56) + W/O (t—V) [WZ(vvsv(n—l))_Wz(vvsv(n—Z))]dv
(3.57) lP?an(l‘) = Su(n)(t)_Su(n—l)(t) = —)[W3<t S u(n— 1))_W3<taSu(n—2))]
% ! oa—1
(3.58) + W/O (t—V) [W3(V7Su(n—1))_W3(V7Su(n—2))]dv
1
G359 Wanlt) = Sictn (1) = Suca-1)(1) = g Pal0:Sc01) = Walt: S
o 1
(3.60) + W/O (t ) [W4(vaSvcn 1) W4(V75vc(n—l))]dv
(3.61) IPSH(l) = Svn(n) (t) _Svn(n—l)(t> = G;O:])C[WS(tvsvn(n—l)) —Ws (tasvn(n—Z))]
o ! a1
(3.62) + W/O (l‘—V) [WS(vusvn(nfl))_WS(Vvsvn(an))]dv

04
[W6(tvsuc(n71)) —We (tusuc(n72))]

(363) Fonlt) = Suetn) (1) = Suctn-1)(1) = G5
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o ! a—1
(3.64) + W/O(I_V) [W6(V>Suc(n—l))_W6(vvsuc(n—2))]dv
1_
(3.65) lP7n(t) = Sun(n) (t) _Sun(n—l)(t) = T(g[vw(tasun(n—l)) _W7(I7Sun(n—2))]
% ! o—1
(3.66) + W/O(t_v) [W7(V=Sun(n—l))_W7(V7Sun(n—2))]dv
1—
(3.67) Wsu(t) = E(n)(t)_E(n—l)(t):TOS[WS(IaE(n—I))_WS(laE(n—Z))]
% ! o—1
(3.68) + W/O(f—") (We(V,E(u_1)) —Ws(V,E(y_2))|dV
1—
(3.69) W, (t) = C(n)(f)—c(n1)(l)=TOg[W9(LC(n1))—W9(I,C(nz))]
o ! o—1
(3.70) + W/O(f“’) [Wo(v,Cln1y) = Wo(V,C(—2))]dV
1—
(371 Wio(t) = I(n)(t)_l(n1)(Z):T£[W10(tvl(n1))_W10(t71(n2))]
o ! o
(3.72) + W/o(t_v) "Wio(V,I(u-1) = Wio(V, I(—2))dV
1_
(3.73) Yia(t) = Iiz(n)(f)—lir(n—l)(f):T;;[Wn(t,[it(n—l))—Wn(faliz(n—z))]
t
(3.74) + G(a)r(a)/()(t_v)aI[Wll(vvlil(n—l))_Wll(v>lit(n—2))]dv
1_
(3.75) Wia(r) = It(n)(t)_lt(n—l)(t>:WOZ;[WIZ(talt(n—l))_W12(t7]t(n—2))]
o ! o
(3.76) ST /O (t = V)* Wia (V. Ly 1)) = Wia (Vi D))V
1_
(377) Wia(t) = R(n)(f)—R(n—l)(f):WOS[WB(RR(n—l))—Wl3(faR(n—2))]
o d o
(3.78) + W/O(I—V) "Wis(V,Ru-1y) — Wiz (V,R(,—))|dV
1—
(3.79) Wa(t) = D(n)(l)—D(n—n(l)=WOS[WM(LD@—U)—W14(l,D(n—z))]
o d o
(3.80) + W/O(f—") 1[W14(V7D(n71))—W14(V7D(n72))]d"
1—
(3.81) lPlSn(t) = Sp(n)(t)_sp(n1)()/‘):?03[“/15(%*917(;11))_W15(taSp(n2))]
o ! o
(3.82) + W/O(I_V) 1[W15(V7Sp(n71))_WIS(Vvsp(an))]dv
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1 _
(3.83) Yien(t) = Epum)(t) —Epp—n(t) = G(@) [Wm(f Epn-1)) = Wis(t, Ep(n—2))]

(3.84) t E@NE /O (V) W6V, E 1)) — Wae(V. E syl

(3.85) Win(1) = Ip(n)(t)_lp(n—l)(t>:%[Wl7(t71p(n—l))_W17(t71p(n—2))]

(3.86) + G /Ot(t—v)“‘l[Wn(v,Ip(n_l)) —Wi7(V, Ly—1))]ldV
So that,

Sw) = Yot Sm) = Yioi%Pu Suw@) = Yo Swemt) =
Yict Par, Son) () = Limi st Suc(n)(t) = Xkmyt Pokr  Sun(n) (1) = Ly ¥k

Epn@) = Y ¥, Cw() = Yi_Pou, In@) = Y Wik L) =
Yici Pk L) =X Piaes Roy() = X1 Pz, Doy (t) = Xiey Praks Spy (1) =
Yie1 Wisks  Epmy(t) =Xio1 Wik, o) (t) = Yoy Prks

Taking norm of both sides of equations (3.54)—(3.86), applying triangular inequality and

Lipschitz condition, we have

GE) W) | = 10— S 10|
< o | B Som) = Wile.Sa)) |

(3.8) G | T S W (.Sl |
< Sl ISen=Sua |

(389 t G@N@ >c§1 L =)= S0 ) =S v
= @& 1 ®i0]

(390 @ / (=) [ 1) (1) [ v

(391 - |68+ samad | ¥ 0|

392) @) | = 1Sy = Su )|

-«
< m H [WZ(th(nfl))_W2<t75v(n72))] H
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o f o
69+ g | T Y S ) Wl Szl |
l—o:
< G(OC 2 ” Sv(n—l) _Sv(n—Z) H
o : [ a—1
(3.94) + méz/o(f—") | Syn—1)) = Sun—2) [ AV
1—o;
= G %@
o : [ a—1
69+ gV ¥ v
l—a: t* =
(3.96) = {G(a)éﬂ_mgzl | a1y () |l
Finally, we have
(3.97) 190 1= | b+ grarar ] 1 #io o |
. 1n > G(oc) 1 G(OC)F(OC) 1 1(n—1)
(3.98) [ Wonlt) 1< |28 & [y (1)
. 2n > G(d) 2 G(OC)F(OC) 2 2(n—1)

15

With the same procedure from (3.88)—(3.96), we reduced the remaining expressions to the

form:

(3.99) I'¥3a(0) || < :leoc())C§3+G(at)olt“(a)53: #3001y (1) |
(3.100) | Wan(t) || < :1GZOCO)CE4+G(OCI)(XF(OC)E4: | Wagn—1)(0) |
(3.101) | Wsa(r) || < :éZaO;ES—FG(at)aF(a)ES: 1'¥'sg01) (@) |
(3.102) | Weult) || < :1GZ(ZO)6€_6+G((XI)OIL—‘(O£)E6: | ¥6(n—1) () |
(3.103) I¥m@) || < :ézao;é}JrG(at;(a)&: ¥ 9601y () |
G108 )| < [E 3t oot (0]
3.105) )| < [l g I #5000
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(3.106) [ Proa(t) || < :%qutﬁar(a)&o: ¥ 10001y (1) |
(3.107) | i) || < :%Elwﬁar(a)én: 11y (1) ]
(3.108) | ¥ian(t) || < :%5124—#(;((1)512: ¥ 12001 (1) |l
(3.109) | Pizalt) | < :%Emtﬁc;(a)&s: 13001y (0) |
O Y B e et Al
G.111) | Wisalt) || < :l;(_—ao)télﬁﬁar(a)é”: 15001y (0) |
61D a0l < |t e )|
(3.113) 117,00 || < :%&ﬁﬁar(a)én: 11761y (1)

Theorem 3.2. If we can determine ty that satisfies the equation

l—a-: t& =
(3.114) 6@ &+ G(a)ol“(oc)éi <1

fori=1,2,3,...,17, the fractional model provided as (2.1)—(2.17) has a unique solution.

l—a; o
&i+

G(a)™  G(a)[(a)

(2.17) has solution and the solution is unique. It is obvious (Theorem 3.1 ) that

Proof. Given t satisfying & < 1, we show that the fractional model (2.1)—
8,80, 8usSves Svns Sues Sun, E,C, 1, 1y It ,R, D, Sy, E, 1, satisfied Lipschitz condition and they
are also bounded functions. Therefor, from equation (3.99)—(3.113) we have the successive

relations [34]:

G.115) 101 < [e28+ s8] 1w O
(3.116) | ¥olt) | < :é(_ao;éerG(at)aF(a)fz:nHSv(n)(O) I
(3.117) | (1) || < :éZaO;EHG(at)ar(a)fs:n|!Su<n>(0) I
a.113) )| < [E28+ o8] SO



(3.119)

(3.120)

(3.121)

(3.122)

(3.123)

(3.124)

(3.125)

(3.126)

(3.127)

(3.128)

(3.129)

(3.130)

(3.131)

THE MATHEMATICAL NIPAH VIRUS MODEL WITH ATANGANA-BALEANU DERIVATIVE

[|''su(t) |
| Pen(t) |
7 () |
| P () |
| o () |
['10n(2)
11 (2) |
[|'12n(2) ||
'13n(2) |
|14 (2)
[ ¥1sn(2)
['16n(t) |

| ¥17a(2) ||

IN

IN

IN

IN

IN

IA

IN

IN

IN

IN

<

<

t® 1"

an

an

an

an

(11—« = 1% =

(o) 2t Gl ™)

[1—o t =

6o T Glar(e)

1—o - 1% =]

(11—« = 1% =

6l Gl ™

an

(11—« = 1% =

(o) * Gl ")

an

[1—a; % =

(o) >t Gl

an

|G(a@)

I @)

E17

| Svn(ny (0) ||
| Suc(ny(0) ||
| Suun(ny(0) ||
| £y (0) ||

| Ciny(0) ||

n

[ 72y (0) ||

an

| Zie(n) (0) ||

an

| L) (0) ||

an

I R (©) |
Do) |
1500 |
I Eyi(0) |

“ Ip(n)(o) H

17

This establishes the Existence and continuity of the aforementioned solutions.In order to

demonstrate that the functions are solutions of equation (2.1)—(2.17), let’s say that

(3.132)
(3.133)
(3.134)

(3.135)

S(n)(l) — {,In(l)
Sv(n) (t) - 62"(1‘)
Su(n) (1) — B3(t)

Svc(n) (t) - 73411 (t)
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(3.136) Sn(t) = Sun(0) = Sy () — Bsn(t)
(3.137) Suc(t) =Suc(0) = Sue(m)(t) — Ve t)
(3.138) Sun(t) = Sun(0) = Syn() (t) — D7a(t)
(3.139) E(t)=E(0) = Eg(t)—Dsalt)
(3.140) C(t)=C(0) = Cpy(t) — Doulr)
(3.141) 1) =1(0) = Iy (t) — Broalt)
(3.142) Li()) = 10(0) = Ly (1) — Bu1a(?)
(3.143) L(1) =5(0) = I (1) — Br2a(t)
(3.144) R(t)=R(0) = Ry(t) = Dian(t)
(3.145) D(t)=D(0) = Dy,(t) — Dran(t)
(3.1406) Sp(t) = Sp(0) = Spm)(t) — Bisalt)
(3.147) Ep(t)—Ep(0) = Epu(t) = Dign(t)
(3.148) () = 1p(0) = Ly)(1) = Diaa(t)

At random, observe that

300 | = | oo WA () WA, Eqyr)
(3.149) + G(a;xl"(a) /Ot(t—v)o‘I[Wl(v,E)—Wl(v,E(n_l))]dv I
< o | ) = W.E )|
(3.150) = G bV ) =W (v, B lav|
< Gl I E=Euy |
(3.151) + G(a;xF( )58/( —V)* Y E=E(_y) | dv
G152 - [+ | 15— Eu |
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when we continue recursively at 7y, we have

- 11—« & n+1 _ A
(3.153) Ben(t) g{ L 1 A
H H G(a) ' G(a)[(a) 5
A Ap ) .
Observe that N < — and N, < ,u_ Therefore without loss of generality, we have
P
— 1_ o ta n+1 B A
V1, (t < 0 n+14>
| Bul) || < [G(a) +G(a)r(a)] i
Q 1l—a 1% n+1 A
O t < 0 n+1-
13| < [t o] &
_ l—a 1o n+1 A
| Bisalt) | < { L } w1 A
n Gla) Ga)l'(a) 15
— 1_ o tOC n+1 B A
| B || < [ 6 e
n Gla) G(a)'(a) 7,

Taking the limit as n — o, we have || ¥;, ||— 0, i=1,2,...,17 which implies that the

fractional model (2.1)—(2.17) has solution

Next, we show that the solution is unique: suppose there is another solution to the model say

Sy Sviy Sy Sucks Sunses Svess Svmss By Coy Ly Ligsy Iy Riy Doy Sy Epsc, s, then we have

D(t) - D) = %[Wm(z,m—wmo,mn
(3.154) + mx/ot(f—")a1[W14(V»D)—W14(V,D*)]d"

Since all the kernel satisfied Lipschitz condition, applying norm on the both side we have

IDW-D.0) | < G| D=D |
(3.155) t Glara 9 00|

and
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1D6)=D.0) | |1~ grtfia— o] <0
Therefor |1 — é(_ao;gm— G(a;};(a)é_m} > 0 since a € [0,1] and & ¢ [0,1) for i =

1,2,...,17. This implies

I D(t) = D«(2) ||=0

so that

D(t) = D.(t)
Adopting the same approach, we obtain the following; S = S.,S, = Sy, Sy = Sus, Suc =
Sucs>Sun = SunxsSve = Sves,Svn = Syni, E = Ey,C = Cy )1 = L, liy = lips, Iy = I, R = Ry, Sp =
SpesEp = Epu, Iy = L, O

4. DISCUSSION AND SIMULATIONS OF THE MODEL

In this part, numerical simulations of model (2.1)—(2.17) for the data presented in Table 4.1
are performed. We run numerical simulations on our model (2.1)—(2.17) using Python software
to see the influence of fractional order o changes in the model (2.1)—(2.17) with the initial

values and parameters ([6], [22]).
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Parameter | Value Source
&) 0.15 [22]

Parameter | Value Source 53 0.0171 | Inferred from [22]
X1 0.33 Estimated 04 0.2 Inferred from [22]
x> 0.62 Estimated ay 0.58 Inferred from [22]
0 0.486 Estimated a 0.513 Inferred from [22]
K 0.715 Estimated as 0.486 Inferred from [22]
T] 0.008 Estimated as 0.513 Inferred from [22]
T 0.019 Estimated as 0.000288 | Inferred from [22]
n 0.45 Estimated by 0.69 Inferred from [22]
2 0.39 Estimated by 0.522 Inferred from [22]
Vi 0.825 Estimated b3 0.513 Inferred from [22]
175) 0.342 Estimated by 0.504 Inferred from [22]
N 0.8 | Inferred from [22] bs 0.000324 | Inferred from [22]
%) 0.5 | Inferred from [22] q1 0.75 Inferred from [22]
% 0.09 | Inferred from [22] q 0.4617 | Inferred from [22]
Ya 0.1 [22] q3 0.531 Inferred from [22]
Bi 0.1134 | Inferred from [22] q4 0.513 Inferred from [22]
B> 0.3969 | Inferred from [22] qgs 0.000648 | Inferred from [22]

B3 0.4455 | Inferred from [22] € 0.03 Estimated
Ba 0.7209 | Inferred from [22] &) 0.4374 | Inferred from [22]
0 0.02 | Inferred from [22] 23 0.504 Inferred from [22]
p 0.56 Estimated u 0.513 Inferred from [22]
o 0.75 Estimated Zs 0.000648 | Inferred from [22]

Up 0.00081 Estimated

TABLE 4.1. Description of
u 0.0003421 [5]

the parameter

TABLE 4.2. Description of

the parameter

21
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Nipah Virus Dynamics Nipah Virus Dynamics

1000 — S.a=01
S.a=0.5

S, a=0.9

600

g

S oa=0.9
— Su,a=09%

Swit) and Su(t)

200

0 10 20 30 40 50 0 10 20 30 40 50
Time /days Time /days

(A) Susceptible individuals S (B) Susceptible vaccinated S,

and unvaccinated S,

FIGURE 4.1. The Susceptible Population

For different fractional orders o, Figure (4.1) shows how susceptible individuals behave over
time. We see that the number of susceptible people declines with time for all values of frac-
tional order «, but it never reaches zero because of population recruitment. Yet when the value
of the fractional order « rises, the proportion of susceptible people falls off more quickly over
time. The susceptible population, both vaccinated and unvaccinated, is shown in Figure (4.1b).
Due to the introduction of the vaccine, the susceptible population was marginally altered as
increased but remained steady while responding to the virus. On the other hand, because to
the lack of vaccine administration, the susceptible unvaccinated population dramatically shrank
and eventually disappeared. Hence, the immune system was compromised. The number of sus-
ceptible people who have received vaccinations, on the other hand, rises over time as the value
of fractional order « rises, whereas the number of susceptible people who have not received
vaccinations falls with time. This suggests that the fractional order derivatives of the dynamical
variables are more useful for estimating the proportion of susceptible, susceptible vaccinated,

and susceptible unvaccinated people.
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Nipah Wirus Dynamics Nipah Virus Dynamics
400

— Svg =01

4090 svn,a = 0.1
Svc, a=05

— Swn,a=105

— Suc, a=0.1
Sun,a =01
Suc, a=0.5

— Sun,@=05
Suc, a=0.9

— Sun,a=079

350

Sve, a=09 il 200

— Svn,a =09
250

200

Sve{t} and Svn(t)
Sucit) and Sun(t)

’ ° ® Time [days * “ ® ° ® ® Time fdays ® @ *
(A) Susceptible vaccinated: con- (B) Susceptible unvaccinated:
doms S,. and without condoms condoms S, and without con-
Son doms S,

FIGURE 4.2. Susceptible vaccination and unvaccination with and without

condom Population

The relationship between susceptible vaccine individuals using condoms and susceptible vac-
cine individual not using condoms, as well as time for various fractional orders, is shown in
Figure (4.2a). The graph showed how vaccination with a condom outperformed vaccination
without a condom, which fluctuates a lot. When the fraction order is average, we saw both rises
and normalized after a while. This suggests that even though both are immunized, sticking to
condom use will be a helpful technique to stop the Nipah virus from spreading. The behavior
of susceptible unvaccinated individuals using condom and susceptible unvaccinated individuals
not using condoms over time for various fractional orders « is shown in Figure (4.2b). When the
virus was first discovered, they surged, but as more individuals became exposed to it, they began
to decline quickly. The number of susceptible unvaccinated individuals using condoms did not
really decline at the same pace as the susceptible unvaccinated individuals not using condoms,
according to our Figure(4.2b). Also, it implies that condom usage is necessary whether or not

you have had a vaccination. As the fractional order goes up, both go down.
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Nipah Virus Dynamics Nipah Virus Dynamics

160

140

120

100

E(t)
Cit) and Iit)

] 10 20 30 40 50 o 10 20 30 40 50
Time /days Time fdays

(A) Exposed individuals E (B) Nipah virus carries and In-

fectious individual

Nipah Virus Dynamics

100

— it a=0.1
toa=01
— lit, a=0.5
—_— a=05
lit, a=0.9
— ha=09

lit(t) and H(t)

o 10 20 30 a0 50
Time /days

(c) infectious  undergoing
treatment/; and  infectious

isolated undergoing treatment [,

FIGURE 4.3. Exposed individuals,Nipah Virus Carriers(Asymptomatic) and the

Infectious Population

Figure (4.3) depicts the temporal behavior of the fractional orders o of the number of exposed
persons, carriers of the Nipah virus, and infected individuals. When humans were exposed to
the virus quickly at first, the exposed population rapidly climbed, peaked, and then gradually
decreased. The infectious I, infectious undergoing treatment/;, infectious isolated undergoing
treatment /;; and Nipah virus caries C populations all grew before they reduced, but Nipah virus
caries population increased the most since it exhibits no symptoms and infects more members
of the community as a result. The infectious undergoing treatment’s population also increased

and later decreased with time but the infectious isolated-treated population increased the most
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because more infectious people are going for isolation with treatment and few infectious people
are going for hospitals for treatment. We observed that when the value of the fractional order
o is small, the proportion of exposed individuals, Nipah virus carriers,infectious, infectious
undergoing treatment,and infectious isolated undergoing treatment individuals falls slowly over
time. This demonstrates that the Nipah virus carrier has to be taken seriously and that the
asymptomatic population needs to be tested more often in order to identify and isolate them

from the population.

Nipah Virus Dynamics Pigs population

140 —— Sp,alpha=01
Sp, alpha = 0.5
120 5p, alpha = 0.9

800

600

400

R{t) and Dit)
Spit),Ep(th and Ipit}

200

o 10 20 0 40 50 o 10 20 0 40 50
Time [days Time /days

(A) Recovered individuals and (B) Susceptible pigs

the dead bodies compartment

Pigs population Pigs population

—— Ep,alpha=01 —— Ip, alpha =01
Ep, alpha =05 Ip. alpha = 0.5
Ep, alpha = 0.9 Ip. alpha = 0.9

Ipit)
]

0 10 20 30 40 50 o 10 20 30 40 50
Time /days Time /days

(c) Exposed pigs (D) Infectious pigs

FIGURE 4.4. Recovered Population, Dead Bodies Population and Pigs Popula-

tion

Figure (4.4a) illustrates the behavior of recovered people and the population of deceased
bodies over time. The graph clearly shows that for all values of ¢, the number of recovered

persons rises with time and eventually stays constant. It may also be inferred that the effect
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of vaccinations causes an increase in the number of recovered people. After some time, the
population that had recovered reached its apex, and the population of dead bodies had almost
completely disappeared. Figure (4.4b)-(4.4d) depicts the behavior of the pig population over
time at various fractional order levels. The number of susceptible pigs declines as more pigs
become exposed and sick. First growing and then declining but never reaching zero was the
number of infected and exposed pigs. The exposed and infected pigs grow slowly and eventually

diminish slowly while the susceptible pigs decrease slowly when the fractional order is tiny.

5. CONCLUSION

A derivative of AB made up of a Mittag-Leffler kernel has been described by Atangana and
Baleanu. We introduce the fractional with vaccination and condoms linked with the model for
the first time by the idea of Atangana and Baleanu derivatives in order to see further appli-
cations of these fractional derivatives and better investigate Nipah virus dynamics. As with
the fixed point approach, our goal is to provide the prerequisites for the models’ existence and
uniqueness as solutions. To comprehend the efficacy of the fractional order & as well as vaccine
and condoms, numerical calculations for these fractional models have been carried out. These
simulations show that, depending on the various fractional orders, increasing vaccination and
condom use result in a reduction in the Nipah virus’s ability to propagate. The description of
the Nipah virus’s mechanics in light of vaccines and condoms is where we believe the current
research will be most helpful.

Finally, the utilization of the Atangana-Baleanu derivative in solving differential equations
with memory effects and non-local behaviors offers significant advantages in understanding
and modeling complex systems. By incorporating this fractional derivative operator, we can
capture the long-term memory effects and non-local behaviors exhibited by various real-world
phenomena more accurately. Through the application of the Atangana-Baleanu derivative, we
have gained deeper insights into the dynamics and behaviors of systems that cannot be ade-
quately described by classical differential equations. The inclusion of memory effects in the
modeling process has allowed us to achieve a more comprehensive and accurate representation

of the underlying dynamics.
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