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Abstract: Nipah virus infection is a dreadful disease for human lives. In this work, an integer order model of Nipah virus transmission
is converted into a fractional order model by using Caputo fractional differential operator for a more realistic approach to the disease
transmission phenomena. On that account, the projected fractional model is dealt with analytically and numerically. The continuous
system has two states of dynamic disease equilibrium i.e. disease-free state and endemic state. Moreover, the underlying system has
a unique solution. The positivity and the boundedness of the fractional system are thoroughly investigated. The basic reproduction
number R0 is worked out mathematically. The contribution of basic reproductive number R0 in stability analysis and disease dynamics
is explored. The nonstandard numerical scheme is developed for finding the approximate solutions of the fractional system. The salient
features of the state variables are examined to measure the efficacy of the numerical method. The article is closed by enlisting some
productive and novel outcomes of the study.

Keywords: Fractional epidemic model; Nipah virus (NVD); LaSalle Principal; GL non-standard finite difference schemes.

1 Introduction

The Nipah virus disease (NVD) is an infectious viral infection caused by the Nipah virus. This virus is a member of
the Paramyxoviridae family and Hanipavirus genus. This virus was originated in the Sungai Nipah, a Malaysian village
during the sudden appearance of encephalitis and respiratory disease, in 1998. The transmission of the Nipah virus (NV)
involves animals and humans i.e., it is a zoonotic infection. The people with respiratory and neurological issues are the
easy target for NVD. It can be characterized as an acute and systematic animal disease that is ultimately transmitted to
humans. Approximately two-third of noxious.. microorganism that has been recently discovered, arise from wildlife and
in round numbers 75% of these pathogens are transmitted through animals [1]. The NVD may create the fatal and severe
health issues. The laboratory test and techniques reflected that the NVD infected the neurological and respiratory system
in pig [3]. The frugivorous bats that are also known as flying foxes or fruit bats are the main source of NVD transmission.
This infection is highly infectious and can be spread through the infected animals in the vicinity. Generally, the outbreaks
of NVD have been observed in the area where the infection carrier bats existed. For instance, Bangladesh, Malaysia,
Singapore and India as well as many cases have been reported in Philippines. The outbreaks of the NVD and spread of
NV from animal to human is connected to the reduction in bats’ environment [4].

There are many modes of transmission including Pteropas-swine-man virus dynamics, spread of infection through the
consumption of infected food by humans, human to human direct transmission and transfer of NV from bats to human
are considered. The effective measure for epidemic in pig are isolation, travel restrictions and massacre of infected pigs
[5,6]. A reliable diagnostic test may be adopted by applying molecular techniques, but serological tests are also effective.
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Since bats are the main source of the NV spread, so reducing exposure to either NV or bats is the best strategy to stop the
new occurrence of the NVD, even if the treatment options are being explored [5]. Currently, there is no effective treatment
or vaccine for the NVD, more studies are needed for fully understanding the relationship between NV and therapeutic
reactions. The adequate preventive measures, vicinity and curative treatment are required to control the infection. The main
objective for developing a range of vaccines by using Nipah virus immunogenic proteins or peptides is their purported
immunogenicity or their capability to elicit a neutralizing antibody response. These vaccines should have the potential to
quickly neutralize the infection and establish a cell mediated response to clear the virus. To measure the efficacy of the
NV is a challenging task due to its high pathogenicity and issues associated with its usage [7,9]. Despite everything, some
laboratory vaccines triggered a reaction various level of clinical protection [3,10,13]. Furthermore, a deep understanding
of the ecological distribution of source bats in environment would play a vital role in preventing and controlling the
disease dynamics [4]. For Hi-techs like remote sensing and geography information systems are the significant devices for
detecting the animal proportions to the habitat and NV in wildlife [14,15], by taking into account the key features of the
fruit bats areas which are responsible for the NV spread in the region [4,16].

However, that climate change which rise the temperature extremely in tropical areas has a terrible impact on the
flexibility of flying horses to the hot weather conditions. This fact is true for survival of the species and demography. It
is also in line with the spread of NV [17,19]. The pertinent law in Europe is force in the general framework of zoonotic
disease and disease control. Following NV outbreaks in pig, Malaysia implemented strict biosecurity measures to stop the
infection from spreading. This security infected if yes sections on the pig and meet trade construction of an infected and
safety areas near the outbreak Myers of infected pigs and emphasizes its transmission dynamics, diagnostic techniques,
and preventive strategies aiming to raise awareness and enhance efforts to combat this neglected zoonotic disease [2,21,
27]. The Indian National Centre for disease control (NCDC) established the criteria for classifying the different stages of
the infection in the population. The basic aim of these efforts is to control and slow down the virus propagation [3,22].
The appropriate printine measure for the NVD, are based on the limiting interactions with reservoir species, adoption of
proper pig farming practices and focusing on the hygienic and nutritional needs of the population in the neighborhood
of outbreak areas. WHO has ratified that Bangladesh faced many NVD outbreaks in various districts from 2001 to 2021.
But, the clinical symptoms of the NVD in humans are very dangerous. The repetition of Nipah encephalitis gave rise to
many deaths in Bangladesh [4].

A mathematical model is an appropriate tool for forecasting and understanding the propagation of the disease dynamics
and it is fascinating the researcher’s community gradually. In the recent past, fractional order epidemic models have got
the attraction of the researchers. These models have reflected the preferences over the integer order epidemic models. As
the fractional order derivatives have non-local by nature, they can measure the change-over on interval. Contrary to the
integer order derivative, which are local operator and can measure the change in the neighborhood of a point. In addition,
the fractional order epidemic model captures the memory effect which is in line with many biological phenomena such
as disease dynamics. Moreover, these models best fit with the real data of the epidemics. Ahmed, N et.al analyzed many
infectious based on fractional order epidemic model such as Covid-19 [23] etc. In this work we have extended the integer
order model to the fractional order Nipah virus model. This model will help in deeply perceiving the NVD dynamics in
the community. On the basis of this study, health department can predict the disease dynamics and design the strategies to
control slow down and even eradicate the disease from the human population and environment.

1.1 Basic Definitions

In this preliminary section, we have basic definitions regarding fractional calculus.

1.2 Caputo Fractional Derivative

Let Z(τ) satisfy some smoothness condition in every finite interval (0, t) with t ≤ τ . Then

(C0 )D
u
t Z(t) =

1
Γ (m−u)

∫ t

0
(t − τ)−u−1+m dm

dτm Z(τ)dτ, m−1 < u < m. (1)

1.3 Mittag-Leffler Function

The Mittag-Leffler function is represented by Eα,β described below:

Eα,β (s) =
∞

∑
k=0

sk

Γ (αk+β )
, α ∈ R+,s ∈ C. (2)
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2 Fractional Model

The parameters and variables of Nipah disease are defined as follows, for any random time t, S(t) stands for the population
at risk for catching the Nipah virus, people who were exposed to the Nipah virus but were not infected are defined by
E(t). R(t) stands for those individuals who are Nipah virus-free. Λ is the number of susceptible individuals starting with
the birth rate, β describes the rate of contact, α denotes the infection’s rate of progression, δ denotes the prevalence of
disease-related deaths, µ represents rate of death naturally, ε1 represents the percentage of exposed people who recover
after becoming aware, ε2 represents the percentage of infected people who have recovered after treatment, η stands for
the individuals under quarantine, τ stands for the available centers of isolation. γ stands for improved personal hygiene
brought on by increased public awareness, σ for the rate of public awareness, and λ for surveillance coverage. The
fractional order model’s governing equations are as follows [24]:

(C0 )D
ξ

t S(t) = Λ −β (1−ηλγ)(1− γλα)
IS
N

−µS, (3)

(C0 )D
ξ

t E(t) = β (1−ηλγ)(1− γλα)
IS
N

−αE − ε1E −µE, (4)

(C0 )D
ξ

t I(t) = αE − ε2I −δ I −µI, (5)

(C0 )D
ξ

t R(t) = ε1E + ε2I −µR. (6)

With initial conditions

S(0) = S0 ≥ 0, E(0) = E0 ≥ 0, I(0) = I0 ≥ 0, R(0) = R0 ≥ 0.

2.1 Steady States of NV Model

The Nipah virus infection model (3)-(6) exhibits steady states as follows: infection-free steady state (IFSS) =
(

Λ

µ
,0,0,0

)
,

and infection existence steady state (IESS) = (S1,E1, I1,R1), where:

S1 =
N(ε2 +δ +µ)(α + ε1 +µ)

αβ (1−ηλτ)(1− γλσ)
,

E1 =
Λαβ (1−ηλτ)(1− γλσ)(ε2 +δ +µ)−µN(α + ε1 +µ)(ε2 +δ +µ)2

αβ (1−ηλτ)(1− γλσ)(ε2 +δ +µ)(α + ε1 +µ)
,

I1 =
Λαβ (1−ηλτ)(1− γλσ)−µN(ε2 +δ +µ)(α + ε1 +µ)

β (1−ηλτ)(1− γλσ)(ε2 +δ +µ)(α + ε1 +µ)
,

R1 =
Λαβε1(1−ηλτ)(1− γλσ)(ε2 +δ +µ)−µNε1(α + ε1 +µ)(ε2 +δ +µ)2

αβ µ(1−ηλτ)(1− γλσ)(ε2 +δ +µ)(α + ε1 +µ)

+
Λαβε2(1−ηλτ)(1− γλσ)− ε2µNα(ε2 +δ +µ)(α + ε1 +µ)

αβ µ(1−ηλτ)(1− γλσ)(ε2 +δ +µ)(α + ε1 +µ)
.

2.2 Positivity and Boundedness

In this section we have shown that the solutions of the system (3)-(6) are bounded and positive.

Theorem 1.For the initial condition, S(0) = S0 > 0, E(0) = E0 > 0, I(0) = I0 > 0, R(0) = R0 > 0, the solution of system
is bounded.

Proof.Let us consider the expression below:

(C0 )D
ξ

t N(t) = (C0 )D
ξ

t S(t)+(C0 )D
ξ

t E(t)+(C0 )D
ξ

t I(t)+(C0 )D
ξ

t R(t),

(C0 )D
ξ

t N(t) = Λ −µ(S+E + I +R)−δ I,

(C0 )D
ξ

t N(t)+µN(t) = Λ −δ I,

(C0 )D
ξ

t N(t)+µN(t)≤ Λ .

© 2025 NSP
Natural Sciences Publishing Cor.

www.naturalspublishing.com/Journals.asp


716 M. Hafez et al.: Numerical and Dynamical Analysis of...

By Laplace transformation:

L {(C0 )D
ξ

t N(t)}+µL {N(t)} ≤ ΛL {1},

(sξ +µ)L {N(t)} ≤ Λ · 1
s
+ sξ−1N(0),

L {N(t)} ≤ sξ−1N(0)
sξ +µ

+
Λ

s(sξ +µ)
.

Let M1 = µ:

L {N(t)} ≤ sξ−1N(0)
sξ +M1

+
Λs−1

sξ +M1
,

≤ Λsξ−(1+ξ )

sξ +M1
+

sξ−1N(0)
sξ +M1

.

By Laplace inverse:

N(t)≤ L −1

{
Λsξ−(1+ξ )

sξ +M1

}
+L −1

{
sξ−1N(0)
sξ +M1

}
,

≤ Λ tξ Eξ ,1+ξ (−M1tξ )+N(0)Eξ ,1(−M1tξ ),

≤ µ · Λ

µ
tξ Eξ ,1+ξ (−M1tξ )+N(0)Eξ ,1(−M1tξ ).

Let M = max{N(0), Λ

µ
}:

N(t)≤ M
{

µtξ Eξ ,1+ξ (−M1tξ )+Eξ ,1(−M1tξ )
}
,

≤ M
{

µtξ Eξ ,1+ξ (−M1tξ )−µtξ Eξ ,1+ξ (−M1tξ )+
1

Γ (1)

}
,

≤ M. ∵ Γ (1) = 1

Lemma 1.For any initial positive values, then equation (3)-(6) is positive invariant in R4
+.

Proof.Consider the equation (3):
(C0 )D

ξ

t S
∣∣
S=0 = Λ ≥ 0.

From equation (4):

(C0 )D
ξ

t E
∣∣
E=0 = β (1−ηλγ)(1− γλα)

IS
N

≥ 0.

From equation (5) we reach at:
(C0 )D

ξ

t I
∣∣
I=0 = αE ≥ 0.

From equation (6) we get:
(C0 )D

ξ

t R
∣∣
R=0 = ε1E + ε2I ≥ 0.

As desired.

2.3 Uniqueness and Existence

Here we will present the existence and uniqueness of the system (3)-(6).

Theorem 2.For every time t, the solution of the fractional model will exist and the solution will also be unique.
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Proof.Let K(S) = Λ −β (1−ηλγ)(1− γλα) IS
N −µS,

∥K(S1)−K(S2)∥=
∥∥∥∥Λ −β (1−ηλγ)(1− γλα)

I
N

S1 −µS1 −Λ +β (1−ηλγ)(1− γλα)
I
N

S2 +µS2

∥∥∥∥ ,
≤
∥∥∥∥β (1−ηλγ)(1− γλα)

I
N
(S2 −S1)

∥∥∥∥+∥µ(S2 −S1)∥,

≤ β (1−ηλγ)(1− γλα)

N
∥I∥∥S2 −S1∥+µ∥S2 −S1∥,

≤
(

β (1−ηλγ)(1− γλα)

N
∥I∥+µ

)
∥S2 −S1∥,

≤
(

β (1−ηλγ)(1− γλα)

N
N1 +µ

)
∥S2 −S1∥, (∵ ∥I∥= N1 (say))

Therefore, K(S) satisfies the Lipschitz condition. For contraction mapping:

β (1−ηλγ)(1− γλα)

N
N1 +µ < 1.

Similarly, for the rest of the equations we have:

F1 =
β (1−ηλγ)(1− γλα)

N
N1 +µ,

F2 = α + ε1 +µ,

F3 = ε2 +δ
ξ +µ,

F4 = µ.

Let F = max{F1,F2,F3,F4}, therefore:

∥K(S1)−K(S2)∥ ≤ F∥S1 −S2∥,
∥M(E1)−M(E2)∥ ≤ F∥E1 −E2∥,
∥N(I1)−N(I2)∥ ≤ F∥I1 − I2∥,
∥L(R1)−L(R2)∥ ≤ F∥R1 −R2∥.

For F < 1, K(S), M(E), N(I) and L(R) are contraction mappings.

2.4 Local Stability

Local stability of the system (3)-(6) is presented here with the help of the Jacobian matrix theory.

Theorem 3.The steady-state solution IFSS of the fractional Nipah virus model is locally asymptotically stable (LAS) if
R0 < 1.

Proof.Considering the Jacobian at IFSS:

∣∣∣∣J(Λ

µ
,0,0,0

)
−λ I

∣∣∣∣=
∣∣∣∣∣∣∣∣∣
−µ −λ 0 −β (1−ηλτ)(1−γλσ)Λ

µN 0

0 −(α + ε1 +µ)−λ
β (1−ηλτ)(1−γλσ)Λ

µN 0
0 α −(ε2 +δ +µ)−λ 0
0 ε1 ε2 −µ −λ

∣∣∣∣∣∣∣∣∣= 0

Eigenvalues:

λ1 =−µ < 0,
λ2 =−µ < 0,
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The remaining eigenvalues satisfy:

[−(α + ε1 +µ)−λ ][−(ε2 +δ +µ)−λ ]−α

(
β (1−ηλτ)(1− γλσ)Λ

µN

)
= 0

Let A = (α + ε1 +µ), B = (ε2 +δ +µ), C = α

(
β (1−ηλτ)(1−γλσ)Λ

µN

)
:

λ
2 +(A+B)λ +AB−C = 0

By Routh-Hurwitz criteria for 2nd order:

A+B > 0,

AB−C > 0 if R0 =
αβ (1−ηλτ)(1− γλσ)Λ

N(α + ε1 +µ)(ε2 +δ +µ)µ
< 1.

Hence, IFSS is locally asymptotically stable (LAS).

Theorem 4.The steady-state solution IESS of the fractional Nipah virus model is LAS if R0 > 1.

Proof.The Jacobian at IESS:

J =


−β (1−ηλτ)(1−γλσ)I1

N −µ 0 −β (1−ηλτ)(1−γλσ)S1

N 0
β (1−ηλτ)(1−γλσ)I1

N −(α + ε1 +µ) β (1−ηλτ)(1−γλσ)S1

N 0
0 α −(ε2 +δ +µ) 0
0 ε1 ε2 −µ


Characteristic equation:

λ
∗3 +(a4 +a6 −a1)λ

∗2 − (a1a4 −a1a6 −a4a6 −a5α)λ ∗+a1a4a6 −a1a5α +a2a3α = 0

By Routh-Hurwitz criterion for 3rd order, the system is locally asymptotically stable when R0 > 1.

2.5 Global Stability

Here the Volterra-type Lyapunov function is used to show the global asymptotic stability.

Theorem 5.The system is globally asymptotically stable at disease-free equilibrium point E0 if R0 < 1.

Proof.Consider a Volterra-type candidate Lyapunov function:

G = S−S0 −S0 ln
(

S
S0

)
+E + I +R

Fractional derivative:

(C0 )D
ξ

t G(t)≤−Λ(S−S0)
2

SS0
at IFSS

(
Λ

µ
,0,0,0

)
By LaSalle’s invariance theorem, the system is globally asymptotically stable.

Theorem 6.The system is globally asymptotically stable at the endemic equilibrium point E∗ if R0 > 1.

Proof.Consider a Volterra-type candidate Lyapunov function:

G = S−S∗−S∗ ln
(

S
S∗

)
+E −E∗−E∗ ln

(
E
E∗

)
+ I − I∗− I∗ ln

(
I
I∗

)
+R−R∗−R∗ ln

(
R
R∗

)
Fractional derivative:

(C0 )D
ξ

t G(t)≤−Λ(S−S∗)2

SS∗
− β (1−ηλγ)(1− γλα)

N
(E −E∗)2

EE∗ −αE
(I − I∗)2

II∗
− (ε1E + ε2I)

(R−R∗)2

RR∗

By LaSalle’s invariance theorem, the system is globally asymptotically stable.
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3 Numerical Modeling

In this section, we will design a numerical approach for the approximation of model (3)-(6), using GL-NSFD algorithm
[25]. We have:

(C0 )D
ξ

t S(t) = Λ − β (1−ηλγ)(1− γλα)

N
IS−µS, (7)

(C0 )D
ξ

t E(t) =
β (1−ηλγ)(1− γλα)

N
IS−αE − ε1E −µE, (8)

(C0 )D
ξ

t I(t) = αE − ε2I −δ I −µI, (9)

(C0 )D
ξ

t R(t) = ε1E + ε2I −µR. (10)

From (7) we derive:

Sn+1 =
φ(h)ξ Λ +∑

n+1
i=1 pξ

i Sn+1−i +qξ

n+1S0

φ(h)ξ

(
β (1−ηλγ)(1−γλα)

N In +µφ(h)ξ

) . (11)

Similarly, we have the following results:

En+1 =
φ(h)ξ β (1−ηλγ)(1−γλα)

N Sn+1In +∑
n+1
i=1 pξ

i En+1−i +qξ

n+1E0

1+αφ(h)ξ + ε1φ(h)ξ +µφ(h)ξ
, (12)

In+1 =
αEn+1 +∑

n+1
i=1 pξ

i In+1−i +qξ

n+1I0

1+ ε2φ(h)ξ +δφ(h)ξ +µφ(h)ξ
, (13)

Rn+1 =
ε1En+1 + ε2In+1 +∑

n+1
i=1 pξ

i Rn+1−i +qξ

n+1R0

1+µφ(h)ξ
. (14)

3.1 Positivity and Boundedness of Scheme

The positivity and boundedness of the scheme is proved in this section, with the help of mathematical induction.

Theorem 7.Suppose that S0,E0, I0,R0 are finite and positive also S0+E0+ I0+R0 ≤ N0. Also α,β ,µ,λ ,η ,γ,ε1,δ ,ε2 are
all positive then there is a constant Nn such that Sn+1,En+1, In+1,Rn+1 ≤ Nn ∀n ∈ Z+.

Proof.Suppose that all the state variables and controlled parameters are non-negative with S0,E0, I0,R0 ≥ 0 then
Sn+1,En+1, In+1,Rn+1 ≥ 0, ∀n ∈ Z+. Consider the expression:

For n = 0:

S1 =
φ(h)ξ Λ + p1S0 +qξ

1 S0

φ(h)ξ

(
β (1−ηλγ)(1−γλα)

N I0 +µφ(h)ξ

)
Since I0 > 0 with all the controlled positive parameters and 1−ηλγ > 0, 1− γλα > 0, we have S1 > 0.
Next we suppose that the result holds for n = {1,2,3, . . . ,n−1}, Sn,En, In,Rn > 0, ∀n = {1,2,3, . . . ,n−1}. Moreover,

for n ∈ Z+ we have:

Sn+1 =
φ(h)ξ Λ +∑

n+1
i=1 piSn+1−i +qξ

n+1S0

φ(h)ξ

(
β (1−ηλγ)(1−γλα)

N In +µφ(h)ξ

)
Since all the discretized state variables and parameters are positive, therefore Sn+1 > 0, similarly En+1 > 0, In+1 > 0,

and Rn+1 > 0.
Hence the proposed numerical scheme preserves the positivity, ∀n ∈ Z+.

Theorem 8.Suppose that S0 +E0 + I0 +R0 = N(N0,ξ ), and all the parameters are positive for ξ ∈ (0,1). Then there is a

constant N(Nn+1,ξ ) =
ξ+ 1

Γ (1−ξ )
+N(Nn+1,ξ )

1+µξ φ(hξ )
, such that Sn+1 +En+1 + In+1 +Rn+1 = N(Nn+1,ξ ) for n = 0,1,2,3, . . . ,Nn+1.
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Proof.Adding the equations (11)-(14):
For n = 0:

(S1 +E1 + I1 +R1)(1+µ
ξ

φ(hξ )) = φ(hξ )Λ + cξ

1 +qξ

1

(S1 +E1 + I1 +R1) =
φ(hξ )Λ + cξ

1 +qξ

1

1+µξ φ(hξ )
= N(N1,ξ )

For n = 1:
(S2 +E2 + I2 +R2)(1+µ

ξ
φ(hξ )) = φ(hξ )Λ + cξ

1 N(N1,ξ )+ cξ

2 +qξ

2

(S2 +E2 + I2 +R2)<
φ(hξ )Λ +N(N1,ξ )+ cξ

1 +qξ

1

1+µξ φ(hξ )
= N(N2,ξ )

For n = 2:
(S3 +E3 + I3 +R3)(1+µ

ξ
φ(hξ )) = φ(hξ )Λ + cξ

1 N(N2,ξ )+ cξ

2 + cξ

3 +qξ

3

(S3 +E3 + I3 +R3)<
φ(hξ )Λ +N(N2,ξ )+ cξ

1 +qξ

1

1+µξ φ(hξ )
= N(N3,ξ )

In the same way, it is true for n = Nn:

(Sn +En + In +Rn)< N(Nn,ξ )

Now, for n ∈ Z+ we have:

(Sn+1 +En+1 + In+1 +Rn+1)(1+µ
ξ

φ(hξ )) = φ(hξ )Λ +
n+1

∑
i=1

pξ

i (Sn+1−i +En+1−i + In+1−i +Rn+1−i)+qξ

n+1

(Sn+1 +En+1 + In+1 +Rn+1)<
φ(hξ )Λ +N(Nn,ξ )+ cξ

1 +qξ

1

1+µξ φ(hξ )
= N(Nn+1,ξ )

As required.

4 Graphs

Here we will present the simulated graphs of the NVD model using the scheme proposed above,

4.1 Graphical Discussions

The graphical representations display the information at a glance. Here we will display the simulated graphs of the
fractional NVD model by using the proposed numerical scheme. All graphs in Figure 1 reflect the evolution behavior of
the solution variables in steady state without disease.

Figure 1 shows the progressive behavior of the susceptible population for different values of the fractional-order
parameter ξ . The numerical templates designate the role of R0 in the propagation of the disease. When R0 is smaller than
1, the graphs successfully reach disease-free steady state, with different rates of convergence depending on the value ξ .
For a greater value, the rate of convergence is higher as compared to smaller values and vice versa.

Similarly, the graphs for the infected, exposed, and recovered compartments converge towards the exact equilibrium
point for R0 < 1 and ξ = 0.9,0.8,0.7, and 0.6, as described in the figures.

In the same vein, the graphs in Figure 2 display the convergence of the numerical graphs toward the endemic
equilibrium point. For these graphs, it is mentioned that the value of R0 is greater than 1, and the value of ξ is mentioned
in the figures. All the graphs for every compartment converge towards the exact endemic steady state.

The graphs in Figure 3 exhibit the role of the awareness factor in virus propagation. It is observed that when a large
number of susceptible individuals become aware of the disease dynamics, the number of exposed individuals reduces
considerably while other parametric values are kept fixed.

The underlying fractional Nipah virus model exhibits a unique solution, local and global stability, and bounded
properties. Moreover, the system has two steady states on which it is stable. Additionally, the mathematical model is
well-posed, biologically meaningful, and significant. Our graphical templates illustrate all the features that are
investigated analytically for the mathematical model. For instance, every graph converges toward the exact steady state
preserving the positivity and boundedness. Moreover, the numerical scheme advocates the unique solution of the
fractional NV model. Hence, our numerical scheme is physically in line with the mathematical model [28]-[36].
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(a) Susceptible individuals at DFE. (b) Infected individuals at DFE.

(c) Exposed individuals at DFE. (d) Recovered individuals at DFE.

Fig. 1: The disease-free equilibrium points

5 Conclusion

In this study, we have converted the classical NVD model into the fractional-order NVD model to capture the Nipah
virus disease dynamics. The extended model retains all the significant physical features of the disease dynamics. The
NVD system has two dynamic steady states. Moreover, the system possesses local stability at both the fixed states of
the fractional system. The system has only one solution, which indicates that the model is physically and biologically
consistent and suitable for studying disease dynamics.

In addition, the fractional model has a positive and bounded solution for a definite time and non-negative initial
conditions. For an approximate solution, the finite difference numerical method is designed to preserve the structure of
the state variables. The finite difference numerical scheme is consistent with the fractional model. The novel numerical
method guarantees a positive and bounded numerical solution. In addition, the design scheme converges to the true steady
states of the underlying model.

The simulated graph reflects all the essential physical features of the solution variable. They reach the steady states
depending on the value R0. If the value of R0 is less than 1, the graph converges towards the disease-free steady state,
and if it is greater than 1, the graph of every state variable converges toward the endemic equilibrium point. Also, the
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(a) Susceptible individuals at EE. (b) Infected individuals at EE.

(c) Exposed individuals at EE. (d) Recovered individuals at EE.

Fig. 2: The dissimilated graphs of endemic equilibrium

virus spreads quickly when R0 is greater than 1 and diminishes when R0 is less than 1. Consequently, all the results and
simulated graphs demonstrate the novelty and efficacy of the projected numerical design.

The outcomes of this study are significant for predicting the NV disease, its peak time, and the possible duration of
the NV among the population. Moreover, health resources may be allocated in a better way. Also, non-medical
interventions such as social distancing, wearing face masks, etc. may be introduced among humans. Therefore, the study
has a significant and physical impact on society.

Besides, the significance of the study has some potential limitations. For instance, the role of temperature and climate
is not taken into account in the mathematical model. Similarly, the homogeneous mixing of infected individuals with the
susceptible populace is not possible in real-world situations.

As a future perspective, this study may be applied to find the numerical solutions of various fractional non-linear
epidemic models, predator-prey models, and chemical reaction-diffusion models.
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Fig. 3: effect of awareness on the exposed class
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