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Abstract: The real-world applications and analysis have a significant role in the
scientific literature. For instance, mathematical modeling, computer graphics,
camera, operating system, Java, disk encryption, web, streaming, and many more
are the applications of real-world problems. In this case, we consider disease mod-
eling and its computational treatment. Computational approximations have a sig-
nificant role in different sciences such as behavioral, social, physical, and
biological sciences. But the well-known techniques that are widely used in the lit-
erature have many problems. These methods are not consistent with the physical
nature and even violate the actual behavior of the continuous model. The structur-
al properties needed for such disciplines, as dynamical consistency, positivity, and
boundedness, are the critical requirements of the models in these fields. We stu-
died the transmission of Lassa fever dynamically and numerically. The model’s
positivity, boundedness, reproduction number, equilibria, and local stability are
investigated in dynamical analysis. In numerical analysis, we developed some
explicit and implicit methods. Unfortunately, explicit methods like Euler and
Runge Kutta are time-dependent and violate the physical properties of the disease.
Then, the proposed implicit method for the said model, the non-standard finite dif-
ference, is independent of the time step, dynamically consistent, positive, and
bounded. In the end, a comparison of methods is presented.

Keywords: Lassa fever disease; epidemic model; computational approximations;
convergence analysis

1 Literature Survey

Lassa fever is an intense hemorrhagic illness caused by the Lassa virus (member of the arenavirus).
Lassa virus carries a rat, which is very common in West Africa. It is also known as a zoonosis, which
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means that disease spreads from animal to human. People usually become infected with Lassa fever because
of food and household items’ exposure to urine of infected Mastomys rats. Its symptoms are varied and
include cardiac, neurological, and pulmonary problems. In some West Africa, this disease is endemic to
the rodent population. It is most common in Liberia, Sierra Leone, Guinea, and Nigeria. Lassa fever is
transmitted by playing, touching, and cutting up a rat’s dead body. In 2018, Usman et al. analyzed the
Lassa fever virus infection for the transmission dynamics of qualitative and analytic activities of a
mathematical model [1]. In 2020, Peter et al. studied Lassa fever’s dynamics, and the solution model
stayed and verified boundedness and positivity of basic properties [2]. In 2017, Olayiwola et al. analyzed
in the lowliest endemic countries people with an ultimate risk of infection and need for constant
investigation develops commanding in the endemic region like Africa with Nigeria at the essential
attention will help in no small processes in scheming the scourge [3]. Woyessa et al. investigated the
private and public health facilities, control interventions, and prevent infection when feverish patients
avoid nosocomial infections [4]. In 2013, Ajayi et al. have studied that Epidemic contained rejoinder
schemes and testing to control exertions comprised fright between health staffs, insufficient/poor quality
of defensive things, insufficient extra preparation, and poor local laboratory capability [5]. In 2019, Ilori
et al. analyzed the activity supporting improving planned for patient care and LLC, emerging infectious
diseases, and Medscape through applied epidemiological characteristics and clarifying factors associated
with mortality [6]. Adewuyi et al. studied the disease have the probable of actuality organize an
infectious menace that essential be controlled by way of biological weapon and currently, vaccine of
Lassa fever no available and some natural problems occurs for development of vaccines so prevention the
way by control the rodent [7]. Iroezindu et al. analyzed Lassa fever spread; challenges, letdown to use
proper defensive tackle, stigmatization of associates, and absence of a purpose-built isolation facility [8].
In 2019, Amodu et al. have studied Lassa fever as an acute disease of scarceness, high endemicity by
way of cooperated environmentally-friendly sanitation, and relics susceptible populations to community
health problems in Nigeria. Public meeting defense for attractive prevention strategy remains particular
sanitation [9]. In 2019, Kangbai et al. highlighted that seasonal epidemics use an effective treatment to
make a stratagem, which can control procedures of Lassa fever prevention and control the connection
between humans to rodents [10]. Makinde et al. investigated Lassa fever to identify when a
nonconformity toward the prestige quo has happened [11]. In 2020, Zhao et al. analyzed quantify of this
impact in Nigeria’s presence of Lassa fever significance measure the connotation among local
precipitation and infection reproduction number which facts has probable elect applied as a bad sign for
Lassa fever epidemics [12]. In 2017, Obabiyi et al. developed a mathematical model for transmission of
Lassa fever dynamics with the behavior of susceptible humans, recovered humans divided the population
into two parts such as human populations, and rodent population by using the positivity, bounded
theorem, and suggested the stability hygiene of environment [13]. In 2018, Akpede et al. studied the
necessities for achievement and enduring capacity of the control exertions in Nigeria and the sub-region.
In wholly these, the Nigerian administration with NCDC necessity carries a huge responsibility for the
organization, supply deployment, and support. If necessary, even persuade sub-regional administrations
addicted to action. In addition, there should be expected through determined action [14]. In 2019,
Mazzola et al. explored the Diagnostics necessary for acknowledging and controlling epidemics of LASYV,
unique prevailing and genetically various mediators of VHF, that use scenarios with different
performance requirements for text complexity, sensitivity, specificity, and development time [15]. In
2019, Nwafor et al. examined the Lassa fever outbreak in Nigeria; the Health maintenance workers
necessity, take a high index of doubt of the infection and follow IPC measures even though provided that
maintenance for all patients. Explaining health maintenance workers by the new strategies mentioned
above is also significant to reduce the menace of nosocomial transmission of Lassa fever [16]. In 2018,
Shehu et al. studied that the Occurrence of rural to urban change of clinical and epidemiological reduced
the Lassa fever cases during 2016 for morbidity and mortality [17]. In 2007, Ogbu et al. discussed the
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situation of Lassa fever in the sub-region of West Africa and suggested strategies for socioeconomic behavior
that control the shortage of health care system [18]. In 2020, Tewogbola et al. analyzed the overview and
discussed the main reasons it damaged the human population and recommended the control measure of
Lassa fever [19]. In 2014, Ajayi et al. reported a case of 59 years that recovers without taking a vaccine
such as ribavirin. The symptoms of this disease increase day by day because few people do not use the
main precautions to control Lassa fever [20]. Some well-known numerical models related to diseases are
studied [21-26].

2 Formulation of Lassa Fever Model

The variables and parameters are described of the lassa fever model as follows: Sy (¢): denoted as the
susceptible class at any time t, Iy(¢): characterized as the infectious class at any time t, Rpy(?):
characterized as the recovered class at any time t, Sg(¢): characterized as the susceptible rodent vectors at
any time t, Ig(¢): characterized as the infectious rodent vectors at any time t, Ny(¢): characterized as
whole humans’ population at any time t, m = g—[’j: characterized as the number of infectious rodent vectors
by the human host, o;: described as the rate at which contagious rodent vectors and a susceptible class of
humans interact with each other, on: defined as the force of infection, oz: defined as the rate at which
sensitive rodent vectors and an infectious class of humans interact with each other, 7.: denoted the speed
at which infectious human hosts comply with the drug, 7,.: indicated the rate at which infectious human
hosts do not comply with the drug, r.: denoted the rate at which infectious human hosts are educated to
adhere to the medication, d: indicated the rate of mortality of an infectious class, y: indicated the rate at
which humans may lose their immunity. The leading equations of the model are as follows:

dSp (1) A _M

g M Nor + YRy (1) + Tuely (t) — pySu(t),t > 0. (1)
dly (1) _ o 028 (1)1(2) Dy () = el (1) — ol (£) — ST () — gyl (1), 1> 0. 2
dt Ny
ngt(t) = 1Ay (t) + rdy(t) — yRy (t) — uyRy(2),t > 0. 3)
ds Sp(t)]
;t(t) = Ap - AROOIED ;,(;) 10 Sa(e), 1> 0. @)
d]R(t) . OC]OC3SR([)]H(1)
= N — urlr(2),t > 0. ®)

where S;;(0) > 0,1;7(0) > 0, R (0) > 0,Sz(0) > 0, z(0) > 0.

2.1 Fundamental Properties of Model
We studied the feasible region, positivity, and boundedness of the model at any time, ¢ > 0, as follows:
= {(SH,IH,RH,SR,IR)eRi i+ I+ Rp < Sp 4 In <228 > 0,15 > 0, Ry > 0,50 > 0, I > 0}.
Lemma 1: The solutions (S, Iy, Ry, Sk, [R)eRi of Egs. (1)—(5) is positive at any time t > 0, with given

non-negative initial conditions.

Proof: 1t is clear from Eqgs. (1)—(5),

dS—H‘SH:O = Ay + 9Ry + Tuely > 0, 4

dt dt ‘IHZO -
Ag >0, 4= = % > 0, as desired.

> dt ‘IR:O -

_ 10Sylp dRy _ dSg _
Nu >0, dt |Ry=0 — el +rely 2 0, dt 1Sg=0 —
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Lemma 2: Forgiven any non-negative initial conditions for the solution of the system (1)—(5) is bounded
if lim Sup Ny (t) < < fu , lim Sup Ne(t) < A

Proof: let us cons1der the population function as follows:
dNy  dSy | dly  dRy dNy

Ni(t) = Sy +1In + R, == dt  dt | dt | dr  dt

AH - :uHNHa

A
Nu(t) =4+ -2
Hy
By the Gronwall’s inequality, we get
A A
Ny (t) < Ny (0) + =2t >0, lim Sup Ng(t) < —2
Ky oo My
dNrp dSr  dIp dNR

Ng(t) = Sk +[R’7:W+ g dr = Ar — ugNg
A

Ng(t) =B+ ==X
Hp

By the Gronwall’s inequality, we get
A
Nr(t) < Ng(0) +—=,t >0
MR
tlim Sup Ng(t) < 2—2, as desired.

2.2 Steady States of Lassa fever Model
There are two steady states of Eqs. (1) to (5), as follows: disease-free equilibrium (DFE) =

(St Iy, Ry, Sg-IR) = (2” ,0, 0,2’*,0) and endemic equilibrium (EE) = (Sy*, I*, Ry, Sp, I}y)»

e+ 1)l e+ 7 A AT — AoI Sl
Ry = ety g g (et oo Nutodidy ZAody s = 2175k
Y+ Uy Y+ Hy M KR
Agr Ay — Aapig A3y g
Sy = = Az =T+ 1o+ Tpe + 0+ ppy, Ag = .
R ool + g Asogos — pAy + Ao : Hea> 24 adopusAg

3 Reproduction Number of Lassa Fever Model

In this section, we shall find the two types of matrices like transmission and transition by assuming the
disease-free equilibria in the system (1)—(5) by using the next-generation matrix method, furthermore,
considering the infected classes as follows:

g (7 + ) 0 0
umby Ur(Te+re) pHp(Tetre+Toe+0+ 1) 0
"o 0 O (T6+rc+rnc+5+,u]-])('})+‘u[.])

_ —-1_
F= 0 0 0 |,V'= (TetretTuet0t i) (7 Fig ) He

oo A
0 O /IJR]ZVHR
| | (1) (7 -+ 1) O 0
FV = 0 0 0
(TC+VC+TnC+5+/lH)('))+,UH)HR 0 0 oclotzAR(Tc_i_rc_i_rnc_i_a_i_‘uH)(V_'_uH)

UrNH
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Thus, the dominant eigenvalue of the matrix is called reproduction number and denoted as follows:

a0 A g

ta N
(Tc+rc+rnc+5+:u]—1).

Ry =

4 Local Stability

In this section, we present two well-known theorems for stability in the sense of local. Again, consider
the system (1)—(5) as function of 4, B, C, D and E as follows:

010008y
A=Ay — 220K Ry 4 el — 1y S (6)
Nu
Syl
B = O”O;i]J — Tely — rely — tuely — 0l — trlh - (7
H
C=rdy +rdy — YRy — uyRy. )]
Srl,
D= Ag — ABORH S, )
Ny
Srl,
E =220y, (10)
H

Theorem 1: The disease-free equilibrium is locally asymptotically stable for the system (6)—(10). If
Ry <1 and otherwise unstable if Ro > 1.

Proof: First, we take the partial derivates of the system (6)—(10) concerning state variables as follows:

0A4 —0610(2[13 0A 0A 04 0 0A —OCIOCQSH
aa - a7 gy — Vae Yy T T
oSy Na Mo, ORy " 0Sp 0l Nu
8B OC]OCQIR 83 P 83 (‘9B 0
aa a7 — Te—Fe— Tpe — 0 — yap . D ae VY
a8y~ Ny oIy K Ry — " OSp
OB 0610(2SH oC oC ocC oC
ar = s Aa . 7:Tc+rca7:_y_:uH77:O7
OIR NH 8SH 8[1-[ ORH OSR
a_C_OB_D_O(?_D_—oclagSR oD _ 8_D__(x1(x3lh’ 8_D_ 8_F_0
dlx  0Sy  '0lu  Nuw ORg ' 9Sn  Np o asy
OF . OC]OC3SR 8F . 8F . OC]OC3IH 8F .
dly Ny 'ORy  9Sx Ny oz %
Here, the Jacobian matrix as follows:
S e v I
—ll]f‘,;lfe —Te —Fe— Tpe — 0 — Uy 0 0 —“1]"\‘,2:”
J = 0 Te+Fe -y — Uy 0 0
— o 03, —oy o3l
0 %;R 0 % — Uz 0
] w0l
0 s 0 ey
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The Jacobian matrix at the disease-free equilibria of the system (6)—(10) as follows:

—Hg Tne Y 0 %_
0 —Te—Te—Tye—0— 0 0  umly
J(E0)=J<2—Z,07072—[’j,0)= 0 Te+7e . —y—uy 0 "o
HpNH Hr
—lg — A Tne v 0 %J\ZISH
0 (_Tc_rc_fnc_é_:uH)_)‘ 0 0 %
|J— M| = 0 ‘Ecoc—oic_/l;c —) = Uy — A 0 0 =0.
0 et 0 O—pp, O
0 s 0 0 —p — A

A==y <00 = —up <0, = —(y 4+ uy) <O0.

ayop A
L e RPN T I
‘J_ ’_ ALY s =Nl
N Hr

N+ May + ug) +ajpug —ay = 0.
e = 3 (50) ()

Since all the coefficients of the polynomial are positive, therefore, by using Routh Hurwitz Criteria for
2nd order, the disease-free equilibria are locally asymptotically stable.

Theorem 2: The endemic equilibrium is locally asymptotically stable for the system (6)—(10) if Ry > 1.

Proof: The Jacobian matrix at the endemic equilibria of the system (6)—(10) is as follows:

__oc]{]::[; — Uy Tne Y 0 _alzzlsﬁ*—
aﬁil; —’L'C—I"c—’fnc—é—,UH 0 0 alo]%jH*
JE*) = J(Su" Iu" R, S I) = 0 Tot7e —y— iy 0 0
0 ﬂdN—o:S; 0 701;3:[1,* — Up 0
S* o *
|0 Nt 0 CETT .
—B1 — uy — A The Y 0 _B,
0 _86 0 _B7 — Ug — A 0
0 Bs 0 By —Hg — A
Whel‘e, Bl e al]:if; ,BZ = “l%j”* 7B3 = T, + re + Tne + 5 + MH7B4 =1, —+ rc’BS =y + ,uvH,B6 _ L’Z]]Q\;;S;’

_ uouly”
By = Ny
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o] B —Bs=x 0 0 | . |Bi—Bs—x 0 0o |
W =AI=(=B1— iy =) —Bs 0 —Bj—puz—X 0 Bil g, 0o —Bi—pp—X\ 0 =0.
Bé 0 B7 —uR—)\ Bﬁ 0 B7 —uR—)\
—B7—pr—A 0 ‘ —Bs —B7—HR—/\H
TN |=(=B1— 1ty —\) (Bs+\) | (=Bs =X +B
=By =N s+ [ (B=)| Y [ T
—Bi—pg—A 0
+(-81) ()| (B0
B —HR—A
“Bi—pg—A 0 “Bs —Br—ig—A\
+{—BQ@%+A)PM 7 HE ‘—Bz o TP HE ‘]:a
B —URr—A Bg B7

A+ M 2ug + By + iy + By + Bs + Bi] + X’ [Big + pg” + 2Bajig + 2Bspig + 2B g + BBy + BsB;
+B1B7 + B3Bs + B1B3 — ByBg + Bspuy + B3 iy + By + 2upiiy + BiBs — Bity] + N[B3Byjug +
BsBiig + BiByug + Bapig® + Bspig® + Bipg® + 2B3Bspig + 2B1Bs g + 2B1Bs iy + B3BsBy + B1B3B; +
B\BsB7 + B1B3Bs + B1Byy — 2B1ugtyc — B1B7Tye — B1BsTue — B1B2Bs + B3Byjyy + B1Bspyy —
2By Bepiy + 2B3pp iy + 2Bspig iy + Brppiiy — BaBsBs| + A[B3BsBijig + B1B3Byug + Bi1BsByuy, +
B3B5uR2 —|—B5,uR2 + BlBSHRz + 2B1B3Bsupy — BoBeBsup — 2B1ByBsBg + 2B Bayug — B1ByBey —
2B1Bstyctig — B1BsBytue + B1B3Bsyy + 2B3Bs gy — 2B1B2B7Bg — 2B1ByBeug + BsB3 By +
B3Bsugity; + BsBrpigiy — BaBopgiyy — BaBeBsiyy — B1ByBg) + BiB3BsBy g + B1B3Bspg* +
B\B4B7ypig + BiByypig® — BiBsByTyclig + B1ByBeyig — BiBstycliy® + Bi1B3B1Bs — 2B1ByBsBoip —
2B1ByBsB7Bs — BaBsBeligiyy +BsB3Brjigity + BiBspg? iy = 0.

Nay + May + Mas + Nag + das +as = 0.

where, a; = [1],a0 = —[2ug + B3 + uy + B7 + Bs + By].

as = — [Byug + pig” + 2B3pig + 2Bspig + 2By g + B3B7 + BsB; + B1B; + B3Bs + BBy — ByBg
+ Bspy + By + By + 2NR,UH + B1Bs — Blfnc] .

as = —[B3Byug + BsByug + B1Brug + Bypg® + Bspig® + Biug? + 2B3Bsug + 2B Byjig + 2B Bs g
+B3BsB7 + B1B3B7 + B1BsB7 + B1B3Bs + B1Bsy — 2B ligTue — B1B7T5c — B1B5Tc
—B1ByBs + B3Byy + B1Bspyy — 2ByBspyy + 2Bspupity + 2Bspigiyy + Brgpyy — BaBsBs).

as = — [B3BsByug + B1B3Byig + B1BsByuy + B3Bspig® + Bspg® + B Bspig® + 2B1B3Bs jig
— ByBeBsug — 2B1ByBsBs + 2B 1Byyug — B1B2Bsy — 2B1BsTuciig — B1BsB1T,c + B7B3Bs iy
+ 2B3Bs gy — 2B1B,B7Bs — 2B1ByBsug + BsB3Byuy + BrBsppiiy + B3Brugiiy — BaBepigiiy
— BzBﬁleuH — BIBZB6] .

as = —[B1B3BsBuug + B\B3Bsjiz” + B1BsByyig + BiBaypiy” — BiBsByTucfty + BiBaBeyjiy
_BlBSTncMR2 +BlBgB7B5 - 2BleBsB6,uR - 231B235B7B6 — BZB5B6,uRuH
+B5B3Brugity + BsBspg’ iy

The Routh Hurwitz criteria of the 5™ order are satisfied. Hence, the endemic equilibria are locally
asymptomatically stable.
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5 Computational Approximations

In this section, we present the well-known approximations like Euler, Runge Kutta, and non-standard
finite difference for the system (1)—(5) as follows:

5.1 Euler Approximation
The discretization of the system (1)—(5) under the rules of the Euler approximation is as follows:

oy 08yl

Syl =Sy + h[Ay — A YR} + ey — i Sh)- (an
I =1 4 h [% Tl — ol — Tl — OI — Il (12)
Ry =Ry + hlcdly + rcdfy — )Ry, — ug Ry . (13)
A [AR - % — St (14)
o= Skl . (15)

Ny

where h is any discretization parameter and n > 0.

5.2 Runge-Kutta Approximation
The discretization of the system (1)—(5) under the rules of the Runge Kutta approximation is as follows:
Stage#1
Ki=h [AH B L Y A uHSH}

{omsz Wl Tc[]'; _ rc]]’_‘[ — ’L‘ncl;_l[ — (SI]Z( - ,uHI]r—l]] .

My = hzel}y + redly — yRY — ug Ry

0, = h[AR M MRSn]
Py = h|2% #ng]
Stage#2

s ﬁ n P_]
Ko = | 22O 1y ) 1) — (59

Lzzh[%_% I +Y) = (I +5) — e (I +%) — oIy +5) — (I +5) .

My = Rl (B + %) + el +5) = 7Ry + %) = (R + 9],

mos (S (1 +3 e
0, = [AR —%— :uR(SR +07)]-
oz (Sp+5-) (L +5
oo )
Stage#3

Nu

K = h| Ay — 2220 UR) g 0y o ) g (s 1) |
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K>

2

1y = [ =) o1y 1) (1 +8) - el +

My = hlee(ly +3) +re(l +3) =7 (Rl + %) — iy (R +

1931

) =0l +%) = (T +5) |

n 92\ (L2
05 = h {AR (AR (sn+ %)] |
s (534 2) (1342 \
P3 :h xl“B(R A/%II)(H 2)_MR(IR+%)}.
Stage#4
Ko = h| Ay — 2RI ooy V) g (1 + Ls) — sy (S + K5) |

Ly=h [“laz(swﬁﬁ,)(l’%%) = te(lfy + Ls) = re(lfy + L3) = tue (Ify + La) = 0 (Ify + L) — pyy (I + L3) |

My = hze(ly + Ls) + re(l + Ls) = 7 (R + Ms) = iy (Ryy + M3 ).
Os=h [AR -= (S;+](\)1:) Uih) 1z (Sp + 03)] )

¢ SE+03 ) (15 +L
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Final stage

1
SHn+1 _ Sﬁ[ +— [Kl + 2K, + 2K;3 +K4].

6
1
L =1 +6[L1 + 2Ly + 2L3 + Ly).
1
R = Ry + ¢ [My +2My + 2Ms + Mi].
1
St = Sp+2[01 +20, +205 + O4).

6
1
IR =10+ c [Py + 2P, 4+ 2P3 + P4).

where h is any discretization parameter and n > 0.

5.3 Non-standard Finite Difference Approximation

(16)

(17

(18)

(19)

(20)

The discretization of the system (1)—(5) under the rules of the non-standard finite difference scheme is as

follows [27]:

gret _ Sty i 9hRy + Il
H n .
1+ hoc]lv?:IR + ,UHh
n hoy o ST IR
n+1 __ IH + 1]\iHH ‘

H 1 4 hte 4+ reh + htpe + 0h + ugh’

@n

(22)
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R R}, + ht A}y + r.lj, ' (23)
H 1+ yh + uyh
S 4+ hA
Spt = hfclj;lf, —. -
1+ Ny + ,uRh
hO(].’Z}S 1
I _'_ R°H
Ilg-&-l _ R Ny (25)
1+ pph
where h is any discretization parameter and n > 0.
5.4 Convergence Analysis
Considering the functions, A, B, C, D, and E at the system (21)—(25) as follows:
h Sul,
4= SH‘*'hA[h{‘FV?RH‘FthcIH B=1—7p +ha122 HR(Sh .
14 (XIOC2R+ Hh + AT + Vel + NTye + + Uy
hd]O{_}S}JH
_RH+th[H+rc]H D= SR—|—hAR _[R+T
U+ yh+ b L2l 4 pugh L+ ngh
The elements of Jacobian matrix as follows:
94 1 A W oA vh 94 A (SH—i-hAH—i-VhRH—i-h’EnC]H) <h71az>
oSy 1 +,uHh’8IH 1 —|-,LLHh78RH 1 +,uHh’8SR N 78][3 N (1 +ha]]\g;IR+HHh)
OB el OB 1 0B _, 9B _,
OSy 1+ ht.+rch+htye +0h+ uyh’0ly 1+ hte +reh+ htye + 0h+ uyh ' ORy - OSg
0B e ocC 9C  ht+r. IC 1 oc _,
Olp 1 +th+rch+thc+5h+ﬂHh’aSH N ’OIH 1 +yh+,uHh’8RH 1 +)}h+/¢LHh’8SR -
h
oC _, 9D _ 9D _ (e -+ he) (%52) 0D 9D _ 1 9D OE
ol 0SSy ' Oly <1 " m}lvaljz,, g h>2 "ORy  OSg L+ pgh'0x ' 9Sy
OE Mmoo oE  El pp 1
_ = H _— = _— = Ll —_— =
Oly 1 +ﬂRh78RH 7(95]3 1 —F/th’alR 1 —I—,uRh'
Theorem 3: For n > 0, the eigenvalues of the Jacobian matrix at disease-free equilibrium for the system
(21)—(25) lie in the unit circle if Ry < 1.

Proof: The Jacobian matrix at disease-free equilibrium (DFE-E) = (ﬁ—: ,0,0, 2—1’: ,0) is as follows:
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Lemma 1: For the quadratic equation \X>—P A\ +P,== 0, |\;| <1,i = 1,2, 3, ifand only if the following

conditions are satisfied:
1. 14+P;+P,>0.
(ii). 1 = P; + P, >0.
(ii). P, < 1.

Proof: The proof is straight forward.

Theorem 6: For n > 0, the eigenvalues of the Jacobian matrix at endemic equilibrium for the system
(21)~(25) lie in the unit circle if Ry > 1.
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Hence, the largest eigenvalue of the Jacobian is less than one, ultimately remaining will also lie in the

unit circle when Ry > 1. Thus, endemic equilibrium is stable.

5.5 Computational Approximations

By using the values of the parameters as presented in Tab. 1. The diagrams for the system (1)—(5) for
disease-free equilibrium (DFE) and endemic equilibrium (EE) plotted with MATLAB software as follows:

Table 1: Value of parameters

Parameters Values

Ay 0.8

Ar 0.8

e 0.8

Ur 0.8

o 1.00166 (DFE)
3.00166 (EE)

o 1.0004 (DFE
3.0004 (EE)

o3 0.1

Te 0.7

Tnc 0.9

e 0.2

0 0.133

Y 0.220

Solution using ODE-45 DFE

1 ; Solution Using ODE-45 EE
09
0.8
=== Susceptible Humans i
N e |nfected Humans 0.7
5 === Recvoered Humans 2
5 === Susceptible Rats S 061
?31 Infected Rats ‘—:“ == Susceptible Humans
2 g 0.5 = |nfected Humans
% o === Recvoered Humans
(/3) 0.4 S 04 == Susceptible Rats
@ Infected Rats
0.3 5 1 0.3
02 | 02 [\
o1 K 7 "
0 | ! — | | | 0 | L | . L | | L |
0 1 2 3 4 5 6 7 8 9 10 0 5 10 15 20 25 30 35 40 45 50
Time Time
(@) (b)

Figure 1: Combine graphical behaviors of the Lassa fever disease (a) Sub-populations at disease-free equilibrium
(DFE) (b) Subpoulations at endemic equilibrium (EE)
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Figure 2: Euler method for the behavior of infected rats at different time-step sizes (a) Infected rats at h =

0.01 (b) Infected rats at h = 1

Endemic Equilibrium(EE)

T
== Runge Kutta Method
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0 L L L L L L L
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Time (days), h=0.1
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2+

2.5 Runge Kutta Method
3
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-4.5 . L L . -

0 0.5 1 1.5 2 25
Time (days), h=1
(b)

Figure 3: Runge Kutta method for the behavior of infected rats at different time-step sizes (a) The behavior
of infected rats at time step size h = 0.1 (b) The behavior of infected rats at time step size h = 1
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5.6 Comparison Section

Infected Rats
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Figure 4: NSFD method for the behavior of infected rats at different time-step sizes (a) The behavior of

Infected rats for EE at h = 0.1 (b) The behavior of infected rats for EE at h = 1000
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Figure 5: Combine graphical behaviors of NSFD with Euler and Runge Kutta methods at different time-step
sizes (a) Comparison of Euler and NSFD at h = 0.1 (b) Comparison of Euler and NSFD at h = 1
(c) Comparison of Runge Kutta and NSFD at h = 0.1 (d) Comparison of Runge Kutta and NSFD at h = 1

6 Results and Discussion

We investigated the transmission dynamics of Lassa fever disease in humans and rats through the study.
The critical point is modeling, terminology related to epidemiology, and Lassa fever disease. Dynamical
analysis of the model is investigated. Computational analysis, including well-known methods, is
presented. Mostly, methods are valid for only tiny time step sizes. But inappropriately flop for huge time
step sizes like Euler and Runge Kutta. Our proposed scheme (NSFD) remains convergent for step sizes
like 2 = 100. Furthermore, Tab. 2 shows the efficiency of the numerical methods.

Table 2: Comparison analysis of methods at different values of h

h Euler RK-4 NSFD scheme

0.01 EE = Convergence EE = Convergence Convergence
DFE = Convergence DFE = Convergence

0.1 EE = Convergence EE = Convergence Convergence
DFE = Convergence DFE = Convergence

1 EE = Divergence EE = Divergence Convergence
DFE = Divergence DFE = Divergence

100 Divergence Divergence Convergence

(method failed)

7 Conclusion

The non-standard finite difference scheme was designed for the communication dynamics of Lassa fever
disease. Unfortunately, the earlier methods, like Euler and Runge Kutta of order 4th, are unsuitable because
they depend on time step size. So, Euler and Runge Kutta are tentatively convergent. When we increase the
time step size, the graph of Euler and Runge Kutta gives variation in result from time to time they display
divergent. The new well-known numerical scheme, like the non-standard finite difference scheme



1938 IASC, 2022, vol.33, no.3

independent of time step size. The NSFD scheme is a comfortable tool on behalf of dynamical properties like
stability, positivity, boundedness and shows the exact behavior of the continuous model. The graphical
behavior of ODE-45, Euler, Runge Kutta, NSFD schemes and comparison of schemes are given in
Figs. 1a, 1b, Figs. 2a, 2b, Figs. 3a, 3b, Figs. 4a, 4b and Figs. 5a—5d respectively. In the end, we could
extend this idea to all types of nonlinear and complex models. In the future, we could develop our
analysis into fuzzy epidemic models and many other types of modeling as given in [27-31].
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