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ABSTRACT

n this study we carried out a

mathematical study of the spread and

treatment of lassa fever. The model
equations were solved using Adomian
Decomposition Method. The results
obtained were used for numerical
simulations using Matlab software. It was
observed that at high treatment rate, the
number of recovered individuals increases
and the virus can be eradicated completely.
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ats which are common in endemic

areas (Eze, 2010). Person-to-person
transmission of the virus also occur
through direct contact with the blood, urine,
faeces, or other bodily secretions or fluids of
person (World Health
2017).

an infectious

Organization, Nosocomial
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Introduction:

Lassa fever is a viral
infection belonging to arena-
virus family (Centre for
Disease Control and
Prevention, 2013). The virus
is transmitted to humans
through exposure to foods or
household items
contaminated with infected
rodents urine or faeces
(World Health Organization,
2000). The virus is mostly
common in West African
countries such as Nigeria,
Ghana, Guinea, Liberia, Mali,
Sierra Leone, and Benin
Republic (World Health
organization, 2017). The
virus is mostly common in
West African countries such
as Nigeria, Ghana, Guinea,
Liberia, Mali, Sierra Leone,
and Benin Republic (World
Health organization, 2017).
The natural reservoirs of the
virus are the mastomyms
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transmission occurs in hospital lacking adequate prevention and control
measures (World Health Organization, 2017).

Over the years Mathematical models have been used to study the dynamics
lassa fever these includes Okuonghae et al., (2006), Bawa et al,(2014),
Mohammed et al, (2014), James et al.,, (2015), Onuorah et al, (2016),
Akanni et al., (2018), Suleiman et al., (2018) e. t. c.

At the beginning of the 1980, George Adomian developed a very powerful
method called Adomian decomposition method for solving linear and
nonlinear functional equations.

The Adomian decomposition method (ADM) involves separating the
equation under consideration into linear and nonlinear parts. The linear
operator representing the linear part of the equation is inverted and the
linear operator is then applied to the equation. Any given conditions are
taken into consideration. The nonlinear part is decomposed into a series of
what is known as Adomian Polynomials. The method generates a solution
in the form of a series whose terms are obtained by a recursive relationship
using the Adomian Polynomials.

In this study we carried out a mathematical study of the spread and
treatment of Lassa fever. The model equations were solved using Adomian
Decomposition Method.

Methodology

Model Equations

The model is represented by the following system of non-linear differential
equations.

ds 1
dtH =A=BUg+ 1+ A, +6T,)S, — S, (1)
dE 2
S = B4 1+ Ay + 5T, =@+ 1)E, @
dA,
—==(-p)aE, —(n+¢+14)A
o (1-p)akE, —(n+¢+m)A, 3)
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dl 4
7;=paEH_(7+¢+:U1)IH ()
dT, 5
d_tH=7/IH+77AH_(K+¢+,U1)TH ( )
dR 6
d_l‘H =xT, — Ry (6)
Sy _ Ay = AS I —(V+ 1,)S,

! (7)
dl,
— = A8, —(v+ )]
dt R™R (V /u2) R (8)

Description of Variables and Parameters

Variable/Parameter Description

An Number of asymptomatic infected humans

En Number of exposed humans

In Number of symptomatic infected humans

Ir Number of infected humans

Nu Total number of the human population

Nu Total Population of the reservoir population

Ru Number of recovered humans

Su Number of susceptible humans

Sr Number of susceptible reservoirs

Tx Number of humans undergoing treatment

(1-p) Proportion of exposed humans that progress to
asymptomatic infected humans

a Progression rate from exposed humans to
infected humans

B Transmission rate from the infected reservoirs,
asymptomatic infected, symptomatic infected
and treatment or hospitalized humans to
susceptible humans.

Y Treatment rate of symptomatic infected humans
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Reduction rate in transmission due to treatment
or isolation of infected humans

Treatment rate of asymptomatic infected
humans

Recovery rate due to treatment of infected
humans

Transmission rate from the infected reservoirs
to susceptible reservoirs

Constant recruitment rate into susceptible
humans' population

Constant recruitment rate into susceptible
reservoirs' population

Natural death rate of the humans' population
Natural death rate of the reservoirs' population
Hunting rate of the reservoirs

Proportion of exposed humans that progress to
symptomatic infected humans

Disease-induced death rate due to Lassa fever

Adomian Decomposition Method
A brief outline of the method is given as follows;
Consider a differential equation in general form

Gy)=g

€))

This can be written in operator form as

Ly+Ry+Ny=g

(10)

Where L is a linear operator acting on y which is easily invertible, R is a
linear operator for the remainder of the linear part, and N is a nonlinear
operator representing the nonlinear term in G. For convenience, L is
usually taken as the highest derivative.

Applying the inverse operator L on both sides of equation (10) gives

L'Ly=L"g-L'Ry-L"'Ny

(11)
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L' Is integration since G is taken as a nonlinear differential operator and L
is linear.

That is, L is an nth integral of y for nth order differential equation, where
neZ

Equation (11) becomes
y0)=f()-L'Ry-L"'Ny (12)
Where {(t) is the function obtained by integrating g and applying the initial

or boundary conditions.
The unknown function is assumed to be an infinite series of the form

0=y,

=0 (13)
We let
yO = f(t) (14)

And the remaining terms are obtained by a recursive relationship. This
relationship is found by decomposing the nonlinear terms into a series of
what is called Adomian polynomial, Py, (Biazar et al 2005).

The nonlinear term is written as

Ny(0=3 P,
n=0 (15)

In order to obtain P, a grouping parameter, A is introduced. The following

series are established

A= A"y,
n=0 (16)
Ny(1)=>_ A"P,
n=0 (1 7)
Substituting equations (14), (16), (17) into equation (12) gives
yO)=y,~L"Y Ry, ~L"Y P,
n=0 n=0 (18)

Where P, can be obtain from
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P =i{ T Ny(2)
n! d/’t 10 (19)

The recursive relation is obtained to be
M= f(t)
(20)
yn+l = _L_lzRyn —L_IZP’I
n=0

n=0
(21)
The Adomian decomposition method (ADM) produces a series that is
absolutely and uniformly convergent, (El-Kalla, 2008).

Semi-Analytical Solution of the Model Using Adomian Decomposition
Method

Consider equations (1) through (8) with the following initial conditions

Su(0)=Sho, En(0)=Eno, Au(0)=Ano, Iu(0)=Ino, Tu(0)=Tho, Ru(0)=Runo,
Sr(0)=Sr0, In(0)=Iro 22)

Integrating both sides of (1) through (8) with respect to £and applying the
initial conditions (22) gives

Sy (0) =S, + At = B[ 1,S,dz = B[1,S,dz~ B[ 4,S,dr - B5[T,S,dv - [ S, d
0 0 0 0 0 (2 3)

t t t t t
E,(6)=Eyo+ B[ 1,S,dr+ B[ 1,S,dr+ B[ 4,8 ,dr+ pS[T,S,d7 - (a+ )| E,dz
0 0 0 0 0 (24)

t t
A, (0) = Ay + (1= p)a | Edr—(n+ ¢+ ) [ 4, de
0 0

(25)
1,@0)=1, +paIEHdT—Q/+¢+yI)I1HdT
0 0 (2 6)
T(6) =T, +y[1,dr+n| A dc—(xc+¢+p)|T,dr
0 0 0 (2 7)
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t t
R, (t)=R,, + K‘j T,dr —MJRHdT
0 0

(28)
Sp(O)=S,g+ Ayt = A Splydr —(v+ ) [ S,dr
0 0 (29)
L) = Lo+ A[ Syl pdr — (v + ) [ 1 d7
0 0 (30)

Using Adomian decomposition method, the solutions of equations (1)
through (8) are given as the series of the form

SH=ZSH,,,EH=ZEH”,A _ZAH,,,I —ZIHH,
n=0

n=0

TH:ZTHn’R _ZR[—M’S _Z Rn’IR:Z]Rn

n=0 n=0 (3 1)
And also, the nonlinear integrands in equations (21) through (30) are
expressed as

[B=1,S,, C=1,S,, D=4,S,, F=T,S,,N =5,1,] (32)

The nonlinear operators in equation (32) are decomposed in series form
as

[B:iBn,&ic,,,D:iDn,N:iNﬂ}
n=0 n=0 0 0

Where, By, Cy, Dy, Fn, Ni are the Adomian polynomials.
Substituting equations (31) through (33) into equations (21) through (30)
gives

iSHn:ShOw\lt—ﬂj'iBndr ﬁjZCdT ﬁjZDdr ﬁ&jZFndr yJZS dr

(33)

n=0 0 n=0 0 n=0 0 n=0 o n=0 0 n=0 (34)
ZEHH —E,, +ﬁj23 dz+/;j2c dr+ﬁj2D dr+ B5[ Y F,~(a+ )| Y Eydr

o0 n=0 o0 n=0 0 n=0 0 n=0 0 n=0 (35)
> Ay, = Ay + (= pa[ D E,dr—(n+p+u)| ZAHndr
n=0 o n=0 o n=0 (36)
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Z[Hn 1,10+paJZE dr— (7+¢+#1)IZI AT

n=0 o n=0 0 n=0
(37)

1y, =T, +yJ.Z]HndT+UIZAHndT_(K+¢+/Ll1)J.ZTHndr
n=0 o0 n=0 o n=0 o n=0 (38)
ZRHn =Ry, +KJ.ZTHndT_IulJZRHndT
n=0 0 n=0 0 7=0 (39)
iSRn =S, +/\Zt—ljiNndT—(v+,uz)jiSRndr
n=0 o0 n=0 0 n=0 (40)
o L o t
Ly =Ly +A[ Y Ndr—(v +/12)J.Z[Rnd1'
n=0 0 n=0 0 n=0 (4‘ 1)

Equations (34) through (41) can be written as
iSHn =S5 +/\lt—ﬁij.B"dT—ﬁij.cndr—ﬂij.DndT—ﬂé'ij.F;dr—/jlij‘SHndT

(42)
ZE _E,O+ﬁzj3 dr+ﬁzjc dr+ﬁZjD dr+ﬁ§Zder (a+yl)ZIE dr
n=0 o n=00 (4‘3)
S Ay, = Ay + (1= p)ay] j e =+ g+ 1)) I Ay dr
n=0 n=0 o n=0 ( (44)
Z[Hn 1, +paZIEHndr (7+¢+ﬂ1)ZIIH;1dT
=0 n=0 g n=0 @
(45)
ZT ,10+7/ZJ.1 dT+772jAHndT (K+¢+y1)ZITHndr
n=0 n=0 ¢ n=0 o n=0 o (46)
ZRHn =R, +K‘ZJ. AT — 1, J.R dt
n=0 n=0 o (47)
> Sp =St At =AY [Ndr—(v+m)Y [S,dr
n=0 n=0 ¢ n=0 o (48)
DLy =g+ AY [ Ndr—(v+ 1)) j I,dr
n=0 n=0 ( n=0 ¢ (49)
From equations (42) through (49), we define the following scheme
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Sio =S T
Eyo = Ey
Ao = Ay
Lo = I
Ty =Ty
Ryjo =Ry
Sro = 8,0 + Ayt
Irg =1, (50)
t t t t t
Sywe =—B] B,dr - B[ C,dz - B[ D,dz— BS[F,dz -1, [ S,
0 0 0 0 0 (51)
Eyy =B B,de+ B[ C.dr+ B[ D,dr+ p5[ Fdr—(a+u)| E,dr
0 0 0 0 0 (52)
t t
Ay, = (= p)a| Eydr—(+¢+ m)| A,,dr
0 0 (53)
t t
Ly = pa'[EHndT_(y+¢+ﬂl)I1HndT
0 0 (54)
t t t
T,..= nJ.AHndr +7I1Hndf —(x+¢ +,ul)J.THndT
0 0 0 (55)
Ry = KJ-THndT_IUIJ.RHndT
0 0 (56)
t t
Span ==A[ N,dz =(v+ )| S, d7
0 0 (57)
IRn+1 = ﬂ’INndT _(V +/"1)J-1Rndr
0 0 (58)

Using the algorithm in (19), the Adomian polynomials in (33) are
computed as
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By =801z
B =8, 1ry+11Su0
B, =8, Lr0 + Sidp + Sl

(59)

Co = Spol o
G =Sud o +Suolm
C =Sl o+ S + Syl
' (60)
Dy =804y,
Dy =8, Ao+ Syodn
D, =8y, A0 + S Ay + Syo Ay
' (61)
Fy=8,0Ty0
Fy =8 Ty +Spoly
Fy =800+ STy + ST
' (62)
Ny = Srolro
Ny =Sxidgo +Srol i
N, =8podgo +Seid i +Srol
' (63)
For n=0, equation (51) gives
Sy =-B[ Bdr - B[ Codr— B[ Dydr - B[ Fydr — 11 [ S, d

0 0 0 0 0 (64)

Substituting equations (59) through (63) into equation (64) gives

Sy = _IBJ SiolgedT — ﬂ.[ SiolyodT — IBJ Si0A0dT — ﬁ5I Syolyodt = ﬂl.[SHodT
0 0 0 0 0 (65)
Substituting equation (50) into equation (65) gives
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Sin = =B Sol o + M L0T = B[ (S1ol0 + A T107)dT = B[ (Syo iy + Ay Ayo?)dT =
0 0 0

B[ (S10Tr0 + A0 = 1, [ (S0 + A7)
0 0 (66)
Integrating and collecting like terms gives
Sin =—ﬂ[sh01,o #Siadia+ Sy +08,T +ﬂshojr—&[ao #1,q+ Ay + T, +ﬁjr2
p ot (67)
For n=0, equation (52) gives
E,, = B[ Bydr+B[Cydr+ B[ Dydr + pS[ Fydr —(a+ 1) Eyydz
0 0 0 0 0 (68)
Substituting equations (59) through (63) into equation (68) gives

E, = ﬁ_[ SiolgodT + ﬂj Syl yodT + IBJ Si0Au0dT + ﬁé‘j Spol0dt —(a+ 14 )_[EHOdT
0 0 0 0 0

(69)
Substituting equation (22) into equation (69) gives

Ey = :BJ. (Spolo + A 10T)dT + :Bj (Sholpo + A L)dT + :B_[ (Spodpo + A AoT)dT +
0 0 0

B[ (SoTs + A Ty)dT = (0 + ) [ E, o
0 0 (70)
Integrating and collecting like terms gives

a+ LA
EHl = ﬂ(sholyo +Sho]ho +Sh0Ah0 + 5ShoTho _TlEhth +Tl(1r0 +[h0 +Ah0 + 5ThO )tz

(71)

For n=0, equation (53) gives
Ay, = (= p)a[ Eyydr =+ ¢+ )] Ayodr

0 0 (72)
Substituting equation (50) into (72) gives

t t
Ay = (1= p)a| E,odz—(n+§+ )] 4,d7

0 0 (73)
Integrating gives
Ay, :((l_p)aEho_(77+¢+/11)Ah0)t (74)
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For n=0, equation (54) gives

Iy, = paIEHodT_(7+¢+M)I1HodT
0 0 (75)
Substituting equation (50) into (75) gives

Iy = pathodT —(y+o+ ﬂl)jlhodr
0 0 (76)
Integrating gives

Ly, = (paEho _(7/+¢+'u1)1h0)t (77)

For n=0, equation (55) gives

T, = UIAHOdT+7IIHOdT—(K+¢+,L11)JTH0dT
0 0 0

(78)
Substituting equation (50) into equation (78) gives
Ty = UIAhodT"‘ VJIIzodT_(K+¢+M)I];0dT
0 0 0 (79)
Integrating gives
Ty, :(77Ah0+7/1ho_(’(+¢+ﬂ1)7;0)t (80)
For n=0, equation (56) gives
Ry = KITHOdT _ﬂljRHOdT
0 0 (81)
Substituting equation (50) into equation (81) gives
Ry = KJ-EodT_MJ.RhodT
0 0 (82)
Integrating gives
Ry = (T — iRy )t (83)
For n=0, equation (57) gives
S = =A[ Spolaod = (v + 1) [ S
0 0 (84)

Substituting equation (50) into equation (84) gives
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S ==A[(S,ol0+ AL, DT =+ 1) [ (S, + A, T)dT
0 0

(85)
Integrating and collecting like terms gives
7a\
Sar = =S (Ao + (v + 14t _72(/1]r0 +(v+ ﬂl))tz (86)
For n=0, equation (58) gives
Iy = ﬂJ.SROIRodT_(V"‘ﬂl)J‘IROdT
0 0 (87)
Substituting equations (50) into equation (87) gives
Ty = ﬂ’J‘ (8,0l 0 + o1, 0T)dT = (Vv + ﬂl)IIrOdT
0 0 (88)
Integrating and collecting like terms gives
AN
Iy, =Ir0(ﬂ‘Sr0_(V+ﬂl))t+72]r0l2 (89)
For n=1, equation (51) gives
Sy> =8| Bdr-p[Cdr - B[ Ddr - 5[ Fdr [ S,y,dr
0 0 0 0 0 (90)

Substituting equations (59) through (63) into equation (90) gives

_ﬁJ.(SHllRO +]R1SH0)dT_ﬂI(SH1]H0 +]H1SH0)dT_
SHZ _ t 0 0 t t
ﬂJ-(SHlAHO + Ay, Sy0)dT —ﬂé‘j (SinTio + T Spo)dr _M'[Smdr
0 0 0 (91)
Substituting equations (50), (67), (74), (77), (80) and (89) into equation
(91) gives
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t
ﬂzj[sho (Ir0)2 + 8,050 0 + SpoAdnol .o + 0S40 010 + 2 S0l 0 ]rdr
0

y;

2
+'82 1I (Ir0)2+1h01r0+Ah()1r()+57-;10]/~0+%1r() c’dr

0o

t

_ﬂj(lro AS, o —(vV+pu )T +%1r02-2)(5h0 +AT)dr

0o

I3
y7
+p° I(Sho (4,007 + Suol ol o+ ShoAno Lo + 3S,6T0d 1o + 71 Sholno }’dT
)

2 t
+%j((1110)2 + IhOIrO + AhOIhO + 51—;101110 + %Iho )12d2—

0

_ﬂj‘((paEhO _(}/+¢+/Jl)1h0)z-)(s},o +/\1T)d2'

t
} X
+ﬁ2_|.(sho (4,007 + S0 Au0L 0 +S,0440L 0 +S,0T,0 4,0 + ?ShoAho }d‘[
0
t

A -
+%J. (A,0)” + Ayl o + Ayl + ST 0 Ay +%Ah0 dr

o

_18_“(((1 —pP)aE,, —(n+¢+14)4,, )T)(Sho + N T)dT
0
+/825J.(5Sh0 (T;.o)z +S40700L 0 +ShoAnoTho +SioThol o + % S,07 40 )rdr
0

(S AT
L O 5(T0) + Tl + Ay Tio + Tho i + T T
o

_ﬂaj‘((nEhO +7r1,, _(’("'(15"'/11)7;,0)1')(5,10 +/\1T)d7'

t
+ﬂ/’llj‘[sh01r0 +S,0ln0 +Suodno + 65,070 + %Sho)rdr
)
t

+MJ(LO +1,,+ A,,+6T,, +i) ’dr
2 B
° +(92)

Integrating and collecting like terms gives
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Lol + 10 Au + Ayl + )

+(I,,)* +(4,,)* +6(T,,))+25>
( hO) ( hO) ( hO) ) ﬂ (51707;0+51h07;10+5/1h01710

ﬁzShO
%(Ir() + IhO + AhO + 57—;10 )

-B (IPO(ASVO —(v+m)+(xE,—(r+é+pu)l,, —
" M+@+p)A, +SNA,, + 11, —(k+¢+ 1)T,,))
Lo+ 1 + Ay

]"‘ BsS,0
y7
+6T,, + El

B A (Iro)z + (0 )+ (4,6 )+ 5(1—;10)2 +2(4, 010 + 1,0 Ay + Ayl +
1
2 61,4To +61,,T) +5AhoTho)+%(1ro 1+ Ay +T,)

N
AL o(AS, o —(V+ ) + TZSM)IVO +ANAE AN+ P+ ), —

=Bl A"+ +p)A, + 1S A, + vy —(K+@+ pu)T,0)+
ﬁ/\l ﬂ] I
2

+ 1110 + Ah() + 51—;10 + %)

r0o

_BAn A, 1.t
8

IrOIhO + Ir0A110 + AhOIhU +

1) +(1,0)" +(A,,)° +8(T,)° ) +25°
((1.0)* + L4o)? +(A0) +8(T;0)°) ﬁ(51,.0@0+61h0T,,o+5AmTho

ﬁzShO
%(1/'0 +1,,+ 4, +§Tho)

_gs (1,0 A8, =W+ N+ (QE,—(y+ ¢+ ), —
" (1+¢+ 1) Ay +SM Ay + 71— (K + 9+ 14)T))
Lo+ 1+ 4,

y7i
+oT,, +?‘

)+ BruS,

2 5 A (1,0)* + (o) +(Ay)* +8(T0) +2(L o1y + 1,0 Ao + Aol +
1
L
2 | S Ty + 31,0 Ty + 8 Ay Ty) + (1o + 1o + Ayy + 5T,

ho* ho ho E

AN r
AL (AS,, _(V+/12))+T2Sh01r0 +ANAE, = ANy + P+ ) — 3

=Bl N@+P+ ) Ay + NS A, +y L, —(K+ P+ 1)T,0) +

ﬁ%ﬁ{LUJW+A

ho

Y
+67,, +?‘j

LAN A
_#[roﬁ

For n=1, equation (52) gives
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E,, = ﬁjBldr+ﬁjCldr +ﬂledr +,85jEdr —(x +y1)jEHldr
0 0 0 0 0

(95)
Substituting equations (59) through (63) into equation (95) gives
B (Sulro + LuSuo)dr + B (Sl o + LS yo )T + Bl (S Ao + Ay Sy )l +
EH2 0 t 0 t 0
B[ (SinTyyo + TSt — (@ + 1) Eppid
0 0

(96)
Substituting equations (67), (71), (74), (77), (80) into equation (96) gives

t
_ﬂzj(sho(lro)z +Snoluol o+ SnoAnol o + S40Thol o + % Sholro }dr
0

2 ot
_%J‘((Iro)z Lol o + Ayol o +6T,01 +%1y0)72d7
0

AN,

+ﬁj(1r0(/1Syo—(V+,ul))r+ Irorzj(Sho +A7)dr
0

t ,L[
_ﬂz_[(sho(lho)z + S0l nod 0 + ShoAiodno + 88,0 0l o + ?1 Siolno }dl‘
0

2 A z
- ﬂ 2 ! J. (IhO )2 + IhOIrO + AhOIhO + 57;10[h0 + %Iho 2dz_
0

+ﬁj((paEho _(7+¢+,U1)1;,O)T)(Sho +/\lz')dz-

‘ i
_ﬂZ.[(Sho(Aho)2 +Soduol o + SuoAnol o + 88,0 0 A0 + FlshoAho ]Tdf
0

2,8
-5 > : j((Aho)Z + Ayl o + Apolyo + 8T A0 + %Aho }sz
o

+,8I(((1 —p)ak,,—(n+o+ ,ul)Aho)T)(Sho +AT)dT
o
t
_ﬂ25_.-(5sh0 (7,0)” + SoThol o + SioAnoTho + SuoTholno +%ShoTho }dT
0

25 A
_%J‘ 5(7710)2+71,01ro+Ah0720+77101ho+%Tho ’dr
0

+ B[ (1B, + 711 — (5 + + 14Ty, ) 7) (S0 + A7) d7

a+ i

—Bla+ ﬂl)I(ShoIro +Sholno + SpoAno + 6S40Th0 = Eho)rdr
o

BNC@EI (g L, soT) e
RONCRY 97)
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Integrating and collecting like terms gives
E

H2 —

17'01110 + Ir'O AhO
((1o)? + L) + (4 +8(T0)? )+ 287 | + 4y + 51,0 T + |+
_ﬁZSho 51hOThO + 5Ah0Tho

%(ao 1y + Ay + 0T},

~

5s,, ([,,0(/15',,0 ~vH+u))+(@E,,—(y+d+p)l,, — J_
(1 +¢+ ) Ay + 0 Ay + 71 = (K +¢+1)T,))
I,+1,+
Bla+ )8, | Ay +T,
—(a+u)E,,

ﬁZ A ([r0)2 + (IhO )2 + (14/10)2 +5(7—;10 )2 +2(1r01h0 +Ir0Ah0 + AhOIhO +
_E

2 | S1,Ty+81,,Tyy +54,,T0) +%(1,~0 1y + Ay +0T,,)

AN
AL (AS.y = (v + 1)) + TZS,,OLO +AQE,, -

NG +o+p) =AM+ P+ ) A,

A 0Ny +yLy —(K++pu)T) —

B (a+m)
2

+5

([VO + IhO + AhO + é‘]—;10)

+ﬁﬂ* Nt

N\
2 [r0t4

(98)

For n=1, equation (53) gives

Ay, = (l_p)ajEHldT -(n +¢+/U1)I Ay dr
0 0 (99)
Substituting equations (69) and (75) into (99) gives
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o+ L
Ba-p)a (ShOIrO +8y0lho + Shodno + 5ShoTho - TMEho jJ.TdT

0

A, = JrﬂALZ"")O‘(L0 Ly + Ay +8T,) [ TPdr -
0

(+@+ 1 )(A= PYaE,y = (7 +§+ 1) 4,) [ rdr

- 4 (100)
Integrating and collecting like terms gives
ShOIVO + ShO]hO + ShOAhO + 5Sh0];10 _ME}[O - t2
B(-p)a B
Ay = M +¢+m)(A-p)aE,, —(n+¢+ 1)A4,,)
3
W ENCZDI g 0T )
L 2 3 1 @o1)
For n=1, equation (54) gives
Iyy = pa_[EHldT —(r+o+ lul)_[IHldT
0 0
(102)
Substituting equations (71) and (78) into (102) gives
a+ 0 |
ﬂpa(ShOIrO + 8000+ Spo Ao +0S,0T50 = TMEhoJJTdT +
0
Iy, = MTW(LO + 1o+ 4y +5Tho)_|‘72d7_
0
(v +@+ ) PaEyy = (v + ¢+ m)],0) [ rdr
L 0 - (103)
Integrating and collecting like terms gives
_ "y -
Siolro +Spolio +Sodso + 08,10 ————Ey— |2
Bpa B 5
Iy, = (r +o+ ) paE,, =y +¢+m)l,,)
3
PO (1 g A+ 0T
L2 3 . (104)
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For n=1, equation (55) gives

T,, =njAHldr+7J-IHldr—(K+¢+,ul)J.THldT
0 0 0 (105)
Substituting equations (75), (78) and (81) into equation (105) gives

(1= PYAE, — (7 + ¢+ 1) A,0) [ 7dT + y (P B,y — (v + $+ 1) 1,0) [ TdT

Ty = .
—(k+ ¢+ )Ty, (77Eh0 + 71, _(’(+¢+/-‘1)Th0)J'TdT
0 (106)
Integrating gives
3 (U((I_P)aEho —(M+o+ )4, +y(pak,, _(7+¢+ﬂ1)1h0)_Jﬁ
i (K+¢+/L‘1)TH1(77Eh0+71h0_(’<+¢+:u1)Tho) 2 (107)
For n=1, equation (57) gives
R,, = KITHldT —,ulJ-RHldz'
0 0 (108)
Substituting equation (81) and (84) into equation (108) gives
Ry, =k(nE, g+ 71, —(k+¢+ lul)ThO)J-TdT — 14 (kT _,utho)J-TdT
0 0 (109)
integrating gives
t2
Ry, = (K(UEho +71,, —(K+¢+M)T;10)—M(KT;10 _/ltho))E
(110)
For n=1, equation (57) gives
S ==A[ (Sl + Suol w7 = (v + 1) [ Sy
0 0 (111)

Substituting equations (50), (88) and (90) into equation (111) gives

AS oL (AL, —(v +y2))jrdr+%lro (AL, +(v +/‘2))J.Tz
0 0

Sgr = _ﬂj. (8,0 +1,7) (Iro (AS,, —(v+ )T+ %[wrz)dr
0

t A t
V4 1), (A + (v 4 i) [ 774 2204 )AL + (v ) [ 77
0 0

(112)
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Integrating and collecting like terms gives

(lSrOIrO(/U,,O —(VH 1) = 28,01, (AS,g = (v + 11,)) + S, (v + ﬂz)) £
(Al +(V+14)) 2

AN,

5%W+%XM@+W+%D

For n=1, equation (58) gives

Iy, = ﬂJ(SmIRo +SR01R1)dT_(V+ﬂ1)IIR1dT
0 0

AN
> L,(A1,, +(V+/'l2))_2’(/\21r0(/1Sr0 _(V"‘ﬂz)"'Tero]ro)"' A

3

(113)

(114)

Substituting equations (3.50), (3.87) and (3.90) into equation (3.114)

gives

AN,

—AS, o 1,0 (Ao = (V + 4 ))I rdr - Lo (AL, +(V+ s ))_[72
0 0

Ty, = +/1J.(Sr0 +/\2T)(1r0 (A8, = (v+ )T +%1r072)d7
0

t

)4 (A5 ~ 0+ ) [ e =0 ) 222 1, [ e
0

0

Integrating and collecting like terms gives

_ASI‘OII*O (/’i’]r() - (V + /u2 )) + /,?’Sl*Oer (/lSrO - (V + lu2 ))] ﬁ

_IrO(V+Iu2)(/1Sr0 _(V+lu2)) 2
AN

- 2 Lo(AlLy+(v+m))+A (Azlro(;tsro -(v+ :u2)))

+%Sr0]r0 _(V+lu2) ﬂ’ /\2

t3
3

1

r0
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Substituting equations (50), (67) and (94) into (31) gi

Jii
Sh() + (Al - ﬁ (ShOIrO + ShOIhO + ShOAhO + 5S}107;10 + El ShO j}t +

£S5, 51T, +6

%(17‘0 + IhO + AhO + 57}10)

LyAS, =+ ) +(@E, ~(y+o+p)l,, - J+

_ﬂShO (
(77 + ¢ + Iul)AhO + 5(7714}10 + ?/Ih() - (K + ¢ + lul)T;m))

(BuS,, - P Al)([ro +1,+4,+0T,+ %)

P Ay
2 51/‘0];10 +5[1107;10 +5A/1OT;10)+%([

F

=B A+ P+ ) Ay + 704y, + 71— (K + 0+ 1))+

(1,‘0 +1,,+4,,+0T,, +%}

_ﬁl /\l /\2 ]"014
8
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I/‘OIhO + IJ‘OAhO +
(L) + (L) + () +0(T) |+ 287 ALy +01,T, + |+

AhOEO

(17‘0)2 + (]h0)2 + (AhO)2 + §(Th())2 + 2([r01h0 + [rOAhO + AhO]hO +

o 1o 4y +5ThO)

AN
A4S, _(V+1u2))+TzShOIrO +AOE =N+ + ), -

BA

~

-

(117)
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Substituting equations (50), (71) and (98) into (31) gives

EH (t) =

a+u
EhO + ﬂ(ShOIrO + ShOIhO +Sh0Ah0 + 5ShoTho _TlEhth +

[rOIhO +Ir0Ah0 +
((Ir0)2 +(10)" +(4,0)" + 5(Tho)2)+ 28°| Ayolyo + 01,00 + |+
_BQShO §IhoTho + 5Ah0ThO

%(Iro +I/10 +Ah0 +57}10)

5 (I,,O(/?LSr0 ~(vV+u)+H(aE,,—(y+d+ ), — ]_
O+ G+ 1) Ay + S A+ 7T~ (K + P+ 1)T,)
Lo+1+ 4,
Bla+u)S,| +0T, -
(a+m)E,
+BA Lo+ 1o+ 4y +5Tho)
B A (. )’ + (1h0)2 + (Aho)2 + 5(Tho)2 +2(1,0 0,0 + 10 Ay + Ayl +
1
2 61»‘0]}10 + 51}107;10 + 6141107;10) + %(Iro + ]110 + AhO + 57’;10)

AN
AL (S, = (v + 1)) +TZSI1OIrO +ANAE, = A (7 + P+ 1)1,

+B| =A@+ P+ ) A, +NOMA,,+ 7L —(K+d+p)T,,)—

BA (a+ )
%(Lo +1h0 +Ah0 +5Tho)

A
+ Phriry ASI A It

Substituting equations (50), (75) and (101) into (31) gives

AH(t)Z

4, +((1 —pP)aE,,—(n+¢ +lul)Ah0)t +

a+u
Snolro +Sholuo +Shoduo + 0S40l — LE,,— |2
BA-p)a B >
n+¢+u)(A-p)aE, —(n+¢+1)A4,)
A (1-p)x £
+IB 1(2 P) (1r0+1h0+Ah0+5T;:0)§

Substituting equations (50), (78) and (104) into (31) gives
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Ly +(paEhO _(7+¢+ﬂ1)]ho)t+

a+u
ShOIrO + ShOIhO + ShOAhO + 5Sh0Th0 _TIEho - ﬁ

1,()=| fpa 2

(7+9+uw)paky, —(y+9+m)ly)

3
+ﬁA%2’OOC(IV0 +1,,+4, +6Tho)%

L = (120)
Substituting equations (50), (81) and (108) into (31) gives
L +(77Aho +yl, (Kt +:u1)ThO)l +
L,0) =\ (0= p)aEy, —(n+9+m)A) +y(paLy, —(y +9+ 1)) - |
(K+¢+ﬂ1)(77/4h0+7Iho_(’(+¢+ﬂ1)Tho) 2 (121)
Substituting equations (50), (84) and (110) into (31) gives
RH (n= Rh() + (KTho _1”1Rho)t + (K(nAho +7/Iho - (K+¢ + /‘1)Tho) —H (KTho _lutho))% (122)
Substituting equations (50), (87) and (113) into (31) gives
So+(Ay =S (AL +(v+ 1))t +
AS 0L (AL = (V4 11,)) = 48,010 (AS, g = (v + 11,)) + S, (v + 11,) ﬁ
(A, +(v+ 1)) =, (/uro"'(v"'/h)) 2
ﬂ,/\ /\ZIrO()L‘SrO_(V+ﬂ2)+
S =| | LAy +(v+m)= 4] an, + 4
2 S, t
+ 2 T I —_—
3
A
72(‘/ + 1)) (AL + (v + 1))
20
8 (123)
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Substituting equations (50), (90) and (116) into (31) gives
[m + ]VO (ﬂ‘SrO - (V + Il’ll ))t
—AS. L (AL o —(V+ 1)+ AS 1, (AS ., —(V+ 11,)) — .

AN, I, 5

Lo )28, = 4 ) +

1, ()= _%IVO(}JVO + (V1)) + (A (AS, — (v + 1)) + E

+ —_
3

AN AN
TZSVO[)'O _(V+/U2) 2 2 [rO

2’2(/\2)2 ] t4

+ r0
8 (124)

Numerical Simulations

In this section, we plot the graphs of semi-analytical solutions of our model
equations using Matlab software.

Table 4.1; Initial conditions and parameter values

Parameters and State Value Source
Variables
Su(0) 10000 Assumed
Eun(0) 7000 Assumed
An(0) 5600 Calculated
Ia(0) 1400 Calculated
Tu(0) 6500 Assumed
Ru(0) 5500 Assumed
Sr(0) 3000 Assumed
Ir(0) 700 Assumed
N 1200 Assumed
Ao 400 Assumed
y73 0.000047 Mohammed et. al. (2015)
75 0.08 Assumed
Vi3 0.002 Assumed
A 0.03 Assumed
bo) 0.2 Assumed
2% 0.05 Assumed
P 0.2 WHO (2017)
17 0.01 WHO (2017)
n 0.5 Assumed
Ve 0.8 Assumed
K 0.8 Assumed
v 0.02 Assumed
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Figure 4.1: Simulation of Asymptomatic Figure 4.2: Simulation of treated
infected individuals against time for individuals against time for

ifferent values of Infection rate ifferent values of recovery rate k.
different values of Infect t different values of y rat
4
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Flgure 4:?: 'Slfmﬂatlon Of Symptomatlc Figure 4.4: Simulation of Recovered individuals
infected individuals against time for against time for different values of treatment rates of
different values disease-incubation rate a.  asymptomatic and symptomatic infected individuals .
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values of Infection rate . infected individuals against time for
different values of incubation rate

Discussion of Results

From figure 4.1, it is observed that the number of asymptomatic
individuals increases with increase in infection rate f.

From figure 4.2, it is observed that the number of treated individuals
decreases as the recovery rate k increases.

It is observed from figure 4.3 that the number of symptomatic infected
individuals increases as the disease-incubation rate a increase.

From Figure 4.4, it is observed that the number of recovered individuals
increases as the treatment rates 1 and y of asymptomatic and symptomatic
individuals increase respectively.

Figure 4.5 shows that the number of infected reservoirs increases as the
infection rate parameter A increases.

From figure 4.6, it is observed that the number of asymptomatic infected
individuals increases with increase in incubation rate a.

Conclusion.

Presented a a mathematical model for the spread and treatment of lassa
fever. The model equations were solved using Adomian Decomposition
Method. Graphical profiles of each compartment were generated using
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Matlab software. It was observed that at high treatment rate, the number
of recovered individuals increases and the virus can be eradicated
completely.
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