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The transmission dynamics of Lassa fever disease
incorporating control measures

V. Vegha®

Abstract

In this work, a mathematical model to study the transmission dynamics of Lassa fever with
control measures like public health education campaign, isolation and treatment is
formulated. The basic properties of the model are examined and the effective reproduction
number R, is computed. Steady states of the model were analyzed for stability, it was
found that whenever R, is < 1, the disease dies out while when R, is > 1, the disease
persists in the population. We found from sensitivity analysis that the most sensitive
parameter is the natural death rate of rodents y, with a sensitivity index of -2 while the
least sensitive parameter is Lassa fever induced death rate with a sensitivity index of -
0.0007. We carried out numerical simulation and results sows that isolation, treatment and
public health education campaign can reduce the dynamical spread of the disease in the
population.

Keywords: Lassa fever; mathematical model; basic reproduction number; disease free equilibrium;
stability; sensitivity analysis; endemic equilibrium; bifurcation; multimammate rat; zoonotic disease.

1. Introduction

Lassa fever is an acute viral illness that occurs in West Africa [5]. The illness was discovered in 1969
when two missionary nurses died in Nigeria. The virus is named after a town Lassa in Borno state of
Nigeria where the first cases occurred [5, 16]. Lassa fever is a zoonotic disease, meaning that humans
become infected from contact with infected animals [20]. The rodent reservoir, or host of Lassa
virus is a rodent of genus Mastomys natalensis, commonly known as “wmultimammate rat”. Mastomys rats
infected with Lassa virus do not become ill, but can shed the virus in their urine and faeces [20].
Humans become infected with Lassa virus from exposure to urine or faeces of zufected Mastomys rats
[20]. Several cases of disease outbreak have been recorded in 19 states of Nigeria since it was first
reported in 1969. The most affected states are Bauchi, Edo, Oyo and Taraba which account for 54%
of the confirmed cases [7, 19]. The worst outbreak was recorded in 2012 where 1700 cases including
112 deaths were reported [7, 19].
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A review of earlier works on Lassa fever provides the perspective of this work. In [14],
Ogabi et a/ formulated a basic SIR model for the control of Lassa fever in Northern part of Edo
State of Nigeria. The disease control was studied based on the basic reproductive number. It was
clearly shown in his work that to control the spread of Lassa fever in the endemic areas, the basic
reproduction number Ry must be brought below 1. If it is more than 1, the disease will not die out
from the area.

In [12], Mohammed e 2/ in their work titled ‘sensitivity analysis in a ILassa fever deterministic
model’ formulated a model with five mutually exclusive compartments related to Lassa fever
transmission. The result of their sensitivity analysis showed that the most sensitive parameter is the
human immigration, followed by human recovery rate, then person to person contact. This suggests
that control strategies should target human immigration, effective drugs for treatment and education
to reduced person to person contact.

In [15],0Onuorah e a/ developed a Lassa fever model using the sex structure approach. Key
to his analysis was the basic reproductive number Ry . Sensitivity indices of Ry around the baseline
parameter value were computed, which showed that the most sensitive parameter to Ry is human
birth rate, followed by condom efficacy and compliance. In [8], James ¢/ @/ proposed a mathematical
model for the transmission dynamics of Lassa fever incorporating treatment. The equilibrium states
were obtained and analyzed for stability. It was discovered that the zero-equilibrium state is stable
when the birth rate of the human population is less than the death rate and same when the birth rate
of the mastomys natalensis (reservoir) is less than the total death rates.

In [2], Adewale ¢f a/ formulated a model with six compartments to gain insight into the effect
of isolation of infected individuals and treatment of infected individuals in the dynamical spread of
Lassa fever due to effective contact of human and infected rats. The result shows that the disease
dies out whenever the threshold Ry < 1 but spreads when it exceeds unity i.e., Ry > 1.

It is worthy of note that none of the models reviewed incorporated health education
campaign as a control strategy, rather, most of the authors advised that health education campaign
should be intensified in the affected areas in order to curb the endemic nature of the disease.
Furthermore, most of the authors considered treatment of infected individuals without isolation.
Our model therefore examines the effect of public health education campaign, isolation and
treatment on the spread of Lassa fever disease (LFD) all incorporated at a time. Hence our model is
an advanced one that seeks to provide a better study and understanding of the LFD transmission
dynamics in a given population.

2. Model formulation

A diagrammatic representation of the model formulation is shown in Figure 1. The total human
population Np(t) is sub-divided into sub-classes as follows: Susceptible humans Sy, (t), Exposed
humans Ej (t) infectious humans I, (t), Isolated humans Jj, (t), Recovered humans Ry (t), so that
Nh(t) =S, () +Ex(t) + I,(t) + Jo(t) + Ry(t), Also, the total population of rats Nr(t) is
subdivided into Susceptible S,-(t), and Infected I.(t), so that; N, () =S, (t)+ L.(t).
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The susceptible human population S, (t), increases by recruitment of individuals into the
population by birth or immigration at the level Ap, the group also increases as a result of loss of
immunity by recovered individuals at a rate ®@. The population decreases by infection following
effective contact with infectious rodents and infectious humans at the level f; and [, respectively.
The population also decreases as a result of human natural death at a rate yp,.

The population of the exposed individuals Ep(t) consists of newly infected individuals
following contact with infectious rodents and infectious humans at the rate f; and f3, respectively.
The population declines as a result of progression to infectious class at a rate @ and human natural
death at a rate Uy,

The population of infectious individuals I (t) increases as a result of progression from the
exposed class at the rate a. The class decreases as a result of isolation at a rate Tq, treatment at a
rate T, natural death at a rate y and disease induced death at a rate §. The population of isolated
individuals J,(t) increases as a result of isolation of the infectious individuals at a rate 71 .The
population decreases due to natural death at the rate {p, death due to disease at the rate § and
treatment at the rate T3.

We introduce the Recovered compartment Ry (t). The population of the individuals in this
group increases as a result of treatment of infectious humans at a rate T, and isolated humans at a
rate T3. The population decreases as a result of natural death at a rate y and loss of immunity at a
rate ®.

Susceptible rodents (S;) are generated at a constant recruitment level A, and acquite infection
following effective contact with infected rodent at a rate 1. The rodents suffer death at the rate ;.
The infected class of the rodents (I,-) has newly infected rodents and reduces by natural death at the
rate [y.

Variable Description
Sn(t) Susceptible humans at time t
En(t) Exposed humans at time t
I, (t) Infectious humans at time t
In 3] Isolated humans at time t
Ry (t) Recovered humans at time t
S(t) Susceptible rats at time t
I() Infected rats at time t

Table 1: Variables of the model
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Figure 1: Schematic diagram for the model

2.1. Model equations

Lt gk OR, (ﬁ11r+ﬁz;h:(1—w)sh S,

5 _ <ﬁ11r+ﬁzllvhh)(1—w)sh (at u)E,

%: aEy — (t9 + 15 + pp + 8)Iy

Sk = 1yl — (t3 + pn + ) M
% = T3Jn + T2lp — (up + PRy,

ds;

dt = Ar— B1Srly — 1y Sy
dl,
dr = 1Syl — prly,

with initial condition

Sp(0) = Spo, En(0) = Eng , 14(0) = Ino , Jn(0) = Jno Rr(0) = Rpo , S,(0) =Sy,
Ir(O) = I,
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Np(t) = Sp(t) + Ep(t) + 1, () + Jn(t) + Ry (1), 2

where Np,(t) denotes the total human population at a given time:

ANp(t) _ dSh , dEp  dlp  dJn dRp

dl\;it(t)_ dt+ dt+dt+dt+ dt’

d—ht = Ap — UpNp(t) — (I + Jn)6.

Nr(t) = Sr(t) + Ir(t) . ©)

N,.(t) denotes the total population of rats at a given time:

dNy(t) _ dS, |, dl,

p dt( ) dt dt >
N(t
drt = Ay — U N. (D).

3. Basic properties of the model
3.1. Positivity of solutions
Let the initial data be {S},(0), E;(0), I;,(0),J,(0), R,(0),S,(0),L.(0) = 0 } € R]. Then the

solution set {Sp(t) , Ep(t), I (t), Jo (t), Rp(t), Sy (t), L. (t)} of the system (1.0) to (1.6) is positive
for all t >0.

3.2. Feasibility of the model
The closed set Q = {(Sh JEn, Iy Jn Ruy Si 1)) € RT: Ny, < :—h, N, < :—r} is positively Invariant and
h T

attracting with respect to the basic model (1).

4. The disease-free equilibrium (DFE)

The disease-free equilibrium (DFE) of a Lassa fever model is the steady state where there is no
Lassa fever infection [3]. We denote the DFE by Eq = {Sho, Eno » Ino » Jro»Rro » Sro » Iro }-
At the disease-free equilibrium,

dSp,  dE, dl, dJ, dT, dS, dl,

dt  dt dt dt dt dt dt

Thus, Eq = {Sho, Eno » Ino » Jno»Rno » Sro » Lo} = {;—Z,0,0,0,0,%,O} represents the state of

the system (1) in which there is no infection.
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5. The basic reproduction number

The basic reproduction number denoted by Ry is the expected number of secondary Lassa fever
infections produced in a completely susceptible population by a typical infective individual. It is one
of the most useful threshold parameters in mathematical epidemiology [3].

If Ry <1, this implies that on average an infected individual produces less than one new infection
during the infectious period and the disease dies out. Conversely, if Ry > 1, then each infectious
individual produces on average more than one new infection and disease spreads in the population
[3]. For a single infected compartment, Rg is simply the product of the infection rate and the mean
duration of the infection. But for complicated models, this simple definition of Ry is insufficient.

We therefore compute the basic reproduction number Ry using the next generation method as
follows [11]. For the model equations (1), the effective reproduction number (basic reproduction
number with controls) is the spectra radius of the next generation matrix i.e., R = p(FV™1) .

Our model has four Infective compartments namely the Exposed humans Ep(t), infected
humans Iy, (t), isolated humans Jj (t) and infected rats I,.(t). It follows that the associated matrices
F; and V; for new infection in the infected compartments and the remaining transfer terms are given
respectively by

(B1lr+B21p)(1-w)Sh
Np

F;, = 0 )
0

ﬁlSTIT

(a+ up)En
—O_’Eh + (Tl + Ty + HUn + 6)1h
=Tyl + (13 + pup + 8)Jn
Uy

Vi:

Next, we evaluate F and V which are the Jacobean of F; and V; respectively at Ey such that F is non-
negative and V is a non-singular matrix.

LetK; = (1 —w) and K, = A—r, then,

Ur
0 ,BzK1 0 BlKl
[0 0 0 O
F= 0 0 0 O
0 0 0 pBK;

Leta=(a+ up), b=(t1+1,+pup +98),c=(t3+u,+6),d= p,, e=a,f =14, then

23 IIMAM, Vol. 5, Issue 1 (2022) ©NSMB; www.tnsmb.org
(Formerly Journal of the Nigerian Society for Mathematical Biology)



International Journal of Mathematical Analysis and Modelling
Volume 5, Issue 1, May 2022, Pages 18 — 35

a 0 00O
~(—e b 00
V=1 o —f co0]’
0 0 od

,821(19%0@

ab b 0 d

FV—1 = 0 0 o 0

\0 0 ﬁOK

1082

00 07

We next compute [FV ™1 — AI| = 0 as follows

ﬂzKle A % 0 %

ab b 0 8
0 0-40-2 =0 (4)
0
0 0 B.K
0 0 0 —1(12—1

From (4), we obtain the following characteristic equation

1K>

PR = DO-DO-H(EE-2) =0,

The Eigen values of (4) are A; = ﬁzlzle, Ay =23 =0, Ay = 31dKz .

LetRy = Ay =222 and R, = 2, =22

d
_ af,(1-w)
Then Rn = o Crat e tint®) ®)
and R, B:z\r . (6)

Thus, the effective reproduction number (basic reproduction number with controls) of our model is

R. = Max (Ry, R;).

When there are no controls i.e. w = 7; = T, = 0, the basic reproduction number is
aBs
(a+ un)(pup+é)

)

Rh:
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6. Stability of the disease-free equilibrium

Theorem 6.1: If the effective reproduction number R, < 1 ,the model (1) is locally asymptotically
stable at the disease-free equilibrium

E, = {A—h, 0,0,0,0, A—r, 0} while Ej is unstable otherwise.
HUn Ur

Proof: To prove, we evaluate the Jacobian of the system (1) at the disease-free equilibrium and solve

|J(Ey) — AI| = 0 as follows:

1 0 P 0 —f(1-w)
~Hn 0 (1~ w) 0 o Al-w
1-w) 0
0 —(a+pu)—A Bz
0 ah _(T1+T2+‘Llh+6)_l 0 0 0
0 0 T1 0 _
0 0 Ty (T3 tpr+6)—41 0 0 g
0 0 0 o —(@+u)—A 0 pa
0 0 —Ur— A iy

0 0 0 0 0 %_#r—)L

UG

Cleatly, four eigenvalues of (8) ate: Ay = —pp, As = —(P + uy), A¢ = =y, and 1, = u, (R, —
1).Clearly Al < O,AS < O, 16 < Oand 17 <0 lf RT <1.

The remaining matrix is given by

—a — A ﬁZKl 0
A=| e -b—-2 0 |=0. )
0 f —c—A

The characteristic polynomial is of (9)  AgA® + A1A% + A, + A3 = 0, where, Ay =1, A, =
a+b+c,A, =ab+ac+ bc—eB,K; =ac+ bc+ab(1—Ry), and A3 = c(ab — ef,K;) =
abC(l - Rh)

The Routh Hurwitz criterion as used in [1] and [18] will be employed to determine the nature of the
roots, which states that all the roots of the polynomial will have negative real parts if and only if

A1>0, A3>O and A1A2 >A3

Clearly that A; >0, A3>0 if Ry <1 and A;A; > A3 if Rp < 1. This completes the
proof.
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Theorem 6.2: The disease-free equilibrium is globally asymptotically stable if the effective

reproduction number R, < 1.

Proof: A comparison theorem as proposed by [10] and used in the works of [13] and [2] shall be
used to prove the global stability of the disease-free equilibrium.
The rate of change of variables representing the infected components of the model equations (1) can

be re-written as;

X'=(F-V)X-J]X
where,

Eh ()

0 0 Ur
(a+ up) 0
V= —a (114 T2+ pp+6)
0 -7,
0 0
0 B2(1-w)Sp 0 B1(1-w)Sp
0 Np 0 Np
fi=le 0 o = (
0 0 0 0
0 ﬁlsr
(-5
Q= 755
@ﬁ

0
0

0

0
0

(t3+up,+6) 0

Hy

f(1-—w) 0 f(1—w)

0 0
0 0
0 0

0
0

QPB4

, where

(10)

Ji is a non-negative matrix since S, (t) < Ny (t) < ::—h ,S-(t) < N.(t) < ;—r in the invariant set, it
h T

follows that

X <(F-V)X

(1

D
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—(a+ up) B2(1 — w) 0 p1(1— w)
F—V = a —(T1+T2+,Llh+6) 0 8
0 7, —(13+pp +96) Bin

\ 0 0 0 i - Ur

All the eigen values of the matrix (F — V') have negative real part whenever R, < 1. See proof of
local stability. It follows that the linearized differential in equality (11) is stable whenever R, < 1.
Consequently, by comparison theorem we have that (Ep, Iy, Jp, 1) — (0,0,0,0) as t— oo .
Substituting, Ep, = I, = J, = I, = 0 into (2) and (3) we have that Ny (0) — Spg as t— o . Similatly,
N,(0) = Sy9as t— oo . Hence, we have a positive invariant region. It follows that disease free
equilibrium is globally asymptotically stable whenever R, < 1.

7. Sensitivity analysis

Sensitivity analysis is used to determine how “sensitive” a model is to changes in the value of the
parameters of the model and to changes in the structure of the model. If the result is negative, then
the relationship between the parameters and R, is inversely proportional. In this case, we will take
the modulus of the sensitivity index so that we can deduce the size of the effect of changing that
parameter. On the other hand, a positive sensitivity index means R, varies directly with the
parameter [17]. Thus, we use it to discover parameters that have a high impact on R, and should be
targeted by intervention strategies [12, 17]. The sensitivity indices of the respective parameters are

derived using the normalized sensitivity index SE ¢ defined as SE ‘= % . Rl [9].
Parameter Description Value  Source Sensitivity
index

Uy Recruitment rate of rodents 0.0038 Mohammed -2
(2015)

Ay Recruitment rate of humans 0.0250 Mohammed +1
(2015)

B1 Contact rate of humans 0.8000 Mohammed +1
(2015)

B2 Contact rate of rodents 0.2000 Adewale (2016) +1

w Rate of public health education 0.5000 Assumed -1

Up Natural death rate of humans 0.0200 CIA (2015) -0.9172

a Rate of progression from exposed to 0.3000 Assumed 0.8696

infectious state

T, Isolation rate 0.2000 Adewale (2016) -0.4759

T, Treatment rate 0.1000 Adewale (2016) -0.4759

0 Lassa fever induced death rate 0.0003 Mohammed -0.0007
(2015)

Table 2: Parameters, description, values, sources and sensitivity indices
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8. The endemic equilibrium

In the presence of Lassa fever infection, the model equations (1) have a non-trivial equilibrium
called the endemic equilibrium E*(Sy, Ep, Iy, Jn, Ry, Sy, I;7) where:

Si = -
h — [1_ @aty|(t3+pp+6)+71](1-w)A*
(a+ pup )(T1+T2+up+8)(t3+up+8)(P+up)

b

]+Hh

(1-w)apA*
{[ B @aty|(t3+up+6)+71](1-w)A*
(a+ pup )(T1+T2+up+68)(t3+up+8)(P+up)

ey
= %
Il

]+uh}(6¥+ Br) ’

a(l-w)apA”
{[1_ Daty|(t3+up+6)+71](1-w)A*
(a+ up )(t1+12+up+8)(T3+Up+8)(P+up)

+uh}(a+ up)(T1+T2+pup+6)

]* Tia(1-w)apl*
h — {[1_ Daty|(t3+up+6)+71](1-w)A*
(a+ up )(T1+12+up+8)(T3+Up+8)(P+up)

+uh}(a+ Up) (T +T2+up+6) (T3 +Up+6)

Y e
ST _ﬂl’ IT‘ Bl (RT' 1)9

R = drya[(t3+pup+8)+ 11lapd”
h — {[ B Daty[(t3+up+68)+71](1-w)A*
(a+ Up )(1'1+1'2+uh+8)(‘53+uh+6)(<b+uh)

et k) (T1 T +un ) T+ +8) (i)

A* — (.3117‘+ﬁ21h) :
Np

The endemic equilibrium satisfies the equation

fO) = AX? +BA +C =0, 11 ="2ET 0

A = Bilurap (@ + pup) (T3 + pp + )11 + 72 + pip + 6) + prapa (P + py)(t3 + pp + 6) +
Ap Ta(P + pp) + penp TiToa + B1AP T T

, where

B = an(a+m)(T1+ 72 + i+ 8) (T + i + 8)(@ + ) (1= Ry) + (1 =

R ),31(1_0))&{ T2 P[(T3+un+6)+74] _ }]
r Ap 1 Watup)(t1+7o+pp+8) (T3 +up+8)(@+up) ’

€ = — |52 (Re = DBU@ + i) x5+t + 8) (T2 + o bt + ) (@ + 1) |

In the case of backward bifurcation, multiple endemic equilibrium points must exist. Since all
parameter values are positive and between 0 and 1, and A is positive. There are three cases we have
to consider of f(4*) = 0 depending on the sign of B and C.
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Case 1: € <0 = R, > 1, there exists a unique positive root.
Case 22 B < 0,and C =0 & B?% —4AC = 0, there exists a unique positive root.
Case 3: B < 0,C >0, B> —4AC > 0, there exist two positive roots.

From case 1 to case 3, we establish the following theorem.

Theorem 8.1: The Lassa fever model has:

precisely one endemic equilibrium if € < 0 and R, > 1 and no backward bifurcation;

precisely one endemic equilibrium if B <0, C =0 and B®—4AC =0 and no backward
bifurcation;

two endemic equilibria if B <0, € >0 and B 2 _4AC >0 and it is possible for backward
bifurcation;

otherwise, there is none.

8.1. Local stability of the endemic equilibrium

We will investigate the local stability of the endemic equilibrium using center manifold theorem. We
make the following change of variables to apply the theorem:

Sh = xl!Eh = xZ!Ih = x3;]h = X4,Rh = x5JSr = x6'IT = X7.

We now use the vector X = (xq, X5, X3, X4, x5,x6,x7)T, then, the model equations (1) can be

written in the form Z— =F = (fvfofafofs fo )T giving
ax, _ Ap + Pxg — (B1x7+B2x3)(1-w)x; Ly
dt Np

dx (B1x7+P2x3)(1-w)x

L - Gt B0l (g 4y )y,
%= ax; — (11 + 75 + pp + 6 +)x3

(12)

P4 — ryx3— (T3 pp + 6

a . f1X3 (3 + un )Xy

dx

d_ts = ToX3 + 13Xy — (P + pp)xs

de

. M B1Xex7 — rXe

dx;

E BixeX7 = UrX7

Taking f, = B as out bifurcation constant and solving for f* when R, = 1 gives
g* = (a+ pp)(T1+T2+1Up+98)
- a(l-w)

The Jacobian of the system (12) when f, = B and R, = 1 at the DFE is given by
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](Eo) =
0 ® 0 -41-w)
H 0 —8,(1 — w) . , Al-o
0 —@+w) _ U ’
0 Py —(t1 + 72+ pp + 6) 0 0 0
0 0 T 0
0 0 Ty —(t3 + pp +6) 0 0 8
0 0 0 TO3 —(@+u,) O Bany
0 —HUr Hr
0 0 0 . Buny _
. 0 0 Hr T

Let V = (vq, V5, V3, Vg, Us, Vg, V7) be the left and eigen vector of (13), then,

(a+up)-p*(1-w)

Vy,, U, =0,ve=0
a—(T1+12+up+8) 2> 74 > V5 >

v; =0,v, =v, > 0(free), vy = [
_ B1(1-w)v,

v6=0, U, = (#T—‘B;—:T)'

Also, if W = (Wq, Wy, Wz, Wy, Ws, Wg, W;)T is the right eigen vector of (13), then,

_ D147, B (1-w) _ [B"(-w) (T1+72+uUp+96)
1= - 3, W = - W3,
Ur(T3+up+8)(D+up) Un Un Un
T1W3 _ [r3(zztup+8)+ri13lws

Wa = Ws > 0(free), Wa = o W T T @y e = 0 Wr =0
After computing the right and left eigenvectors we have the theorem in [4] to establish the
conditions for the existence of backward and forward bifurcation by determining the sign of aand b

as indicated in the theorem which is restated as Theorem 8.2 in this work.

Theorem 8.2: Consider the following general system of ordinary differential equations with a
parameter 5.

% = f(x,8%), f: R™ X R® » R™ and feC?(R™ x R™), (14)

where 0 is an equilibrium point of the system, thatis f(0,8*) = 0% B* and

A=D,f(0,0) = [Z—iz (0,0)] is linearization matrix of the system evaluated around 0 and with *

evaluated at O.

Zero is a simple eigen value of A and other eigen values of A have negative real parts.
Matrix A has a right eigen vector W and a left eigen vector V corresponding to the zero eigen value.
o%f
—yn k
Let f be the kth component of f and a = Y ; i=1 VgW;W; omox, (0,0),
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2

b =Yki=1 VkWigx—$ 0,0) .
The local dynamics of (14) around 0 are completely governed by the signs of a and b.

a>0,b > 0. When 8" < 0 with |f*|<< 1, 0 is locally asymptotically stable, and there exists a
positive unstable equilibrium; when 0 < f* << 1, 0 is unstable and there exists a negative and
locally asymptotically stable equilibrium.
2<0,b<0.When f*<0with |*|<< 1, 0 is unstable; when 0 <B*<<1, 0 is locally asymptotically
stable, and there exists a positive unstable equilibrium.

(iii) a > 0, b < 0. When f*< 0 with |f*|<< 1, 0 is unstable, and there exists a locally
asymptotically stable negative equilibrium; when 0 < f* << 1, 0 is stable, and a positive unstable
equilibrium appears.

(iv) a <0, b > 0. When B* changes from negative to positive, 0 changes its stability from stable
to unstable. The corresponding negative unstable equilibrium becomes  positive and locally
asymptotically stable.

Particularly if a>0, b>0, then a backward bifurcation occurs while when a<0, b>0, there is forward
bifurcation.

Computation of a and b

Since v; = vg = 0 for k = 1 and 6, we consider only k = 2,3,4,5,7. The only non-zero second
22£(00) _ B (1-w)  82/,(00) _ Bi(1-w)

order partial derivatives are:

6x16x3 Np ’ 6x16x7 Np
— [ ¢T1T3 _ ﬁ*(l—(l)) ] ﬁ*(l_w) Wzv
Ur(T3+pup+8)(P@+pup) Nppp Nhﬁ X 3 )2
D173 (1-w
L. = = —_
ctp Ur(T3+pup+8)(P+pup) and g Npup
pr(1-w)
a=(p—q)N—hW§v2. (15)

Similarly, the only non —zero second order partial derivative when calculating b is
asz(OJO) — (l_w) asz(o'o) — (1_0))
9x30B8*  Np dx308* "’ b =v,ws Ny, >0.

, b=vw;

The sign of @ in (15) depends on the sign of (p-q),if p < q, thena < 0, butif p > g, then a > 0.
Thus we have established the following theorem.

Theorem 8.3: (i) If p < q,when " changes from negative to positive, the disease-free equilibrium
changes its stability from stable to unstable. Correspondently, the negative unstable endemic
equilibrium becomes positive and locally asymptotically stable when R, > 1.

(i) If p > q, when f*< 0 with | f* | K1, the disease-free equilibrium is locally asymptotically stable

and there exists a positive unstable endemic equilibrium; when 0 < * K1, the disease-free
equilibrium is unstable and there exists a negative and locally asymptotically stable endemic
equilibrium.
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9. Numerical Simulations
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Figure 2: A graph of infectious individuals against time with varying treatment rate.
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Figure 3: A graph of susceptible individuals against time with varying rate of public health
education
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Figure 4: A graph of susceptible individuals against time with varying isolation rate

10. Discussion of results

In Figure 2, we observed the progression of the infectious human population I, (t) with time in the
presence of varying treatment rate T,. The infectious human population decreases for all treatment
rate. We observe that the infectious human population decreases faster as treatment rate increases.
At T, = 0.2 and 0.4, as shown in figure 1, the infectious human population takes 15 to 20 days to
attain its minimum while it takes 10 days to attain its minimum at T, = 0.6. This agrees with reality
because the more the infectious population is being treated, the lesser it becomes.

Figure 3 shows the progtession in susceptible human population Sy, (t) with time in the presence of
varying public health education campaign rate w. It is observed that the number of susceptible
individuals increases with time for all values of w . We further observed that increased public
health enlightenment reduces the rate at which the susceptible population is being invaded by the
disease. When public health enlightenment w is 0.5 and 0.7, the susceptible population Sy, (t) is less
than when w is 0.9. This agrees with reality because an increased public health education campaign
will keep people aware of the dangers of the disease, its mode of transmission and preventive
strategies there by reducing the infection rate.

In Figure 4, we studied the progtression of the Susceptible human population Sy, (t) with time in the
presence of varying isolation rate T,. The susceptible population increases for all isolation rates. This
is also in line with reality, because as infectious individuals are being isolated from the susceptible
ones, the infection rate reduces there by leading to an increase in the susceptible population.
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11. Conclusion

In this work, a deterministic model has been formulated to study the transmission dynamics of Lassa
fever disease. The model incorporates three control parameters, isolation T , treatment T,and public
health education campaign w. We obtained an important threshold parameter called the effective
reproduction number R.. It is known that when R, < 1 the disease dies out, and when R. > 1 the
disease persists in the population.

Because we are interested in control, we carried out a sensitivity analysis of the effective
reproduction number, which shows that the most sensitive parameter to the effective reproduction
number R, is the natural death rate of rodents p, followed by the human contact rate 8,, rodents
contact rate [, recruitment level of rodents A, and the rate of public health education campaign
while the least sensitive parameter is the Lassa fever induced death rate §. We conducted numerical
simulation and results shows that isolation, treatment and public health education can reduce the
number of infections.
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