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Abstract — A Mathematical Model was developed for
the spread and control of Lassa Lever. The model
incorporates two control parameters, the use of
condom to control human to human transmission via
sexual contact with opposite sex and the use of
Rodenticide to reduce both the dormant and active Rat
populations. Existence and stability were analysed for
disease free equilibrium. Key to our analysis is the

definition of a basic reproductive number (R;),

which is the number of secondary infections that one
infective individual would create over the duration of
the infectious period provided that everyone else is

susceptible. It is known that when R, <1the disease

dies out, and when R, >1 the disease persists in the

population.
Keywords — Stability, Equilibrium, Susceptible,
Condom, Control.

I. INTRODUCTION

Lassa fever is an acute viral Hemorrhagic fever
(VHF) first isolated in a town called Lassa in the
Yedseram River Valley in the present Borno State of
Northern Nigeria in 1969 [1]. The first victim is Laura
Wine, 65 year old female nurse who works at Lassa
mission hospital [2]. Lassa fever is endemic in
Nigeria, Liberia, Sierra Leone, Guinea, and other West
African countries, affecting about 2 — 3 million
persons with 5000 - 10,000 fatalities annually
[3]. Since its initial discovery in Lassa-Nigeria, rural
and nosocomial outbreaks of Lassa fever have
occurred repeatedly in other parts of Nigeria: Jos,
Onitsha, Zonkwa, Ekpoma [4].

[5] reported outbreaks in some cities of west African
countries of Sierra Leone, Liberia, Guinea. In Cote
d'lvoire, Ghana, Togo and Benin, no outbreak has ever
been recorded, though isolated cases show evidence of
viral circulation [6]. Lassa fever therefore appears to
have 2 geographically separate endemic areas: the
Mano River region (Guinea, Sierra Leone, Liberia) in
the West, and Nigeria in the East. However, Some
Lassa fever cases have been "imported" into the U.S.
and U.K. through travelers who acquired the disease
elsewhere [1].

Lassa fever is a zoonotic disease, i.e. it can be
transmitted from infected animal to a human. The
natural Reservoir of the Lassa virus is Multimammate
Rat species known as Mastomys Natalencesis
[7]. Because certain varieties of Mastomys often live

in human homes, the virus is easily transmitted to
humans. Transmission occurs via direct contact with
rat urine, faces, and saliva; via contact with excretion-
or secretion-infected materials; or via ingestion of
excretion-contaminated food.  Victims can also
become infected via skin breaks, and via mucous
membranes from aerosol transmission from dust-borne
particles. In some areas, the rodents are used as a food
source, thus providing additional exposure to the
infected rat blood, as well as allowing ingestion of
potentially contaminated meat. [8] stated that Health
workers become infected usually from contact with
rodent saliva or contamination of needles.

Unlike other arena viruses, Lassa virus can be

fairly easily transmitted from human to human the [9].
[10] stated that humans can contact the disease from
other humans via aerosol transmission (coughing), or
from direct contact with infected human blood, urine,
or semen. Lassa virus has been isolated from semen 6
weeks after acute illness; thusthe virus can be
transmitted to sexual partners by convalescent
men,[1].
The symptoms of Lassa fever develop about 21 days
after the infection with acute illness involving multi
organs. Specific symptoms include fever, facial
swelling, muscle fatigue, vomiting, cough, meningitis,
and hypertension. In some patients neurological
problems, including hearing loss which may be
transient or permanent, tremors, and encephalitis, have
been described the [11]

A. Mathematical Models of Infectious Diseases.

Mathematical Modeling is a tool which has been
used to study the mechanisms by which diseases
spread, it is also used to predict the future course of an
outbreak and to evaluate strategies to control an
epidemic [12].

The first scientist who systematically tried to quantify
causes of death was [13]. The bills he studied were
listings of numbers and causes of deaths published
weekly. Graunt’s analysis of causes of death is
considered the beginning of the “theory of competing
risk” which according to [12] is “a theory that is now
well established among modern epidemiologists”.

The earliest account of mathematical modeling of
spread of disease was carried out in 1766 by Daniel
Bernoulli. Trained as a physician, Bernoulli created a
mathematical model to defend the practice of
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inoculation against smallpox [14]. The calculations
from this model showed that universal inoculation
against smallpox would increase the life expectancy
from 26 years 7 months to 29 years 9 months [15].

Daniel Bernoulli's work preceded our modern
understanding of germ theory, it was followed by [16]
model on measles but it was not until the research of
[17] into the spread of malaria, that modern theoretical
epidemiology began. This was soon followed by the
work of _ [18] whose paper a contribution to
Mthematical Theory of Epidemics was published in
1927. A simple deterministic (compartmental) model
was formulated in this paper. The model was
successful in predicting the behavior of outbreaks very
similar to that observed in many recorded epidemics
[19].

Lassa fever is a viral Hemorrhagic fever, alongside
with Ebola, Marburg, and Dengue etc. Currently
scholarly article in Mathematical Model of Lassa fever
is rather scant. Articles on mathematical model for
transmission of other Hemorrhagic fever like Ebola
fever, Yellow fever, Dengue fever, abound in the
literature: [20], [21],[22] and [23]. For Lassa fever
model see; [24], [25] and [26]

In formulating the model, we assume a
homogenous mixing of the human and Reservoir host
population such that there are equal chances of
transmitting the virus when there is a contact between
susceptible human and active Reservoir host. We
represent the transmission dynamics of the Lassa fever
disease using a set of ordinary differential equations.
The total human population at time t denoted by

N, (t) is sub-divided into four (4) mutually
exclusive sub-populations of Susceptible Male S, (t),
Infected Male I, (t) , Susceptible Female S, (t) ,
Infected Female I,(t) ,

that N, ()=S,(t)+1,(t)+S,(t)+1,(1)
Similarly, the total Natural Reservoir host population
at time t, denoted by N (t) is sub-divided into

dormant Reservoir host R, (t) , active Reservoir
host R, (t), such that N, (t) = R, (t) + R, (t) .

such

B. Parameters of the Model

B The natural Birth rate of human population
Br The natural birth rate of vectors

0 The proportion of human birth that is male 0
<0<1

o

The rate of transmission resulting from
sexual interaction between infected female
and susceptible male

o The rate of transmission resulting from
sexual interaction between infected male and
susceptible female

@ The rate of transmission resulting from
interaction between active virus Reservoir
and susceptible male

a, The rate of transmission resulting from
interaction between active virus Reservoir
and susceptible female

Cy Average number of male partners acquired
by a susceptible female

C, Average number of female partners acquired
by a susceptible male

Ha Natural death rate of human population

Ha Natural death rate of Reservoir population

Y Recovery rate of infected human

o Progression rate from dormant to active
Reservoir host

51 Death rate of human population due to
infection

5, Death rate of virus Reservoir population due
to application of pesticide

& Efficacy of condom

T Compliance of condom usage

%zﬁHa\‘H +y|1_(cza1(1_57'3‘|2+aaR2)S1 - S, (1)

H

dl, (c,a,(l-e7)l R,)S

71:(2‘11( en)l, +a3R,) L+ 8, + 7)), (2)

dt Ny

% =B, 1-ON, +1, - (c, (1_87’3:1 +a,R,)S, - 1S, 3)

H
dl, _ (o, (-e0)l +a,R,)S, (4)
at N, (g, + 6, + 7)1,
dr
dtlZﬁRNR_(U+ﬂz+5z)R1 (5)
dR2=5R1*(.“2+62)R2 (6)

dt
C. Derivation of the Model Equation

The model has six compartments namely,
Susceptible Male S1 ()| Infected Male 1.,

Susceptible Female S2(Y) | Infected Female ! = (1)
dormant Reservoir host R : (1) | active Reservoir
hostR . (1), The various compartments were
generated as explained below.

The Susceptible Male population s . () is generated
through male birth, at the rate A+ N v where 0 <0 <
1. It is increased by the number of The Dormant
Reservoir R, (t) population is generated by the
natural birth rate of active virus Reservoir host
denoted by g . N, and is reduced by progression to
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active reservoir population due to maturity at the rate
o , natural death at the rate , ) and death due to
application of pesticide at the rate 5, .

The Active Reservoir population R, (t) is generated
by the progression of dormant Reservoir population to
active Reservoir population due to maturity. It is

decreased by natural death at the rate tio and death
due to application pesticide at the rat 52.

males who recovered from the infection at the
rater , itis on the other hand reduced by natural death
at the rate # 1, interaction with infected female !: ,
and active Reservoir host R:, which results to the
(c,a,(1-et)l, + a,R,)S,
force of infection Ny , Where
€. is the average sexual partners acquired by
Susceptible male S1, @1 js the transmission rate
when there is interaction between '. and S. , the
factor (* - <7 ) s the effect of condom usage by s .
« 5 js the transmission rate when there is interaction
between R . and s.. The Infected Male population
1, (t) isgenerated by sexual interaction with infected

female | () and interaction with active Reservoir

host R (1) i (c,a,(1-er)l, +a R,)S, , it is
N

H

decreased by natural death at the rate z., , death due to
infection at the rate ; and recovery of infected male
1, asaresult of treatment at the rate y .

The Susceptible Female s, (t) population is generated
through female birth, atthe rate 5 (1 - g)n , Where

0 <0 < 1. It is increased by recovered infected female
at the rate ¥, it is on the other hand reduced by
natural death at the ;, and interaction with infected
male I and active Reservoir host R, , which results
to the force of infection
(c,a ,(1-er)l, +a,R,)S, , where C is the
N H

average sexual partners acquired by Susceptible
female S, a, is the transmission rate when there is
interaction between 1, and s, , the factor _ .y is
the effect of condom usage by s, . «, is the
transmission rate when there is interaction between
R, and S,.

The Infected Female |, (t) population is generated by

sexual interaction with infected male |, and

interaction ~ with  active  reservoir g, i.e.

(c,a,(1- e )1, +a.R,)s, » It is decreased by
N H

natural death at the rate g, , death due to infection
at the rate 5, and recovery of infected female | = as

a result of treatment at the rate y . The Dormant

Reservoir g (t) population is generated by the

natural birth rate of active virus Reservoir host
denoted by 5 N ., and is reduced by progression to

active reservoir population due to maturity at the rate
o, natural death at the rate ,, and death due to

application of pesticide at the rate 5, .
The Active Reservoir population g, (t) is generated

by the progression of dormant Reservoir population to
active Reservoir population due to maturity. It is
decreased by natural death at the rate ;, and death

due to application pesticide at the rat s , .
The total human population size is given by;

N, =S, +1,+S,+1, (7)
The total Reservoir population size is given by
N, =R, + R, (8
By adding equations (1) to (4), we have;

dN

dtH =BuNy =Ny =6.(1 + 1) ©
By adding equations (5) to (6), we have;

dN

dtR = BNy — (1, +6,) (10)

I1. BAsIC PROPERTIES OF THE MODEL

In this section, the basic dynamical features of the
model equations (1) to (6) will be explored.

Theorem 1 The closed set

Bu_. Br
Ny RAR S(.”2 Jr52)}

Is positively-invariant and attracting with respect to
the basic model equations (1) to (6)

Proof

From equations (7), to (10);

D:{(sl,|1,sz,|2,R1,R2)e\Ja? 1S+ +S, +1, <

dN
dtH Sﬁ“ _'UINH’
dN
S Be - (uy + N
It follows that dN . _ ,and N , _  if
dt dt
N (1) s Baoand oy B respectively.
! H,

Thus a standard comparison theorem as in [27] can be
used to show

that N, ()< N, (O)e“im n By (17 e-mm)
Hy
and N, (1) < NR(O)E“Z(‘) . B. @_*E(’“”’S?)(‘) )
2 52
In particular N (t)gﬁiand N ()< P if
My My + 0,

N, (0) < B andy )< Pe_ respectively.
/11 ,uz + 52

Thus D is positively-invariant. Further, if

N, (0)> By ,and NR(0)>57R,then either
Ha My + 6,
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the solution enters D in finite time or
N, (t) @pproaches 5, and N _ (t)approaches
Ha
B. andthe infected variables
B, + 0,

L+, approaches 0. Hence D is attracting, that is

all solutions in ER?_ eventually enters D . Thus in

D, the basic model equations (1) to (6) is well posed
epidemiologically and mathematically according to
[28]. Hence it is sufficient to study the dynamics of
the basic model equations (1) to (6)

Theorem 2

All the solution of the model equation (1) to (6) are

positive for all time t > 0 provided that the initial
conditions are positive.

Proof

Under the assumption that all initial conditions are
positive, i.e
$,(0)>0,1,(0)>0,5,(0)>0,1,(0)>0,R,(0) >0,
and g, (0) > 0

We have by contradiction, that the solution of (1) to

(6) are positive if we assume for a contradiction that
there exists first time,

t,:s,(t)=0 and
S,(t)>0,1,(t)>0,S,(t)>0,1,(t)>0,R,(t)>0,R,(t) >0,
O<t<t, (11)

or there exists

t,:1,(t,)=o0 and

S, (t)>0,1,(t)>0,S,(t)>0,I,(t)>0,R,(t)>0,R,(t)>0,
0<tx<t, (12)

or there exists,

t,:S,(t,) =0 and
S,(t)>0,1,(t)>0,S,(t)>0,1,(t)>0,R,(t) >0,R,(t) >0,
O<t<t, (13)

or there exists,

t,:1,(t,) =0 and

S, (t)>0,1,(t)>0,S,(t) > 0,1 ,(t)>0,R,(t) >0,R, (t) >0,
0<t<t, (14)
t, 'R, (t,)=0 and

S,(t)>0,1,(t)>0,S,(t) >0,1,(t)>0,R,(t)>0,R,(t) >0,
O<t<t, (15)

tg. Rz(ta) =0 and
S, (t)>0,1,(t)>0,S,(t)>0,l,(t)>0,R,(t)>0,R,(t) >0,

O<t<t, (16)
Now with the case where

S.(t,)=0 @17
we have;

as 1(t1) H Sl(t)_sl(tl) (18)
— it - 2l il <0

dt LLT t-t,
similarly, we have
dll(t2)<0 ds 2(t3)< dl 2(t4)<0

dt ' dt ' dt '(19)
dRL(ts) o R, (ts) _

dt ' dt ’

However, from equations (9) to (14) and (19). we have

Sl’(tl) = BN, +l, (Czal(l_gr):\i +a5R)S (t,) —uSt)
H (20)

i.e

S, (t,) = BuON, + 71,50
which contradicts (16) therefore,
S, (t,) %0

and

S, , will remain positive for all t
Similarly, for the remaining variables, we have

(1)

|1’(t2) _ (Czal(l—gr,\lez +a;3R,)S, >0 (22)
S, (t;)=B,(L-0)N, +71,>0 (23)
Iz’(td):(Clotz(lfe,"fljll+0¢3R2)S2 20 (24)
Rl'(t5)=ﬁRNR>oH (25)
R, (t,) = oR, >0 (26)

These are contradictions of what was supposed for
each of the variables, meaning that
1,(t,)#0,S,(t,) =0, 1,(t,) #0,R, (t;) #0, R, (t;) ¢O.(27)

Hence | s, 1,, R,,and g, remains positive for all t

By this we have shown that all the solutions of (3.1) to
(3.6) are positive, provided that the initial conditions
are positive.

I1l. ANALYSIS OF THE MODEL AND RESULTS

A. Disease Free Equilibrium
At equilibrium states, the rate of change of the state
variables with respect to time is zero, i.e,
ds, di, dS, di, dR, drR,
dt  dt  dt  dt  dt  dt

=0

We define disease compartments as the Infected male,
Infected female compartments that is |, and I,.We
let (S,,1,,8,,1,,R,,R,)=(x,y,z,u,v,w) a
disease free equilibrium, equations the right hand side

of our model equation (1) to (6) to zero and solving
with the above change of variable, we have our DFE

E, = (X, y,z,u,v,w):(ﬁ*‘6NH 0, B A-O)Ny, ,o,o,oJ (28)
H H
B. Stability of Equilibrium

The notion of stability of equilibrium is of
considerable theoretical and practical importance, and
has been widely discussed in the literature [27], [29].
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1) Local Stability of Disease Free
Equilibrium E,
For us to analyse our disease free equilibrium for

stability we first obtain the Jacobian matrix at disease
and basic reproductive number of our model.

At DEE, the Jacobian matrix is

px a ;X
- H y 0 0
! NH NH
0 -A 0 px 0 asX
NH NH
gz a,z
J.. =| 0 —u 0 0
Eq NH 1 NH
o * 0 -A 0 a7
NH NH
0 0 0 0 - A, 0
L O 0 0 0 o (1, +6,)] (29)
where

P=c,a,(1-¢r) ) g=ca,(1-er) )
A = (,U1+51+7/)andA2 =(u, +6,+7)

2) Basic Reproductive Number (R )

One of the most important concerns about any
infectious disease is its ability to invade a population.
Many epidemiological models have a disease free
equilibrium (DFE) at which the population remains in
the absence of the disease. These models usually have
a threshold parameter, known as the basic
reproductive number g , such that when R o <1, then

the DFE is locally asymptotically stable, and the
disease cannot invade the population, but if
R, >1 ,then the DFE is unstable and invasion is

always possible see [28].
We define the basic reproductive number R as the

number of secondary infections that one infective
individual would create over the duration of the
infectious period provided that everyone else is
susceptible. We use the next generation matrix
approach as described by [30] to derive our Basic
Reproductive Number diseases.

Here, the basic reproductive number RO is the
spectral radius of the product matrix

PVt le Ry= p(FV )

Our model has two Infective compartments namely
the Infective male |;, and Infected female I,. It follows
that the matrices F and V for the new infective

terms and remaining transfer terms respectively are
given below:

pXx
0 30
I Ty (30)
qz 0
NH 1

The spectral radius of (30) is given by

px .qz
(N A
Substituting the values of x, z at equilibrium, the

p(FV ') =

values of A, P and q gives

(C3)

R - J(czal(l—sme)x(claz (-¢0p,1-0)

’ (s +6,+7))
THEOREM 3: The disease free equilibrium of the
model equations (1) to (6) is locally asymptotically
stable (LAS) if 0<R,<1

Proof
Though the local stability of DFE when  ~_ ; isa

direct consequence of theorem 2 in [30] which need
not be proved, however we confirm the correctness of
the theorem by using the standard linearization
technique. We transform (29) presented above to an
upper triangular matrix using elementary row
reduction method to have;

_ ox ax
- oy 0 = 0 -
Ny N,
oA 0 P o @ | @
NH NH
Y=o 0 -u 0 0 A,
0 0 0 -A+A 0 A
0 0 O 0 -A, 0
|0 0 0 0 o —(+65,)]
where
A, = L_,_ y ,A4 = &y + s !
Ai(N H )2 Al(N H )2 N H

Thus the characteristics equation of the upper
triangular Jacobian matrix (32) is  given by;

w7y 0 %‘ 0 %x
0 —(A+) © %‘ 0 Zﬁ—x
k9 0 0 —u+h 0 0 A
0 0 0 -(A-A+d) O A
0 0 0 0 -(3a+) 0
| o 0 0 0 o ~w+a+A](33)

Equating the product of the diagonal of an upper
triangular Jacobian matrix to zero gives the eigen-
values of the matrix, therefore the eigen values of (33)
are;
A =2y = _,U1’/12 =-A,

S gzpx As =—A,1
A, =-— +0,+7)+ , s 2

T R N Y 6y )

la:(ﬂergz)
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For local stability of disease free equilibrium Routh-
Hurwitz criteria requires that all eigen values have
negative real part. Since all the eigen-values of (33)
are negative, i.e

4, <0 for i=1,23..6 implies r, <1, hence the
disease free equilibrium DFE is locally asymptotically
stable if g <1

3) Global Stability of Disease Free
Equilibrium

Global stability of epidemiological model is
necessary and makes the model predictable as it
guarantees that the model is independent of the initial
size of the population. Global asymptotic stability
(GAS) of an epidemiological model can be established
by constructing appropriate Lyapunov function [22].
However, to establish the GAS of our model, we adapt
the method used in [32], see appendix C.

THEOREM 3. The disease free equilibrium of the
model equations (1) to (6) is Globally Asymptatically
stable (GAS) if g, <1.

Proof

To establish the global stability of the disease free
equilibrium, the two conditions (H1) and (H2) as in
[32] must be satisfied for r < 1. We write the model

equations (1) to (6) in the form

dXx
dtl =F(X.,X,)
Pt~ 6(X,, X, 6(X,.0)

where x = (x,z,v,w)and x, = (y,u)
With the components of x .g ¢, denoting uninfected
population and the components of x , cR 2 denoting

the infected population.
From (28)
Eo = (X;'O)' Xl* =

(ﬁHeN H ’O’ﬁhH (1_0)NH ’0’0’0]

M M
Now for the first component, that is globally

(34)

asymptotically stability of Xl* , We have

Xm:F(Xl,O): BuON, — X
dt ﬁH (]_79)NH - H,Z
0
0 (35)

From equation (18) we solve the first equation i.e.

% = BrON, — u;x

Using integrating factor (IF)

we have

dx (36)

RJr,ulX: BerON

which give our IF as

IF o= elm® _ gun

@7

Multiplying both sides of (36) by our IF, we have

e“l‘?j—)t(+ ey, x =e" BON (38)
Integrating both sides of (38), we have
e’'x + C, = BeONy gue c,
My (39)
eniy = PaONu oy C,-C,
Hy (40)
e‘”‘x: ﬂRBNH eml+C (41)
Hy
Multiplying both sides of (41) by e "
we have
x(t) = BN + Ce ! (42)
Hy
where
c=c,-cC,
For x(0) =0
we have that
c . _BeON, "
M (43)

Substituting (43) above into (42), we have:

x(t) = BuON _ BuON, e ™
My Hy

Similarly,

Z(t): ﬁH (l_e)NH _ ﬁH (l—@)NHe’“‘
Hy Hy

we have x (t) + z(t) » 185t - o

Regardless of the value of y (o), and ; (o)

Thus xl* _ (ﬁHgN H 0, B i (1-6)N H ,O,O,OJiS

Hy Hy

globally asymptotically stable.

Next for the 2™ condition, that is

6 (x, x,)» Wehave that

+ x(0)e !

(44)

+ z(0)e ™M

(45)

G (X, X,)= AX
—(uy+6,+7)
A Lo N, (46)
z
,\?7 ~(uy +6,+7)
H

This is clearly an M-matrix (the off diagonal elements
of A are non-negative

U+ o W)X

(pNis) —(uy +6, +y) (47)
G(Xy, X,) = (qy+an)z

T oy vy)

"

then,
G (X, X,)=AX, —G(X,, X,)207
i.e

G(X,, X,)=0
Since all the parameters are assumed to be non-
negative, it is obvious that

G(X 1, X,) =0, and this completes the proof.
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C. Conclusion

In this research work, a Mathematical Model with
standard incidence is developed and analysed to study
the transmission and control of Lassa Fever.
Mathematically we modelled Lassa Fever as a 6 —
dimensional system of non - linear ordinary
differential equation. We first show that there exist a
domain D where our model is Mathematically and
Epidemiologically well posed The  Model
incorporates two control parameters, condom efficacy

(&) and compliance () and O,which is the rate at

which both the dormant and active vector are killed
due to the use of Rodenticide/Rat poison. The Disease
Free quilibrium points of the model were obtained,
and analysed for stability. We obtained an important

threshold parameter Basic Reproductive Number RO
it is known that when R, < 1the disease dies out, and

when R, >1 the disease persists in the population.

References

[1] K. H. Tara, Virology notes in Lassa fever. 2004 Retrieved on
March 10, 2012 from www.taraharper.com/v lass.html

[2] O.E. Ogbu, C.J. Ajuluchukwu, and C.J. Uneke, Lassa fever in
West Africa sub-region: an overview. Journal of Vector Borne
Diseases, 2007,44, 1-11.

[3] J.B. McCormick, P.A.Webb, JW. Krebs, K.M. Johnson and,
E.S, Smith, A prospective study of the epidemiology and ecology of
Lassa fever. Journal of Infectious Diseases, 1987, 155, 437-444.

[4] O. Tomori, A. Fabiyi, A. Sorungbe, A.Smith, and J.B.
McCormick, Viral hemorrhagic fever antibodies in Nigerian
populations. American Journal of Tropical Medicine Hygine,38,
1988, 407-410.

[5]Promed-mail. Lassa fever - Liberia (02). Number,
2006,1001.2812. Retrieved on July 8, 2013 from
http://www.promedmail.chip.org/pipermail/promed/003770.html
[6]S.Glinther, B. Weisner, A. Roth,T. Grewing, M. Asper, C.
Drosten, P. Emmerich, J. Petersen, M.Wilczek, and H. Schmitz,
Lassa Fever Encephalopathy: Lassa Virus in Cerebrospinal Fluid
but Not in Serum. The Journal of Infectious Diseases, 184(3),
2001, 345-349. doi:10.1086/322033.2001. 11443561

[7] S.P. Fisher-Hoch, O. Tomori, A. Nasidi, G.l. Perez-Oronoz, Y.
Fakile, and L. Hutwagner, Review of cases of nosocomial Lassa
fever in Nigeria: the high price of poor medical practice. Biomedical
Journal, 311, 1995, 857-869

[8] K.C. Eze, T. A. Salami, I.C. Eze, A. E.Pogoson, N. Omodia,
and M. Ugochukwu, High Lassa Fever Activity in Northern Part of
Edo State Nigeria: Re Analysis of Confirmatory Test Result,
African Journal of Health Sciences,16(34), 2010, 52-56.

[9]World Health Organisation. Centre for Disease Control.
Imported Lassa fever. Morbidity Mortal Weekly Reports, 53(38),
2004. 894-897.

[10] J.K. Richmond, and J.B. Deborah, Lassa Fever Epidemiology,
Clinical features, and Social Concesquences. Biomedical Journal,
327, 2000,1271-1275

[11] S.A. Omilabu, S.O. Badaru, P. Okokhere, D. Asogun, C.
Drosten, and P. Emmerich, Lassa fever, Nigeria, 2003 and 2004.
Emerging Infectious Diseases,11, 2005,1642-4.

[12] D. J. Daley, and J. Gani, Epidemic Modelling: An Introduction.
New York: Cambridge University Press, 2005.

[13]J. Graunt, Natural and political observations mentioned in a
following index and made upon the bills of mortality. London:
Roycroft. 1662.

[14]H.W. Hethcote, The mathematics of infectious diseases. Society
for Industrial and Applied Mathematics, 42, 2000. 599 — 653.

[15]D. Bernoulli, and S. Blower, "An attempt at a new analysis of
the mortality caused by smallpox and of the advantages of
inoculation to prevent it." Reviews in Medical Virology, 14, 2004.
275-288

[16]W.H. Hamer, Epidemic Disease in England. Lancet 1,1960, 733
- 739

[17]R. Rose, The Prevention of Malaria, 2™ ed., London: Murray,
1911

[18] W.O. Kermack, and A.G. Mckendrick , A Contribution to
Mathematical Theory of Epidemic. New York: Raven. 1927.

[19]F. Brauer, and C. Castillo-Chavez, Mathematical Models in
Population Biology and Epidemiology. NY: Springer. 2001.

[20] N. I. Akinwande, A Mathematical Model of Yellow Fever
Epidemics. Afrika Mathematika Series 3(6), 1996, 49 — 59.

[21]L. Esteva,and C.Vargas, Analysis of Dengue disease
transmission model, Mathematical Bioscience, 150, 1996, 131-151.
[22]S.M. Garba, and A.B. Gumel, Mathematical Recipe for HIV
Elimination in Nigeria. Journal of the Nigeria Mathematical
Society, 29, 2010,51-112.

[23]R. Carol, B. Francisco, and G. Stephanie, Modelling the Impact
of Ebola and Bushmeat on the Western Lowland Gorillas.
EcoHealth Journal Consortium, 4, 2007, 151-155.

[24]M. Bawa, S. Abdulrahaman, O.R.Jimoh, and N.U. Adabara,
Stabilty analysis of the disease-free equlibruim state of Lassa fever
disease. Journal of Science and Technology, Mathematics and
Education (JOSTMED), 9(2), 2013,115 — 123.

[25]D. Okuonghae, and R. Okuonghae, A Mathematical model for
Lassa fever. Journal of the Nigerian Association of Mathematical
Physics, 10, 2006,457-464.

[26] C.O. Ogabi, T.V. Olusa, and M.A. Madufor, Controlling Lassa
Fever in Northern Part of Edo State, Nigeria using SIR Model. New
Science Journal 5(12), 2012, 115-121.

[27]V. Lakshmikantham, S.Leela, and A.A. Martynyuk, Stability
Analysis of Non-linear Sysytems, 164. New York and Basel: Marcel
Dekker, Inc. ,1999.

[28] H.W. Hethcote, An Immunization Model for Heterogeneous
Population. Theoretical Population Biology 14,1978, 338-349

[29] R. M. Anderson, and R. M. May, Infectious Diseases of
Humans: Dynamics and Control. Oxford: Oxford University Press.
1991.

[30] V.P. Driessche and J.Wathmough, Reproductive Number and
Sub-Threshold Endemic Egilibria for Compartment Modelling of
Disease Transmission. Mathematics Bioscience, 180, 2005, 29-48.
[31]M.S. Garba, A.B. Gumel, and M.R.  Abubakar, Bakar
Backward Bifurcation in Dengue transmission dynamics.
Mathematical Bioscience, Doi:10.1016/j.mbs.2008.05.002.

[32]C. Castill- Chavez, Z. Feng Z and W. Huang On the

computation of Roand its role on global stability, 2002.

ISSN: 2231-5373

http://www.ijmttjournal.org

Page 7




