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The Effect of Awareness Program by Media on the Transmission

Mathematical Model of Leptospirosis
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Abstract

This paper, aimed to develope and analyze a non-linear mathematical model for the effect of awareness
programs driven by the media on the spread of Leptospirosis. The awareness program are treated as an intervention
for the emergent disease. We divided the susceptible populations into two sub-classes: susceptible class and
aware susceptible class. We assumed that susceptible individuals who come across with media campaign move
to aware susceptible class and in general avoid contact with infection. This model is analyzed by using stability
theory of differential equations. The results show that if the basic reproduction number R, <1, then the disease
dies out, however, if R, > 1, then the disease becomes endemic. Our analysis shows that the awareness programs

driven by the media have positive impact in reducing the infection prevalence of the infective population.
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Introduction

Leptospirosis is a zoonotic bacteriological disease, caused by members of the genus Leptospira. The
human is infected by drinking water in which a rat was found dead, and cattle that drink this water become
infectious. The human whose urine is used by other animals and cattle is also infected because the leptospirosis
disease germs come out in urine. Those who wade through dirty water are mostly infected from this disease
[1]. Infection induces antibody production in the animal renal carriers, shedding leptospirosis in their urine
several weeks or even months after infection. The symptoms of leptospirosis are generally flu-like, but the
disease can result in liver damage and renal failure [2]. In Thailand, leptospirosis occurs mainly in the rainy
season, with an increase in cases beginning in August, reaching a peak in October, and beginning to fall in
November [3].

Mathematical model play an important role to present the transmission dynamics of different diseases.
Many models have been proposed to represent the dynamics of both human and vector population. Pongsuumpun
et al. [4] developed mathematical models to study the behavior of leptospirosis disease. They represent the rate
of change for both human and rats population. The human population is further divided into two main groups:
juveniles and adults. The dynamical interaction including local and global stability of leptospirosis infected
human and vector population can be found in Zaman et al. [5]

The media may be the most important source of health information for the general public; it can play
a special role in providing a voice for people to express their experiences of illness [6]. In 1998 American
‘National Health Council” conducted a study, where it is was observed that 75% of the people receive health
news via the media (40% from the TV, 35% - by magazines or journals, 16% from newspapers, and 2% through
the internet) [7]. Recently some scholars used mathematical models to discuss the impact of awareness programs
on the diseases spreading and controlling in a given region. Statistical analysis on AIDS awareness programs
shows that public awareness can play an appreciable role in preventing the AIDS epidemic [8]. Misra et al. [9]
investigated the effects of awareness programs on the spread of infectious diseases and concluded that the spread
of an infectious disease can be controlled by using awareness programs but the disease remains endemic due
to immigration. Kaur ez al. [10] studied modeling and analysis of an SIRS epidemic model with effect of
awareness programs by media found that the awareness programs driven by the media have positive impact in
reducing the infection prevalence of the infective population in the region under consideration.

In this present study, we have proposed and analyzed epidemic model to study the effect of awareness
programs conducted through media campaigning on the spread of Leptospirosis. This some of the human beings,
if someone is not listen to any of the media awareness programs and will interact with infectives in anyway.
Hence, sending them back to unaware susceptible class is not reasonable as once someone is aware. In our
model we have kept such kind of individual in aware class only but we assume that they interact with infectives.

This leads to the assumption that some fraction of total aware susceptible population is interacting with infectives.
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The paper is organized as follows. In Section 2, we present the mathematical model. Section 3, we
show the basic properties of the model. Section 4, our model is analyzed with standard dynamical method.

Section 5, we present numerical simulation of the model. Section 6, we conclude with a short discussion.

Mathematical Model
We consider human population of size N,, divided into four subclasses; susceptible class S, , infective
class I,, ,recovered class R,, and aware susceptible class S,, . Similarly, the rat population of size N,, is divided
into two subclasses; susceptible class S, and infective class /,, . Let M be the cumulative density of the awareness
programs driven by media in the region under consideration. It is assumed that susceptible individuals who
come across with media campaign move to aware susceptible class, in general, they avoid contact with infectives.

The disease is described by the following system of non-linear differential equations:

djt” =b, +A,R, — 1, S, =S, 1, —PS, 1, —aS,M (1)
“Z_;f = BSuly + BoSuly+ BiSyly — ttyLy Syl — vl (2)
dj;t” = Vol = Hy Ry =2 Ry, (3)
dj_:l —aS, M — .S, 1, — 1,5, (4)
S by S, = Sy ()
Do Sl =l =0, (6)
dd—Af=ﬂ+/1JH—ﬂoM (7)

S,00)>0,1,(0)=0,R,(0)=0,S,,(0)=0, S,(0)>0, 1,(00=20,M(0)=0.
with initials conditions .

The flow diagram describing population movements between the compartments is shown in Fig. 1.
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Fig. 1 Flow diagram for the spread of Leptospirosis

Here, b,, is the recruitment rate of human population ; b, is the recruitment rate of rat population ;
B, B,, B;and f, are respectively represent the transmission coefficient between human, susceptible human
and infective human, susceptible human and infective rat, susceptible rat and infective human, and aware
susceptible human and infective human ; & is the dissemination rate of awareness among susceptibles of human
population due to media awareness programs ; 4, is the natural death rate of human population ; ¢, is the
natural death rate of rat population; A,, is the rate at which individual from recovered class move to susceptible
class again after loosing immunity; y,, is the natural recovery rate constant; J,, is the disease related death rate
of human population; 0, is the disease related death rate of human population; # is the rate constant
corresponding to regular media coverage, 4 is the rate constant influenced by number of infectives and 4, is
the natural decay rate constant of media coverage/awareness programs.

The total dynamics of human population ( N,, ) and the total of rat population ( N, ) are given by

N,=8,+S,+1,+R, and N, =S, +1,, respectively.
dN

dtH =by —pyNy =6yl

a, _

dt
dR

d_tH:yH[H_/uHRH_/lHRH

ds,,

dt

dN

TZR :bR — Uy Ny _é‘RIR

(ﬁl]H +ﬂ21R)(NH _SM _IH _RH)+ﬂ4SMIH _luHIH _5H[H _}/HIH

:(’-M(NH_SM_IH_RH)_:BASMIH_:UHSM (8
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dl
7: =pd, (NR _IR)_luRIR =01,

M
ar p = p M

Basic Properties
Since the model monitors human population, rat popalation and media coverage, it is assumed that all
the state variables are non-negative at time ¢ = 0 . All parameters of the model are assumed to be non-negative.
It then follows from the differential equations that the variables are non-negative for allz > 0 . In the absence
of leptospirosis infection, N, < b—H, N, < b—R and M < Yl as t — oo . The solution of system (8) with

1 Hy Hy
initiate in Q) remain in the region Q) . This result can be summarized in the following theorem:

Theorem 1 Let (S,,1,.R,,S,,,S;, 1z, M) be the solution of the system (8) with initial conditions
S,00)>0,1,0)=0, R,(0)=0, S,,(0)>0, S,(0)>0, [,(0)=0, M(0) >0 and closed set

b b
Q={(SH,]H,RH,SM,SR,IR,M)ERZ;NH <2 N, <% M si}.
Hy Hp Hy

Then Q is positively — invariant and attracting under the flow described by the system (8).
Proof Consider the Lyapunov function [11]
V(t)=(N,(t),N,(t),M)=(S,, +1,, +R,, +S,,,S, +1,,M)

The time derivative of this equation is given by:

dv
E:(by = Uy Ny =01y, by = g N =6l it + g1y — 14, M)

Now it is easy to prove that

dg” <b, —u,N, Jor N, Zb—H
t Hy
dN b
dR <b, — N, for N,>-%
t Hp
d—MS,u—,uOM for m>E
dt Hy

dv
Thus is follows that E < 0 which implies that Q is positively — invariant set and a standard comparison

theorem [12] is used to show that
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b, b
Thusas t—> o, OS(NH,NR,M)S(—H,—R,i] and so Q is an attracting set.
Hy Hp Hy

Mathematical Analysis

Firstly, we consider the equilibrium points for the model. Since the local stability of disease free
equilibrium point and disease endemic equilibrium point is governed by the reproduction number of the model.

4.1 Equilibrium Points

In order to obtain equilibrium points, we set all equations of the system (8) equal to zero. Our model
has two non — negative equilibrium.

1) Disease Free Equilibrium: DFE

Theorem 4.1 — 1 There exists disease free equilibrium point E, (N, , R, ,S,,, Ny, Iy, M) of the system (8).

b
Proof  In the absence of disease, thatis /,, =0 and I, =0, we obtained N, = I R, =0,
Hy
b b
Sy o N, =—and M =~ where ay =y + Ay, ay =y (4, + A, )and
Qpa, + fy a, Hy Hy

ay = oy (:uH +/IH) :
b b b

Then E,(N,, 1R, S, Ny, M) = —,0,0,— 2% Tx o 2|
Hu oua, +u,ay Hy

2) Disease Endemic Equilibrium: DEE
Theorem 4.1 — 2 There exists disease endemic equilibrium point E,(N,,,1,,,R;,,S,,, Ny, Iz, M) of the

5

system (8) if 4 I 3+A I 2+A1* +A4,=0and A4 A4, —A, >0 where I, has positive roots.
1 H 2 H 3°H 4 2473 4 H

Proof  This is disease endemic equilibrium point as £, (N; ,I;, ,R; ,SL , N; ,]; M)

5

2 *
b, —=6,1, . vl §" _ % ([H) +asly, +ag

where N, = H R = > Oy *
My Hy + 4, a,l, +ag
b (B, +p, +S . +ul,
;: *R(ﬂSH :u[e 2R) . and M _ My )
BiOplyy + Bipiplyy + iy + 1z 0 Hy

Let a, = u, +A,,a, = 1, (,uH +ﬂu1,),a3 = oy (,uH -i-/ln),a4 = (—(X,u1511611 —oa, —(x,uly”j/”)
a; = (opb,a, —aud, a —opa, —op,y, ),a; = ouby,a,,a, = ama, + f,a,,a, = 0pa, + [, a;
A = (1 By =ty B) s, (8, B+ 1 B+ 1 = Sy 11y ) 4 = gy Bty
A =y By =ty B ayas + (b B =7y iy ) sy = (8, By + 6, iy + iy By + phy, iy g ) ayag =
Hy?uBas = (S Boaia + iy Poaia, + iy foaiay + ¥y Brtts ) s
b, paa, — p, praas — o, Ba,a, —] I,

A = - aa, +(b, B - aag +
3 (IUH:B4 /UH:BI) 1%6 (Hﬂl yH#H) o [luHﬂZaIGE_ltuHﬂ2a8
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A = (1t By = 11y B, ) 0y + (by B, = 7 bty ) +(bHﬂ2a‘a7 nPhas =0y _]IR,
Hoy Brtag = 7, Pt

and 4, = (b, fra,as — u, frayag) 1, .

Then we have 4, (I; )3 + A4, (];1 )2 +A3I:, +4,=0 )

It is clear that if 4,4, — A, >0 then one of the roots of cubic equation (9) will be positive.

4.2 Basic Reproduction Number
In the following, the basic reproduction number of system (8) will be obtained by the next generation
matrix method [13].
We rewritten the system in matrix form @ = F(x)—V(x), Here F(x)represent the rate appearance of
new infections and ¥7'(x) represent the transfer%tf individuals. The matrices F(x) and V' (x) for the system are

computed as follows.

0
(ﬂlIH +ﬁ21R)(NH =Sy~ 1y _RH)+ﬁ4SMIH
0
F(x)= 0 ,
0
Bl (NR _IR)
0

Uy Ny +6,1, by
(Uy + 6, +yu)ly
(ty + )Ry =yl y
V(x)=|B,Sy 1y + 1y Sy —oM (N, =S, —1,,— R, ) |W
Mg Ny +6ply = by
(g + )1y
MM — pr— i1,

e get Jacobain matrix of F'(x) and V' (x) evaluated at £,

0 0 0 00 0 0
[ b, aub,a, j
D
0 My opa, + Hya, 00 0 [b_H_ by a, jﬂz 0
" Boub,a, Hy  opa, + pHya,
opa, + Hya,

J(F(E))=0 0 00 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 Piby 000 0 0

Hp
K 0 0 00 0 0]
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Sy 0 |
0 Hy +0, +7y 0
7y M+, 0
J(V(E))=| £ (—ﬁ by ﬁj/@, w+ 0 0 (—“”bﬂ"l —b—H] 2, |Th
Hy Qua, + fHyd; M 0 Oua, + tyay My
0 7 0
0 U, +6, 0
L —H 0 0 Ho

e basic reproduction number R, is given by the spectral radius of the next generation matrix V™' Hence

R, = ,O(FV’l ) , where

b,  aubya
Hy  Opa, + Uy, a,

b

(0 0 0 0 0 0
00 0 00
Fr'=lo 0 0 0 0 0
000000
00 0000
000000
00 0000
bi_a,ub,,a]

aua, + 1, a P

Thus, R, = Hy Ha, + Hy dy
My + O

4.3 Stability Analysis

Uy + O

o

S O O O O

(10)

The local asymptotic stability of the disease free equilibrium point £ and disease endemic equilibrium

point E1 is established using variational matrix method and stated in the following theorem.

1) Stability of Disease Free State

Theorem 4.3 — 1 The system (8) with all positive parameters has a unique disease free equilibrium point E|

and if R, <1 then E, is locally asymptotically stable

Proof

b
EO(NH’IH’RH’SMﬂNkﬁlR’M)=(_H>O>O>

Hy

oub,a,

Hence /,, =0 and /, =0 the disease free equilibrium is
bR
opa, + Hya, ’ Hp

L0,
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Ay =—My, A =—4t, , A and A, aresolution of quadratic equation A* + B A + B, = 0 . By the Routh-Herwitz
criteria [14], if B, >0 and B, > 0, then roots of the quadratic equation have negative real part. Hence, the
disease free equilibrium point is locally asymptotically stable.

2) Stability of Disease Endemic State
Theorem 4.3 — 2 Suppose R, > 1 then there is a unique disease endemic equilibrium point El of (8) which is

locally asymptotically stable.
bH _§HIH R = 7/11[11

Proof  The disease endemic equilibrium is N,, = , R, = ,
Hy My + 2y
* 2 * * %
= _a4(IH) +agl, +ag N = bR([)’3IH+,uR+5R) M*_/H'M]H
M= * Vg = : . M=
a; 1y +ay BiSelyy + Bty + i + 1S Hy

* *

and 1}, is the solution of 4, (I, ) +4,(I;,) + 4,1}, + 4,=0

The Jacobian matrix of the system (8) at E, is
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By Routh-Hurwitz criteria [14] since H, >0 forall i =1, 2, 3, 4, 5, 6, 7, each eigenvalues of (12) has the

negative parts.

Numerical simulation

In this section, we present the numerical simulation of the dynamical behavior of model. The set of

parameter values are given in Table 1.

Table 1 Parameter value used in the numerical simulation

Parameters b, b, u, g, O, O¢ Ay ¥y A B, By

values (day ") 19 45 0.2 0.2 0.002 0.025 0.005 0.003 0.000075 0.00002 0.000005

Reference [5] Assumed

The stability of disease free equilibrium point E| is show in Fig. 2, we choose £, =0.00009, x = 0.1,
My =0.03, £,=0.001 and & =0.0002 and keep the other values of parameters to be those given in Table 1.
The disease free equilibrium point Eo for above set of parameters is as follow : N, =95,1, =0,R,, =0,
S, =0.315615,N, =225,1, =0,M =3.33333 . The eigenvalues and the basic reproduction number are
obtained as : A =-0.205,4, =— 0.200667,4, =— 0.2, 4, =— 02,4, =— 0.03, 4, = — 0.0989485,
A, =—0.0989485, R,= 0.197897 . Since all the eigenvalues corresponding to Eo be negative and basic

reproduction number is less than one, the disease free equilibrium point EO will be local asymptotically stable.
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Fig. 2 Time series of the (a) total of human population, (b) infective human population,
(c) recovered human population, (d) aware susceptible human population, (e) total of rat population,
() infective rat population and (g) the awareness programs driven by media. The fractions of populations
approach to the free disease equilibrium state E(95,0,0,0.315615,225,0,3.33333).

The stability of disease endemic equilibrium point E, is show in Fig. 3, we choose £, =0.009,
#=0.001, t,=0.3, f;=0.01 and 4 =0.00002 and keep the other values of parameters to be those given in
Table 1. The interior equilibrium point E, for above set of parameters is as follow : N; =94.979,
I, =2.09713,R,, = 0.0306897, S, =0.000679979, N, = 224.995, I, =0.0419338, M~ = 0.0732376

The eigenvalues and the basic reproduction number are obtained as : 4, = — 0.299998,1, = — 0.274514,
A, =—0.204985, 1, = — 0.200013, 4, = — 0.199945, 4, =— 0.199945, 4, = — 0.149068, R,=1.94936.
Since all the eigenvalues corresponding to E, be negative and basic reproduction number is more than one,

the disease endemic equilibrium point £, will be local asymptotically stable.
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Fig. 3 Time series of the (a) total of human population (b) infective human population (c) recovered human
population (d) aware susceptible human population (e) total of rat population (f) infective rat population and
(g) the awareness programs driven by media. The fractions of populations approach to the disease endemic
equilibrium state E,(94.979,2.09713,0.0306897,0.000679979,224.995,0.0419338,0.0732376) -

Conclusion

In this paper, a nonlinear mathematical model is proposed and analyzed to determine the effects of
awareness programs driven by the media. The model is divided the human population into four subclasses and
rat population into two subclasses. It has been considered that the growth rate of awareness programs impacting
the population is assumed to be proportional to the numbers of infective class. It has been further assumed that
due to the effect of media, susceptible class individuals form a separate class of aware susceptible class individuals.
By analysis the model, we have found parameter R, . It is noted that when R, <1then the disease dies out and
when R; >1, the disease becomes endemic. The model has two non-negative equilibrium namely the disease
free equilibrium E, and the disease endemic equilibrium E, . It is found if R, <1, the disease free equilibrium
E, is locally asymptotically stable and if R, >1, then £ is unstable and the infection is maintained in the
population. The endemic equilibrium £, is always locally asymptotically stable when R, >1. The numerical
simulation We found the value of Rjwere 0.197897,1.94936 when g =0.1, 1, =0.03, 1y =0.001 and
#=0.001, g, =0.3, g, =0.01 respectively. The analysis showed that awareness programs through the media
campaigning are helpful in decreasing the infective class in a human population. By awareness programs, at least
we could have prevented diseases whenever possible and where not possible to minimize complications and

maximize quality of life.
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