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ARTICLE INFO ABSTRACT

Article history: In this paper, we proposed a mathematical moddisgfase transmission with effect of
Received 3 March 2016 educational program by media. Mathematical modehnalyzed by using standard
Accepted 2 May 2016 method, the equilibrium points and the stability edch equilibrium points are

published 26 May 2016 determined. The findings revealed that, the mattiealanodel of disease transmission

consisting of a system of five nonlinear differahtequations. We obtained two
equilibrium points: disease free equilibrium andl@mic equilibrium point. If the rate

Keywords: constant influenced by number of infectives equmalOtO1l and the rate constant
Mathematic model , Infectious corresponding to regular media coverage equal @t €hen the basic reproductive
diseases, modd,  Educationa| number Rg=0.583416<1, which the disease free equilibrium point is local
Program by Media, Equilibrium ) ] o ) ]

points, Stability. asymptotically stable. And the disease endemidlibgum will occur if the rate

constant influenced by number of infectives equal0t0O01, and the rate constant
corresponding to regular media coverage equal @910. The basic reproductive

number Rg =1.68171>1, which the endemic equilibrium point is local
asymptotically stable.

INTRODUCTION

In recent years, the role of media in controllthg transmission of epidemic is well accepted.ak breat
influence on the individual behaviors as well astba construction and implementation of public tieal
intervention and control policies (Simpson, 1987Jhe modern communication tools like intranet/intdr
driven services including media enabled servicesworking sites and free access to informationwedosites
have made the information available to the humasufation almost in real time. These advanced teldyies
have strengthened the pro-active roles of the medid nowadays media is alert everywhere and hadajed
the capability to capture, monitor and report ew@nor incidences of interest from one part of therld to
another part almost in contemporary times. Infertidiseases are considered as major barrier teottial and
economic development of humankind and further ¢osibiciety (WHO, 2004). The main aim of epidemiotag)i
modeling is to redvce the rate of transmission enmitality caused by the diseases. There shouldrbags
motivation and coordination between policymakerd health-care providers to accomplish the targerépare
society to fight against a pandemic and to redinee ttansmission. The target population should lwergi
appropriate information about the risk factors abdut the precautionary measures to escape fromiskase
(Khan, 2014).
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(Mosoongnern, 2010) investigate the informationnageement of the public health communication in
response to the 2009 Influenza outbreak by thei®tt#alth Ministry of Thailand. Furthermore in@s to
analyze the various channels of communicatiosed to target different audiences in resptmsiee 2009
influenza outbreak by the Public Health Ministry Bfiailand. (Avery and Lariscy, 2011). the Prevemtaf
influenza type A (H1N1) through the Department dédase Control focused on delivering newly reakive
information  to thousands of channels and tohdae public through various modes of communicgtio
including radio and television as well as postéeaflets and scholarly articles. (Goodwin, HagNeto, and
Myers, 2009) the Health Promotion and communicaitiefuding media education and communication igisri
Used in a variety of disciplines, these public alttecommunications target many issues such as SARBrax
disease and Max Incidents of terrorism in relatiorthe case of influenza type A (HLN1). The pulbi@alth
agency relies greatly on crisis communication manaant to safeguard and defend individuals in eagh af
the above-mentioned issues. So as avoiding tragatcing, purchasing mask , including . With sa@raups in
the infection spread in the country.

(Intarasuk, 2005). To prevent and control theeaging of disease. It is necessary to know thecsoof
infection , to gain adequate knowledge, so thatsmess can be taken to prevent and control disédsdia (
television,posters, brochures and newspaperskeisié¢irices of communication of Public Health Minjs of
Thailand. Aims to the educate the public througé tse of media, A public relations campaign hasbee
established, and to educate and communicate gg@uthlic the risks and dangers associated withdisease, as
well as an awareness that such channels of coinations can in fact reduce the widespread oukbofa
disease in the future. Proposed the model, isvestigate the model of disease transmission efiéct of
educational program by media.

2. Model Formulation:

In our model, we assume that the human is constdatformulate the model of disease transmission by
using basic ideas taken from epidemiology.The tbtahan populatiomN is divided into four compartments:
namely susceptible S(t), infective I(t),recoverdt) Rware susceptible Sm(t) and M(t) be the cunudadensity
of the awareness programs driven. The dynamidseoflisease is depicted in the flow chart showrign 1.
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Fig. 1: Flow chart of the mathematical model of diseasestmssion.

The mathematical model of disease transmission &ffect of educational program by media is desttib
by the following ordinary differential equations:

aS_A_1=93 _ q1_ds 1)
dt A

%‘:%wamsma—am)l —(@GH Y+ Y+ )l @)
%:(5+y+ym)l—dR ®)
ds,

—" =M -Ba,.S,1-9,)] —dS, )

dt
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dM

T%‘”#l' — HoM )
with N=S+1 +R+ S,
where
S isthe susceptible individuals,
I is the infective individuals ,
R s the recovered individuals ,
S, isthe susceptible of the awareness programsichdiis
M is the cumulative density of the awareness
programs driven,
A is the recruitment rate of human,
& isthe dissemination rate of awareness among

susceptibles due to media awareness
programs,
Ym s the driven by media awareness programs,

£ is the transmission rate,

a,, isthe aware susceptible interacts with
infective ,

is the natural death rate,

is the recovery rate,

is the constant corresponding to regular medizEme
rate,

L4 is the constant influenced by number of

infectives rate,

Uo s the natural decay rate constant of media
awareness programs,

Oy is the fraction of infectives are interacting with
susceptible,

P s the fraction of individuals that are going to
be infectious,
¥y is the natural recovery rate .

N

3. Analysis of the Model:
Equilibrium Points:

The system has two equilibrium points; a disease €quilibrium point and an endemic equilibriuninpo
We obtained these by setting the right hand siflegations. (1) - (5) to zero. Doing this, we afta

Disease Free Equilibrium Paint: ( Ep):
In the absence of the disease.,| =0, R = 0, equation (1), (4) and (5) becomes

B_p-L2AS gy _gs,

dt A

ds,

5 M - banS,0-0,)1 -dS, and

dM

- = + I _ M

ot H+ Ml — Ho
The solution of this equation 8 = HoA .S, = AU = H

HE + [od (ue + pyd)d Lo

The disease free states = ( HoA 2 e )

10101 1
HE + [4od (e + ppd)d - pg

Endemic Equilibrium Point: (E;):
In this case, the disease is presented, by setting
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1" £0,R" #0. This gives
s = oA
(U= p) o) " + (1 + g1 " )EA+ 1 dA
g = @yt yml
q :
M = p+
Ho

Sm*: ‘EAZ(#+/11|*) ,
(A= Pl + (1 + 1l eA+ oA Bt @-3,)1 +d]

. _ —Y +4Y2 - 4XY

2X

Where

X =(0+y+y,+d)1-3,)pa,[d- o)ty + A,

Y === p)uoABa, (L= 0,) — A’ 1 fa, (L= 8,) + (3 + y + y, + )

[(1- 8,) Ba e+ (L= 5,) fa koA + (L= ) 1od + f1£Ad],

Z=-(1- p)tpAd - e’ ufa, (L= 5,) + Ad(3 + y + i, + d) (e + 1d).

Basic Reproductive Number:

The basic reproductive number is obtained by teet meneration matrix. In the notation of Van den

Driessche and Watmough (2002), we start with

dx

—=F(x)-V(x) (6)
dt

where F(x) is the matrix of new infectious andf(x)is the matrix of the transfers between the
compartments in the infective equations. We obthine

0
1-p)S
234 pan =)
F(X) = 0 ,and
0
0
%uﬂ\n +dS-A
A +(y+y,)l +dl
VOISl dR-d ~(y 4y,
pa.. S, L-9,) +dS, —&SM
L HoM = 1= 4y ]
0F;(E oV:(E
whereF = M and V = M .
6X,- OXI'
for all i, j= 1,2,.3,4,5. This are the Jacobian matrix 6{x) and V(x) at Eg. The basic reproductive

number, R, , is the threshold for indicating the degree oflepiiology of the disease. It can be determined by
noting that
~1
Ry =p(FV ")
For our model, the Jacobian matrices are
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0 0 0 0 O]
0 (1_p)lu0d+ﬁam$u(l_5m) 000
(ue+ pd)d
F=lo 0 000
0 0 000
0 0 0 0 0
and
&y B o o, B0
o HE 20
0 Jompd O 0 0
V=0 0994, d O 0
gu Pagily &0
— ————= 0 Bafagytd ——
1o (s 181
| 0 i 0 0 o |

This leads to

0 0 000
o 4-pPHod + famAUl-Sm) o |
1 (O + Y+ ym +d)(ue + pd)d
FV ==lo 0 000
0 0 000
0 0 000
Thus,

p(FV_l S (- p)uod + BameAud - Om)
(0+y+ym+d)(ue + pod)d
R = (A-p)uod + Ba meAU(L - dm) @)
(0+y+ym+d)(ue + pod)d

Local Asymptotically Stability:
The local stability of an equilibrium point is éetined from the Jacobian matrix of the ordinary

differential equation (1) — (5) evaluated &g . The Jacobian matrix dfy is

U —(1-plg 0 g e
iy i s (1#6 +)Hrf e+ figd
1_]0,110 [ _6m ap
0 petupd  (ue +pd)d “rtemd 00 0
I F-t-n 40 0
5_# —ﬁﬂm(i—ﬁm)g.ﬁ# 0 -d .HDA
lhy (uz +pod)d e + fgd

0 [t 00 -

The eigenvalues of the/gare obtained by solvingdet(jg—41)=0 . From this, we obtain the
characteristic equation,
A1/15 + A2/14 + A3)l3 + A4/12 + Agd +Yg =0
Where
A =-(2d+1),
Ap =2dA+ A-2dug - 1o - B,
Ag = 2dugA+ LigA+ AB — 1B - d2 - 2dB,
Aq = 1ipAB +d2 A+ 2dAB — d 21 - 2dugB - d2B,
As =d2upA+ 2dupAB + d2AB - d2uoB

Pg =d2/AB,
ac0=p)Ho , Pam@-m)eAu
He + pd (pe + ppd)d

~(3+y+ym+d), B :[5“ + dj.
HO
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So

M =~Hg, Ap=-d, A3=-d, /‘4=_[ﬂ+d]’
HO

A5 = A= P)Ho , Faml= om)eut ~(+y+ ym +d).

He + opd (u¢ + ppd)d
From the characteristic equation, we see that fiwdgenvalues are?\1234<0 and/15 <0,
if - P)po , Pam - dm)AAu
HA + pod (A + ppd)d
The roots of this equation will be negative if tbeefficients satisfied with the Routh-Hurwitz eria
(Allen,2006).

<(0+y+ym+d).

Disease Endemic Equilibrium Point: (E;) :

To determine the stability of the endemic equilibr point. We examine the eigenvalues of Jacobian
matrix atE; , which is
-a-ps :

—@-9" - —d A 0 0 -5

ad “EP apS Bas-dn -5y O fai-dn’ o

0 O+y+ym -d ] 0

o ~Betrnll=dn) e

0 “ 0 0 )
Where are given by equations (6) . The charatieequation of Jacobian matrix at E1 given by

equations (1) — (5), becomes,
A4+Bl/13+ 82A2+83A+B4:0
Where

=lp-L-C-G, * * —a-p)"
BL= 4o C=--p)" -eM" -d,p="L"AL_

By =CG - KJ - (C +G)g + (C +G)L - DQ, A
B3 = KJ(C - 1g) - KNy - FKQ+CGug -CGL ~ F=eM",G=-1-p)S" +BamSm-Jm) =3y~ ym-d,
+(C+G)Lug + DNy~ DQup + DLQ, H =0+ y+ ym.J = ~BamSmd-dm),

B4 = CIKpp + FKNzg + CKNzg = FKQup = CGLUQ K = fama-dm)1 "L = -Bam@-dm)
= Lug — DLNz4 + DLQug, -@a-p)s’
e
We obtained one eigenvalud; =-d <0 , and the other eigenvalves four the form thetsms of

A+ A2 +Y,0% +Y,0+Y, =0. will have negative real part if they satisfy tiRouth - Hurwitz criteria

*
N=¢& ,Q=

(Allen,2006), that isn=4:a; >0,a3 >0,a4 >0,aa5az > a§ + a12a4.

4 Numerical Results:
The value of parameters used in the numericallation are given in Table 1.

Table 1: Parameter values used in numerical simulationssatde free state.

Paramete Values Unit
A 100 person
& 0.01 dayt
Vm 0.01 day
Jé; 0.000005 -
a., 0.02 dayt

0.003 day
0.01 day
0.01 day

0.2 day*
0.4 .

0.002 day

0.01666 day

o
J7
H
U 0.000003 day
5m
0
y
d
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Stability of the disease free state: Using theuesl of parameters listed in Table 1. We obtain the
eigenvalues and basic reproductive number to be:
A1 =-0.000003, A, =-1.6666, Ag =~ 0.16666, 7\4 =-133.34999, A; =-0.013189

andR, =0.583416 <1.
Since all of the eigenvalues are negative andbtisc reproductive number is less than one, then th
disease free staf® is local asymptotically stable as showhig. 2

s BB EE B

fa) b)

(€ (d)

00 o) 0
v

(e)

Fig. 2: The time series of (a) susceptible, (b) infec{itjerecovered, (d) aware susceptible and (e) the
cumulative density of the awareness programs drifsrshown, all the state variables approach to the

disease free stat&, =(2.99850130,0,5999.402453333.3333)

Stability of the endemic state: Using the valukgparameter listed in Table 1. except the value/o and

M, we set to be equal 0.001.
E; =(169.866,0.703455,42.3508,5789.48,56.7818)
The eigenvalues and basic reproductive numberbero
A, =—102.939, A, =-1.00659 A, =- 0.01666, A, =— 0.0000299443,
Ag =-424191x1078 and R, =1.68171>1.

Since all of the eigenvalues are negative andbec reproductive number is greater than one, the
equilibrium pointg; shown is local asymptotically stabld=ig. 3.

Discussion and Conclusion:
In this paper, we proposed a mathematical moddisefase transmission with effect of educationagjam

by media. From Fig. 2, we can see that #nd//, equal 0.01 the basic reproductive numBer=0.583416,
which less than one. In this case the diseasenailbccur. But when we change the value gfand//; equal
0.001. The basic reproductive numbRer =168171, which is greater than one. In this case theadisenill
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persist in the as the study of Kaur, Ghosh, Bh@&i@l4). We conclude that if the effectiveness lud t
communication educational program by media deer&@n the number of infected human increase. Bietw
the effectiveness of the educational program by iaéttrease , the number of infected human decrease
Numerical results is satisfied with the analytisuks and we applied these educational program égian as

the control measure for the disease.

ie)

Fig. 3: The time series of (a) susceptible, (b) infectiwe Xecovered, (d) aware susceptible and (e) the
cumulative density of the awareness programs dri@enty the values ofi/ and//; , we set to be equal
0.001. All the state variables approach to endestaite
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