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ARTICLE INFO ABSTRACT

Article history: The objectives of this study were to develop andlyze the effect of educational
Received 3 March 2016 campaign on the dynamics of chickenpox. Mathemiatiwadel is analyzed by using
Accepted 2 May 2016 standard method, the equilibrium points and thbilitaof the equilibrium points are
published 26 May 2016 determined. The research results, we obtained eitbematical model of chickenpox

which represented by a system of four nonlineafediftial equations. The human
population is divided into four compartments, spéitde, exposed, infectious and

Keywords: recovered. By numerical analysis we obtained tBeadie free equilibrium point which
Mathematical model, Chickenpox, the basic reproductive number is 0.642857, 0.4285%10.214286 with the value of
Educational campaign, Stability, educational campaign at 0.25, 0.50 and 0.75, réspBc For the endemic equilibrium
Equilibrium points, point, the basic reproductive number is 5.75512663 and 4.04081 with the value
Basic reproductive number. educational campaign at 0.25, 0.50 and 0.75, réspBc It can conclude that if we

increase the effectiveness of educational campttign the number of chickenpox
case will decrease.

INTRODUCTION

Chickenpox is a common disease in both childrehadults. Symptoms of infection Vallicella, whicarc
enter the body by touching the blister wat€hickenpox spreads in the air through coughing raesging.
Chickenpox most commonly causes an illness th&t Esout 5-10 days (CDC,2015).

The situation for the spread of chickenpox in Tdra from January to June in 2014 are reported the
number of patients with chickenpox 63,510 patiemtsepresenting a rate of 99.12 cases per huntieedgand
population. Considering the trend of chickenpothi& past 10 years find the number of patients asing.

From evaluation to information and public condirct2011. It is evident that the public has veryldit
knowledge of chickenpox and the trend of increasintpreaks of chickenpox. Due to the proposed aedi
campaign to educate the media exposure and awarehé&se human in Thailand are low. For this reasee
proposed the model of chickenpox with effect ofeational campaign.

Mathematical studies enable us to understandpttead of chickenpox and the results of the studganh
also help us understand the factors to controlefhiedemic. The development of the model can be t&fjus
according to the specific characteristics of thelemic. This study is based on Baffoe (2013) byirgic
parameter that is educational campaign to cont®lchickenpox . We have also used the model ofaidiw
(2014) to develop the model. Halloran et al. (1994%)posed an age-structured varicella model wititiveation,
but without zoster, to study the incidence, agéridigtion of varicella cases, and the sensitivityesstimated
parameter values. Macartney et al. (2005) proptsednodel of varicella. Theesearch results showed that the
vaccine is safe and highly effective in reducingicglla-related disease with universal varicellacmation of

Open Access Journal

Published BY AENSI Publication

© 2016 AENSI Publisher All rights reserved

This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0

To Cite This Article: Jittiporn Preecha, Surapol Naowarat and Surin Samamé&ffect of Educational Campaign on the Mathémaht
Model of ChickenpoxAust. J. Basic & Appl. Sci., 10(11): 126-132, 2016




127 Jittiporn Preecha et al, 2016
Australian Journal of Basic and Applied Sciences,d(11) Special 2016, Pages: 126-132

children in the USA over the past 10 years. Edmuwemid Brisson (2002) brought to bear that infant VZV
vaccination could lead to an increase in adultaliseor a temporary increase in the incidence ofgids.
Studies indicate more effective vaccination is etvpnting varicella. Understanding the mechanisors f
maintaining immunity against varicella is critidalr predicting the long-term effects of vaccinatioarnett
and Greenfell (1992) examined the possible infleeotzoster on the transmission dynamics of vddcéiut
did not investigate the impact of vaccination or fhcidence of zoster (their model assumes a casta
background force of infection of zoster which rensaunchanged through time). The objectives of shigly
were to develop and analyze a mathematical modehiwkenpox with the effect educational campaign,
achieve a better understanding of the spread akehpox. It can reduce the spread of chickenpox smd
guide surveillance and control chickenpox.

2. Model Formulation:

Our SEIR model was developed from the chickenporlehgiven in Baffoe (2013) and adding educational
campaign. The human population is divided into feub-classes, that is the susceptible human(Shsexp
human(E), infected human(l), and recovered humgn\(R denote the total numbers of human by N(t) and
denote sub-classes of human by S(t), E(t), Ifgl, R(t), respectively, so that

S(+E@)+I(t)+R(t)=N().
The transmission dynamics associated with thelsekasses are illustrated krig.1

Fig. 1: Flow chart of chickenpox model.

The dynamics of flow chart are described by tHlewang ordinary differential equations:
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3. Analysis of the Model:
Equilibrium Points:
By using the standard method for analyzing our ehdithis system has two equilibrium points; disefase
and endemic equilibrium points. We obtained thegediting the right hand side of equation (1)i@}kero.
Doing this, we obtained.
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Disease Free Equilibrium Point (g ):
In the absence of the disease in the communiy,ishe =1 =0, we obtained,
(1-g)mN cpnNJ
T

E,(SELR = E,[

u

Endemic Equilibrium Point (g, ):
In case the disease is presented in the community, we obtainedE (S, E, ¥ B
_ (-9
@-upl +u’
_ - u)3(1- ) TTNI
(K+p)(@-uPBl +p)’
o= KEAZp)BA- QTN (v+p)(K + o
(y+)(K-p)(L-u)p ’
R = oMY
u

Local Asymptotically Stability:
The local stability of each equilibrium point igtdrmined from the Jacobian matrix of the system of
equations (1)-(4) by considering the signs of paats of all eigenvalues. The eigenvalug¥ 4re the solutions
of the characteristic equatiofet(/-Al)=0. Where J is the Jacobian matrix at equilibrium poiht,is the
identity matrix dimensionx4 . Equilibrium point is locally stability, when adigenvalues are negative real part.
The Jacobian matrix at , we get

o ha-ud-emN
H

‘]0: 0 —K—U w 0
H

0 K -y—-u 0

0 0 y —H

The eigenvalues of the), are obtained by solvinglet(J, - Al )= ¢. From Eqn. (1)-(4), we obtain the
characteristic equation,
(-1=A)(-u=A)(\*+Ar+B) =0
Where
A=K+2u+y,
K- uB@-@)nN
-
From the characteristic equation, we see that gigenvalues ar@LL2 =-u <0 . The other two are the

B= (Y+KH+Ky+)’ -

solutions of the characteristic equation. Thdsad this equation will be
negative if two coefficients satisfied with the RiaiHurwitz criteria (Allen,2006).

1) A>0 2)B>0.

Disease Endemic Equilibrium Point:
To determine the stability of the endemic equilibr point.
matrix atg; , which is

We examine the eigenvalues of Jacobian

--uBl-p 0 -@1-upsS O
3= (1-uBl -k-p (1-upS O
' 0 K Y- U 0
0 0 y —H
The eigenvalues of thg, are obtained by solvingiet(J, - A1 )= 0. We obtain the characteristic
equation.

(‘H _)\)()\3 + yl)\z + yz)\ + ys) =0
Where
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y,=F+G+H,
y, =FG+ FH+ GH-k L.
y, =FGH+KLP-KLF.
With
F=(1-uBl +y,
G=K+p,
H=y+y,
L= (1—u>:3[(1_“’) ™ j
(1-uPl +p
P=(-upl.
The three eigenvalues of
A +yA2+y ) +y, =0 Will have negative real part if they satisfy theugh - Hurwitz criteria (Allen,2006), that is

Yi¥2 > Y-

Basic Reproductive Number (R, ):

We obtained a basic reproductive number by usieghext generation method. Rewriting the equatihjs
(4) in matrix form

dX

E:F(X)—V(X) (5)

Where F (X) is the non-negative matrix of new infection terrmsdV ( X) is the non — singular matrix of

remaining transfer terms.

Letting
s
x=|E

|
R
0
Foo= 470P5 |
0
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For our model, the Jacobian matrix becomes
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The inverse of i¥/
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4 Numerical simulation:
In this section, we considered the dynamic of SEi®lel with educational campaign at disease free an
endemic state. The parameter values leading tasksieee state are showTiable 1.

Table 1: The values of parameters for disease free state.

Parameters Description Values Unit
T Birth rate of human 0.40 year
U Death rate of human 0.40 year'
)i Exposure rate of infection 0.0001 yeéar
K Incubation of chickenpox 0.30 yéar
Y Convalescence of patients with chickenpox 0.60 Year
® Vaccination rate 0.80 yehr
u Effect of educational campaign 0.25,0.5,0.75 -
N Total number of human 100,000 person

— u=025
u=050
—— u=075

Fig. 2: (a) Time series of susceptible humési), (b) exposed humdiE), (c) infected humar(Z)and (d)
recovered humafR) . All the state variables approach the disease fege.s

The values of eigenvalues and basic reproductiveber as varies the values of u as shown in eTabl
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Table. 2: The values of basic reproductive number and idengalues.

Pages: 126-132

u = 0.25 u = 0.50 u = 0.75
Ro= 0.642857 Ro= 0.428571 Ro=0.24128
A =-1.63899 A=-15 A =-13217
A =-0.40 A =-0.40 A =-0.40
A =-0.40 A =-0.40 A =-0.40
A =-0.0610133 A =-0.20 A =-0.378301

i —— u=025
— u=0s0
u=075

w0

e
-

Fig. 3: (a) Time series of susceptible huma$)( (b) exposed humank(), (c) infected human (), and (d)
recovered humankg(). The values of all parameters used in Table.k@y®=0.0004 and ¢ = 0.4.

All the state variables approach their endemi@stat

The values of eigenvalues and basic reproductiveber as varies the values of u as shown in eT&bl

Table 3: The values of basic reproductive number and thensialues.

u=0.25 u=05 u=0.75
Ro= 5.7551 Ro= 5.32653 Ro=4.04081
4= -0.40 4= -0.40 4= -0.40
5= -1.98851 4= -1.97201 7= -1.94633
7= -0.503364- 44= -0.477833- 44= -0.391122-
0.301262i 0.297929i 0.270352i
7 = -0.503364+ )= -0.477833+ 4= -0.391122+
0.301262i 0.297929i 0.270352i

5 Discussion:
In this study, the simulation results we cantbeéfrom Fig. 3, when u=0.25, u=0.50 and u=0.7%Win
R, = 5.7551, 5.32658nd 4.04081, respectively. It mean that the ctmipke will occur in the community. But

when the value of u=0.25, u=0.50 and u=0.75 weiobigy decreasethis mean that the chickenpox will died
out (Rittisak andNaowarat 2015) as shown in Fig..2

Conclusion:

In this paper, we proposed the mathematical moflehickenpox with effect of educational campaign.
Mathematical model consist of a system of four imed@r differential equations. We found that theeravtwo
equilibrium points; disease free and endemic doyuiim points. The qualitative results are depenafed basic
reproductive numbers. It concluded that if the effeness of education campaign increase, the numwbe
infected human will be decrease.
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