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Article history: In this study, we proposed and analyzeshathematical model to study the dynan

Received 3 March 2016 transmission of chickenpox with effect of sanitattampaign. The model is analyz

Accepted 2 May 2016 using stability theory of differential equationsdacomputer simulations. The rest

published 26 May 2016 showed that there were two equilibriumimge; Chickenpo-free equilibrium point and

Chickenpox fresent equilibrium point. The qualitative analyssults depend on tl
Chickenpox basic reproductive numiger ). We derived the Chickenpc

Keywords:
Chickenpox, Chickenpox reproductive number by using the ngeneration method. Stabilities of the model
Reproductive  Number,  Sability determined by Routh-Hurwitz conditions. Rf, <1, then the Chickenp: free

Analysis, Equilibrium Point
equilibrium point is local asymptotically stableytdf R ; >1, then the Chickenpox-

presentequilibrium point is local asymptotically stablehd graphical representatic
are provided to qualitatively support the analytissults. It concluded that with i
increase in the effectiveness of individuals’ satioh, the number of infected hum
will be decreased.

INTRODUCTION

Chickenpox is a contagiowgral disease caused by the Varicella-Zost&u¥ (VZV). It causes a blist-
like rash, itching, tiredness, and fever. Chickenpan be serious, especially in babies, adults,peagple witl
weakened immune systems. It spreads easily froectedl people to others who have never had chickeop
received the chickenpox vaccine. Chickenpox spréadke air through coughing or sneezing. It casodie
spread by touching or breathing in thirus particles that come from chickenpox blist Chickenpox most
commonly causes an illness that lasts ab-10 days. The symptom of chickenpis a rash that turns in
itchy, fluid-filled blisters that eventually turn into scabseTtash may firsshow up on the face, chest, and b
then spread to the rest of the body, includingd@she mouth, eyelids, or genital area. It usualkes about on
week for all the blisters to become sc (CDC,2015). From 1 January 20135 November 2015, a to of
47,407 cases were report from 77 provinces inldha (BOE.2015

Mathematical models have become an important molhderstanding the spread and co of disease.
Essonet al. (2019 proposed and analyzed the SEIR model of chickeripcAgora West Municipality o
Ghana. The study showed that the basic reproductiveberwith equal two The spread of chickenpox can
prevented by reducing the rate at which peoplecaposed to the disease. Sensitivity analysis oRSBbdel
showed that the latency rate was more sensititeg¢anodel than the transmission rate and the regoate.
Yang, Chen and Zhang. (201Bjoposed the model to consider the spread of Haymt Mouth Diseas
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(HFMD) in Mainland China. The results showed ttte spread of HFMD is best controlled by increasing
personal protect against the disease. So the olgest this research is to investigate the effecsanitation
campaign on the transmission model of chickenpdchvthe diagram of chickenpox transmission as shiow
Fig. 1.

The organization of this paper is as follows: Irctem 2, we formulate the transmission model of
chickenpox. In section 3, present the model analysih regard to equilibrium points and its stdlgs and
Chickenpox reproductive number, In section 4, wespnt the numerical results for two states, at Kemipox-
free equilibrium point and Chicken- present equili;m point. And in the last section, we present the

conclusion.
afiR1
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Fig. 1: Diagram of chickenpox transmission.
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The dynamical model can be represented by thewolly system of differential equations as follows,
Sis the number of susceptible individuals at time

E is the number of exposed individuals at time't,
| is the number of infectious individuals at tilne
Ris the number of recovered individuals at time t,

A is the birth rate of individuals,
i is the natural death rate of individuals,

B is the contact rate,

K is the incubation period

J is the recovery rate,

a is reinfected induce loss recovery,

€ is the effectiveness of individuals sanitation,

N is the total number of individuals population.

FromN=S+E+|+R
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Thus,oclj—’:l =0, this means that the population is constant.

3 Model analysis:
Equilibrium Points:

By using the standard method for analyzing our ehothis system has two equilibrium points; Chicken
pox—free equilibrium point and Chickenpox- presequilibrium point. We obtained these by settingribt
hand side of equations, (1)-(4) to zero. Doing, this obtain

1. Chickenpox - Free Equilibrium:
(CFE) denoted bg (S,,R,B
In the case of the absence of the disease, tHar 3. We obtaine§=N E=0 R=0. Thus,

EGEILR=E N 000.

Chickenpox - Present Equilibrium:
(CPE) denoted b, (S ,E,1,R)

In the case where the disease is present, thb#id. We obtained

(6)
A AN ( " JI*]l— I
S*_/lN+aE(/I+am*]| E*_ﬁ[ +ap) L+aB’ ( 5) l*_—b+m - "
S oprpa-ar T krpurkrpBa-er 0 2a T p+ag’

Where

a=aB(y+u)(k+u)BA-¢)-(1-¢e)asky

b=apB(y+ ) (k=) u—aBL-&)BAN + u(y+ p)(k + 1) BL-€)
c=pu(y+p)k+ppu—pul-e) AN

Chikenpox Reproductive Number:
The Chickenpox reproductive numbé€R,) (threshold condition in epidemiology) is the numbaf

secondary infections induced by an infected indialdintroduced into the total susceptible populatio
(Anderson and May, 1991). By using the next gemmranethod and used spectral radius (Van den fiess
and Watmough, 2002). Doing this, we rewrittendiistem in matrix form.

c(;’t‘:F(x)—V(x) x=[SEILR

0 -AN-aBRl + fS(@-¢€)l + 1S
BS1-¢)l | and _ KE + LE
= V(X) =
Fx)=| ™ ) “KE -+t + 4
0 — )+ iR +afRI
Find the Jacobian matrix dF(X) andV(xX) evaluated aE, = (N ,00,0), we obtained,
00 0 0 W 0 PBN(@-g) 0
0 0 BN@- 0 0 k+ 0 0
HE, )= PRE=e) and V(E,)= g
00 0 O 0 -k y+p O
00 0 0 0O O -y ]
FindFV™, we get
0 0 0
o mudi-g)  mill-e)
vtz (k+p)y+p)  yru
0 0 0 0
0 0 0 0

Thus, the spectral radius®¥ * denoted byp(FV™)



277 Phalakorn Khanomet al, 2016

Australian Journal of Basic and Applied Sciences,d(11) Special 2016, Pages: 274-280

(k+p)(y+1)
We obtained the Chickenpox reproductive numbesreown,

R, = [ ANk(i-¢)
(k+ ) (y+ 1)
Stability Analysis:
In this section, we show the stability of the micateboth disease free equilibrium and endemic ldagivim.

First, we show that the system (1)-(4) is localragtptically stable. The stability of this systemsi®wn in the
follow theorem.

Theorem 1:
The Chickenpox- free equilibrium of the systenr() about the equilibriurg, , is local asymptotically
stable ifR) <1, and unstable iR, >1.

Proof:
Since R, <1, we have the Jacobian matrix of the system (Lp(&E, = (N ,000)is

-pA-&l-u 0  afR-[S1-¢) af

1 = LA-e)l -k-u FSA-¢) 0
o 0 k -y-u 0
0 0 y-afR -H-af

The eigenvalues of the Jacobian matipare obtained by solvinget(] —Al) =0. from this, we obtain the
characteristic equation,

(~u=AP((-k-p-A)-y-p-2)-k(BNE-¥))) =0

From the characteristic equation, we see that ethre eigenvalues are
—b++/b%-4c -b-+b*-4c
A, =-HU<O,A; = 5 <0,A, = 5 <0.

The fourth eigenvalue will be negative (§,N(1-c,)< (y+p+T1).

Theorem 2:
The Chickenpox- present equilibrium of the sys{&jr(4) about the equilibriurg,, is local asymptotically

stable ifR, >1, and unstable iR, <1.

Proof:
sinceR, >1, we havehe Jacobian matrix of the system (1)-(4)& = (S ,E ,I',R") is
-BA-gl-u 0  afR-pSA-¢) af

3= LL-8)l -k-u LSL-¢) 0
L 0 k -y-u 0
0 0 y-apR -u-af

Where S [ R ,B are given by equation (4). The characteristic #qoaf Jacobian matrix :El, given
by equations (1)-(4), becomes

FBa-an —u-2N\-u-ap - A(k-u=2)-y-pu-2)-Kps a-9))

+(pa-o1 Yk(am - ps a-))-u-an" -1)-(y-apR Jan*))=0

We obtain, the eigenvalues are
N HWN +XN +yA+z.
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where

w= (BA-)1" +p) +(u+aB" )+ (k+ 1)+ (v + 1)

x=(Ba-" +w)((u+ad’)-(k+u) - v+ @)~ (u+aB Y~(k+ 1)~ (y+ 1)
+(k+ )+ ) - k(s @-9)))

y=(Ba-o1" + p)(k+ iy + w+ Ba-n + k(s a-2)
~(p+ap Y- (cr )= (r+ )= +aB " Yo+ o+ ) - k(s a-9)
+(pa- )" \K)asR - 55 @-9))

2= ((k+ )y + 1) -k(BS @-o))Ba-on +wu+ag’)
-(Ba-e) )R - 5 a-o)f-u-ap" - 2)+(sa-a)" \y-amR Jaa")

Since all eigenvalues have negative real parthwtiiey satisfy the Routh-Hurwitz conditions (Mansaand
McCracken, 1976).

Numerical Results:
The parameters used in the numerical simulatisult®are given in Table.1

Table 1: Parameter values in numerical simulations at Chnipk® - Free State.

Parameters Descriptions Values
A Birth rate 0.0000391 per day
H Natural death rate of individuals 0.0000391 psr da
B Contact rate 0.00026
Kk Incubation period 0.036 per day
y Recovery rate 0.16 per day
a Reinfected rate 0.021 per day
£ Effectiveness of individuals sanitation 0.99999
N Total number of population 2000 person

Stability of Chickenpox- Free State:

Using the values of parameters as shown in TabWd obtained the eigenvalues and the Chickenpox
reproductive number as follows;

A, = -0.160041\, = -0.0360376 A, = -0.0000391A, = -0.0000391
R, = 0.000032468.
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Fig. 2: Time series of (a ) Susceptible popula(iS)L (b) Exposed populati((rE), (c) Infectious population

(I) and (d) Recovered populati((lR) with the values of parameters; N = 20d0= 0.0000391p
=0.00026, k = 0.036) = 0.16, p = 0.0000391, a = 0.024,= 0.99999.
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We see that the solutions approach to the Chiakerfpee equilibrium &(2000, 0, 0, 0).

Stability of Chickenpox present state:
We change the value of the effectiveness of idda sanitation to€ =0.6785, )y = 0.012, § = 0.00029

and keep the other values of parameters to be thvsam in Table.1l. We obtain the eigenvalues aral th
Chickenpox reproductive number as follows;

A, = -0.156082 A, = -0.0000490%87-0.0007733®i , A, = -0.000049087+0.00077336i,
A, = -1.86069x18 R, = 1.55173

Since all eigenvalues are to be negative and ilekenpox reproductive number is greater than time,
Chickenpox -present equilibrium statk,; will be local asymptotically stable as shown in.Figand Fig. 4.
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Fig. 3: Time series of (a ) Susceptible population, (bpdSed population , (c) Infectious population &émd
Recovered population with the values of paransetir= 20004 = 0.0000391p = 0.00029, k =
0.036, y=0.12, u = 0.0000391, a = 0.024,= 0.6785. The state variables approach to Chiakenp
present equilibrium £= (1288.89, 0.800308, 0.240014, 710.072).
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Fig. 4: Time series of Infectious population &F 0.2, (b) €=05and (ce=09. N = 20001 =
0.00003918 = 0.00029, k = 0.036) = 0.12, p = 0.0000391, a = 0.021, The state vasahpproach
to Chickenpox-present equilibrium.
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Conclusion:

In this study, we proposed the mathematical moflehickenpox with the effect of individuals’ saatibn
and analyzed the analytical results by stabilityotty of differential equation and computer simwlati The
Chickenpox reproductive number is obtained throtighuse of spectral radius of the next generatiatrira

k(l-¢
The Chickenpox reproductive number ) = % .The Chickenpox reproductive number is
V (k+ ) (y+u

the threshold condition for determining the stapitf the equilibrium points of the model which afeown in
Fig. 2, Fig. 3 and Fig. 4. Our simulation result®wn that R, will be decrease when the effectiveness of

individuals’ sanitation is increased. We found the value of R, was

1.560211.27391,0.900789,0180158when £ = 025050,0.75099 respectively. It seen that the

infected human will decrease if the infectious horb& awareness about the infectious waste to boitgrin
the environment.
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