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ARTICLE INFO ABSTRACT

Article history: In this paper, we proposed a mathematical modeesaribe the transmission model of
Received 3 March 2016 Cholera, to analyze the stability of the model, amdstudy the effect of educational
Accepted 2 May 2016 campaign on the Cholera transmission. The developedel based on the Cholera
published 26 May 2016 model of Mukandaviret al (2012) by taking the educational campaign intaaaot in

the model. The standard method was used to antiilgzemodel that was to study the
equilibrium points and stability, the basic reproiive number, the analytic solution

Keywords: and the numerical solution. The research findirygaled that the model of Cholera is
Mathematic model , Cholera, represented by a system of differential equatiamsists of four equations, that is, the
Basic reproductive number number of susceptible human, the number of infebtedan , the number of recovered
Equilibrium points, Sability, human anav. cholerae population in the water. There were two equilibrigoints:
Education campaign. disease free equilibrium point and endemic equilibrpoint. The basic reproductive
number, R, =ﬂ and the stability of each equilibrium point weracdl
(y+1’+p_)

asymptotically stable. For the numerical resulttte¢ disease free equilibrium, we
obtained, Ry, = 0.109995% : this mean that no spread of cholera and the

numerical result at the endemic equilibrium poing, obtainedR, =1.09995>

this mean that the cholera will occur. If the effee of educational campaign and water
treatment increase then the number of infected huwill decrease, this means no
outbreaks of disease. The educational campaign veatér treatment can be the
affective way to control for this disease.

INTRODUCTION

Cholera is an acute, diarrheal iliness causedfegiion of the intestine with the bacterilibrio cholerae.
The cholera bacterium is usually found in watefamd sources that have been contaminated by feoes d
person infected with cholera. Cholera is most likiel be found and spread in places with inadequaiter
treatment, poor sanitation, and inadequate hygi@neestimated 3-5 million cases and over 100,00&ttde
occur each year around the world. The infectiomften mild or without symptoms, but can sometimes b
severe. Approximately one in 10 (5-10%) infectedspas will have severe disease characterized bipgeo
watery diarrhea, vomiting, and leg cramps. In theseple, rapid loss of body fluids leads to dehtidraand
shock. Without treatment, death can occur withirureo(CDC,2014). Individuals living in places with
inadequate water treatment, poor sanitation, aadeiqQuate hygiene are at a greater risk for choldra.Ganges
River is the main river of life contributes to thpread to other regions. As the world's trade sobteland and
by sea. The pandemics in the world several timesnFL918 — 1920, there were a record number o€piati
with data showing the number of deaths caused noaitlireaks in Thailand is number of patients 19 géi3on
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and die 13,918 person but nowadays in Thailand hateet found a case report and deceased (IDEB)201
Even though early studies of cholera have becoramplars of modern epidemiology predicting and mamag
cholera outbreaks is still a major challenge indegeloping world. Improvements in sanitation alnel tise of
oral rehydration therapy have greatly reduced tineldn of disease, but we lack a predictive fram&vior
anticipating outbreaks and planning for intervemsioMathematical modeling is one approach to switirey

our knowledge of cholera into a quantitative frarodw Education, which is a key tool in disease oanis
often overlooked. It requires investment in peaptder than in biomedical interventions, but it Hzes potential

to lead to enormous benefits for relatively lowtc@onversely, a lack of information can have aesevmpact

on worsening the spread of the disease. Cholewfgspeducation includes advising people with syamps to
seek medical care promptly, and improving sanitatéod hygienic practices. Failures to provide Imealt
education can be traced to barriers at one ofiws:gd0 be effective, messages have to (1) reaehntended
audience, (2) gain attention, (3) becorrectly ustterd, (4) be accepted, (5) result in changed hehand (6)
result in improvement in health. During the 1994oleha epidemic of Guinea-Bissau, health education
demonstrated that local preventive rituals, radid word-of-mouth communication were effective edigcel
tools(Edward and Nyerere ,2015). Mathematical nodelve been used to study the dynamics of disease
outbreaks and predict the effectiveness of poteintiervention strategies(Garnettal, 2011). In this paper, we
proposed a mathematical model to describe the @halansmission; and to study effects of controhsuees
affecting Cholera transmission. The control measwrere the educational campaign.

2. Model Formulation:

In our model, we assume that the human is constdatformulate the model of cholera transmission by
using basic ideas taken from epidemiology contreasures, the educational campaign. The model &nsiat
by assuming:

The total human populatidd is divided into four compartments: Susceptible hardenote by, Infected
human denoted blyand Recover human denotedRyThe concentration &f. cholerae in the water denoted by
B .The dynamics of the disease is depicted in the &hart shown irfrig. 1.

u u

"
(1-wBSB . .
> 8 T I R

X(1-v)

3

Fig. 1: Flow chart of the dynamics of cholera.

The dynamics of cholera is described by the falhgwordinary differential equations:

ds _ o BeBS _ _

o TN ()t e ST - s (1)
dl BeBS

—=(1- + —(y+1+

prial Gl ey BpSI=(y+1+ 1)l )
dR

%z(V“L ) - UR 3)
Ccii_f =x(1-v)I-B 4)
with N =S+ +R
where

S isthe susceptible human,

| is the infected human,

R is the recovered human,

B is the concentration &f. cholerae in the water

N s the total human population ,

H is the natural birth or death rate,

B is the rate of infection from water contaminatedhw.

€ cholerae,
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'Bh is theV. cholerae infection rate from human to human,

is the concentration of bacteria that causes chpler

Y isthe rate of cure of the infection,

8§ is the death rate induced disease,

x is the rate of infected human with cholera-infected
discharges into the water,

a is the rate of infection witN. cholerae,

u s the effectiveness of the educational campaign,
Vv is the rate of water treatment,
T s the retention rate

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 siflegwations. (1) - (4) to zero. Doing this, we afta

Disease Free Equilibrium Point( Ep ):
In the absence of the disease.,| = 0, equation (1), (3), (4) becomes
ds BeBS
— =UN—-(A-u)———-BpSI— 1S,
M (1-u) "+ B BnSI — 1S
dR dB
—=(y+0)[- R and— =x(1-v)I-JB
dt dt

The solution to this equation is S = N=® andB = 0. The disease free stat&js= (N, 0,0,0)

Endemic Equilibrium Point: ( E;):
In the case where the disease is presented, firygset

" 20 . This gives

o UN(kS +x(L-v) 1)

(- wBex(@-)I +(kS+x(L-V)I J(Bpl + 1)
R* :M_*

U

« x(-w)I
B =x[ 1%
o
Where
*

,B B * (1—11),8 B *
A =—C—+Bl +u, Ay = C—+ Bl

k+B k+B

E3
A3 ==fpS |
A4:V+T+,U_,3h5*'
As=y+T,
* * Xk
Ukt BA-0(B,S ) - BB
.=
(k+B)?

Thus
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IN(kS+x(1-V)I) r W x(1-9)0

E(S.I\RB) = . .l
wp X9 +(EB+x(1-VO) (B +0) "™ 3

Basic Reproductive Number:
The basic reproductive number is obtained by teet generation matrix. In the notation of Van den
Driessche and Watmough (2002), we start with

dx
— =F(x)-V(x) (5)
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-u)B,BS
Fx)=| k+B Byt :
0
0

v (1-u)B,BS
+B
V(x)= (y+r+l
-y -1+ LR
-x(1-v)I+B

OF;(E oV;(E
where F =| 2itFo) gy - | 9YilEo)
0X; 0X;

+ By SI+ 1S

for all i, j= 1,2,3,4. This are the Jacobian matrix ¢f(x) and V(x) at Eg. The basic reproductive

number, R, , is the threshold for indicating the degree ofdepiiology of the disease. It can be determined by
noting that
-1
Ry = p(FV ™)
For our model, the Jacobian matrices are

0 0 o0 0
(1-u)B B (k+BY1-u)BS - (1~ u)B, B
+B1 B,S O
- n Th 2
F e ) (k+ 5) and
0 0 0 0
L 0 0 0 0
A-wp b (k + B)B,S(1-u)SB
A
(k+B) (k +B)
V= 0 y+r+u 0 0
0 -y-T 0 0
L 0 -x(1-v) O u
The inverse of i¥/
1 B [xt-wi-wpN) | (0-wpN)|
po pN(y+tHp) kpd(v+t+p) kud
1
0 0 0
— (y+t+p)
0 _ +n) 1 0
p(y+t+u) i
0 x(1-v) 0 1
3(y+1+u) 3 ]

This leads to
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0 0 0 0
4o BpN x(1-v)A-u)BN
Fv == (y+rt+u) ko(y+1+ 1)
0 0 0 0
0 0 0 0
Thus,
_ BnN
R0 rre ©

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

differential equation (1) — (4) evaluatedfat, . The Jacobian matrix df(y is

—H

0

0

-B,N

pN—y-1—p

v+T

x(1-v)

0

_(1-wp N
k
(1-uw)p.N

k
0

-8

The eigenvalues of the/pare obtained by solvingdet(Jg—A1)=0 . From this, we obtain the
characteristic equation,

A+ [N +cA+D]=0
where
a, ==B,N
a,=y+r+u-p,N,

1- N
o, <UTWAN.
k
C=0+a,,
D=a,0-ax(1-v).

From the characteristic equation, we see thatdigenvalues aréy , =-pu<0 . The other two are the
solutions of the characteristic equation. The radtthis equation will be negative if two coeffiois satisfied
with the Routh-Hurwitz criteria (Allen,2006).
1)C>0
2)D>0.

Disease Endemic Equilibrium Point:
To determine the stability of the endemic equilibr point. We examine the eigenvalues of Jacobian
matrix atE; , which is

| k4B (-0 ) -(1-upBS |
Ly
(k<B)0-uBs )-(-upBs
(1<+B*)l
0 T+ -1 0
0 X 0 -5 |
Where are given by equations (5) . The charatiegguation of Jacobian matrix at E1
given by equations (1) — (4), becomés+ 1)[A* + B,A* + B,A+B,]=0

(-ups ’
T s

)

0
kB

)
), *
1 S
B

"
BS -y-1-u 0

where
B.B’ . A-uw)B.B .
=L 481" +u, A, =—-"2"_+p51",
LT+ B B, H 2 K +B B,

A3=—[3’h5*, A, =V+T+,U_ﬁh5*: A, =y+r,
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A :—(k+B*)(1—U)(ﬁ95*)-ﬁg(1-UJB*5*
® (k+B")?

’

_~(k+B)1-u)(B,S)-B.A-u)B'S’
) (k+B)” ’
B, =0+u+A,, B, =0A,+du+ A, —xA,,
By = A, — x4,
The three eigenvalues of +B,A* + B,A + B,=0 will have negative real part if they satisfy tReuth -
Hurwitz criteria (Allen,2006), that i 5, > B, .

4,

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

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

Parameter Values Unit
u 0.000045 day
B, 0.99999 day
By, 0.00011 day
k 1,000,000 cells ml day
Y 05 day*
) 0.3 day*
X 35 cell person ml day
T 05 day?
u 0.95 -
v 0.05 -
N 10,000 person

Stability of the disease free state: Using th@ieslof parameters listed Trable 1. We find the eigenvalues
and basic reproductive number to be:
Ay =-09169, A, =-0.273, }\3 =-0.000045, A4 =-0.000045 and R, =0.109995 <1

Since all of the eigenvalues are negative andbaséc reproductive number is less than one, théiledum
state will be the disease free stBeas seen ifrig. 2

Fig. 2: The time series of (a) the susceptible human th)infected human, (c) recovered human and @) th
concentration of bacteria in the water. As showhthe state variables approach to the disease free

state, as seerk, =(1000,0,0,9000)
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Stability of the endemic state: Using the valukparameter listed in Table 1. except the value ofe set
to be equal 0.01. This values represented the dlthe effectiveness of an educational campaign.

(a)
| m
. »

{® [C1]

)

Fig. 3: The time series of (a) the susceptible human thig)infected human, (c) the recovered human and (d)
the concentration of bacteria in the water. Ongy/hlue of u has been changed to u = 0.01. Alstat
variables approach to endemic state=(4553.2,0.2452,54444.44,27.1542)

The eigenvalues and basic reproductive numbembeapeater than one and the outcome is quite diifer
A, =-0.49909, A, =- 0.300103, A, =-0.000099, A, =—-0.000045 and R, =1.09995>1

Since all of the eigenvalues are to be negativktha basic reproductive number is greater than thee
equilibrium state will be the endemic stdfe,as demonstrated Fig. 3.

5 Discussion and Conclusion:

In this study, we proposed a transmission modathwiera by take into account the effectivenesthef
educational campaign. The simulation results wesesnthat from Fig. 2, when u = 0.95 the basicasyctive
numberR, =0.10999 which less than one in this case the diseasenailbccur. But when we change the value

of u = 0.01 the basic reproductive numkiey=1.09995 which is greater than one in this case the disedlse

persist as the study of Suksawat and Naowarat(20#®n the disease will persist in the communitglagwn
in Fig. 3

In this paper, we proposed effects of an educaticampaign on the model of cholera transmission.
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 depenufed basic
reproductive numbers. It concluded that if the @ffeeness of the educational campaign is low, thelrer of
cholera infection will be increase.
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