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ARTICLE INFO ABSTRACT

Article history: Chikungunya is a vector borne disease which isstratted to human by the bite of an

Received 3 March 2016 infected Aedes mosquitoes (Aedes albopictus anded\etkgypti). In this paper, a

Accepted 2 May 2016 mathematical model of Chikungunya has been propesedanalyzed. In 2008, the

published 26 May 2016 south of Thailand has been occurred a large outlokthis disease when there are the

mobility of population from place to place espédgiahigrant workers. For this model,
the human population is divided into two classesstpopulation and migrant workers

Keywords: population. Thus, migrant workers in rubber plaotahave been taken into account in
Chikungunya fever, Migrant workers , the model. Stability analysis of the model has besmied out. We have derived the
Basic reproductive number, Sability threshold condition, basic reproductive number. Wéend that there has two
analysis equilibrium points; disease free equilibrium pamid endemic equilibrium point. Local

stability of both equilibrium points is discussewighe numerical results are shown for
some value of parameters. It concluded that thegredtive way to control the spread of
Chikungunya fever by reducing the mobility of thegmant workers and host human in
the community when the Chikungunya occurs.

INTRODUCTION

Chikungunya fever is an alphavirus that infectsmhas through the bites froAues aegypti mosguitoes and
Aedes albopictus mosquitoes. Symptoms are similar to dengue fevenguhe acute phase and include rash and
higher fever. Outbreaks have occurred in countrie&frica, Asia, Europe, and the Indian and Padiceans
(CDC,2016). There is no vaccine to prevent chikumyguvirus infection or disease. The way to prevent
chikungunya fever is to avoid mosquito bites (WHTL&). The south of Thailand has been occurredgelar
outbreak of this disease when there are the mphilitpopulation from place to place especially raigr
workers. This paper concentrates on attempts toehat study the effects among these risk groumsféom
future treatment and prevention programs.

In the mathematical biology article, several mathical models have been proposed for analyzing the
spread and control of infectious diseases. It'slaable tool in the explaining of the phenomenapanticular,
mathematical models have been used to understandytiamics of the chikungunya fever. In 2011, Naaiva
et. al. proposed a mathematical model describimgttAnsmission of chikungunya fever. They shown the
numerical results and the efficacy of the adulgcidr prevention programs. Moulay et. al.(2011)posed two
models involving differential equations for the ma&o population and virus transmission to the hama
population. They consider a model which takes edoount the dynamics of the vector with a non-comst
population size and a contact rate that dependbh@mector population size. In addition, Yakob &idments
(2013) constructed an ordinary differential equatinodel to simulate the transmission of infectia@iween
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humans and aedesalbopictus. They demonstratesrag $trfluence of the rate at which hosts becomeciidus
(inverse of the latent period) to both the pealdi@ace and total infected population.

In this study, we also propose the transmissiodehof chikungunya fever in two interacting popidas,
we consider the total population with siag,,,, as we are developed and analyzed a simple SIgtcéptible -

Infected - Recovered) model for chikungunya trassion that incorporates the migrant workers emehe
community. The model consists of a system of diffidial equations. We assume the human and mosquito
population are constant with the same birth raté daath rate. In our model we consider the ratehahge of
six classes of human population and two classesnfisquito population. The total population is deddinto
two classes i.e., the total h@if) population and the total migrant workers in rubtvee populatiogN,,) . The
host population is divided into three subclasseg) 1(t) and Ry (t) is the susceptible, infected and recovered
host population.

The migrant in rubber tree workers are also diwidgo three subclasses. (t) I.(t) and Rw(t) is the
susceptible, infected and recovered migrant worlkersubber tree population, respectively. The mdsqu
population is divided into two subclasses. Theltotasquito population denoted kY, , while the susceptible
mosquito and the infected mosquito are represenyte®h (t) and I«(t) , respectively.

The objective of this study is to determine thieetfof the infected migrant workers on the trarssiain of
chikungunya fever. The organization of this papefadlows, in section 2, we formulate the proposedsi. In
section 3, we analyze the model and find equilibripoints and determine the stabilities of each ldmjitim
points, derive the basic reproductive number. biisa 4, we simulate the numerical simulationsupgort our
analytic results. Finally, we conclude our studgéttion 5.

2. Model Formulation:

In this section we formulate a model for the traission of chikungunya fever. First of all, we assul
that the human population is constant; birth raggaéto death rate. There are two groups of hunegrulption
that is host population and migrant workers popoatThe host population is divided into three sildsses;

susceptible host populatiors(), infected host populatiom¢) and recovered host populatia®(). The migrant
workers human population is divided into three sl#sses; susceptible migrant workers populat&i(,
infected migrant worker population() and recovered migrant workers populatiBnj. The mosquito
population is divided into two sub-classes; thastisceptible mosquito populatio®() and infected mosquito
population(i ). The dynamic of chikungunya model is depicteim1.

v
[ 2] —[F
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' ‘ '
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Fig. 1: Diagram for the Chikungunya fever Transmission.

The dynamical model of chikungunya can be exprebgehe following differential equations:

%=1Nh —}/h|_m§h —,uhgh (1.a)
din - = -

m =Y ImSn—(r + 4,)1n (1.b)
dR, =rly —,uhﬁh (1.c)
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ds. -2 -
-Gr:a—ma—%ma~04+m& t.d)
i - - -

m =pB+ Y I mSe—(r+ 4, +a)lw (1.e)
dRv _ ~ — =

dt =r|w_ﬂth_aRw (1f)
%:A- Y18 =Y. TuSn - 1t Sn L.g)
diin_ = <= -
szmthm"'lewSm_ﬂmlm (1h)
with Si+ h+Rn=N,, S+ b+ Re=N,, S+ h= N,
and Vo= bB, Y= B,

N, +N,+m N, +N,+m
where A is the birth rate of the host populatioy, is the unrenormalized rate of transmission of

Chikungunya virus from infected mosquito to susité@thuman, )/, is the unrenormalized rate of transmission
of Chikungunya virus from infected human to susiid@imosquito,
Mn is the natural death rate of host population,

M is the natural death rate of mosquito population,

r is the recovery rate of the host and the migrapufation,
p is the percentage of migrant workers in rubbee tvého are infectious when they are entering the
community,

a is the rate that the migrant workers in rubbee tneove out the community which is the reciprocal of
time migrant workers in rubber tree staying in herticular communityA is the birth rate of mosquito
population,

B is the immigration rate.

We normalized the variables by dividing by totapplation in each group.

The normalized equations are described as follpwin

O:TSth: o= Vol oSy~ 14:S, (2.3)
%%=nh%—0+mﬂh (2.b)
Bz @-p)@* ) =1l S, - @+ 1S, (2.0)
%tw:p(a+uh)+yhlmSN—(r+uh+a)lw (2.d)
Loz @10+ VNl 0 ) = (2.€)

3. Model Analysis Equilibrium points:

The model will be analyzed to investigate the Biguiim point and its stability by using standaretimod.
By setting the right hand side of equation (2.63.e) to zero, we find two possible equilibrium msii.e. the
disease free equilibrium point and the endemiclidgisim point.

Disease Free Equilibrium PointJdE(casep= 0 : In absence of disease, thatlis=0,I,=0, =0, We
C.bt"‘;’lined’EO(Sh’ Ih’ SW’ IW’ Im) = (11 01- p, 0, 0)

Endemic Equilibrium Point (f (case 6< p< 1: At endemic equilibrium point, we consider in tb&se of
the present of the disease in the community thalt, is0,1,, # 0,1 # 0. We obtained,E,(S,, I,,S,, |, 1.)
where

o My
ST e
_ AN
S (TR
%za—m@+%) | = PEF )+ y (@t p)l,
atutpl, Yo(rratp )@t g+ plL)
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Basic Reproduction Number:
The basic reproductive numd&o) is defined as the average number of secondarytiofesccaused by an
infected individual during the infectious period nderson and May,1991). WheR, <1, each infected

individual produces on average less than one néagtigd individual, so we would expect the diseasai¢ out.
On the other hand, iR, >1, each individual produces more than one new ieteadividual, so the disease

spread in the population (Diekmann et al., 1990).
To obtainR; by using the next generation method and usedspeatius (Van den Driessche and Watmough,

2002). By rewriting equations (2.a)-(2ie)matrix form;

dX _ oy
& (x)-v(x)
where X =(S,, 1,,, S, lu: 1)

o

yhlmsn
F(x) = 0

yhlmsw

L O -

[ = Uy V1S, + 1S, 1
(r+u)ly,

Ndy(x)=| = Q- p)@+ )+ 1l WS, + @+ 4,)S,

- p(a+/'1h)+(r+/'1h+a)|w
_rmlh _rmehlw+ym|h|m+ymNWn|w|m+:um|m_

Find the Jacobian matrices E( x) and V(x) evaluated aE, . Thus, we obtain

000O0TO O
0 0 00
F={0 00 0 O
0 0 00
000O0O O
and _
(4, 0O 0 0 W]
0 r+u, 0 0 0
V=0 0 a+ 0 Yo |’
0 0 0 r+uy,+a O
|0 -, 0 =Ny Mo

The Basic reproductive number is defined as thminant eigenvalue oFV™" that we call as the spectral
radius of FV™ denoted b)o(FV‘l) :

We obtained

o) 0 0 0 0]

0 0 o0 0 Yo

M

L. |0 0o o0 0 0

FvV—== 17
0 0 0 0 Zh

M

ym 0 ymeh
r+ i, r+u, +a

Thus, the spectral radius & "Ldenoted byp(Fv ™)
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p(FV‘l):J Wy VibulNun Hence,
Ho(r +44) o (r + 4, + @)

RO:} Voo o ViV
\ 2+ 1) (T + 4, + )

Local stability of equilibrium points:
1. Local stability of disease free equilibrium:

The local stability of the disease free equilibmiican be analyzed using the Jacobian matrix of the
chikungunya model at the disease free equilibrivoimtp Referring to the results of Van den Driessalne
Watmough (2002), the following theorem holds.

Theorem 1.
The disease free equilibrium point for the Chikumga model is locallasymptotically stable iR, <1 and

unstable ifR, >1.
Proof. The Jacobian matrix of Chikungunya model (Eq. (2229)) evaluated at the disease-free

My 0 0 0 Vi
equilibrium pointE,(1, 0, 1- p, 0, 0), is obtained as 0 —(r+pm) 0 0 Vi
Jo=| 0 0 —(a+u,) 0 A
0 0 0 _(r+/'1h+a) yh(l_p)
0 Vi 0 VaNun = Ha
The eigenvalues of thel, are obtained by solvinglet(J, - Al )=0. We obtained the characteristic
equation:
[A+ @+ u)(A + @)X+ +a,d +a,) =0 3)
where

a =atp, +2r+2u,
8, = fhy (2 + 21+ @)+ (r+ )0 + g+ @)= Y~ Vol N, (17 P)
8 = (1 + p)(r + fhy + Q) ey = Vb (r + thy + @) = Vo VN L= P + £4,)

From the characteristic Eq. (12), we get two gieaeialue ared, =—(a+4,) <0 and A, =—x, <0. Next,
to determine the other eigenvalues from the cheristic equation® + a,A* + a,A +a, = 0. The roots of this
equation are negative if it is satisfied with thmemnditions of Routh-Hurwitz criteria (Allen, 2006)hus,g, is
local asymptotically stable foR, <1 if A°* +a,4* + a,A +a, = 0 satisfies the following conditions:

1) a >0,

2) a,>0.

3) aa,>a,.

2. Local stability of endemic equilibrium:
Theorem 2:
The endemic equilibrium point for the Chikungungadel (Eq. (2.a)-(2.e)) is localgsymptotically stable

if R, >1and unstable ifR, <1.
Proof.The Jacobian matrix of the chikungunya model (Rcp)¢(2.€)) evaluated at the endemic equilibrium

. ok o k a . -4 0 0 0 S
pointg (s, 1,,S,,1,,1,),isobtained a W ) 0 0 S
J5 0 0 Ky O “*Q

0 0 Wo 04413 S

0 w1 0 kNG Kb VN
The characteristic equation of Jacobian matrik,atis given by solvingdet(J; -l )=0, we obtained :
~(A+ fhy + K1 )A DA +DA2 b A +b) =0 (4)
where
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b = (U + 1)+ (Vo ¥ V) + VNGl + 200 +a+ 41,)
= A U RSAON,)
RN G Tap TN SR I TS AN NN
KON XTI+ 2 L) R Lt RN 22 ) 24 20
K1) Horty X+ KON ]
WA e+ 2+ 2+ )

Obviously, A, =-(u, +y,1.) as the four eigenvalues af +bA®+b,A*+bA +b,=0 have negative real part if
they satisfy the Routh-Hurwitz criteria. Thusg; is local asymptotically stable forR,>1 if
A*+pA%+b,A%*+bA +b, =0 satisfies the following conditions:

1) b >0, 2)b,>0, 3)b,>0. 4) bbb, > b2 +Dbb,.

1. Numerical Simulations:

The previous section shows the existence of dyiiitin point and their stability conditions. In thetudy,
we solve the system of ordinary differential eqoiagi. The numerical results from computer
simulation, using parameters values as shown ierlakre obtained as follows Fig. 2, Fig.3 and BEig

Table 1: Parameter values is used in numerical simulatwiisease Free State.

Parameter Description Values
N, Total number of host and migrant workers 10,000
% The unrenormalized rate of transSTLs(:seigzb(?L%Einlﬁlgzgwirus from infected mosquito t 0.003 yeat
Hn Natural death rate of host population 0.0130208yea
r Recovery rate of the host and the migrant popuiatio 0.1428 day
p Percentage of migrant workers who infected 0
a Move out rate of migrant workers 0.09

Stability of disease free state:

Using the values of parameters shown in Table lphltained the eigenvalues and the basic reproductiv
number as follow:
A, =-0.1030208;, A, =-0.0130208;, A, =-0.492877, A, =-0.15583landA, =—0.0029330:

R, =0.988167%< ..

Since all eigenvalues are found to be negative els ag the basic reproductive number is less tham the

disease free equiIibriumFO(l’ 0.1,0, O:,will be local asymptotically stable for the aboset of parameter

values. The results of numerical simulations cogeeo the disease free equilibrium state as shaviig. 2.

5h vs T
1.000

Invs T
0.125

0.100 | 0.875 —

0.075 |
0.750 —
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0.825 4
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Fig. 2: Time series evolution of the population compartraémthe case of the disease free state.

Stability of Endemic state:
Next, when p=0.1 and we change three different values of the mavterate of migrant workers to

a=0.01,0.05,0.0' and keep others to be those given in Table 1. Wairted the eigenvalues and basic
reproductive number as follow:

a=ool a=005 a=o007
R, =1.2031 R, =1.0799 R, = 1.0309
A, =-0.0153 A, =-0.0155 A, =-0.0155
A, =-0.6255 A, =-0.8385 A, =-0.9049
A, =-0.0089 A; =-0.0240 A; =-0.0309
A, =-0.1531 +0.241P A, =-0.2171 +0.246b A, =-0.2446 + 0.252B
Ag =-0.1531-0.241p Ay =-0.2171-0.246b Ay =-0.2446 - 0.2525

Since all eigenvalues are found to be negatiweedlsas the basic reproductive number is greatsn tine,
the equilibrium state will be the endemic state,
Case 1a=0.01

E, (0.84, 0.01, 0.81, 0.02, 0.78)
Case 22=10.05
E, (0.83,0.01, 0.86, 0.04, 0.84)
Case 3 =0.07
E, (0.83,0.01, 0.87, 0.04, 0.85)

, which will be local asymptotically stable for tladove set of parameter values. The results of rioate
simulations oscillate to the endemic equilibriumtstas shown in Fig. 3.

Furthermore, we consider the numerical resultsmwtie value of the percentage of infected migrant
workers in human population are different ig=0.1, p=0.5 and p=0.7 and the move out rate of migrant

workers is a = 0.07 while the other parameterdifiiee at the endemic state. We obtained the eigieeg and
basic reproductive number as follow:
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Fig. 3: Time series evolution of the population compariteén the case of the endemic state.

p=0.1 p=05 p=0.9
R, = 1.0309 R, =1.0309 R, = 1.0309
A, =-0.0155 A, =-0.0159 A, =-0.0159
A, =-0.9049 A, =-3.7980 A, =-6.6526
A3 =-0.0309 A; =-0.0516 Ay =-0.0597
A, =-0.2446 +0.252b A, =-0.2209 + 0.116D A, =-0.2116 +0.087#
A =-0.0.2446 - 0.25% A =-0.2209 - 0.116D A =-0.2116 - 0.087k

Since all eigenvalues are found to be negatiweeadlsas the basic reproductive number is greatan tne,

the equilibrium state will be other cases of thdesmic state,

Case p=0.1
E, (0.83,0.01, 0.87, 0.04, 0.85)
Case »=0.5
E,(0.81, 0.01, 0.48, 0.18, 0.96)
Case »=0.9
E, (0.81, 0.01, 0.09, 0.33, 0.97)
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Fig. 4 Time series of the population compartments. Tileas of parameters are the same as in endemnéc stat
with different value ofp; p=0.1 p=0.5 p=0.9. The number of infected humans decrease when

increase.

Conclusion:

We formulate the transmission model of chikungumyth mobility of migrant workers and analyzed the
analytical results by using standard modeling meitiiche basic reproductive number is obtained thnothg
use of spectral radius of the next generation matriThe basic reproductive number is

R= | Mo 4 WloMu

\ l(r +14) (0 + 14+ )
The spreading of chikungunya has two states: ideade-free state and the endemic state. The happzn
a state depends omm. If a=0.09 provided R <1, then the disease-free state will occur, but if
a =0.01, 0.05, 0.0 provided R, >1 then the endemic state will occur.

The stability of the model is determined. RouthAidite criteria is used to prove that each equilibripoint
is locally asymptotically stable. In addition, fany initial population, over a long time, the pagidn will
converge to the equilibrium points as shown in Zg,

The higher of the move out rate of migrant workg$ increase the infected individuals as shown in3ig
. Consequently, the immigrants would have the impacontrolling the disease outbreak.

. A summary is included here:
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