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Abstract: Problem statement: In 2008 there was a large outbreak of Chikungueyar in southern
Thailand. Chikungunya fever is an emerging disedsieh tends to affect rubber plantation and fruit
orchard workers more than other occupation. Thidyswe considers the efficacy of using mosquito
repellent as a way to prevent and control the shoé&hikungunya fever. The mathematical model of
the dynamic of this disease is proposed and amdlyxpproach: A standard dynamical modeling
method was applied for analysis the dynamical motle¢ stability of the model was determined by
using Routh-Hurwitz criteriaResults: The conditions for disease free and endemic stadound. To
determine the basic reproductive numbeg) (Rhich is the threshold parameter, i§<R, the disease
free equilibrium point is locally asymptoticallyaste. If R>1, there exist the endemic equilibrium
state, which is locally asymptotically stabl@onclusion: It was found that the use of mosquito
repellent significantly reduce transmission an@détibn of this disease which it may be an altéveat
intervention for communities to prevent and contha disease.
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INTRODUCTION this species. However, vector competence consisis o
variety of factors including vector life span, prefnce
Chikungunya fever is an arthropod-borne viralfor biting human more than non-human hosts,
disease caused by alphavirus of Togavivirus family,  infectiousness when infected, population densitg an
which was isolated in 1953 in Tanzania (Piolatnal., transovarial transmission(Tsetsarldnal., 2007). With
2007). The name, Chikungunya, originates from thehe ongoing outbreak in Thailand, a new strainhef t
Monkonde dialec of Tanzania and refers to the ptiie CHIKV was isolated in both mosquito serotypes
contorted posture as a result of severe joint paint(Thavaraet al., 2009). Studies have shown thag.
(Tilston et al., 2009). The symptoms of Chikungunya albopictus is more susceptible to the virus and therefore
include sudden onset of fever, chills, headachesem, a more effective transmitter. The virus was found i
vomiting, joints paints with and without swellinppw  both sexes of those two species of the mosquitoes,
back pain, an rash. These symptoms are very sitoila indicating a possible role for transovarial trarssion
those of dengue fever; there is no hemorrahagic odf virus. Mathematical models have become the
shock syndrome form (Massaa al., 2008). In the important tools for understanding the spread and
major outbreak of this disease in 2005 on the @slain ~ control of disease. In this study, we are intexkgtethe
Reunion, 244,000 out of a population of 775,000role of applying mosquito repellent on the dynarhafa
inhabitants reported that they had experiencedethedlisease and how the efficacy of mosquito repellent
symptoms (Moulayet al., 2011). Chikungunya virus relates to prevent and control the spread of déseas
(CHIKV) is transmitted to humans byAedes
mosquitoes, widespread in some tropical regions. Ae
albopictus is highly competent for CHIKV (Polettt MATERIALSAND METHODS
al., 2011). There have been many explanation that for
the occurrence of large-scale Chikungunya epidemicdviodel formulation: In our model, we assume that
New strains of virus are particularly infectiousAe.  human population and mosquito population are
albopictus, thereby increasing the vector competence ofonstant denoted by,Nind N,, respectively.
Corresponding Author: Surapol Naowarat, Department of Mathematics, FaaflScience and Technology,
Suratthani Rajabhat University, Surat Thani, 84 0Giland
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Since the total human and mosquito populations

0By, L are constant, thus the time rate of change of human
Nh — — _
l l population equal to zero, i.éji+ﬁ+dR“=0. It
dt  dt dt

means that the birth rate and the death rate ofahum

Fig. 1:Flow chart for the transmission of Population are equal, that s = py. The total number

Chikungunya fever of Aedes mosquito at equilibrium equal Q.

m

The dynamics of the disease is depicted in the
compartment diagram, Fig. 1. Where:
The human population is divided into the Nn

susceptible humaxs, ),the infected humargls) and the le
recover human population(R,)compartment. The S I Ry
mosquito population is divided into two compartngent Sm(lm)

The total human population

The total mosquito population

The number of susceptible, infected,
recovered human population, respectively
The number of susceptible (infected)

the  susceptible  mosquite ), the infected mosquito population
mosquita(in), the recovered mosquito does not existAn (M) = The birth (death) rate of human
since the mosquito infected for over all their life population _
The transmission dynamics of the chikungunya® = The recruitment rate of mosquito
fever are described by the following ordinary population -
differential equations Eq. 1a and 1b: rh (b) = The recovery (biting) rate of human
population
ds, bB,, S | B Yinh = The transmission rate of CHIKV from
W:““(l_ PN, — (%’“)—uhs1 (1a) infected mosquito to human population:
h
BB,
— — - ymh = (2)
dl b| Im - N
=) = (1b) h
where, Y is the transmission rate of CHIKV from
dR _ B infected human to mosquito population:
t=n I —iRy, (1c)
dt
_thm
_ o Yhm = N
ds, _ B S b s "
—h = A —(—m -u,S 1d
ot ( N, ) ~H,S, (1d)

where,l, is the death rate of mosquito population.

dln DB, S h ) Anq p is the effic.acy. of mosquito repe!lent for

H:"mNi—pmlm (1e) protecting the mosquito in human population. The
h reduced model is depicted as following:

The Eq. 1c and 1d can be canceled since the human

and mosquito  population are constant. ie., ds, _ W, (- p)—%_“h% (3)
Ri=N,-S -k and S, = N, - In. By doing this we get n
three dependent variables, which we pick to .Sl

To analyze the model by normalizing the Eq. 1a,9% _ BBun(ATRWSHy (o ) )
1b, 1e and defining new variables Eq. 2: dt N, noeve
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dl Where:
T?:thm(l_lm)lh_umlm (5)
Al:rh+uh+um'
Analysis of the model: A, =, (r,+1,) -bB, M {1-p)
Equilibrium points. The model will be analyzed to
investigate the equilibrium points and its stapilithe From the characteristic Eq. 9, we get one of

system has two possible equilibrium points: thease eigenvalue i&, = -, <0. Next, to determine the other
free equilibrium point and an endemic equilibrium eigenvalues from the characteristic  equation
point. Two equilibrium points are found by settiti;e. ~ A\2+A A +A, =0. The root of this equation is negative if it
RHS of Eq. 3-5 to zero. We obtained is satisfied with two conditions of Routh-Hurwitgdteria.

E, is local asymptotically stable ¥*+A A +A, =0

Disease Free Equilibrium Point (Eg): In the absence satisfies the following conditions:

of disease in the community, that js4 0, |, = 0. We

obtained $= 1-p, then 5= (1-p, 0, 0). 1) A, >0
1 >0;

2) A,>0

Endemic Equilibrium Point (E;): In the other case ) Al

when the disease is presented in the community, 14 getermine the stability of the equilibrium piin

I, #0,I',#0, we obtained: (Eo), we can see that,As always positive and Ais

positive when:

< _ @-pp M, - (M
T ey ) bB, M, A~ D)<k, (1, +1)

Moreover, we found that the disease free
= I 4 equilibrium point is locally asymptotically stabkehen
"M+ @ R.<1where:

n _bBuM,A-p)

. _(A-p)(M, +1) 0
Sn_M2+(1+M1)I*h (8) o (1 1)

Disease endemic equilibrium point: To determine the

With M. = bR, A dM. =_Hn stability of the endemic equilibrium point;;, by
: TR an 27 bB,, finding the eigenvalues of Jacobian matrix at &s
follow:
Thus, the endemic equilibrium point
iSE,(S,,I,,1.)- —Hy =My, 0 -MS,
J = _M1$1 “Hn~ erm -M Sh
Local asymptotical stability: The local stability of an 0 BB, Byl Ky

equilibrium point is determined from the Jacobian

matrix of the system of ordinary differential Eg:53 where, S, 1., are given by Eq. 6-8. The characteristic

evaIL_Jated at each equmbrlum point. The ‘]aCOb'anequation of Jacobian matrix at, Given by Eq. 3-5, is:
matrix at k& is shown as:

M +BA*+BA+B,=0

U, 0 -M;(1-p)
b= 0 -(h+u,) M(-p) Where:
0 o S “Hm

Bl =|’h +2uh+um+u3hmrm+M J*m

The eigenvalues of the are obtained by solving B, = (1, +bB, I')(2, +1,+MJ )+
2~ \Mm hm' h. h h

det (3-Al) = 0. We obtained the characteristic

equations: (M + ML+ ) =(bB M S,
By =(r, +H) (M, +M 1|*n)(|»1 ntbp hnl*) +
A+ AT +AA+A ) =0 9 (MS,+MbBI) =, +M | )bB JMS ),
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The three eigenvalues of+BA%+ BA+B; = 0 Vs T
have negative real part if they satisfy the Routh- S
Hurwitz criteria. Thus, Eis local asymptotically stable .
for Ry>1 if A*B A%+ B,A+B; = 0 satisfies the following

conditions: 0073
1) B,>0; |
2) B,>0; # 0050 —
3) B,B,> B, _
RESULTS 002
Numerical results: In this study, we are interested in |
the transmission of Chikungunya fever with the effe £:000 - T - 1 T |
of efficacy of mosquito repellent for protectingeth v 23000 30000 72000 100000
mosquito. The parameters are obtained from the fiel (aT)

study for some parameters suchgs= 1/ (65<365)
day* corresponds to a life expectancy of 65 years in 05
human, the recovery rate of human= 1/7 day",
which is corresponded to the recovery rate of human
7 days, the mean life of mosquilg, = 1/7 day’,
correspond to the expectancy of 7 days. Other . ‘N (NS i
parameters are arbitrarily chosen, such as the 000075 —{}
probability that CHIKV is transmitted to humanfgy = :
= 0.0005 and the probability that CHIKV is transieit -
to mosquito i, = 0.0002 as shown in Table 1.

I, InVST

0.00100 —

0.00050 —{

Stability of disease free state: From the values of
parameters listed in Table 1, we obtained the
eigenvalues and basic reproductive number is:

0.00025 —

0.00000 —— T r T v

A, =-0.151962), = - 0.133737, 0 250 500 750 1000
i [
A, =-0.000042, R = 0.00406% (b)

Since all of these eigenvalues are to be negativEig- 2: Time  series evolution of the population
and the basic reproductive number to be less then o compartment s of the case at the disease free state
the equilibrium Stat? W?” be the diseasg freeest®  Taple 1: Parameter values used in numerical sifonisat Disease
(0.1,0,0) as shown in Fig. 2 (a) Susceptible husah Free State
and (b) Infected human | Infected mosquita(l,),  Parameters  Description Values

. ) . —
proportion. The values of parameters are in thé te H g'”h (_Ctieatht) fatte of human 5%/0%5?5) day
The solutions converge to the disease free eqjuitibr ecrutmen rate

of Aedes mosquito
state as shown. Bron Probability that 0.0005
CHIKYV transmit from

Stability of endemic state: Next we change the value Aedes mosquito to human

. ; Brm Probability that CHIKV 0.0002
of efficacy rate of the use of mosquito repelleot f transmit from human
protecting in human population to be p = arRif,, = to Aedes mosquito
0.7,Bmn = 0.5. The other values of parameters are listeéh gz;g:’erf;’tefaé? of human 1%7(1‘?3’
. . . T
in Table _1, we obta_uned the eigenvalues and basit! Aedes mosquito
reproductive number is: Ni Number of human 1000000
population
A, =-0.141205\, = - 0.724312, p Efficacy rate of the use 0.9
of mosquito repellent for
A, =-174655 R = 4.2008 1b> protecting in human population
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(c)
Fig. 3: Time series evolution of the population gamiments of the case at the endemic state
Since all of these eigenvalues are to be negativas using at endemic state. The number of infected

and the basic reproductive number to be greatar thahumans was decreased as p increased as shovgn éh Fi
one, the equilibrium state will be the endemicest&

as shown in Fig. 3. (a) Susceptible human, (b)chefd DISCUSSION

human,(c) infected mosquito, proportion. The valog

parameters are in the text, the solutions oscitiatdhe We formulate the transmission model of
endemic equilibrium state. Chikungunya by considering the effect of mosquito

In particular, we are interested in the numericalepellent to protect mosquito biting. The basic
results when the value of efficacy rate of the oge reproductive number iR, = R, where:
mosquito repellent for protecting in human popuolati
by the different values of p=0.3,p=0.4,0.5,p = R, = bB.,M,(1-p)

0.6 and p = 0.7 when the other parameters arsatime i (T + H)
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Fig. 4: Time series of infected human proportioHse values of parameters are the same as in endxatéc with
different value of p, (@) p = 0.3, (b) p = 0.4, ()= 0.5, (d) p = 0.6, () p = 0.7. The numberrdécted
humans was decreased as p increased
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R, represent the number of secondary cases thddassad, E., S. Ma, M.N. Burattini, Y. Tun, F.A.B.
arise when a single infective host is introducet ia Coutinho et al., 2008. The risk of chikungunya
susceptible host population through pathogen feverin a dengue-endemic area. J. Travel Med., 15:
transmission by the vector (Anderson and May, 1992) 147-155. DOI: 101111/]1708-8305200800186X
R, is the threshold condition and the stability oé th Moulay, D., M.A. Aziz-Alaoui and M. Cadivel, 2011.
solutions are shown in Fig. 2 andFRr endemic state The Chikungunya disease: Modeling, vector and
the value of Ris very high due to human has low transmission global dynamics. Math. Biosci., 229:
natural immunity with this strain of CHIKV, include 50-63. PMID: 21070789 )
the high mobility of human in the community and aP'OIOUX’ G.. BA. Gauzgre, S. Jauegwberry_and_ M.
genetic change at the position 226 in the gendHher St“’b?" . 2007. Chlkungu_nya,. an epldemlc.

: : arbovirosisLancet Infect. Dis., 7: 319-327. PMID:
glycoprotein E1/E2 created a mutated CHIKV strain 17448935
which had an increased capability for replicatiorthe : . . .
Ae. albopictus (Tsetsarkin, 2009) and this mosquito is Poletti, P., G. Messeri, M. Ajelli, R. Vallorani drC.

' . . . ) Rizzo et al., 2011. Transmission potential of
aggressive day time biter (30-46 times per hotgsla chikungunya virus and control measures: The case

IOng life (4'8 WeekS)and has IOng ﬂlght radlusQlﬁDO of Italy PLoS ONE. 6: e18860-e18860. DOI:
meters) (Piolowset al., 2007). 10.1371/journal.pone.0018860
Thavara, U., A. Tawatsin, T. Pengsakul, P.
CONCLUSION Bhakdeenuan, S. Chanaraaal., 2009. Outbreak

of chikungunya fever in Thailand and virus
We can conclusion that when the numbers of  detection in field population of vector mosquitoes,
human which used the mosquito repellents increaging Aedes aegypti (L.) and Aedes albopictus Skuse
is decreasing the numbers of the susceptible human (Diptera: Culicidae). Southeast Asian J. Trop. Med.
receive the CHIKV. In Thailand, as Chikungunya feve Public Health, 40: 951-962. PMID: 19842379
has an epidemic. These alternative interventioridcou Tilston, N., C. Skelly and P. Weinstein, 2009. Pan
decreasing the numbers of infected human by European Chikungunya surveillance: designing
campaign the outdoor workers using wisdom of risk stratified surveillance zones. Int. J. Health
community, that is, a mosquito repelledittinella Geographics, 8: 61-61. DOI: 10.1186/1476-072X-

grass product) to protect themselves. Thus, theltses 8'61_ ) _
of this study will the appropriate way to contrblet 1Setsarkin, K.A., 2009. Adaptation of Chikungunya
outbreak of this disease. virus to Aedes albopictus mosquitoes: The role of

mutations in the E1 and E2 glycoprotein. ProQuest,
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