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Abstract

A model is used for describing the transmission of dengue disease. This disease is
occurred by biting of the infected Aedes mosquitoes. Dengue outbreak is found in the rainy,
winter and summer seasons. Each season has the different dengue outbreaks and they are
depend on the temperature of the environment. The standard dynamical modeling method is
used in this study. The SEIR (S = susceptible , E= exposed , | = infected and R =
recovered) model is used. We use conditions of parameters for determining the local
stability of disease free equilibrium state and disease endemic equilibrium state. The basic
reproductive number of disease is found. The disease free state is local stability when
R, <1 .The endemic disease state is local stability when R; >1 . The control of this

disease is discussed in this paper.

Keywords: Dengue disease, local stability, transmission model ,SEIR model, season,
incubation rate.

Introduction

Transmission of dengue virus may serve to retain viral pathogen in nature during inter-
epidemic periods of the disease [2]. Dengue fever (DF), Dengue Haemorrhagic Fever (DHF)
and Dengue Shock Syndrome (DSS) are three types of dengue disease. There are four
serotypes of dengue virus, namely DEN-1, DEN-2, DEN-3 and DEN-4. Dengue disease can
not be directly transmitted between the people. Transmission is occurred by biting of the
female Aedes mosquito. The development of virus and mosquito are affected by the climatic
factors. When infected mosquito bites the human , thus the human are exposed and
infected. Symptoms of dengue fever are depend on age. In older children, teenagers and
adults, the most common symptoms of dengue disease are fever that comes on quickly and
lasts two to seven days but this usually is not severe, muscle and joint pain, a red rash that
starts on chest, back or stomach and spreads to your limbs and face, feeling sick, vomiting
and diarrhea. The symptoms of dengue fever usually begin between five and eight days after
each person be get bitten by an infected mosquito. Dengue fever is caused by a type of virus
called a flavivirus, which is transmitted by infected female Aedes mosquitoes. We can catch
the virus if we get be bitten by an infected mosquito. Mosquitoes become infected when they
bite an infected person and are able to pass on the virus for the rest of their life. In Thailand,
the annual estimations of dengue fever are depend on the season. The Aedes aegypti is the
principal transmitter of Dengue fever in Thailand but it also transmits Chikungunya fever,
yellow fever and Filariasis among other diseases. The Aedes aegypti prefers feed during
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daylight hours. They adapt very easily to human surroundings and will lay their eggs where
there is water, including plastic containers, bins, plant pots etc. Thailand’s rainy
season, starting from May through September, is also the high risk period for dengue fever, a
potentially serious condition is the most prevalent in tropical countries. Aedes aegypti
mosquitoes carry the virus that causes dengue fever, and they infect 50 million people a year,
including 500,000 serious cases requiring hospitalization[8].The moisture content
,temperature,season and rainfall are influence to the mosquito development. Dengue infection
is endemic in Thailand. From the data of Dengue cases in 1999 — 2010, we can see that
most dengue patients are occurred in rainy season. We can see as shown in figure 1.

The purpose of this paper is to incorporate this feature into the SEIR model. Models keep
track of an individual's infection-age for particular diseases, for instance tubercolosis[3].
Esteva and Vargas developed a model for dengue disease transmission and included the
dynamics of the Aedes aegypti mosquito into standard SIR ( susceptible — infective-
recovered) epidemic model [5]. In this paper , we used SEIR model for analyzing and
finding the method to decrease the outbreak of this disease. We analyze dengue model of
seasonality compartment (rainy season, winter season and summer season).
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Figure 1 Reported cases of Dengue disease per 100,000 population in
Thailand during year 2005 and 2010 .

Methodology

The mathematical modeling for dengue disease describes the relevance of human and
mosquito population. In this study, we assume that the total human and mosquito
population have constant sizes. The human population is divided into susceptible ,
exposed , infected and recovered classes for the first model. The mosquito population is
divided into susceptible , exposed and infected classes because the mosquito never
recover from infection. The model considers transmission of dengue virus in human and
mosquito population by model :

The dynamics of human population are given by

d K

ashr :Cr NTr _ﬂ“dshr _ﬂ’hshr _é‘ﬁ IrrShr (1)
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d

Eth:plhr_ﬂ“dth_ithr (4)
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o Em= =0 NT::-W | St = A Enw = 2 Ene = @i Er (6)

%Rhwz Plow =R = AR0, (8)

%sm =CN,, - 4,S,, — 4.5, —5'1*“ l,.Sh ©)

%Em =5 NKT_rg | sShs — A4 Eps — 4 Eps — 0 E (10)

j lis = @ps = Ag lis = A s — 211 (11)

3 —pl AR ~AR. (12)
We define

S,, is the number of susceptible human population in rainy season,
E,, is the number of exposed human population in rainy season,

I, is the number of infectious human population in rainy season,

R,, is the number of recovered human population in rainy season,
S,,, I the number of susceptible human population in winter season,
E,. is the number of exposed human population in winter season,
l,,, is the number of infectious human population in winter season,
R,, is the number of recovered human population in winter season,
S, is the number of susceptible human population in summer season,
E, is the number of exposed human population in summer season,
I, IS the number of infectious human population in summer season,
R.. is the number of recovered human population in summer season

The dynamics of the mosquito population are given by :

3 S, =2, -6 NKTh:g 1S, — 4,5, (13)
%EW =5 NKTh:g .S, —AE,—f,.E, (14)
%IV, B.E, ~Al, (15)
;’t S,,=Z —5% 1S — A Su (16)
% E,=0 NKT:W:V Sy = A Eoy = BuEon (17)
glwz BE. —Al (18)
disv =Z7,-6 NKT":g 1,.S, — 4,5, (19)
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d K

—~E =§5—h>v | § _1E _BE 20

dt VS NTS +g hs ~vs ﬂ\/ VS ﬂvs VS ( )

d

1 = BE_—Al 21

dt VS ﬂVS VS ﬂ‘\l 'S ( )
We define

S,, iIs the number of susceptible mosquito population in rainy season,
E,, is the number of exposed mosquito population in rainy season,

I, is the number of infectious mosquito population in rainy season,

S, Is the number of susceptible mosquito population in winter season,
E,, 1S the number of exposed mosquito population in winter season,

I, 1S the number of infectious mosquito population in winter season,
S, 1s the number of susceptible mosquito population in summer season,
E, is the number of exposed mosquito population in summer season,
I is the number of infectious mosquito population in summer season.
Where the parameters are defined as follows :

N,, isthe total human population inrainy season,

N,, isthe total human population in winter season,

N, isthe total human population in summer season,

N,, isthe total mosquito population in rainy season,

N,, isthe total mosquito population in winter season,

N,, isthe total mosquito population in summer season,

Ay is the natural death rate of human population,

Aq is the death rate of human population due to the disease,

A is the death rate of mosquito population,

K is the birth rate of human population,

K, IS the transmission probability of dengue disease from mosquito to human in
rainy season,

K, IS the transmission probability of dengue disease from mosquito to human in
winter season ,

K, s IS the transmission probability of dengue disease from mosquito to human in
summer season,

K., Is the transmission probability of dengue disease from human to mosquito in
rainy season,

K., IS the transmission probability of dengue disease from human to mosquito in
winter season,

K., IS the transmission probability of dengue disease from human to mosquito in
summer season,

a, 1s the incubation rate of human population in rainy season,

a,, 1S the incubation rate of human population in winter season,

W
a,, 1S the incubation rate of human population in summer season,
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o, 1S the incubation

vr

rate of mosquito population in rainy season

a,, 1S the incubation rate of mosquito population in winter season
a,, Is the incubation rate of mosquito population in summer season,

p is the recovery rate of human population,

o isthe biting rate of mosquito population,
g isthe number of other animals available as blood sources.

We suppose that N, =S, +E, + 1, +R,, N
NHs = Shs+Ehs+ Ihs +Rhs’ NVr= Svr-i-Evr_'_Ivr ’NVw: Svw+va+|vw

Hw — Shw+Ehw+ Ihw +Rhw'
and N, =S, +E,+1,

we assume the total human and mosquito populations have constant sizes

aN,, _ 0, N, _ Oin rainy season, Ny, _ 0, ANy, _ 0 in winter season and
dt dt dt
% =0, dN,, =0 in summer season.
_ — E. — ] — R
Sr 1Er= hr’lr hr ’Rr: hr’
" Tr " NTr " NTr " NTI’
_ — E,, — | — R
S = hw ,E — _—hw , | hw , R = hw ,
hw N o hw N o hw N " hw N w
— S, — E. — — R
_ s B = hs ,| hs , R.= hs
hs NTS hs NTS hs NTS hs NTs
7:SW ,—VWZS_VW,S—_SVS ,E_WZEW,EZE_W\I’E_\/S: VS
Ny, Ny, Ny vr Ny Ny
E — Ivr , m I_VW , 1 = IVS
NVr NVW NVS
These give
d Kyohr g
d hr _(ﬂ“ +ﬂ'h) (ﬂ“ +ﬂh +6—=— N : I NVr )Shr (22)
Tr
d K hr E
— Eh =0 ——= I NVr Shr (ahr +ﬂ’d +}'h)Ehr (23)
dt NTr
d R - —_—
alhr =y By = (g + 4+ 0)ly (24)
O =y +2)~ (G + 2y + 0= TN, S (25)
d'[ St Ny, +9 "
d E_ — 5 K\/—)hw I N\/ g _ (ah +ﬂ’d +ﬂ’h)§ (26)
dt N, +9 v " !
d
d ahw hw (/1 +ﬂh +p)|hw (27)
S = (B + 2) g+ 2y + 6= TN, ), 28)
@ Ny
O = 6 TUNS, — (e, A+ A)En (29)
dt S N + g s ~hs S S
d . _
alhs :ahsEhs_(ﬂd + A+ P) s (30)
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%E_ = 5N:f:v I, Ny, Sv — (4, +4,)E, (31)
Sl = BB AL, (32)
gt_ = B Ew—A N, (34)
SE. - 5NKT:1“;| WS - (A AL)E, (3)
Sl = AE-A, (36)
R,, R, Rs and S,,S,.,S, can be obtained from conditions

S, +E,+Il,+R,=1,S, +E,+Il,, + R, =1,S, + E,+I, + R, =1and
S,+E,+1,=1S,+E,+I,, =1 S,+E +I,=1.

Analysis of the Mathematical Model

The equilibrium points are found by setting the right hand side of (22) — (36) equal to
zero. This gives
1)The disease free equilibrium point M; =(1,0,0,0,0,1,0,0,0,0,1,0,0,0,0)
2)The endemic disease equilibrium point
M2 = (S*hr ! E*hr ! I*hr ! E*vr’ I*vr’S*hw ! E*hw’ I*hw ! E*vw’ I*vw’ S*hs ! E*hs’ I*hs ! E*vs’ I*vs) !
where
(/1 +/1h) :
ﬂ 5Khr—>v5 v—hr
(N, +9)(ﬂvr +ﬂv)(|mN Ky +(Ny, +9)4)
£ - L Ny B Ny 0K K (g +4,) i
(N 00ty A+ 2By + AN K+ (N - AN ot el st
o _ (A + )N Ny oy B, 5Ky, SK Ly + (N, +9)° (0 + Ag + A ) (00 + A + A)A (B +4))
" (N 6K,y (o + A + A )y, + Ay + 4 )(Ny, B, 6K,y + Ny +9) (44 + 4)(B, +4,))

Shr:

(g +4,)+

)

E* — I;r NTré‘Khravﬂ\/ , I* — I;r NTré‘Khravﬁvr
N (ﬂvr +ﬂ\/)(|hr NTr§Khr9v +(NTr +g)ﬂ‘v) N (ﬂvr +ﬂ\/)(|hr NTr§Khr9v +(NTr +g)ﬂ\/)
S* _ (ﬂ“ +ﬂh) 1]
hw —
(ﬂd +ﬂ'h)+ I NTWNVwﬂ aKhwava v—hw

(N, + 9)(/3vw +2,) (g Ny 8Ky, + (N, +9)4,)
E',, = L Nu B NS K S K e (A +24) §
(N 00t s + ) AN Koy (N + AN 0+ g)(fgijjf;g,'“;;“,ﬁggg;W‘Tf&w D)
N (A + ) (C(NE Ny 0, B K s O K + (Ngy, + 9) (24 Ay + A) (@ + A + A) A (B +4))) ,
(N7, 0Ky (0 + A + A )@y + Ag + 4 )Ny B0 K,y + (N, + 9) (A4 + 4)(B +4,)))
E* - LN 1w Ky 1 = e NS K B
" B AN NN 0K oy (N +9)4,) ™ (B + AU Ny 8Ky + (N, +9) 4,)

)
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(A +4)

S hs = *
(ﬂ’d +/1h)+ Ihs NTs NVsﬂ*vsaKhsavé‘Kvahs
(N +9)(Bs + 4) (1 Ny 6K, + (Ny, + 9)4,)
E*h — I;s NVsﬂvs NTsé‘Khsevé‘Kvahs (ﬂ'd + lh)

(N 00t A+ AN N AN+ s e
I - (A + 20)(—(Nr Nyt Bu K, K, s + (N +0)* (0 + Ay + 4 ) (0 + Ay + A4)A (B +4)))
(N7 0Ky (0 + &g+ A ) (@5 + g + 4 ) (N B SK, s + (N +9) (A +4)(Bs +4,)))
- N2 K A o N5,
" (Bt A NOK L+ (N +9)A)  ° (B + A1 N OK e, + (N +9)4,)
6% Rnraw Foonr Ner Nor Gar Bur

and
[[(9+ Ner)? (0 + Aa + An) (@nr + Ad + An) Av (Bur + Av) ] (
52 Riygav Rogne Nes ]]
g+ Nea)? (p+ Aa+ An) (oms + Aa + ) Av (Bvs + Av)

)

* *

R,>1,R, =
&2 Kowavw Fyonw New Now @y Bow

(g+New)? (P +Aa + An) (@nw + Xa + An) Av (Bww + Av)

Nyyw Gns Bya

€

B. Stability

The stability of each equilibrium point is determined from linearizing equation (13) — (21)
about equilibrium point examining the eigenvalues of the resulting Jacobian matrix. We now
consider the eigenvalues of the Jacobian matrix at each equilibrium point. From equation
(13)-(21) ,we can write in the matrix form as follows:

oKy > SKy pr o
- 1 Ny +4, +4 0 0 0 —(Y=2hr g
vy v o A) Ny vg) S o)
§Kvahr * §Kvahr *
— Vo hr ty —(A, + 2 0 0 Ny, S
(N, +g) v (G +n+ o) Ny vg) S o)
JE1= 0 o, ~(g + 2, +P) 0 0
5Khr—>v *
0 0 N, S%,) - 0
((NT,+9) 1 Sw) — (A, +Ai)
0 0 0 B -4,
Ky s o+ 5K,
~ V— MW | va+ld+ﬂh) 0 0 0 —( V- nw WS )
(N, +g) W (N7, +9) w
5K 5K
Zvohw* oy (A, A ta 0 0 vohwy ¢
v hw TN (g + 24+ @) ( S )
(N, +9) W (N, +9) w
JE2= 0 a, —(ld +lh+p) 0 0
§Khw—>v *
0 0 —hwov sty 0
( N rg) w) —( +B)
0 0 0 Bow -2,
b‘Kvahs * g v—hs *
— I N,.+4,+4 0 0 0 - N
((NTs+g) vl g ) ((NTS+9) S hs)
5K
v—hs * v—hs *
I —(A, +4 + 0 0
(N.+g) v " Gy + Ay rene) Nrg) " o)
JE3= 0 . ~(Ay + 4, +P) 0 0
6Khs»v *
0 0 —_hsovn sy~ + 0
Mg w) —(4,+4)
0 0 0 B -4,

The eigenvalues (A) are the solution of the Characteristic equation
det(J-Bls) = 0
where J is the Jacobian matrix evaluated at the equilibrium point . I is the identity matrix.

C. Disease free state
Equilibrium point of disease free state E; >3 = (1,0,0,0,0,1,0,0,0,0,1,0,0,0,0) has eigenvalues
as follows:

1% Mae Fah Luang University International Conference 2012



.........

52 Khr»v Kv»hr NTr NVr SVro’,hrﬂvr
(Ny, +9)°

(-B-44 _ﬂﬁ)[_ +(-B-p-4; - 4)(-B-a, -4 - 4)(-B-5, _/L/)j

The eigenvalues are
B=-4,-4, and the remaining 4 eigenvalues are the solutions of

o°K,. K, . NN a
(_ hr—v \(/—N>hr -:rg)\z/rs\/r hl’ﬁVr +(—B—,0—ﬂ,d _ﬂ‘h)(_B_ahr _ﬂ’d _ﬂﬁ)(_B_ﬂvr —ﬂv)j = O
Tr
- B-— _ _52Khw—>va—>thTwNVwSVwahwﬂvw
e ﬂ“)( (Nr, +9)°

+(-B-p—4 —4)(-B-ay, — 4 —%)(—B—ﬁw—&)]

The eigenvalues are
B=-4,-4, and the remaining 4 eigenvalues are the solutions of

5K, K ng N, Ny Sy &
{_ hwov ™ *vohw ™ "Tw \QN Vw thva +(—B—p—/1d _ﬂh)(_B_ahw_ﬂ’d _ﬁ'h)(_B_ﬂvw_ﬂV)] =0
(NTw+g)

R _ _ _52Kh5—)VKV—>hSNTSNVSSVSahSIBVS _R_ H_ _ _R_ _ _ _R_ _
(-B-4 ﬂh)( RS (B p—dy = 1) Baty ~ Ay —4,)(-B~ 4, mj

The eigenvalues are
B=-4,-4, and the remaining 4 eigenvalues are the solutions of

5K, K, Ni N S,
{_ hs—»v” *vohs” "Ts \2/5 Vs hsﬂvs +(—B—p—/1d _ﬂh)(_B_ahs _ﬂ’d _ﬂh)(_B_ﬂVS _2\/)] =0
(NTs+g)

or '+ AL +AL+AL+A=0
where
A3:p+azhr +/3vr +2/1d +2+22V
AZ :(/1d +Zh )(p+/1d +ﬂh)+2(p+2/1d +2£h )ﬂVMVZJrﬁW (p+2/1d +22h +ﬁv)+ahr (p+/3vr ”“d M‘n +22V)
P1= ﬁvr (p+/1d ’%h )(ahr +/1d +Ah )+(2(/1d +Ah )(p+/1d +ﬂh)+ﬂvr. (p+2/1d +uh)+ahr (ﬁvr +2(p+/1d +/1h )))ﬁVJr(pwzhr +2/1d +22h)ﬂ3

1

A= (NT +g)2 (_52Khr—>va—)hrNTrersvrahrﬂvr+(NTr+g)(p+/ld +Ah)(ahr+1d Mh)ﬂv(/’)vr”v))
r

Po=pt gy + By + 20 +2+24,

A2 =(Zd +/1h )(p+/1d +/1h )+2(p+2/1d +22h MV -M\? +ﬂvw(p+2/1d +22h +/1V )+(th(p+ﬂVW+ﬂ,d +ﬂh +22V)

Al: ﬁvw(p+/ld +ﬂh )(ahWJrﬂd +ﬂh )+(2(ﬂd +ﬂh )(p+ﬂd +/1h )+,Bwv(p+22d +22h )+ahw (ﬂvw+2(p+/1d +ﬂh )))ﬂv+(p+ahw+2/1d +22h )ﬂ\?
A s T g O 9K e ) )

Po=p+apg + P +2hg +2+ 24,

A2 =(/1d +A.n )(,0+/1d +ﬂh )+2(p+2/1d +2An M\/ +AV2 +ﬁvs (p+2ﬂLd +2An +ﬂv )+ahs (p+ﬂvS +/1d +/Ln +2}V)

A1= 'Bvs (,a+ﬂLd Mh)(ahs +ﬂd +A.n)+(2(/1d +Ah)(p+/1d +ﬂh)+ﬁvs (p+2/1d +2ﬂh)+ahs (ﬂvs +2(p+/1d +ﬂh ))Mv+(p+ahs +2/1d +22.n)/1v2

A W (_52 Khs—svKvshsNrsNsSvshs s +(Nps +0)(o+Ag +4n Napg +24 +20) A, (B +4 ))
s
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Equilibrium

according to the Routh — Hurwitz criteria:

Consider condition of Routh — Hurwitz criteria as show with parameter above. Condition in

above is always true . So this disease free state is local stability for

A3 >0,
A1 >0,

A > 0,

AMA-K-KA >0

point is local stability if eigenvalues have negative real parts. when they are

R, <1 when R, =

[ [ 62 Knrov Kyanr Ner Nyp Gnr Byr ] ( 62 K Kyanw New Ny @iy By
(g + Ner) 2 (0 + A + An) (Gne + Aa + An) Av (Bur + Av)

62 Kngyv Kyans Nes Noy Gns Bys ] ]

[(g+Nta)2 (P +2d + An) (Gne + Aa + An) Av (Bve + Av)

D. Endemic disease state
The endemic disease equilibrium point

El: (S*hr ’E*hr’l*hr ’E* ’I* S* E* I’khw ’E*vw’l*vw’s*hs ! E*hs’l*hs ’E*vs’l*vs) has

vr vr! hw 1 hw 1

characteristic equation as follows:

Where

AP+ A +ALP A+ AL+A=0

62 dye Kieyer Kioghe Fre Nox )

A =psap +3A3+3A +2 A, +8.2 1+ -
(g + Nee) (Bux + Av) (6 dne Kicyer Nre + (0+ Heo) A)

1
R (g o Hueh (B # 3d (S e Ronyrr Bre o (g« Hye) A0}
E—(q.lf _J:A.. (Bug + Ay) [(24-15.] (20e3R2+3 ) +2(0+323+3 %) oo i B (Pe3ha 43 M ¢ A) oM (DB +2A3+2 0 v?k._.]] -
& dpr By Bre
(B Ruat Box B (00 e+ B+ 220 0 230 0 2000 # (G0 Bch (Bux+ Ach ((Ra s Aa) (204300 #3huh +2 (00 3hu e 3M) Av o A0 s Bs (e Bhu e 3hu o h) o (0o s #2220 200)))

1
TG ) B+ ) (B e Foew Hre + (94 Heg) A1)
[0+ Merd? A (Bor + ) ((Ra+ 200 (Do R o ha) +2 (g s ) (20432 +300) Ao v 0+ 322 +32) 20 o Bor ((Ra+2n) (2043203 h) + (0+3Aa+32%) 2) +
e ((Ra+de) (Brda+da) +2(002R8 +22) Ao v v Bin (o4 2 A0+ 205+ 2 )) -
&b Koy Bre (6Koane Hex B ([ # 2) (04 da s A0) +2 (04230 92 20) A s 2 4 fux (00200 020+ ) 4@ (R0 Bt v I #220)) +
(Ge Mec) (e v A ((a+2e)® (PoRasde) +2 (Aa o) (20930 +300) Aev (Po3hae32) XD 0 fie (s 2e) (204320 +3R) o (03 0a+30) Aed o

G (e s 2s) (PoRasdp) o2 (042002 0) Ay o Ao e Bin (82004225 + 1)) )))

Hie Hox e B . L R
0 0ne Bue Aa ¢ Gae Bux X 0 e Bue R+ 200 Brx la by o e B N - ——
(g+ 8"

Boe (- 9+ Ber)® (s + 2007 (04 A + 2o} = 8 e Ropane Kovase i Mag (04 e 0 224 42250 ) +
(e (2 0+ 20) (o da w2 o Bir (e 2Aa v 22000+ (v ) (200 o 2e) (P o ha v ) 9 B (200320 #3000 D Ao (e (P4 220+ 2 0u) o (v Au) (2o 3hus 3201 250
6 fyp Bopa Kooanr Bire Hox B2, (D00 A 0 Jp) (@ap @ Ag + 2)
10 Foe) (-8 Fae Fony Brg » 49+ Wagh Bch (B e il
(6% de Konarr Korne Ty Hog By (190 Bud® By (04 20+ o) (@3p+ g # 20) LR W (Pt 20g 42 0y) -
(94 Boe) Bire (2 (ha o 2] (20 da o Ba) 4 Bun (Po20g 4200 s ape (Bur v 2 (Do g s 1)) )/ [EU‘lan= (=8 diy Konaer Bire + (90 Hog) Bux) (8 duy Ko e o (g Bot) A)) ¢
v Bag g By g By (8K ig Box Bop o (G0 Mig) (R 0 3g) (Bug o 23D ) /(09 Beed® (490 Megh® (Rg o 2g) By (Bruy @ Rep) w8 g Kiguy B {8 Kooy Mo Bog o (G0 M) (Rg 0 By} (Bug w 3:00))

5, (Pe Ag s Ap) (e o g o n) (8Kgne Moy Box o (@0 Neg) (g o 2p) (B » 21 o
(g + 20)° Ao (Bue # Aud (-6 Ragawr Koohe Hue Nog e Bue + {0+ Heed® (04 2a + 20) (e # Ag o 2p) A (Bue s A)) o

Sl Faryer (04 Bee) By (g 0 2 ) (Bur o ) (=8 Bupane Koge e Box Ghe B (g # 2a) + 2 (G Neg) (D R v o) (e + g+ 3a) D (5 Bogie Moy B o (04 Bae) (s ¢ 1) (Box + 2)])) /
({9 + Hee) (8 due Ko Bre + (9 + Hee) 1) [EQ-I":-,)" (Ra ¢ Ja) Hoe (Bum + A + 8 o Forger Bre (6 Foogee Boe Bx # (94 Hee) (Ra + 20) (B + 200
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6 iy Finer Koyt i oy
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The eigenvalues of endemic disease state have negative real parts ,when they are according
to the Routh — Hurwitz criteria:
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A >0 (i=1,234), (37)

A >0, (38)

AN -K-NA >0, (39)

(AA-AAAA-A -AA)-AAA-A)-A? >0 (40)

Consider condition of Routh — Hurwitz criteria as show with parameter above. Condition in
above is always true. We can represent conditions (39)-(40) with the figure 2 as follows:
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Figure 2 The condition of Routh — Hurwitz criteria(39) — (40) in endemic disease state for
rainy season, winter season and summer season, respectively.
We found that all eigenvalues have negative real parts when R, >1 . This means that

the endemic disease state is local stability [3] for R, > 1 when
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6% Kpgyy Kyans Nes Niw @ng Bus
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Results, Discussion and Conclusion

The transmission of dengue disease is analyzed by using the standard dynamical modeling
method. We have shown that several standard theorems in mathematical epidemiology can
be extended to this kind of SEIR model. R, can be expressed as
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is the basic reproductive number of the disease. If R, <1 , the disease-free equilibrium

state is local stable . If R,>1 , then an endemic equilibrium is local stable. The results of

this study are used for finding the condition of parameters to be the way for controlling this
disease.
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