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Research Title: Dynamical model for dengue epidemic of urban community in Thailand
Researcher: Asst.Prof.Dr.Puntani Pongsumpun
Faculty: Faculty of Science Department: Department of Mathematics

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Dengue disease is usually found in the tropics, especially in Southeast Asia. This disease can
transmit between human through biting of infected female Aedes mosquitoes. Dengue disease is
separated into 4 serotypes: DEN-I,DEN-Z, DEN-3 and DEN-4. From dengue data in Thailand, we
found that seasons are influence to the outbreak of dengue disease. Contact rates and incubation rates
of dengue virus are considered to be difference in each season. In the first model, we considered the
model with the different contact rates in each season. In the second model, the incubation rates are
supposed to be different in each season. Many Adedes mosquitoes are usually found in urban areas,
especially in a crowded place. Because the commutations of people and the ﬂyiﬁg of mosquitoes are
always happen, therefore these factors are considered in the third model. The third model considers the
above factors by constructing the dynamical network model. The behaviors of solutions to our
dynamical model are shown for the different set of parameters. The results of each model introduce the

parameters which could reduce the transmission of this disease.

Keywords : Dengue disease, equilibrium point, urban community, mathematical modeling
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Reported Cases of Dengue haemorrhagic fever by months, Thailand
2001-2010
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Reported Deaths of Dengue haemeorrhagic fever per 100,800

Populationsby Years,Thailand 2001 - 2010
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i vr = A= hr—)v I NTrSvr 6 I_vr- (3.22)
dt N, +d
il_ - Ch“ = hw T\v—_v: - Y% : (3'23)
dr” N, +d
Loy gy .. Tu N, S, =81, (329)
dat - N, +d '
R,, R, ,R, and S, ,S, .S, can be obtained from conditions
S, +1L, +R, =18 +1I +R, =1,5. +1 + R, =1land
S,+1,=1,S8,+1,=LS8 . +1 =1.
HAMIAAIZH

1w o v
QAENganT A INMsdamamuINvesaNms (3.16) - (3.24) Iy fugud 9z 1847

1) yaaugaaniz 131sa E, =(1,0,0,1,0,0,1,0,0)

¥
2) YAAUAATNIILIELINGOT

» »

EZ 7 (S hr > 1 v

A

$4)3]

s = ,+9,) o 1 >
- A'Cv—)hrN = 1+ _ﬂ
(6,+0,)+ AC
(N,, +d)*8, ] 1wV,
N, +d)+———
A‘Chr—wl hrN

— (5d +6h)(_(NTr + d) (B +6d +6h )6 +N N A'zcv—bhrchr—w) ,
" Np(B+8,+8,)AC,, (N, +d)©S, +8,)+N,AC, )

s, = 6, +8,) T 1

iC.. N, - ),
(N +d)+ (NTW +d) 6 AC,, 1 1 Np,
™ lChw—)vl th

(6,+6,)+

roo B+ 8-,
™ N (B+8,+8,)AC,, (N, +d)(8,+8,)+N,AC, )

W + d) (ﬁ + 5:1 + 6}; )6v +NTwNVwA’2Cv—>thhw—>v)

.-hr’I' Shw’Ihw’I'vw’Shs’Ihs’Ivs)’

3 4 o - do w o
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S- _ (6 +6 ) ] l' 1 3
bs — - S —
@, +5,)+ AC, Ny i I+ A(N,, + d)s
(N, +d)+ (NT_'+d) 8 Chr—w wV;
" A’Chs—wl h:N

. — (6d + ah)(_(NT.\' + d) (ﬁ + 6:1 + 6}1 )6v +N N A'ZCV—)’LYC'L\'—)V)
H o NR(B+8,+8,)AC, ,,(Ny, +d)S, +8,)+ N, AC,,.)

ANILADUTIRNIEN

= o L4 ) a ¢ 9 a § .
ﬁﬂ']’lzlﬁﬂﬂilﬂW'lZ’ﬂﬁ']"lﬂ 1NN1IHIT I eumnsng HAIWIITUIAURNILLDILD(eigenvalue)

T Fo | P { l [ {
SMauamizmzasdiduasuilumaunaasssuulanizadesmnizd

AC B AC A

(X281 N, +8,+5,) 0 ~(y=2hr &t )

(NTr+d) vr d "h (N +d)

AC " AC *
Joo=|y2h sty ~(B+6,+5 = 2
E1 (NTr+d) v (B +X h) ((NTr+d) Tr hr)

0 (lChr —)dv NTrS*vr) il 5v

Vo, +)

AC AC

(v hw (v hw

((N +a')lva""+6d+6h) 0 ((N +d)N Shw)

AC AC
J. = v hw = v hw
B,y (Brog+8y) (=i, > F

0 (lchw—)v w ) -5

(N +d) Tw ww v

AC AC

(v hs ¥ vk

((NTs+d)] sz"’+5d+5h) 0 ((N +d)N S hs)

AC " AC *

J. =|—vyohs F oy —(B+8 .+8 v hs g
E1 (NTs+d) vs ¥ (B d ) ((N +d) Ts hs)
AC
0 (—hs=2vy 'y 5
N.+d) Is vs v
( Ts

ANRWIZI1299911 14010
det(J—AIL) =0
1 I a o g a o ¢
Taof 7 Wunladsumasad 1 SlumweaSndendnyol

anmesznn 1515a E, = (1,0,0,1,0,0,1,0,0) ARWIZRIZ9AD

4,=-8, 5;1, po8-5 -84 |V, +dP(B+8,+8, Y +4N* S, 0°C,_, C
(NTr+d)
2 2
1| ps s s - Ny, +d)2B+8,+8,)  van? s 2%c . C,
43 d "h v (Np, +d)

3 1 o o ) do o o
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A,=-0,-0,,

a=2|_p5,-5-5,+ (Vg + AP B+8 8 AN L S C, sy Cony sy
2 d h v V (NT +d) »
w
. 2 2 2 2
Ml g5 -5+ [(NTw+d) (B+8,+8, Y +4N"1. S,M2C, . C,
2 d h v (N +d)
‘ Tw

A7 =- 5:1 - 6h > [(NTs+d)2(ﬁ+6d+6h)z+4N2Tsswlzcv—>hschs v

1
A=—|-B-68,-68,-6,+
2 (NTs+d)

2 2 2 2
a-l ps s s [(NTS+d) (B+8,+8, ¥ +4N* S,°C,_, C\
2 d h v V (NTS+d)

) 3/ s} =] o a a d 4 [ :/‘ b a
INNITNATUIVINAU %Ztﬁu'f]']ﬂ'lﬁl'lz%QMﬁ?N%iGLﬂHﬁULﬁJ@ RO < l.muuﬁm’ss"lﬂiﬂmﬂ

anmzadesneluiie Ry <1. Tavd
rc, .C,.,.N, N, n A’C,. ,.C, NN,

hs—ov " vohs hwov v hw

(N, +d)’ (N,, +d)’ + 2*C,,Coon N, Ny,

hrov " v—hr

(B+6d+6h) (N, +d)(B+6d+6h)
ov

Ro =
4 o
TANNTILUINLTDIY

E2= (S.hr 4 [‘hr~’ I

* * * » »

» * 1 P-}
S s Ly s L osS ps 5 L s 5 L ys) AURNITIIEIAD

Al=_p—5d _6h’A2=_6v

A . 6 + I.h,bl + b7b236db3 + b2 (ILbZNVrad _b7N;rSvrb32b4 )b6 + 1;' NVINTr (er 4 NTr )Svrb3b4b5 / _1 + b7b4b3b6N12,Svr
TITh T b, b; (b,byby + 105y

by, (bbb, +1,,b)

4,=-p-6,-6,,4,=-9,

L'ty SISt LU SN By = NS 3 e+ il Vo (N, -Nrw)Swf:Lfs] ,[_H LS SIS, )

4=|8, +1mh { :
{ WL, ZOhAA+ ) AT

A,=—f-6,-6,,4 ==9,

I8 + £181048; + £ (11, 8:N, 04 ~ 8:V1.5.,. 8,885 + I Ny Ny, (N, = N1,)S,, 8,885 :|/(_1+ 2:8:8:86V7.5., )

4 =|8, +—u8 : :
’ [" &8 g (&8 t1ig) 8 (28 +1.8)

a ;Y 9 g 1 A a o A [ 3 .&' v a
INANTIWIITUIVNAY %zmummmmwmmmﬂua‘uma RO > 1. AUUANIEIZUIAUTOTUNA

anmeadesnieludie Ry > 1.

3.1.2. diefinsananumanmsvesdnsimsiniivesedmiuunazggna
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AR,

"o

§—=t 18, =k S
N, + N,+g ™"
C.N-. rt& nt8 ol
> >k > >
l l l l 1R Ay, ll A, ARy,
Ky 1.8 P Ky ome IS
C.Nn, Nw"’ i Nn e ey dp
> > Ihw >
S AE,, Ay
Aol
h g S, Ko
Norg " O Nnrg L
~a > Eh: » ] »
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'y i,

AE,

l l A,IE)" 2'hlﬂu

A Y ° a d o (Y] Y A Ad o v a
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unnAiu M LIADZggMa

t 4
o &

a o =t 9
ﬁllﬂ']ﬁL“]N'W'ﬁf’f’lﬁﬂ5%63ﬂ33%1ﬂiﬂulﬂlﬂuqﬂﬂqu

d

S =CNy, =48, 1,5, ~8 :_:' 1,5,
d
E =6 """’IS -AME _—-AE —o, E
dt h NTr+ 'd~hr h*~'hr hr~hr
d )
;t_lhr = o, ~Ady, = M0y =PI,
d
d pIhr A"th A'th
d K
—S,,=C, Ny, ~4,S,,—4,S,,—0 vl 1§
d w' ' Tw d™ hw h' hw Nm+grwhw
d K
— By, =620 IS, =X By~ ME,, 0, E,
dt N, tg
d
Zlhwzahw_A’dIhw_lhIhw_pIhw
d
7 o = Pl = ARy, — ARy,
d . K
Zth =CsN7': _A'dSh: _A’hth _6 NT:_”“ Ir:Slu
d
E _=0§—=8 Koo 1.S,,—ME, ~ME, -0, E
df hs NTS'*'g 'd“~hs h~hs hs ~hs
d

—d—tlm = oy, — Mgl = A1y — I,

i

Ayl AR, AR,

(3.25)
(3.26)

(3.27)
(3.28)

(3.29)

(3.30)

(3.31)
(332)

(3.33)

(3.34)

(3.35)
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%Rhs = ply, = 2Ry, — MRy, (3.36)

o Qo Q d”
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[ 4
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S o t o ' 1 §
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e
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I aa

g o ' dy Y
1, Wuswauvesdszannsnunguiidaideuazannsonionente 1d uggau

y ¥
R, Wusmmveslsznasaunguiiiuldluggdu

44 a4
S, Wudwwvesdsznnsaunguiiessensiageluggrun

1 oAa d’l’ 1o/ ' 1 dy Y
E,, Wusmuvesdsznnsaunguiidaisounds ldansageneade 1d luggnuim

g o t o dAa ‘j’ ! & Y

1, Wusmmvesdsssnsaunguiidaifeunzanansadioneaiie ldluggrun
o o v

R, dlusmuvesdszannsaudinuldlugguuia

[~] ° A A ' a Ay Y
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3| o | Aa 4?1‘ 1o T ' Ail’ fY FY
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Ehs
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R, dusmuvesilsy °]5’Iﬂ‘iﬂu1/l1'\|u"1‘lfluf]ﬂmu
fmmw’fmwamﬁm{ﬂmﬂsz‘mﬂsqmau‘lﬂﬁqﬁ

iSvr _6 hr—)v IhrSvr AS (337)
d NTr+g
i vr_a hr—)v IhrSvr )"E ﬁvr vr (3'38)
dt N, +g

= B,E,-Al, (3.39)
dt
isvwzzw_a Kh'W—)V IhWva A'S (3.40)
dt N, t+g
iva 6 hw_w Ithvw A’E ﬂvw viv (3'41)
dt N, +8
A1 =B E, ~AL, (3.42)
dt
L T (3.43)
dt s
g -5 wn 15 £ -B.E, (3.44)
dt N, +g
41 - BE.-AL (3.45)
dr "

Taeh

do o
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3
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K,,.,, Jusasimsawneaiie hiaunsinnauldyslungdou
3 ar o y o P!
o, Wudasimsilndaveusalsaunsivetlszmnsauluggru
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[~ Y Y dy [ a
o, Wusasimsindrveude lhiauasfivestszannsgaluggrun

g [ dy [y a y
e, Husasimsilndrvoude hiauasiveslszmnsgsluggiou

vs -
S o &
p Wusasmsu'ld
g @ Y
§ Wudasimstavesys

o o A Aaa a A 4 v
g WudwuvesdalFinstiadunuumnnase1msven

fmualiilsznnsynnguilvuiansd N, =S, +E, + I, +R,, N,

=S, +E, +1, +R,,,

Ny =8,+E, +1, +R N, =S, +E, +Iw Ny, =S, +E_ +1, Wag Ny, =S8, +E, +1  3NM3I
angdaumsdredu Tnol¥amduriugae Ui
S_;,,=Shr ’Ehr:Ehr’T;: Ly , R, = th’Shw:Shw ’E_h“ hw,};=i,Rhw= Rhw,
NTr N Tr N Tr N Tr N. Tw T N Tw N Tw
— S, — /JE, — 1 R
Y=_,E = hs ]r:_hf ( R_,——"“
’ NTZ? y NTS ! NTs A Ts
— 7 4 Ll N REN NN EAL —  F
Svr — Svr : va — va ’ Sv_\- — S vs B, — vr , EVW £ 144 J va — VS
N, vr N, 141 N Vs N vr N Yw N Vs
I = 1, {72 Ly | (s
NVr NVw NVs
w2 13
1§;=(Ad+zh)—(xd+xh+6ﬁ7;1vy, i (3.46)
dt N, t+g
d K —h F
ZE, =862 ] N,S, —(a,+2+")E, (3.47)
dt N, +g "
d— A
EI"' = o, E, ~(Ay+X, +p)I,, (3.48)
d
=(A+A) (A, + A4, +6 —=2m Ky I.N,)S,, (3.49)
Sy =0+ 2)~( N T NS
d . .3
p E, =6 NTW‘:”gI N, S, = (0, +A;+A)E,, (3.50)
d — —
:1;1'"" = a,, E,,— A+ +p)I,, (3.51)
d
—S,. = (A +A,)- (A, + A, +0 —=2= Koot I_N,)S,, (3.52)
dt Ny +g "
d — —
—5Kow TN 5 (0, +1,+2,)E, (3.53)
dt h.r NTJ+ Vs ¥ h hs d
dif,: =a, E, —(A,+A,+p)l, (3.54)
d vr - 6 h"—"’ ‘Ihr NTrSV (}’V+Bvr)Evr- (3'55)
dr N, +g

FT) J Y < < o J
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d — —  — :
—1 = E -21 (3.56)
dt vr ﬁvr vr vovr -

A F, = 6w TN 5~ (2 +B,)E, (3.57)
dt N, +g

LT = BuE AT, (3.58)
g =5Kom 7N 5 - (4 +8,)E, (359
dt N, ,+g

d — S —

—] =B E -A1 (3.60)
dt Vs ﬁVS Vs A

Taef

S, +E,+I,, +R, =1,S, +E +I +R =1, +E +I +R, =land

S,+E, +I, =1,S +E +I =18, +E_+I =1.

uanldanmsimnzy
graugam idnnmsdamadinunvesdnms (3.46) - (3.60) Idugud sz 1d
1) yeaugaanz1§lsn M, =(1,0,0,0,0,1,0,0,0,0,1,0,0,0,0)

3
2) ATUAATNIIZILUINGO

M, = (S hr ’Ehr’Ihr b E vr’Ivr’Shw H Ehw’]hw ’E vw’va’S hs Ehs’Ihs ’E v.v’I v.r)’

2
Taeh
. (A +4,)

S hr = »
(A'd +lh)+ IhrNh‘NVrﬁ‘vraKhr—)vaKv—)hr
(Nﬁ + g)(ﬂvr + A‘v) (IhrNhaKhr—w + (NTr + g)a"v)

E‘ —_ I;rNVerrNTr(sKhr—waKv—)hr (A'd + A’h)
hr = -
" . ]hrNVerrNTraKhr—)vaKv—shr
R A 7 R B T T T Y
1‘ = (ld + 17; )(_(NTrNVrahrﬁvraKhr—waKv—)hr + (NTr + g)z (p + 2'd + )’h)(ahr + 2’d + Aﬁ)a’v (ﬁvr + )'v))) s
"’ (NTraKhr—)v (p + A'd + A’h )(ahr + A‘d + A’h)(NVrﬁvraKv—ihr + (NT)' + g)(a"d + )"h)(ﬁvr + A‘v)))
. I;rNTraK A * I;rNTraKhr—)var

hrov™

E w = . )1 v .
(ﬁvr + A’v )(IhrNTraKhr—w + (NTr + g)a'v) (Bvr + 2’v)(Ihr]vT;'aI<llr—)v + (NTr + g)lv)

9 -4 Y -] do @ o
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$ = A, +A) ,
" IV NyuB oK gy o8 Koo
(A'd + A’h ) + .vw =V v,
(Vn, + &) B + 4) 1y, N, B K., + (N, + 2)A,)
E.hw = I;wNVwﬁvaNaKhw—waKv—rhw (A'd + A'h)

LNy B N1, 0K 0K,y
(N1, +8)B,, + AU N1, K,y + (N, + 2)A,)
= Gy + 2 )N, Ny @ By Ky O Ky oy + (N, + V(0 + Ay + 4 )0, + 2y + 50 (B +AD)
' (N8 K oy, (P + Ay o+ 20, ), + Ay + YN, B0 K, o, + (N, + 8R4 + 4, )(B,, +4.)))

(NTw + g)(ahw +2’d + A‘h)(ﬁw + A’v)(l;wNTw5Khw—w +(N7'w + g)AV)(A’d +A’h + ))

E' = I;wNﬂvaKhw-)vA" s I' — ];WNTwaKhw—)vﬁvw
"”‘ (ﬁvw + A’v )(IthTwaKhw—)v + (NTw + g)a'v) " (ﬁvw + A’v)(lthﬂvaKhw—w + (NT\v + g)lv)
S‘ — (A'd + X'h) >
hs )
(A’d +21|)+ IhsNT:NVsﬁ.vxaKh:-—)VSKv-—)h:
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E, = LNy B Ni K, OK, (X +4) >
g - I'N,B.N, 8K, 8K,
N. ) A' A’ A A hs! YWsHys T Ty hs—v v=yhs
(Vo + €t + 3y + BB + A, N8 Kot oy + AN By b S et )
I‘h- = (}’d + 2’h )(—(NTsNVsahsﬁvsaKhx—)vaKv—m.\' + (NT: + g)2 (p + A’d + )’h )(ahs + 2'd + 2'h )A'V (ﬁw + a'v ))) ,

(NTxaKhx—)v(p + A’d + A’h)(ah.\' + A'zl + A’h)(NV:Bv.\‘SKv—)h: + (NT: + g)(a'd + Aﬁ)(ﬂw + A’v)))
* I;:NTXSK A ¢ I;:NTsaKhs—)vﬁvs

Ev:___ - hs>v ™y ’Iw__: - _
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J |
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[ [ 62 Rprav Kyonr Ner Nor @hr Bur
(g+Nee)? (o+ Aa + 2n) (anr +Ad + 2n) Av (Bur + Av)
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Al, Theoretical Background

Many biological problems can be explained mathematically by a set of differential
equation, which may be nonlinear. In many situations, it is possible to replace the nonlinear
differential equation by a set of related linear differential equation that approximates the real
nonlinear equation close enough to give useful effects. The method of “linearization” may not
always be appropriated. Then the original nonlinear differential equation must be considered. The
study of nonlinear differential equation is usually confined to a variety of special cases and we
have to use various approximation methods. In this part, we shall give an introduction to the
method which we use in this research.

Definition A.1 A point X € R” is an equilibrium point (or stationary point, singular

point, critical point or rest point) of

dX
— = fit, X Al
T (t X) (A1)

it f(t,Xo) = 0 forall t >t
If X, is an equilibrium point of (A.1) at t ", then it is an equilibrium point forall T = t
Definition A.2 The equilibrium point X = 0 of (A.1) is stable if for every 0 >0 and any t,
e Rt thereisa @(d,ty) > 0 such that
Iu(t,to,’y)l < & for every t 2 tg
whenever l Y l < (d,ty) where u(t,7) isthe solution of (A.1).
Definition A.3 The equilibrium point X = 0 of (A.1) is asymptotically stable if
1) itis stable and
2) foreveryt, 2 0 there is an €(t,) > 0 such that

lim u(t, ty,Y) = 0 whenever || < & [54] (A.2)
t oo

Definition A.4 The equilibrium point X = 0 of (A.1) is unstable if it is not stable. In this
case there is a t, 2 0 and a sequence Y, —> 0 of initial points and a sequence t, such that
Iu(tO +tm>t0: Ym) | 2 7y foreverym,t_ 2 0.

For more general setting, consider a system of two autonomous first-order differential
equations :

@ o

3 o Y] o 4 4
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X gz (a3

dt
dy
——=82(XY) (A.4)
dt
where gq and g, are nonlinear functions. We let (X, Y) is the equilibrium point, then
g (XY = XYV = o (A5)
Setting the solution at any time in the form
X® = X+ x(t) (A.6)
and
YO =Y + y(t). (A7)

This method is called perturbation of the equilibrium point. We substitute X(t) and Y(t) from

(A.6) and (A.7) into (A.3) and (A.4),
%(?H X) =g (X+x,Y+y) (A.8)
ad;(ﬁ V=g (X+x,Y+y) (A.9)

On the left hand side, we expand the derivatives and on the right hand side, we expand g,

and g, in a Taylor series about the equilibrium point (i, ?). Then we obtain

dX . dx <o == =5
— + — + +
el g1 (X Y) + 8, (X, V)x+g, (X Yy
(A.10)
+ terms of orderx 2, y2, Xy and higher,
dy | dy =5 - =5
— + = = + +
el | 82(X V) +823, (X, V)x+83, (X V)y
(A.11)

+ terms of order x 2, y2 , Xy and higher,

— p - _
where 81, (XY) is 3g—1— calculated at (X,Y)and similarly for
X

81y (i ?), 82 (X §) ) gzy (i _Y-) and other terms.

dX dy

By the definition of the equilibrium point, we have —a? =0, E = 0,
gl(_)—(,?) = Oand gy ()2?) = 0. We consider only linear term. Thus from (A.10) and

(A.11), we obtain

31 o as = o w
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& ajx+apy
(2 a1 X +‘g y
dt 21 225
We denote J as the Jacobian matrix of equations (A.3) and (A.4) and is given by
dg1 98
% v a1 a2 ox d
JXY) = ol Y
a1 2 o82 982
ox 9y %y
Letting o =ay] +ag
P=ajjaxn —apay
and v =% — 4P is called the discriminant,

Then the characteristic equation is. A2 — oA+ B=0

The eigenvalues are obtained from:

ety

A —
1,2 )

A linear system can have at most one equilibrium point, (0,0) if  =det J # 0.

Theorem A.1 The equilibrium point X = 0 of (A.1) is stable if all eigenvalues of J have
negative real parts and every eigenvalues of J which has a zero real part is a simple zero of the
characteristic polynomial of J.

The behavior of the equilibrium points of the system of equations (A.3) and (A.4) can be
determined by considering the different kinds of eigenvalues of the Jacobian matrix.

The different behavior of equilibrium points are determined from the characteristics of
eigenvalues of J.

i) The eigenvalues of J are real and distinct.
ii) The eigenvalues of J are real and repeated.
iii) The eigenvalues of J are complex.
The behaviors of the equilibrium points for all three cases are described as follows.

Case I The eigenvalues of J are real and distinct. There are three possible behaviors.

o

9 o o a < o &
HHIWAAATIVITY AT AUTU WIATUNUD
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a. If both eigenvalues of J are negative, the equilibrium point will be a stable-two tangent

node (Figure A.1).

228
P74

Figure A.1 A stable two-tangent node.

A

b. If both eigenvalues of J are positive, the equilibrium point will be an unstable

two - tangent node(Figure A.2).

Figure A.2 An unstable two-tangent node.

c. If the eigenvalues of J have opposite signs, the critical point will be a saddle

point (Figure A.3).
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Figure A.3 A saddle point.

ii) The eigenvalues of J are real and repeated. There are two possible behaviors.

A0
a.If J isdiagonaland J is similar to the matrix as J = l:O 7»:] , then the

critical point is called a stellar node which be stable if A < 0 and unstable if

A >0 (Figure A.4).

-
A

(a) Stable (b) Unstable
Figure A.4 A stellar node.
b.If J isnotdiagonal, then it is not similar to a diagonal matrix. The critical
point is called a stablé one-tangent node if A < 0, and an"unstable one-tangent

node if A > 0 (Figure A.5).

L

(a) Stable : (b) Unstable

Figure A.5 The one-tangent node.

iii) The eigenvalues of J are complex.

It is necessary and sufficient that 'y = a? - 4P is negative and then

oz
2

There are six possible behaviors as follows.

Mo

1 @ o

Auenans1ntsd as. sl wedduiug
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a.If O0>0 and B >0, then the equilibrium point will be unstable node.
b.If Ol <0and B > 0, then the equilibrium point will be stable node.
c.If Ol <0 then the equilibrium point will be a saddle point.

dIf o < 4B and O0>0 , then the equilibrium point will be an unstable spiral

node (Figure A.6).
J .
-
) 3 3
-« ( o
Figure A.6 An unstable spiral node.
e If 02 < 4B and O <0, then the equilibrium point will be a stable spiral node

Figure A.7 A stable spiral node.

2

fIf o < 403 and Of= 0 mean that the eigenvalues of J are purely imaginary, then the

1

critical point will be a center (Figure A.8).

¥ 1 ¢ o A Jy W ¢
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Figure A.8 A center.

In this section, we use the above ideas to apply for systems of n >2 equations.

Consider
% = fi(X), Xg,00 X )  wherej=1,2,...k (A.12)
or in the form of vector notation
‘:T)t( = F(X) (A13)

for X = (X, X,,..., X)) and F= (£}, f,,..., f,) where each function f; depend on all or some
Y,, Y,,..., Y,. The equilibrium point Y is obtained by solving F(Y) = 0. The next step is to
determine stability properties of this equilibrium point.

When we linearlize equation (A.13), the Jacobian is obtained by setting
J _ —
] = —F (A.14)
X (V)

where J is a kXk matrix. The eigenvalues A of the matrix satisfy det( J —AI) = 0. We obtain a
characteristic equation in the form
4o AT 4kb, = 0 (A.15)
The stability of the equilibrium point can be determined without solving the actual values of
eigenvalues by using the Routh-Hurwitz criteria.

Definition A.5 (Routh-Hurwitz criteria for local asymptotical stability)

v o &

] 4 Qs ) <
HTWATATITY AT WUTU WIATUWUD
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Take the characteristic equation (A.15), define k matrices as follows:

Hl=[b1]:
by 1
Hz:[b3 bz]’
(b, 1 0
Hy=|b3 by by| |
|bs bg bj
b 1 0 0 0
Hj = b5 b by : 0
bs by b b, 0 |
baj-1 bajoz baj3 bpjg ... by
[b; 1 0 - 0
H - b.3 b.2 b'1 0
L0 o - bk

‘where the (I,m) term in the matrix H; is

b,, for 0 < 2l'm < k
1 for 2 = m
0 for 21 < m or 21 > k+m.

Then all eigenvalues have negativé real part, This means that the equilibrium point X is
stable if and only if the determination of all Hurwitz matrices are positive which is
DetH, > 0 for j = 12,3,k

Next, we show conditions of Routh-Hurwitz criteria for case k =3 and 5 which are appeared
in the thesis.

Fork=3;

We need to show that DetH, > 0 for j = 1,2and3.

HI = [bl]; DetH]=bl,
b, 1
H, = b3 b2 ; DetH,=b,b, - b3,
by 1 0
H3= b3 b2 bl . DetH3= blb2b3 —bg —b12b4 +blb5.
bs by bs

9 1 4 s a do @ o
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Since coefficients b, and by in 3" order characteristic polynomial equation equal to zero
then we have
DetH, = b,
DetH, = bb,- b, and
DetH, = bybyby ~b5 = b3(bjby —bj).
So the three conditions which correspond to Det H, > Oforj = 1,2and3are b, >
0, b > 0 and bb, > b,
Therefore the three conditions of Routh-Hurwitz criteria for local asymptotical stability in
3” order characteristic polynomial equation are
i) b, > 0
ii) b, > 0 and
iii) bb, > b,
Fork=5

We need to show that DetHj > 0 for j = 1,2,3,4and5.

H, = [b]; DetH, =b,
H, = [bl : } DetH, =b,b, - b
2 b3 b2 ’ 2 172 3
by 1 0
Hy=|by by byl DetH= bybybs b3 ~bZby +bibs,
bs by by
by 1 0 0
21 SR
5 4 3 2
b; bg bs by

DetH, = b,b,b,b, —bZb, —b?b2 —b,bZb, +b,b,b, +2b,b,bs — b2 +b2b,b, — b b;b,

—-b,b,b, +b,b,,

LT

o ¢ o a g o+
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DetH,=b,b,b,b,b, —b2b,b; -blb3b, —b1b§b§ +b2b3b§ +2b,b4b§ -b} —b,bzbibs
+ b§b6 + b12b3b4b6 + 2b12b2b5b6 —3b,b;bb — b’bZ + blb§b3b7 - b2b§b7
~b’b,b,b, —b,b,bb, +2b,b,b, +2b’b,b, —b,b2 —b’b,b,b, +b,b3b,
+b’b,b, -blb,b, +b,b,b;b, —b?b9 —bib,b, +b,b;b,.

Since the coefficients b, b,, b, and b, in 5" order characteristic polynomial equation equal to
zero then we have

DetH, =b,,

DetH,=bb,- b,,

DetH,= b,b,b, —bZ —blb, +b b,

b,(b;b, —b;) =b,(b,b, =by),

DetH,= b,b,b;b, —b§b4 =blb2 - b,blb, +b,b,b, +2b,b,b, = b2
=b,(b,b,b, - b- blb,)-b,(b,b3 £0b \b WK LOB bl ) ,
DetH,= b,b,b,b,b, —bib,b, —b’bb, ~b,b2b +b,b,b +2b,b,b? ~ b3

= bs(b,(bb,b, - bl- bflg,,) -bs(blbi —b,b; —=2bb, +._Ab5))

So the conditions which correspond to DetH;, > 0 for j = 1,2,3,4andS5.

are b, : > 0,
bb,- b, > 0,
b,(b,b, =b;)—b,(b;b, —b,) > 0,

b,(b,b,b, - b§ - b,2b4)-b5(b,b§—b2b3—2b|b4+b5) > 0.
After we rearrange all above inequalities, we get the conditions of Routh-Hurwitz criteria
for local asymptotical stability in 5" order characteristic polynomial equation
i) b > 0(i=1,2,3,4,$)
i) bbb, > bZ+blb, and
i) (b,b, —bs)(b,b,b, —b§ —bfb4) >b,(b,b, —b3)2 +b,b2.

A2. Numerical Solutions of Differential Equations

In this research, we use Runge-Kutta-Fehlberg’s method which is one of the most widely
used methods, and is particularly suitable in cases when the computation of higher derivatives is

* complicated. It can be used for equations of arbitrary order by means of a transformation to a

9 ¢ o 2o w &
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system of first-order equations. We shall discuss the solution of three first-order equations. Let

this system be

dx

dat
dy

dt
dz

dt

f(x,y,2,t)

g(x’ y’ Z’ t)

h(x, y, z, t)

with initial point (X, ¥,,2,,t,) and interval length h.

Runge-Kutta-Fehlberg’s method for finding approximate values of x,y and z at each step is
N (2375k | +11264k 5 + 10985k 4 — 4104k 5

X =
n+l n 20520
(2375r | +11264r 5 + 10985r 4 — 4104k
Yol = Yot 1 3 4 5
n+ y 20520
(2375s | + 11264s , +10985s , — 4104s
7z =g + ! 3 4 5
ot 2 20520
where )
k, = hf(x ,,y,,2,,t,)
k r S h
k, = hfx_ +-+,y +L,z +=L,t +—),
2 ( n 4 yn 4 n 4 n 4)
K, = hitx, + 3k , +9k,) L (3r, +9r,) L (3s, +9SZ),tn +&)’
32 32 32 8
k. = hix + (1932k |, — 7200k , + 7296k ;)
4 " 2197 ’
. (1922r , - 7200r , + 7296r ,)
" 2197 ’
2+ (1932s | - 7200s , + 72965 ,) — 12h )
2197 13
" _' hicx - + (8341k , — 32832k , + 29440k , 845k ,)
s = n 5

n

n

4104

, (8341r | -32830r , +29440r, - 854r,)

4104

, ., (8341s , -32832 , +29440 5, - 8545 ,)

,t, +h),

4104

fiuenans1nsd es Wusil wedduiug
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(-6080k | + 41040k , — 28352 k, + 9295k , - 5643k ;)

k. = hfi +
6 &, 20520
- (-6080r | + 41040r , — 28352 r, + 9295r , - 5643r ;)
" 20520 .
s (-6080s , +41040s , — 283525 ; +9295s , - 5643s ;) +£)
" 20520 , R

and the error for each step will be

k, 128k, 219% , K,

Error = —,
360 4275 75240 50

I,y Tgand the eror of y value can be evaluated from the above equations.

$;,85,.., Sgand the error of z value can be evaluated from the above

equations.k |, k, ,..., k¢ and error of x by replacing function f with function g and %unction h.
Runge-Kutta-Fehlberge’s method can be applied directly to a system of n first-

order differential equations

Definition A probability space (Q,F,P) , a stochastic process (or random process) with state

space X is a collection of X-valued random variables indexed by a set T ("time"). That is,

a stochastic process F is a collection

(F, :te T}

where each F, is an X-valued random variable.

g) 1 4 (g ) dao @ o
HAIWAIAATINGY AT.WUTU WIATUNUT



MANUIN U

HNAITUNTIVY

1. Rattiya Sungchasit, Puntani Pongsumpun, Transmission Model of Dengue Disease with the
Different Contact Rates of three Seasons in Thailand, Proceedings of the 38th Congress on

Science and Technology of Thailand, October 17-19, 2012, A_A0008, pp.1-7.

2. Rattiya Sungchasit and Puntani Pongsumpun, Dengue Transmission Model with the Different
Incubation Rate for each Season, Proceedings of the 1st Mae Fah Luang University

International Conference 2012, November 29-December 1,2012, P-SC-A_3, pp.1-12.

3. P.Pongsumpun , The household distribution of dengue epidemic, Journal of Basic and Applied
Scientific Research 2013, 3(7); pp.56-65.

Qs ) do w o 9 a @ o [y YA )
4. Wustl werduius, iusasufawaiadmiunisseana lsa ldidonse puosguauiioaly
¥
Yszmalney, Sauaaananudds uuuTmasy afe 2 aafume Tuladwszeeunduinm

nsaanseily, 18 g 2556.

@ ) Y] ' o a @ o LY
5. WUl wadduwus, wuvrasugamaiadmsumsszuinlia ldifensonvesyuaiioslu
dszma'lne, Sauaaananudds uuuTdmess dnssamssuinomeans aonivma Tulad

wszvaNINAUTINUNMIIAIAnT LY, 19-20 FaN1AN 2556.



uuusnsufanatndmiumsszunlsn ldidensenvesguruiloaludszmalng 73

A_A0008 1

TRANSMISSION MODEL OF DENGUE DISEASE WITH THE DIFFERENT
CONTACT RATES OF THREE SEASONS IN THAILAND

Rattiya Stmgchasit, Puntani Pongsuropun®

Department of Mathematics , Faculty of Science , King Mongkut's Institute of Techmology
Ladkrabang . Bangkok 10520, Thailand

*e-mail: kppuntan(@kmitl ac.th

Abstract: A Mathematical model is used for describing the transmission of dengue
disease. The person can infected this disease by biting of the infected Aedes mosquitoes.
Dengue disease is separated into 4 serotypes: DEN-1 DEN-2, DEN-3 and DEN-4. In this
study, we formulate the model with different contact rates in each season. The standard
dynamical modeling method is used in this study. We derive stability conditions of
parameters for disease free equilibrium state and disease endemic equilibrium state. The basic
reproductive number of this disease is found. The results of this study will point the way for
controlling this disease.

Introduction: Dengue Fever (DF), Dengue Haemorthagic Fever (DHF) and Dengue Shock
Syndrome (DSS) have emerged as an intemational public health problem, which is now
endemic in more than 100 countries and affecting about 40% of the world population ( 2.5
billion people) living in tropical and subtropical regions[1]. There are four serotypes of
dengue virus, namely DEN-I, DEN-2, DEN-3 and DEN-4. Dengue disease can not be
directly ransmitted between the people. The infected female Aedas mosquito is the primary
vector for this disease. The development of the virus and the mosquito are affected by the
climatic factors. The effect of exfrinzic incubation period of dengue vims caused the
seasonality transmission of this disease[2]. When a vector bites someone who be infected
with dengue virus, the virus is transferred to that mosquito and it become infected
mosquito. After the infected vector bites the susceptible human then the virus move into the
human bloodstream , and it spread throughout the body. Symptoms appeared about eight to
ten days after the biiting from an infected mosquito. Symptoms are flu-like illness and can
include high fever, nausea, vomiting, body aches, and headache. The moisture content
Jemperature, season and ramfall 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 raimy season as shown in figure 1.

Esteva and Vargas developed a model for dengue disease transmission and
included the dynamics of the Aedes aegypti mosquito into standard SIR ( susceptible —
infectiverecovered) epidemic model[3). In 2010, RKongmy and P Pongsumpun[4]
considered the transmission of dengue disease with the effect of season In this paper,
we used SIR model for analyzing and finding the method to decrease the outbreak of this
diseaze. We analyze the dengue model of seasonality compartment (rainy season, winter
season and summer season).

© 38% Congress on Science and Technology of Thailand (Full paper)
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Figure 1: Reported cases of Dengue disease per 100,000 population in
Thailand dunng May 2007 and April 2008.

Methodology: The mathematical modeling for dengue disease describes the relevance
of human and mosquito population. In this study, we assume that the human and
mosquito population have ' constant sizes. The human population i1s divided into
susceptible , infected and recovered classes for the first model. The mosquito population 1s
divided into susceptible and infected classes because the mosquito never recover from

mfection.

The dynamics of human population are given by

d oy

-;S. =R Ny, =050 =0,y —4 N, +d 1.5,

d

L=k 1S5 51, -1,
T

d

ER»"' Bl -6,k -OR,

d C

PR S A AL

d o

II|-= lﬁlmsl =0~ 1, - 81,
Tw

d

—R =PI -3,R_-oR,

dr

A5 —pN,-5,5 -85, -1-Scm ] s

d’ by . (il ke Nh+d (e ]

d

= AL S =60, - 31 B,
T

d
= Bl -0k~ 6R,

We define

§,, 1s the number of susceptible human population in rainy season,
I,, 1s the number of nfectious human population in rainy season,
R,, 1s the number of recovered human population in rainy season,
S, is the number of susceptible human population in winter season,
I, 1s the number of infectious human population in winter season,
R,, is the mmmber of recovered human population in winter season,
S, 1s the number of susceptible human population in summer season,

O}
@
(€))
@
®)
©)

®
®
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1, 1s the number of infectious human population in summer season,
R,, is the munber of recovered hnman population in summer Season
The dynamics of the mosquito population can be described as the following

75

equations :
25,4, —Ai%‘f;],sw -55, (10)
_:;J, =1 J\cr:,bja 1.5, -1, (11
2 S, —1%1,,5" -85, (12)
%1,_ - A Nc:ffa 1.5 -51. a3
%s,, = —z%rusw-é,s‘_ 4
% 4z Af::d 1.5,-d1, sy

We define

S,, 15 the mumber of susceptible mosquito population in rainy season,
I, is the mumber of infectious mosquito population in rainy season,

S,, is the mimber of susceptible mosquito population in winter season,
I, is the mumber of infectious mosquito population in winter season,
S, is the number of susceptible mosquito population in surmmer season,
I, 13 the number of infectious mosquito population in summer season.
Where the parameters are defined as follows :

‘U‘“-?'&‘EZ?ZSZ:Z?Z#Z

is the total human population mminy season,

1s the total human population in winter season, e
is the total human population in summer season,

is the total mosquito population in rainy season,

is the total mosquito population in winter season,

1s the total mosquito population in summer season,

is thenatural death rate of human population,

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

1s the death rate of mosquito population,

is the birth rate of human population,

C, ., is the ransmission probability of dengue disease from mosquito to buman in

1aimy Season,

Copw is the transmission probability of dengue disease from mosquito to human in
winter season ,
C,,, i3 the transmission probability of dengue disease from mosquito to human in

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

rainy seasom,

© 387 Congress on Science and Technology of Thailand (Full paper)
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C,., is the transmission probability of dengue disease from human to mosquito in
winter season,

C,,.., is the transmission probability of dengue disease from human to mosquito in
summes season,

B is the recovery rate of human population,

i 15 the biting rate of mosquito population,

d is the mumber of other antmals available as blood sources.

We suppose that N, =S, 41, +R., N = S+l +Rp
N, =58, +#I, +R.N,=S, +I .N, =5+ and N,,=5_+I,

We normalize equations (1)—-(15) by defining new variables.

_ Yo > Riv 51.. 2 Ih. th
= ) = ) =, 5 ==, = o ="
" N N TS S e\ e T Moy
L R
S = T =& =k
A Rk
et e el e Do T -
N!’r M" Nl'l }JF'! NH- NI’J

The total human and mosquito populations have constant sizes , thus rates of change

for tota] hwuman and mosquito populations equal to zero. Thus , the ‘birth and death rates
A,

are equivalent for human population , the total mosquito population equals to 4 mn
v
rainy Season, -‘;—"’ in winter season , %instunmersea&on'l’hﬁegive
v (]

d— T ot AN .

Es,,=(6,+6,,)-(6,+5,+A.N’:TJI,N»)S, (16)

%E=JI.NC":JI_'N»E—()6+5‘+5.)K an

r

d-— Cosa T ap T

2SO+ 8)-(5, 40,42 N::-d T, N5, (18)

e = NS - (B0 80T, (19)

d< C

Z 5=, +8)-00, +4, +,LN"“'d NS, 20)

d+ (5 W, 1

EI —/’lN dI Ny, S —-{(f+dy +6)I Q0

if:—z; = N,5, -1, 2

GRS oI @3

;Iu=zl;; dI NS -3,T, (e1))

R,,R_R, and S .S ,S, can be obtained from conditions

S, +R,=1,8, +IH+RH—1,SM+J”+RM=1and

+1,
S,+1,=,L8 +I =15 +1, =1

Analysis of the Mathematical Model
© 38™ Congress on Science and Technology of Thailand (Full paper)
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" A Equilibrium points

The equilibrium points are found by setting the right hand side of (16) - 24)

equal to zero. This gives
1)The disease free equilitsium pomt Ei=(1,0,0,1,0,0,1,0,0)
2)The endemic disease equilibium point

E= .l TS T LS T T,

where
S‘, (5‘:2 - ' p - l+d)5 >
A0 iV O
(6‘ +5|)' (N +J)+ (N +ﬁ)’§ lw.,b'n
T A TN

o a s ) ANy + dY (B+8, + 85, + Ny Np A0, 0 Curs) |
Y NG (845, +5)4C, (N, +dY5, +8,)+N,AC, )

& o (8 +8,) g 1 s
i (&3 6)* 'zc.qubvw & Ny, +d)?,
4T Q)T H c,_ TN
(O - y- Dt *Jf)“‘ /7
£ ol IUNW

r O BN, + P48, 4 530, + My N 22, G )
- b}
u N (B+ 8, +0)AC,  (Ny, +d)0, + )+ N 2C, )

s (6% 5) "y re'a'
20, N ER T T
By +5,)+ Tt Do
U, vy B 5 Aok 1M
ZCHI'UN“

I o 0 GYANy, +dF (B8 + 50+ Vo Ny PG, 0 Cnn)
¥ Ny (B+8,+ 80, o {(Vy +dXGy +5)+ N dC,)
B. Local Stability

The local stability of each equilibrium point is deferrmned from linearizing equation
(16) — {24) 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 (16)-(24) ,we can write in the matrix form ag follows:

«gﬁ%:‘"w,wdwh) 0 ‘((i;ﬁ%"»*"u)

Ig = gﬁ%ﬁwm —(Bv 8y +58) t%;‘iﬁ,‘"»fw
0 (:;Sﬁyhs*‘w) -3,
-(%;f—;%!'"”,ﬁ-édﬂa) o '(%#”J.h)

tg," :5;;;:’".\:., ""*‘fd*"»’ (%%%’!nws'h)
) (‘—(::%:flﬁ-vns'w) -5,
-(%.l’”xp&dwb) 0 -(fﬁ':"’ 50

() ntd)

g Jc,'_:; 7’ Ne —(B+8,+4) (;fﬁ”"s'u)

0 (%:%;NT,S‘W) -3,
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The eigenrvales (A) are the solufion of the Characteristic equation[5]
det(J—AL) =10
where J i¢ the Jacobian matrix evaluated at the equilibrium pommt . I is the identity matrix.
C. Disease free state
Equilibrium point of dizease free state E; = (1,0,0,1,0,0,1,0,0) has eigenvalues as

follows:
A==0y=0p Y o o s_ Iwﬂwm+6d-+6k)’+w1}s/vq'-»krch—w
4 ~42-,”,.;5,+1 s
| f@’nﬂf)’w”r%)’ﬂh"n%‘z Y
"‘37 A== % =%, i{ g +d)
4==0,-4,, (Pt DB +85+ 5P AP RS AC, s i
p -“l"‘[‘H =&~ ‘E+H (N ) = =F
1 Ia\rmw)’ww +O P+ S AC L C
4—5[—;5—6.—4—.5;+ T v —v
Ay==8,-6,, S Sl aa oy ey e T e
4 ‘ﬂ &=4 a""r (Nn*d)

1 Oy, +dP B+ 5+ 6 P +aN S PC_ | G
4-5[-5—53 -G-J.-J O+ o
From our evaluations, all eigenvalues have negative real parts when Rg < 1.So this
disease free equilibrium point 13 local stability when Ry <1. We define
PC G Nolly | PC o N Ny
Qi +d7 QL +df ,  2C,CouNN,
R, (B8+5d+5h) (N, +d)*(B+6d+5h) .
Sv
D. Endennic disease state
Ei= (8.0 . LS Ly InsSay s Iy I;) baseigenvalnes 23 follows:

A=—B-0,~b A=,
oL A BB + B (LB N 5, — By NG S BB, + 1 N W (N, — N )5, B8 + o
[ R(E5h +120) _’[ T .b,))

4-—5—«54 4& 4=-7,
PRy .;: RS AT AR 6T B AIAT I W M 0 A [_,+ LOLIBLS,, }
[ Rlh i) TGhA
Al"'ﬂ"@"dl ,4-6V
A L8 SBAs et N -5 N SE )8+ NV —N)SE8E | ( J
4 ["'f' [T ABsn+LE) I ATy
After our cakulations, we found that all eigenvalues have negative real parts when
R, >1 . This means that the endemic disease state is local stability forR, >1 .

BResults, Discussion and Conclusion: Thiz paper studied the transmission model of dengue
diseaze with different contact rates in each season The standard dynamical modeling method
is used in this smdy. We formd two equilibrium states; disease free state and endemic
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disease state. The disease free state is local stability when R, <1 .The endemic disease state

is local stability when R, >1 .R, is defined as the basic reproductive number. The output
of this study should introduce the alternative way for controlling the oufbreak of dengue
disease, ie., if we can control the paremeters same as in the conditions of local stability for
each equilibrium points, then we can reduce the transmission of this disease.
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.DENGUE TRANSMISSION MODEL WITH THE DIFFERENT INCUBATION RATE
FOREACH SEASON

R. Sungchasit and P. Pongsumpun’
Department of Mathematics , Faculty of Science , King Mongkut’s Institute of Technology

!..adkrabang , Bangkok 10520 ,Thailand
e-mail: kppuntan/@kmit].ac. th

Abstract

A model is used for describing the transmission of dengue disease. This disease is
occuwred by biting of the infected dedas mosquitoes. Dengue outbreak is found in the ramy,
winter and sunmer seasons. Each season has the different dengue oufbreaks 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 , I = 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 mumber 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, transomssion model ,SEIR model, season,
mcubation rate.

Introduction

Transmission of dengue virus may serve to retain viral pathogen in nature dwrmg inter-
epidemic periods of the disease [2]. Dengue fever (DF) , Dengue Haemorrhagic Fever (DHE)
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 dedes mosquito. The development of virus and mosquito are affected by the climatic
factors. When infected mosquito bites the human , thus the bumsn are exposed and
infected. Symptoms of dengue fever are depend on age. In older children, teenagers and
adnlts, the most common symyptoms of dengue disease are fever that comes on quickly and
lasts two to seven days but this usually is not severe, nmscle and joint pain, a red rash that
starts on chest, back or stomach and spreads to your limbs and face, feeling sick, vomiting
and diarthea. The symptoms of demgne fever nsually 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 .{edes mosquitoes. We can catch
the virns 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 anmual estimations of dengue fever are depend on the season. The Aedss asgypfi is the
principal transmitter of Dengue fever in Thailand but it also transmits Chikungunya fever,
yellow fever and Filariasis among other diseazes. 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 ramy
season, starting from May through September, ualsothehxghnskpenodfordengnefever a
potentially serious condition is the most prevalent in tropical countries. dedes aegypti
mosquitoes carry the virus that causes dengue fever, and they infect 50 million people a year,
mcluding 500,000 serious cases requiring hospitalization[8].The moisture content
Jtemperature 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 mto 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 mecluded 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).

Incidence
rate per

Months n,

..

Figure 1 Reported cases of Dengue disease per 100,000 population in
Thailand during year 2005 and 2010 .

Methodelogy

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 powhhonu
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, 1
TS =CNo A5, ~ASuSgEE 1S, M
d_. __K_ g

—E=5 e AE, -4 E. ~ayE, @
%1,, =a_ -0 -l -pl, ®)
d

=R =Pl ~AR -AR, @
%S,. 'Can""csn- —‘ish “5';:::“]"5- (5)
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—E,,, PR N K""“‘gl Sy, ~24Ery = 1B~ B Eo, ©®
21 a2l Al oL @
2 B Pl = AR~ @)
is‘, -c,w,,-z,,s,, A4S, -5 x_*.g s, )
2 B s LS 1B Ao )
T;‘?I" = a,,—a,.r,,—z,f,,— oI, Qn
2 B=PL - AR~ 4R, a2
We define

S, is the mumber of susceptible human population in rainy season,
E,, i3 the mmmber of exposed Inman population in rainy season,

I, is the rumber of infections human population in raimy season,

R, iz the number of recovered Iuman population in rafmy season,
S i the munber of susceptible human population in winfer season,
E,, is the mumber of exposed human populstion in winter season,
I, is the mumber of infectious human populstion in winter season,
R,, is the mmnber of recovered human population in winter eason,
5,, is the mumber of susceptible Iiman popnlation in summer season,
E,, is the number of exposed human population in surmmer season,
I, is the rumber of infections human population in summer geason,
R,, is the mumber of recovered human population in summer season

The dynsmics of the mozquito population are given by :

%s, Z, ~o B LS A5, a3)
2E.-5 ,f": LS. -AE, -BE, (14)
f,,!.— BE.~RL, as
S SRS ~AS, ae)
X,
-;,;E.. JN";"gI..s,. AE.~BE. an
21.- u-.—u,. as
L5.=z-550 LS. =45, 19

I‘M:eFuhngUnivusitymmzﬁmalCmfumm]?H .
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d K,

i e R R )

d

S AuEu—Al. @n
We define

S,, is the munber of susceptible mosquito population in rainy seasom,
E, is the oumber of exposed mosquito population in rainy seaton,
I, is the mumber of infectious mosquito populaticn in rainy season,
S,, is the mmmber of susceptible mosquito population in winter season,
E,, iz the number of exposed mosquito population in winter season,
I, is the number of infectious mosquito population in winter season,
S,, i3 the mumber of susceptible mosquito population in summer season,
E,, is the rumber of exposed mosquito population in summer season,
1,, is the number of infectious mosquito population in summer season
Where the parameters sre defined as follows :

is the total human population in rainy season,

isthe total human population in winter seagon,

is the total human population in summer season,

is the total mosquito population inrainy season,

is the total mosquito population in winter seazon,

is the total mozquito population in sunmmmer season,

is the natural death rate of human population,

is the death rate of buman population due to the dizease,

iz the death rate of mosquito population,

it the birth rate of hnman population,

i8 the transmission probability of dengue disease from mosquito to human in

gfmreﬁ.h,z;z-,z,z;_g

K, 1 is the transmission probability of dengue disease from mosquito to lumam m
winter geason ,

K, ., is the tranemission probability of dengue diseate from mosquito to buman im
Summer Season,

X, ,, is the transmission probability of dengue disease from human to mosquito m
ralny %eason,

K, ., is the transmission probebility of dengue disease from humm to mosquito m
winter season,

K,,,, is the transmission probability of dengue disezse from luman to miosquito in
SUMMET Seasci,

z,, is the incubation rate of human population in rainy season,

a,, is the incubation rate of hunman population in winter geason,

a,, is the incubation rate of buman population in summer season,
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a, i3 the incubation rate of mosquito population in rainy season
&,, is the incubation rate of mosquito population in winter season
a,, i3 the incubation rate of mosquito population in summer season,
p 13 the recovery rate of luman population,
& isthe biting rate of mosquito population,
g is the rmmber of other animals availeble a3 blood scurces.
We suppose that N, =5, +E +1 +R,. Ny =S, +E, +1_+R_,
N, =S +E +I, +R N, =S +E_ +I, ,N,, =S +E,+I, and N, =S_+E_+I,
we assume the total human and mosquito populations have constant sizes
dn,

&

By o B _oin i B _ 0. P _0inwi
% 0, X Oin mainy seasonm, % 0, g = 0 in winter season and
ﬂ=0,ﬂ=0 1N Summer eason.
dt dt
TS mhr ol poRA
sb—-g,hxzb—Nn’Ib Nh:Rb Nn’
5t B 7ot —=£~_,
Shv Nh ’Eh Na. H Ih Nh ® Rb Nﬁ
Sh NhiEh Nh’lb Nh ’Rb Nh
—_5, +_S., =_S, v _E 7 _E. v _FE.
S'=—",S"=—",S_=—"—,E*=—-"—,E~=—,E'=
N, N, N, Ny N, N,
___ Ir __ 1‘- __. In
TS A
These give
4+ A=, Kow 7355
dtsﬁ—(x“-'-lh) (X'J+Ah+5N”+g‘I'Nn)SM (22)
L5 -0 ;-rg TN, 5, - (a, +A,+A)E, 3)
14
%z=a,§-a,+z,+p)z o2
d.— S — U
—8,,=(A,+2)-(L,+2,+5 I, N,
a0y 43, 5—*—%% w N S0 s
P e LR CRERE a0
A T =GB~ Cu+ 24 YT, en
d— K o 52 o
;Sy: (,1‘+ﬂ,)—(,1‘+)l,+5ﬁ51,,1¢,,)8~ Q8)
d— —_— — —
25 aﬁr‘_ NS, —(a t A, +4)E, 29)
%E = 0B~ + 4+ O, ‘ (30)
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d—_ . Ky — _ —

drE,—b’—N”_FgI.\,N,,Sv (A+8E, 31
de—_ = _,=

EI' = ﬂwE' 2?117 (32)
A5 s Eowe TN S (L+BIE. 3
~ JNW +gI,,N,‘,S, (AL+BIE,, 33)
2= REL-AT | a9
A7 o5 X TN 5 - Vi 35
- 6N,,+g"*’N”'S' (A +8)E, 33
4T, - BE-AL 36)

R,..R,R, amd S,,S..S, can be obtsined  from  conditions
S, +E,+I_+R,=1,5,, +E +I +R, =15, +E,+I, +R, =land
S, +E,+I, =18 +E_+I, =185, +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 = (1,0,0,0,0,1,0,0,0,0,1,6,0,0,0

2)The endemic disease equilibrium point

My= (8%, By E LS By B LS E T E T,
where

S‘b (‘! +Ah) 3
L. TN, o 3K,
W+ ZH e + AN N B Ky + (N + DAY
B, L X BN K K, R+ A)

TN AN L,
NV, +EXm, +4, + A XA, + AW;\-&E«,- + (N +2)ANA + 4+ AT "’Ao)(]:ﬁvf;é?:m (W +8M)})

Iy R+ A AN N, 2, B, 6Ky, K, o+ (N +8Y (94 4, + NG, + 4, +AIR B AN
VK04 Ay + Iy Xy + g+ XN, B 0K, o + (N, + EXA + A K, + A1)

- I:,N,,JK% R LYok, B,
(B, AN N Ky (N +8)A) T (B # AN N, OK iy, +{ Ny + £)A,)
5 arh) )
‘ (¥, +EX B + AL N OE,, + (N, +2)4,)
E M &. +

(ot £+, A MR $ AL N+ O $ DAL +A v R Mo
e+ A YAV, N G Brn O K o BEy s + (N + Y (0+ A+ 5N+ g + AV By + A DY
(N SE (94 2 + 3 Kl + Ry KN BB+ I, +EW Ay + K B + A2
= L Np O o T TN 0Ky B
Y B+ AL NNOE, (N +2)) Y (B +ANL N, OK, |+ (V,, +2)A)

Ty -
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5 (-z'd‘ +A§) )
., :
Gt A)+ LN N A S K S Koon
y + WP + AUV K o+ WV, + )
E, Lo BN S Ks e 0K, 1 (2 + 4]
B+ B A 2+ AN e B+ AN+ & o B Pty

E-2

I o G+ KY AN N 0, 0, OK 4y K sy + (Vi +8Y e+ A+ A, + A+ H)A A, AN

b V0K, | (0+2;+ ANa, + 4, + AN, B 0K, + (N,., +gXA; + A WO, +A0)
- L¥,0K A, - LN, 0K, 5,
(B + AWK+ N+ 8A) 7 (Ba+ AN NROK e+ N+ )A,)
and R,>1.R, =

“' _ 5% Raypors Kypsew Ny Ryp Syr oy ‘: i [ S Rymser Boratm ine Hone O B ] .
A v Be) T do o g v A furrs v 2y v ) Re (B v Ak G0 Ne)” 4oy Ag v 2) fome v 32 = M) b 1B v 2y)
- A7 Fingar Faza Vs New @pp X
( R R T S R P R ]]

B. Stability

The stability of each equilibrium point is determined from lineanizing equation (13) - (21)
about equiltbrium 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 wrnite in the matrx form as follows:

Kysie 3 LI
W YN‘.-H P2 B o 0 (mﬂ..! o)
sx ) o
W:—"_i:)tf"ﬂ, N2 ) [ ° ¢T~:=*!'&)r-x,,.f !
J,‘- [ o, —ta, A 4 o 0
L Y
: o G e
© o ) A -3,
‘-q“—'r—-th-l‘ Ny +d k) 0 o o ke 57, )
W, eg) wrd % W+ @3 by
&, ) ax. .
—uhw""’ £ ~Ard e 0 0 (-—ar:mwm"u) )
‘" 0 . Wy, 00 ¢ )
&%, 5
[ 0 (.&?:-:.)m_",_, -, +A.) ]
o ' ) 5 -3
1S
-(&‘;51' " Natltn) o 3 -(%N.ﬁ'b}
s B s o
Tty 7 L FA ) [ [} ((N'.ﬁ) NyE )
"a“ o a, RN © [
K,
o ¢ (ﬁ?ﬁf"’vf-} ~th +4,) o
o o 6 By -4,

The eigenvalues {A) are the solution of the Characteristic equation
det(J-Bly) =0
where J i3 the Jacobian matrix evaluated at the equilibriam point . I is the identity matrix.

C.Disease free state _
Equilibrium point of disease free state Ey 53 = (1,0,0,0,0,1.0,0,0,0,1,0,0,0,0) has eigenvalues
as follows:
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| 3
<—a—z,—z.)[-"—5‘=%%”ﬁ’—=+<-ﬂ-p-h-A.)(-s—a.—-a, -A)HB-#.—A)]
»vS
The eigenvalues are
B=-3,—4 and the remaining 4 eigenvalues are the solutions of

K K NN S B, Bl 2Bt —4 —1W—-B—-8 — =
[ RS (A AN B A AN, &)) 0

81, ,1_.,[_ B Ko saMo Vo Senliol (553 _3.5(-B—c5, —1, ~RY-B—f 1’)]
N, +8)

The eigenvalues are
B=-3,-4, and the remaining 4 eigenvalues are the solutions of

[- T K oKt N N Sy i P +(-B-p-A;-H)-B-ea,, -2, —A)N-B- 8, —A.)J 0

N +g)»

2 v
(-B- 4 —A)( F K“*ﬂ(';'t ”S’;"S"""’" (B p= Ay Aa)(=B = @y — 2y = BB £, —A.))
n

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

8Ky KNy NSt B 1
[‘Tﬁ’&”aﬁ-‘*(’s“""«‘4)(‘8'“:..‘14:‘11.)(‘3‘43“"1'))~—0 .

or '+ AP+ A+ 42+ 4=0
where
.43-F+ ay, + £, +2Ad +2+232,
=By B X A B WU oA AL VA B+ By (ARG 42 44 Vi (5B Ay + 2y 424
4= Ry Koy X 2 2y 2 M R e 23 33y ey B P DA by 20 20 B

s g : (‘*’2 Kk—wxv—w*'n—”»%ﬂvﬂﬁ(ynﬂ)(ﬁlplnXa;,,ﬂdﬂ;,)zv{g,u,))

7y *E.
A= prap B 30, +2+2.§.
Ayl L2y XAty Y oA LA B2 VA 2 4 B o 2 KA o+ By A4+ 2
= B P By Kt A A A X g B (PR ¥ D Mo (B 2o Ay T, K ey A1 32803
A gt P B i O YA 43 X A B3]
My=prag ¥ B +22, 42422
A= A o+ A0 2pr2d, ‘+21,,)4,+.¢3 +B (PHULHA AR Yoy (p+, +d g+l +20.)
A= By lptd e dplay, +d gt L Ay Xo+ 2 prdy W By W%***‘ﬂ*%%*“ﬂ“ﬁﬂ% Horay 22,1208

1

A g e on M S P O BN A X DR 4)
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Equilibrium point is local stability if eigenvalues have negative real paris. when they are
according to the Routh — Hurwitz criteria:

& >0,

4 >q,

4 >0

444-£-£4 >0
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 % <! when %, -

“' 32 Faar Fricr Phe Nov B Oy ‘l*[ 2 P Bt Hew B S Borw ]
st e Bep)® {p - Ry e dpl femee ¢ 08 v ) R (S 0 A) [+ M) ? {2 @ 2g > A} formn < Jd = Juh Ax B 0 In)
‘ 22 Upaan Fisars My Moy iy My ]]

180 Mal® (a0 Ag b dnd t9gs ¢ - Ae) 2o Ylea b )

D. Endemic disease state_
The endemic disease equilibrium point
El = (S‘kv !E'mv'rhr vE'w !I.wss'nn 1‘E.)n=*rbv ’E'erw’s.m =E'M’I.k ’E‘w’I'\«) has
characteristic equation as follows:

A A+ AP+ A+ 4 A+ 4=0
Where
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The eigenvalues of endemic disease state have negative real parts ,when they are according

to the Routh — Hurwitz criteria:

1" Mae Fah Luang University Internstional Conference 20;"

3 1 4 as & @ o
HYWAIAATIVITY AT.WUTU WA

89

a

a

WUTD



wunsasuFawatadmiunsszinalsaldidensenvesyuruidesludszmalng 90

£ 50 (i=L23.4. G

4 >0, 38)

A444-4-£4 >0 G9

A4 - 444 -4 -44)-A(AA4-4V - >0 0)

Consider condition of Routh — Hurwitz criteria as show with parameter above. Condition m
above is always trne. We can represent conditions (39)-(40) with the figure 2 as follows:
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Figare 2 The condition of Routh — Hurwitz criteria(39) — (40) in endemic disease state for
raimy season, winter season and summer seasom, respectively.

We found that all eigenvalues have negative real parts when R, >1 . This means that
the endemic disease state is Jocal stability [3] for R, > 1 when

“ ERem ha o R e ', ( 3 Hpm St Pa e T e ] P
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R°= P s -2 V00 et = 2o 120 2 iy = 2wt

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 ¢an
be extended to this kind of SEIR model. R, can be expressed as

1* Mae Fah Luang University International Conference 2012
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R =

is the bagic 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

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

References

1.
2

World Health Organization. Dengue Haemonhagic Fever : Diagnosis, Treatment ,
Prevention and Control. Geneva:1997.

JoshiV, Mourya DT, Sharma RC. Persistence of dengue -3 virus though transovarial
passage insuccessive generations of Aedes aegypti mosquitoes. Am J Trop Med Hyg
2002;67(2):158-61.

Z.Feng, W. Huang & C. Castillo-Chavez. On the role of vanable latent periods in
mathemat-ical models for tuberculosis. J. Dynam. Di®erential Equations 13(2001),
425452,

. P.Pongsumpun. Dengue disease model with the effect of extrinsic incubation Period

.WSEAS Trasaction on Biology and Biomedicine : vol. 3:2006;139-144.

L Esteva,and C.Vargas. Analysis of a dengue disease transmission model.

Math BioSci:1998: vol.15;131 - 151.

R Kongruy and P Pongsmypun Mathematical Modeling for Denpue Transmission
with the Effect of Season.Internation Journal of Biclogical and Medical
Sciencas.2010; 5:2.

Puntani Pongsumpun and I-Ming Tang Risk of Infection to Tounsts visitmg an
Dengue Fever Endemic region. KMITLS¢i.72005; Vol.5: NO Jan-Jun.

hitp://vrww bummngrad com/healthpoint/november-2011/dengne-fever-in-thailand—
important-things-to-know

9. M.Robert:Stability and complexity in model ecosystems;Princefion ,new jersey

;Princeton University Press.

1% Mse Fsh Luang University Internationsl Conference 2012

1 a ] ¢
faornaas19138 a5 Wusi wed

9

Y

91

o &
WUD



nuimeadinaiadmiumsszinalsnldifdensenvesruiioslutlszmalng 92

o J. Basie, Appl $ui. Rrz. J(T)5645, L3 BN
Lo | -l © 203, TeztRend Publcatinn o &5::5:‘ E:-:.At:ﬂ”‘
wmsectrood comt

The Household Distribution of Dengue Epidemic

Puztani Pongsumpun*

Department of Mathematics, Faculty of Science, King Moagkut's Institute of Techrology Ladkrabang, Chalongkrung
ro2d, Ladkrabang, Bangkok 10520, Thailand.

ABSTRACT

Dengue disease is usually found in the tropics, espedally in Southeast Asia. This disease can transmit between human
through biting of infected fomale dodes mosquitoes. Many {edes mosquitoes ave usually found in urban aress,
especially in a crowded place. Because the commutations of people and the flying of mosquitoes are always happen,
therefore these Factors 2re considered. In this paper, we study the tznsmission of dengue disease considering the above
factors by constacting the dynamical cetwork model. The behaviors of salutions to our dyoamical model are shown for
the different set of paramaters. The results of this study should introduce the parameters which effactto the transmission
of this disease

KEYWORDS: .{ades mosquito, corrmutation, dengue disease, dynamiral mode), epidemic, natwork, transmission.

INTRODUCTION

Dengue disease was first reported throughout the nineteenth and earty twentieth century’s in the America, sonthern
Europe. North Africa, the eastern Mediterrapean, Asia, Australia, 2ud ou various islands in the Indian Ocean. the south,
central Pacific apd the Caribbean. Depgue disease s classified into three types: Denpue Pever(DF), Dengue
Hemorrhagic Feves{DHF) and Dengue Shock Syndrome(D5S). DF is an acute fever presentad with beadache, myalgias,
arthralgia as, raches apd leucopenia. Although DF is pot dangerous fever, it may be an incapacitating disease with
severe muscle and joint pain (break-boae fover), especially in adults and pocasioally with uousual hemorrhage DHF
causes high fever, hemarthagic phenomena, hepaiomegaly and cixculatory failure. Although DHE ocowrs mestly in
children who have experienced secondary dengme infection, it com result from a prisuary infection [1]. DSS muy happen
to patients who progress to shock and suddenly deteriorates after a fever of 2-7 days. Symptoms of patizats with
cdirculatory failure, the skin becomes cool, blotchy and congested and the pulse bacowies ryid [3]. About 1% of cases,
people with DF can develop to be DHF. DF and DHF were cccurred over the past 40 years. The first recorded outhreak
of denpute disease compatible with DHF occurred in Australia in 1897, A similar hemorrhagic disease was recorded in
1928 during an epidemic in Greece aud again in Tafwan in 1931. The first confirmed epidemic of DHF was recorded in
the Philippines in 1953-1954. Since then, major owttresks of DHF with significant mastality have occured in most
countries of the South-Bast Asia Region, inchding India, Irdonesia, Maldives, Myanmar, Sd Lanka, and Thailand, as
well as in Singapore. Cambodia, China, Laos, Malaysia, New Caledoaia, Palau, Philippines, Takiti and Vietnam in the
Western Pacific Region [3]. Dengue virus is separatad into four semdypes such as DEN-1, DEN-2, DEN-3 and DEN4.
Aedes aegypti and Aedes albapicius ave vectors for this disezse. Mosquitoes cawying dengue typically bite diing the
daytime, particulagly two to three bours after dewn and during the early evening. They breed in standing water and are
often found in urban ameas. dedas aegypii mosquito will trave) about 30-400 metres. dedes aeppei is quite different lo
other mosquitoes, It has adapted to lrve and tveed in urban areas in close proximity to humms. The mosquito breads in
artificial containers (e.z. old tyres, pot plant trays) that collact water and feeds almost exclusively on humans for blood.
DHF was first reported in Thailand in mid"1950s. About 50 to 100 patients were diagrosed in the begioning. The first
large onfbreak was reported in 1958 when 2,158 patients and 30D deaths were reported. Since then, the cases have been
gradoally increasing. In the first few outbreaks, the disease was mainly found in Bangkok and its surzounding areas, and
the majarity of cases were children aged between 2 and 6 years. Since 1965, the disease has been reported from all
regions of the country 4). The yeady and age distributions of dengue dizease in Thailand are shown in fig.1 and fig 2,
mespectivaly [S]. These are the different distributions of Thai dengue cases for all four serotypes # shown in fig.3 [5).

T Commesponing Author: Pumtam Pongsumpin, Departme of Matbermiics, Ferulty of SCience, Kitg Morgit s Lntiie of Tecmolzy
Ladkmabare, Chalorgkmm oarl, Ladkraters, Bangkok 10520, Theilind. kppameanzzorstl e th
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serotype 4

=

Fig3 Average Thai dengue cases between year 2000 and 2011 classified by serotype [5).

Mathematical model provides ancther way of looking at biological systems and at medical phenomena. There are
Clearly 2 number of advantages to this approach Mathematics belps to clarify the underlying mechamisms because the
mdengmuqm&eMM&emﬂAu&!mhMb
Investigate situations that can not be easily done by experiment Mathematics is valuable in testing oot ideas. It is a
comcise but powerful Llmguage that allows the "kidden' similarities between different systems to be discovered [6].
Mathematical models are used for comparing. plamming, implementing, evaluating, optimizing various detectios,

cam hypotheses. Epidemiology

epidemiolopical surveys, suggest crucial data that shoukd be assembled, identify trends, make peneral forecasts and
evaluate the uncestainty in forecasts [7]. In 1998, Esteva and Vargas [8] formmulated the mathematical model of dengue
disease. They assumed the total homan and vector populations had coostant sizes The standard dynamical modeling
method was used for amalyzing their model. In 1999, Esteva and Vargas [9] developed the mathematical model by
considering buman and mosquitoes. The tofal human were not constant. They supposed that the human can be infected
oaly one time. In 2008, we comstracted the dymamical model of deague disease by considering the incubation of denzue
virus [10]. In 2011, we stdied the monthly distribution of demgoe disease in the kighest epidemic year between 2001
and 2009 and the corresponding fitted curves were found. The basic reproductive mumber by season of this disease was
found and anatyzed [11]. o 2012, we formmulated and analyzed the dysamical equations for the tamsmission of Malaria
with the effect of Plasmodiums’ incubations when there is the movement of population at the local level [12]. In this
Mnmmwmh&mdmdmuMMummd

and mosquitoes to see the parameters effect 1 the transmission of this disease. The remainder of the paper is
orgamized as follows: In section II, Dynamical equations of dengue disease is presented. In section III, Analysis of our
dynamical equations is shown. Finally, in section IV, Discussion and conclusion are given.

DYNAMICAL EQUATIONS OF DENGUE DISEASE

Dengue virus can transmit to five human by biting of the vector population. Therefore the considered vanables are
human and vector populations. Human is separated into three classes: susceptible. infected and recoverad populations.
Vector is separated into two classes; susceptible and infected populations because mosquitoes never recovered from
infection. The distinction between four serotypes of dengue vims is considered. The distamt & mosquito can fly is
considered. We suppose that in the beginning time, there is only one infected person. The people and mosquito can
travel to any houses as shown in fig.4. The people will come back to their houses at the end time The idea of

coastructing our dynamical equations can be showa in the following diagram.
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HBIWAITATINGY AT WUTU WIATUNUT



nuineufewatadmiuasszinalsa [¥ifensanvosynauiloslullszmalng 95

Pongrompen 2013

Fig 4 The diagram shows the movement of populatians: H, represact the i* house where 7 =1.2.3,....n1.

(o +0,+p,%p)d, 14, ),S, o1,

)
3
=
h 4
-

By + 8y +8s + By N, 1dyn )R,

(B + 8, + B, + B, 14,5,
S, - » I,

Fig 5 The diagram of our dyramical equations.
The equations for describing the dynamical chanpes of human and mosquitoes are given by
85th = -(Phl +ph2 +ph3 +ph4)(d,\r'u‘m)1v"j ShU +(Bh1 +ﬂh2 +ﬁh3 +ﬁh4)Rh‘Lj

Suyg = (Puy ¥ Py * Py * P My Moy Shej -6 Iy
JRth = & Iht.j -(ﬂhl +ﬁh2 +ﬁh3 +ﬁh4)Rth
Jqu ®=D -(p,,-l + Py + Py * Py Yyl I, j0Sw 58 -iySy ;O

8lu, 0= Wy, *+ Doy * Pay * Py K gy M (OS50 1ol 0

In this moded, the variables are defined as follows:
Sgljistbesnsupu“bhpasmmmbaoff‘hmenﬁme t,
Ihnjistbeinﬁ:ﬁmpemonmmberinf house at time t,
Rh‘.jisthemmedparsunmbarinj“ honse at time t,
Svtjisthesus:epn‘bh\mwmbainj‘hmsealﬁmt.
I

“‘iis the infections vector number in j* house at timet.

dw w
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Tabtle 1. Definition of parameters in our dynamical equations.

ANALYSIS OF OUR DYNAMICAL EQUATIONS
We simulate our dynamical equations by considering the different situations as follows:

45

40 —4— 1600 pop.
35 & +gDDO pop.
& ap 3000 pop.
25 —a—4000 pop.
%2
15
b
= 1D -
5 4
0
i1 20 28 58 77 98 115 134 153 172 11

Time(day)
Fig.6 Numerical simalations of infactions mumber for our dynamical equations.
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The different total human population is analyzed. The parameters are phl=0.08. phz =007, ph3'=0.06. Ph4
=005, pvl=0.08. p‘.2=0.07. pv3=0.06. Pv4=°'°5~ ﬁhl =130, ﬂhz =140, phB =150, Bh4 =160,

6=171,D=100. /,=1351L=50, d;, =100, va=400.

40
=450 houses
35
4 ——100 houses
30
—=—150 houses
25
& —4—200 houses
E 20
815
E 10 +
5-
4]
i 20 39 58 77 98 115 134 153 172 101

Time(day)
Fig.7 Numerical simnlations of infectious mumber for our dypamical equations.
The different surmber ofhouses is analyzed. The parameters are Py =0.08. th =007, Ph3 =0.06, Ph4 =

0.05. p,, <088, p, =007 Py, <06, p,, <005, By <1A0. By =VAO. By =VSO. By =V

=117,D=100, 1, =135 Ny=1000, d, =100, dvm =400,

==dy =100
=@=dv = 200

=—w=dv = 300
~a—dv =400

1 20 38 §8 77 00 115 134 153 172 101
Time{day)
Fig 8 Numerical simulations of infectious numbes for our dyramical equations.
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The different distant at which the mosquito can fly is analyzed. The parameters are Py =0.08, phz =49.07, Ph3

=046 ph‘ =0.05, Py =0.08, _pv:=0.07. pv3 =0.06, p74=0.05. ﬁhl =130, ﬂhz =140, ﬂh! =150,

ﬁhq =160, 6=177,D=100, 4,=1735, Np=1000,L=50, dvm =40D.
20
——o—delta= 14
i5 —B—delta= 15
=—defta = 1/8
3
gw =d—delia = 1/7
g 54
E

D
.1 20 30 88 77 06 115 134 183 172 101
Time(day)

Fig9 Numerical simalations of infections mumber for our dynamical equations.
The different recovesy yate of dengne cases is analyzed. The parameters are Py =0.08 Ph, =007, ph; =0.08,

Py, =005 pyy =00, pg, =00 py, =096, py, =005, By =130, fy =140 By =150, By =

1760, D =100, }4,=135, N, =1,000.L =50, d,, =100, dvm =400.

& ——phi=0.01.ph2=D.02 ph3=0.03 phd=0.04
—8-ph1=0.02.ph2=0.03,ph3=0.04.ph4=0.05
e ph1=0.03 ph2=0.04 ph3=0.05.ph4=0.08
e —sph1=0.04.ph2=0.05,ph3=0.08 ph4=0.07
=
0
.§5 o
0
1 50 09 148 107 248 205
Time{day)

Fig.10 Numerical sinmlations of infectious number for our dynamical equations.
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The different trapsmission probability for each dengue serotype is considered. The parameters are ﬁhl =180, ﬂhz

=140, fy =150, By | =V0.D=100, £,=155. Ny =1.000,L=50, dy =100.dy_=400.

15
—4=D1
=8-D2
10 —a—D4

1 60 89 148 187 248 285
Time{day)

Fig.11 Numerical sinmlations of infectious number it our dynamical equations.
The distribution of dengue cases by serotype is considered. The parameters are same as fig.7,
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Fig.12 Numerical simmlations of infections number for our dynamical equations.
The different constant recruitment mate of vector i3 considered. The paramefers are phl =0.08, ph2 =007, ph3 =
0.06, ph4 =0.05, Py =0.08, pvz=0.07. Py3 =0.06, p,, 4= 0.05, ﬁhl =130, ﬁh 2 =140, Bh3 =150,

By, =60 4, =135, Ny=100.L=50.d =100.dg =400
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Fig.13 Numerical simniations of infections oumbar for our dynamical equations.

The different mimbar of village in each district is considered The parameters are py, =0.08, phz =0.07. ph3 N

0.06, p, A =005, Py = 008, py, = 0.07, Pyy =0.06, Pyy= 0.05, Bhl =130 £y h =140, fy : =150,

By 4 =V A =135, Np=1000.L=50, dg =100, d, _ =400.

Moreover, we includa the affect of age structure into our dynamical equations. The mumerical solutions Qu be

shown in the following A pure:
]
=4—0-4 years oid
8 =@~5-0 years ol
7 n w—a—10-14 years old
=dr-15-24 years old

{nfecbous human

1 1" 21 31 4 5 61 71 B B1

Time{day)

Fig.14 Numerical sinmlations of infectious mmber for our dynamical equations. The age structure of buman is
considered.
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DISCUSSION AND CONCLUSION

The mumerical solotions of our dypamical equations are considered for the different sitnations as shown in fig6-10
2nd fig.12. The different total population, total mumber of houses, the distant at the vactar can fiy, the PeCovery rates, the
transmission probatilities of dengue vims and the constant reqruitment rate of vecter ave considered. The highest
dzngneincidmmmbaoidmguecassisinaeasingwhumemmthegmuernmbunfwta]pomhﬁmﬂ:e
greater manber of houses, the higher @stant at the vedior can fy, the higher recovery rate, the higher transmission
robability of dengue virus, the higher ronstant recruitment rate of vector. The onsburst of epidemic is longer when
there are the smaller pumber of total population, the smaller mumber of houses, the smaller distant at the vector cas fiy.
the shorter recosery rate, the smaller transmissicn probability of 2engue virus, the smaller constant recruitment sate of
vector. Fig.l] shows the simulation of dengue cases by serotype. We can see that the dengue cases due to dengue
sesotype 1 is higher then serotype 2, serotype 3 and serofype 4 correspanding to fig.5. Furthermore, we consider the
distribution of dangue cases in ane district as shown in fig.12. We found that the epidemic size will te higher when
there is the smalier number of villages. The outbarst of epidemic is longer when there is the higher number of villages.
Fig.14 shows tke distribution of dengue cases when the age structure is included. We can see that epidemic size of
dengue is occurred in the person 15-24 years old. 10-14 years ofd. 5-9 years ald. 25-34 years old, >= 35 years old and 0-
4 years 0ld, respectively.

Tre resultcomesponds to fig.2. This stady analyzes the distribution of dengue cases for the different situation when there is
the travel of population and mosquito. The results should suggest the mathod for reducing the outbreak of fhis disease.
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