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ABSTRACT

Malaria is an infectious disease caused by biting of an infective female Anopheles mosquito. This

disease is occurred by the parasite genus Plasmodium. There are four species of this parasite causing
malaria, namely, Plasmodium vivax, Plasmodium falciparum, Plasmodium ovale and Plasmodium
malariae. In Thailand, most Malaria patients are due to Plasmodium vivax and Plasmodium falciparum.
Plasmodium vivax malaria differs from Plasmodium falciparum malaria in that a person suffering from P.
vivax malaria can experience relapses of the disease. From the data of Malaria patients in Thailand, we
found that age and season influence to the transmission of this disease. In this research, Malaria disease is
studied by formulating the mathematical model includes the age group of patients and season in Thailand.
The mathematical model is developed from the mathematical model of A.Kammanee et al (2001) by
adding the age group of patients and season in Thailand. We apply the standard dynamical modeling
method to analyze the behaviors of our solutions. We obtain the conditions required of the parameters for
the disease free and endemic equilibrium points to be local asymptotically stable. Numerical solutions are

obtained to support the theoretical predictions.

Keywords : Malaria, Mathematical model, Disease free state, Disease endemic state, Local stability.
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1 a J - -
AUBINTINNDS AD N}, =1,000 , N, =9,500 , u, =1/(365*65) day”, d, =1/(365*65) day ;
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,u,~1/25,

D,=0.287901, B, =0.009, By, = 0.0000000007
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1 a J - -
ANVOINISINDS AO N, =1,000 , N,,=9,500 , p, =1/(365*65) day l, d}, =1/(365*65) day l,
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365%15,p,~1/25,

D,=0.287901, B, =0.009, By, = 0.0000000007 .
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1 a J - -
AMUBINT NS AD N, =1,000 , N,,=9,500 , u, =1/(365*65) day : d, =1/(365*65) day :
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365%15,u,~1/25,

D=0.287901, B, =0.009,, B, = 0.0000000007 .
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1 a J - -
AMVDIMIADT AD N, =1,000 , N,,=9,500 , u, =1/(365*65) day 1, dj,=1/(365*65) day 1,

D=40,000, y,=1/365*2 day ', y,-1/365*1 day ',

D=0.287901, B, =0.009,, B, = 0.0000000007 .
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1 a J - -
AUBINTINNDS AD N}, =1,000 , N, =9,500 , u, =1/(365*65) day”, d, =1/(365*65) day ;

D=40,000, y,=1/365*2 day ", y,-1/365*1 day ,

D=0.287901, B, =0.009., B, = 0.0000000007 .
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ANVOINISINDS AO N, =1,000 , N,,=9,500 , p, =1/(365*65) day l, d}, =1/(365*65) day l,

D=40,000, y,=1/365*2 day , y,-1/365*1 day ,

D=0.287901, B, =0.009,, B, = 0.0000000007 .
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AMVDINIINNDT AD N;,=1,000 , Ny=9,500 , p, =1/(365*65) day-1, d, =1/(365*65) day-1,

D=40,000, v, =1/365*2 day-1, y,=1/365*1 day-1,

D =287.901, By =0.0009, B, =0.000000007 .
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AVOINITABS AB N, =1,000 , Ny=9,500 , u, ~1/(365%65) day-1, d, =1/(365*65) day-1,
D=40,000, v, =1/365*2 day-1, v,-1/365*1 day-1, &=1/365*15,p,=1/25,

D=287.901, By =0.0009, B, = 0.000000007
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1 a 4
AVBINITILADT AD N, =1,000 , N, =9,500 , u, ~1/(365*65) day-1, d, =1/(365*65) day-1,
D=40,000, v, =1/365*2 day-1, v,-1/365*1 day-1, &=1/365*15,p,=1/25,
D =287.901, By = 0.0009, B, =0.000000007 .
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1 a J
ANVBINITIADT AD N, =1,000 , N, =9,500 , u, ~1/(365*65) day-1, d, =1/(365*65) day-1,
D=40,000, v, =1/365*2 day-1, y,-1/365*1 day-1, &=1/365*15,p,=1/25,
D =287.901, By = 0.0009, B, =0.000000007 .
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J a J
ANVBINITIADT AD N, =1,000 , N,=9,500 , u, ~1/(365*65) day-1, d, =1/(365*65) day-1,

D=40,000, v, =1/365*2 day-1, y;=1/365*1 day-1, &=1/365*15,p,=1/25,

D =287.901, By =0.0009, B, =0.000000007 .
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1 = d A
AIVOINITINADT AID N, =1,000 , N, =9,500 , p,=1/(365*65) day-1, d, =1/(365*65) day-1,
D=40,000, v, =1/365*2 day-1, y;=1/365*1 day-1, &=1/365*15,p,=1/25,
D =287.901, By, = 0.0009, B, = 0.000000007 .
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1 a J A - _
AVOINITINADT AD N, =1,000 , N,=9,500 , u,=1/(365*65) day 1, d,=1/(365*65) day :
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
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1 a J - -
AMVBIMNTADT AD N, =1,000 , N,=9,500 , u, =1/(365*65) day 1, dy,=1/(365*65) day :

D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
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] a J A - _
AIVOINITINADT AD N, =1,000 , N,=9,500 , u,=1/(365*65) day 1, dj,=1/(365*65) day :

D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
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1 a J - -
AMVBINTADT AD N;,=1,000 , N,=9,500 , u, =1/(365*65) day ; dj,=1/(365*65) day :

D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
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1 A 4 - -
AMVDIMIADT AD N;,=1,000 , N,=9,500 , u,=1/(365*65) day 1, dj,=1/(365*65) day 1,
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
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4

A
9l Np=500000 , NED g, -1/(365%65) day ', e =1/(365%65) day , A=10,000,

7a, ~1/365*2 day”, y A, ~L/14 day’, v, -1/365*3  day’, v y, V14 day’, 5=1/365*15,
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o & -1 -1

NU N;=500,000 , N=0D , u,=1/(365*65) day , e,=1/(365*65) day , A=10,000,

A, —1/365*2day ", + A, _1/14day’, 3, ~1/365*3 day ', J2=1/14 day', 5=1/365*15,

ny=1/25. Ry=0.103489,B, =0.99,p, =0.0007.

(%

= a o =\ Y] < d'aij v A o a 4 g

J1n 4.4 namasFitavieununatveuan i ldileMvuamsdmesaatl 109

Ny=500000  ,Ny=100  , u =1/(365%65)  day , e =1/(365*65)  day , A=10,000,
-1 -1 -1 -1

va, "L/365%2day v, =1/14day . v, <1/365*3  day . ) =114  day , 5=1/365*15,
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N;=500,000  ,Ny=100  , u,=1/(365*65)  day , e =1/(365%65)  day , A=10,000,
-1 -1 -1 -1

v A1=1/365*2day VA, =1/14day , 731:1/365*3 day , yJ2=l/14 day , 6=1/365*15,

ny=1/25. Ry=0.103489,B, =0.99,p =0.0007.
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-1 -1
N--=500,000 , N,=100 » n=1/(365*65) day ', e, =1/(365*65) day , A=10,000,

ya =1/365%2day |, vy, =1/14day’, y, =1/365*3 day , y, =1/14 day , &=1/365*15,
A A, 1 Iy
A

ld’ ¥ o a J v dy
3‘1J‘Vl 4.7 NﬂmﬁEJ!GHQG]’J!,WUWIEJ‘]Jﬂ‘U!’JaW‘U’E]\‘]mﬁiLWI m%memwuﬂwwammmmu 112

N1=500000 , N~ , 1, =1/(365*65) day’, e, =1/(365*65) day', A=10,000,
ya =1/365%2day ', v, -1/14day’, y, =1/365*3 day , y. =1/14 day , &=1/365*15,
A A, 1 Iy

ny=1/25, R;=1.03489,p, =0.99,p, =0.00007.
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U

N;=500000 ., NyED  ,  -1/(365%65) day , e =1/(365*65) day', A=10,000,
ya =1/365%2day |, vy, =1/14day’, y, =1/365*3 day , v, =1/14 day , &=1/365*15,
A Ay J1 Jp

wy=1/25, RO =1.03489, By, =0.99 ,Bh =0.00007 .
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Np=500000 , N0 , u,=1/(365*65) day’, e, =1/(365*65) day”’, A=10,000,

7a, ~1/365*2 day”, y A, -L/14 day’, v, -1/365%3  day’, v y, V14 day’, 5=1/365*15,

uy=1/25, R,=1.03489,p, =099 B, =0.00007.
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N;=500000 . N, =1/(365*65)  day , e =1/(365%65) day , A=10,000,
v =1/365%2day ", y, =1/14day ', y, =1/365*3 day ', y, =1/14 day', &=1/365*15,
Al Az J1 J2

ny=1/25, R;=1.03489,p,, =0.99,p, =0.00007.
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NyD  , u,=L/(365%65) day ', e =1/(365*65) day , A=10,000,

N-+=500,000 R

ya =1/365%2day |, vy, =1/14day’, y, =1/365*3 day , y, =1/14 day , &=1/365*15,
A A, 1 Iy
ny=1/25, Ry=1.03489, B, =0.99, B, =0.00007.
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! a J - -
AMUBINTIADT AD N}, =1,000 , N,=9,500 , p,=1/(365*65) day . dj,=1/(365*65) day 1,

D=40,000, y,=1/365*2 day , y,=1/365*1 day , &=1/365*15,p,=1/25.
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1 = d A - -
AIVBINITINADT AD N, =1,000 , N,=9,500 , p,=1/(365*65) day . dj,=1/(365*65) day 1,
D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,=1/25
~ Aa o 2 Aa ti} A 1T A Y] c’til = UL Y
319 4.14 HaRagFIA vV UANNAAIBIL DM AUWUFNUFIULAININY 119
1 a d A - -
AIVBINITINADBT A N =1,000 , N, =9,500 , p, =1/(365*65) day | d,=1/(365*65) day g
D=40,000, y,=1/365*2 day , y,=1/365*1 day , &=1/365*15,p,=1/25.
A a o <3 d'aij v A 1A J = @
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1 a 4 - -
AVDINIADT AD N},=1,000 , N,=9,500 , u, =1/(365*65) day”, d,=1/(365*65) day 1,

D=40,000, y,=1/365*2 day ', v,=1/365*1 day , &=1/365%15,p,~1/25.
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1 a J - -
AMVDIMIADT AD N;,=1,000 , N,=9,500 , u,=1/(365*65) day 1, dj,=1/(365*65) day 1,

D=40,000, y,=1/365*2 day ', y,=1/365*1 day ', &=1/365*15,p,~1/25.
~ Aa o Aa dy d’ 1T A o ddy = 1 [
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1 a J - -
AVBINIADT AD N, =1,000 , N,=9,500 , u, =1/(365*65) day 1, dj,=1/(365*65) day :

D=40,000, v, =1/365*2 day ', y,=1/365*1 day , &=1/365*15,p,=1/25.
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JUn 5.2 wamam@qﬁamwmé’ﬁaéﬂqdaﬂwiamggmﬁﬂuﬁ’mam Tasfismua 140
yariiaesail pp= 1/365%65), (Bp)= 0.000001, &= 0.0001, S;= 1/(365*4), S,=
1/(365*3), S3= 1/(365*5), 0 = 1/(365*5),p= 1/(365*5), ny:= 1/25, L, = 1/14, (By)=
0.000002, M = 100, N¢= 1000.
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Tagfidmuamsilineddail wp = 1/(365%65), (B )= 0.000001, &€= 0.0001, Sy = 1/(365*4),

Sy= 1/(365*3), S3= 1/(365%5), 6 = 1/(365*5),p = 1/(365*5), = 1/25, &y = 1/14, (By) =

0.000002, M =100, N=1000.



3171 5.4 Namamﬁ?qﬁmawmmi’ﬁﬁg%aﬂaﬁaagjgﬁﬂuﬁmam Tagfidmuamafimes 142
sl pp= 1/(365%65), (By)= 0.000001, £= 0.0001, S;= 1/(365*4), Sy= 1/(365*3), S3=
1/(365%5), 0 = 1/(365%5),p = 1/(365%5), py := 1/25, Ay = 1/14, (B,) = 0.000002, M = 100,
N = 1000.

gﬂﬁ 5.5 Namaw‘ﬁqﬁamwmqﬁﬁ%m@i@m‘sﬁm%@gﬁﬂuﬁ’m’gm Tavfidmua 143
msineisail pp= 1/(365%65), (Bh)= 0.000001, &= 0.0001, S;= 1/(365*4), S,=
1/(365%3), S3= 1/(365*5), 0 = 1/(365*5),p= 1/(365%5), py:= 1125, Ly = 1/14, (B, )=
0.000002, M =100, N = 1000.

gﬂﬁ 5.6 Namam%qﬁ’amwmqqﬁﬁm%@uazmmmdmmm%ﬂﬁlﬁﬂuﬁ‘unm 144
TavRimuamsifimesaail wp = 1/(365%65), (B )= 0.000001, €= 0.0001, S;= 1/(365*4),
Sy=1/(365%3), Sg= 1/(365%5), O = 1/(365*5),p = 1/(365*5), py = 1125, &y = 1/14, (B, )=
0.000002, M =100, N = 1000.

gﬂﬁ 5.7 wamam@qﬁamwmmj’ﬁﬁmdamﬁame‘%mﬁﬂuﬁ'ﬂnm Tagfifmua 145
s finessail wp = 1/(365%65), (Bp)=10.0001, £¢=0.0001, S;= 1/(365*4), Sy= 1/(365*3),

S3= 1/(365*5), 0 = 1/(365%5),B= 1/(365*5), py:= 1/25, Ly = 1/14, (B, )= 0.0002, M =

100, N; = 1000.



s1ii 5.8 wamam@w‘i‘;mwmlﬁjﬁgéawi@miam%mﬁﬂuﬁ’mam Tasfismua 146
s fineisail up = 1/(365%65), (B )=0.0001, £=0.0001, S; = 1/(365*4), Sp= 1/(365*3),
S3= 1/(365%5), 0 = 1/(365*5),B = 1/(365*5), ny:= 1/25, Ay := 1/14, (B, )= 0.0002, M =
100, N = 1000.

3107 5.9 Namamﬁ?qﬁamwm@’ﬁﬁé@ﬂﬁnéﬁ&uﬁunm Tasfimmua 147
s ineisail up = 1/(365%65), (B )=0.0001, £=0.0001, S; = 1/(365*4), Sp= 1/(365*3),
S3= 1/(365%5), 0 = 1/(365*5),B= 1/(365*5), uy = 1/25, Ly := 1/14, (B, )= 0.0002, M =
100, N = 1000.

31t 5.10 wamaEJLGTNsﬁ”mmmaqqq‘ﬁL?{ﬂqdaﬂwsameﬁmﬁwﬁunm 148
TavRiimuamsinesaail wp= 1/(365%65), (B)= 0.0001, €= 0.0001, S;= 1/(365*4),
Sp=1/(365*3), S3= 1/(365*3), 6 = 1/(365%5), = 1/(365*5), uy == 1/25, hy := 1/14, (B, ) =
0.0002, M =100, N{=1000.

i 5.11 wamamﬁ‘ffﬁamwmqﬁ%émmzmmmdmmm%@”lﬁlﬁﬂuﬁ’m’;m 149
TavRimuamsifimesaail wp= 1/(365%65), (By)= 0.0001, €= 0.0001, S;= 1/(365*4),

Sy=1/(365*3), S3= 1/(365%5), 0 = 1/(365*5),p = 1/(365*5), py = 1/25, &y = 1/14, (B, )=

0.0002, M =100, N{=1000.
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densdaie Taofifmuants1iinesdall iy, - 1/365%65), (B )=10.0001, £=0.0001, S;=
1/(365%4), Sp= 1/(365%3), Sa= 1/(365%5), 0 = 1/(365*%5), B = 1/(365*5), = 1/25, Ay =
1/14, (By)=0.0002, M = 100, N = 1000.

31071 5.13 wamaEJLGTNsﬁ’:}mmmaqé’ﬁﬁvﬁaﬂqﬁaaejgﬁauﬁu@’ﬁgﬁmﬁiamiﬁmeﬁa 151
Taofimuamsiimeddail np= 1/(365%65), (Bn)= 0.0001, £= 0.0001, S;= 1/(365*4),
Sp=1/(365*3), S3=1/(365*5), 6 = 1/(365*5), = 1/(365*5), p, = 1/25, hy := 1/14, (B, )=
0.0002, M =100, N{=1000.

31 5.14 wamamﬁfmsﬁ”mwaqqeﬁt?rmeiamiﬁm%mﬁﬂuﬁ’u@'ﬁ@%m@iaﬂﬁﬁmﬁﬁa 152
TavRiimuamsinesaail wp= 1/(365%65), (By)= 0.0001, €= 0.0001, S;= 1/(365*4),
Sp=1/(365*3), S3=1/(365*5), 8 = 1/(365*5), = 1/(365*5), p, == 1/25, hy := 1/14, (B, )=
0.0002, M =100, N{=1000.
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ﬁuﬁﬁgémdamﬁﬁméﬁa Tagfifmuamsiineddell u, - 1/365%65), (Br)=0.0001, &=

0.0001, S;= 1/(365*4), Sy= 1/(365*3), S3= 1/(365*5), 6 = 1/(365*5),p = 1/(365*5), p :=

1/25, Ly = 1/14, (B, )=0.0002, M = 100, N ;= 1000.
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' &L gy Ao a  su A

agneao 14 TashiMruamiimesasll u,= 1/365%65), (By)= 0.0001, &= 0.0001,
S1=1/(365*4), S,=1/(365%*3), S3=1/(365*5), 6 = 1/(365*5),B = 1/(365*5), pn, = 1/25, 7»
=1/14, (By)=0.0002, M = 100, N{=1000.
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pazansoseneao la lasimmuamainesaall p,= 1/365%65), (Bn)= 0.0001,
e= 0.0001, S;= 1/(365*4), Sp,= 1/(365*3), S3= 1/(365*5), 6 = 1/(365*5), = 1/(365*5),

v =125, 4y = 114, (B,)=0.0002, M = 100, N = 1000.
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Yy A dﬂj 1 dﬁl Y A o a Jd v A
@jmm%Lmzmmmmamm%allﬂ Iﬂ&ﬂﬂWﬁ‘L&ﬂWﬁﬁJWlﬂiﬂﬂu Uh= 1/(365*65), <Bh>=

0.0001, €= 0.0001, Sq= 1/(365*4), S,= 1/(365*3), Sgz= 1/(365*5), 6 = 1/(365*5),p=

1/(365%5), py == 1/25, Ay = 1/14, (B )=0.0002, M = 100, N = 1000.
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Tagimmuamsiines il p, = 1/365*65), (By)= 0.0001, &= 0.0001, S;= 1/(365*4),
S,= 1/(365*3), S3= 1/(365*5), 0 = 1/(365*5),p = 1/(365*5), p := 1/25, A, = 1/14, (By)=

0.0002, M =100, N{=1000.
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1
v YA [

= dy o ' A o a J dy
unlwedeiied Tasnmuuamimesasll py= 1/365%65), (By)= 0.0001, &=
0.0001, Sy=1/(365*4), Sp= 1/(365*3), S3= 1/(365*5), 6 = 1/(365*5),B = 1/(365*5), =
1125, by = 1/14, (B )= 0.0002, M = 100, N ;= 1000.
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QU

Migaliiesnonsanse Tashiduamsiimesaall u,= 1/365%65), (By)= 0.0001, &=
0.0001, Sq= 1/(365*4), So= 1/(365*3), S3= 1/(365*5), 6 = 1/(365*5), = 1/(365*5), n :=

1125, by = 1/14, (B )=0.0002, M = 100, N ;= 1000.

b
v JdA

4 o Fa 1
11 5.22 HaasFRNRVUIRTIAIIRENMIAN TRl MADNUF AU IUTMANAY 160

(%

TaefMMuANITnes aall pup = 1/(365%65), £=0.0001, Sy= 1/(365*4), Sy= 1/(365%3),

S3=1/(365%5), 6 = 1/(365*5), p = 1/(365*5), ny := 1/25, A = 1/14, M =100, N;= 1000
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TagNfMUUANITRBS A9l pp = 1/(365%65), £=0.0001, S;= 1/(365*4), Sy= 1/(365%3),

S3=1/(365%5), 0 = 1/(365*5), B = 1/(365*5), ny := 1/25, Ay = 1/14, M =100, N;= 1000
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TagRMUUANIT IR0 A9l pp = 1/(365%65), £=0.0001, S;= 1/(365*4), Sy= 1/(365%3),
S3=1/(365%5), B = 1/(365*5),p = 1/(365*5), p = 1/25, Ay :=1/14, M =100, N;= 1000
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31 5.25 wamam%w‘ﬁmwmqqﬁg?}mdamiaﬂ!,G'f;’aLﬁamﬁuwugwugmﬁm@hqﬁu 163
Taefihnuamsiined wqf: wh=1/(365%65), €=0.0001, S;=1/(365*4), S,=1/(365*3),
S3=1/(365%5), 0 = 1/(365%5), p = 1/(365%5), p,, == 1/25, hy = 1/14, M = 100, N;= 1000
31 5.26 wamaEJLGTNsﬁ’ammmaqqqﬁﬁﬂg%@u@i"lliamﬁadmwam%@llﬁlﬁamﬁuﬁ’uﬁ 164
ﬁugmﬁmmﬁu Tagimnuamsidnossail iy = 1/(365%65), £=0.0001, S;=
1/(365%4), So= 1/(365*3), S3= 1/(365*5), 0 = 1/(365*5),p = 1/(365%5), 1, = 1/25, Ly, =
1/14, M =100, N{= 1000
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mduiuftugdidieiy Taefifmuamsifinessi w, = 1/(365%65), £=0.0001,

S1=1/(365*4), So=1/(365*3), S3=1/(365*5), 0 = 1/(365*5), = 1/(365*5), p,, = 1/25,

hy = 1/14, M =100, N;= 1000



