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บทคดัย่อ
	 บทความน้ีมีวตัถุประสงคเ์พ่ือพฒันาและวเิคราะห์ตวัแบบเชิงคณิตศาสตร์แบบไม่เชิงเสน้ส�ำหรับการระบาด

ของโรคเลปโตสไปโรซิสท่ีมีผลมาจากโปรแกรมการใหค้วามรู้โดยใชส่ื้อ ซ่ึงจะใชโ้ปรแกรมการใหค้วามรู้โดยใชส่ื้อ

ทนัทีท่ีเกิดโรคระบาด ในการศึกษาไดแ้บ่งประชากรคนท่ีเส่ียงต่อการติดเช้ือออกเป็น 2 กลุ่ม คือ คนท่ีเส่ียงต่อการ

ติดเช้ือท่ีไม่ไดรั้บส่ือ ( HS ) และคนท่ีเส่ียงต่อการติดเช้ือท่ีไดรั้บส่ือ ( MS ) โดยสมมติวา่ทุกคนเป็นคนกลุ่มเส่ียง

แต่ถา้ไดรั้บความรู้จากส่ือจะกลายเป็นคนกลุ่มเส่ียงท่ีไดรั้บส่ือซ่ึงจะมีความตระหนกัและหลีกเล่ียงการสมัผสักบั

คนท่ีติดเช้ือ จากการวเิคราะห์ตวัแบบเชิงคณิตศาสตร์โดยใชท้ฤษฎีเสถียรภาพของสมการเชิงอนุพนัธ์ ผลการวจิยัพบวา่

ถา้ค่าระดบัการติดเช้ือ 0 1<R  แลว้จะไม่เกิดการระบาดของโรค และถา้ค่าระดบัการติดเช้ือ 0 1>R  แลว้จะเกิด

การระบาดของโรค นั่นคือเม่ือเพ่ิมโปรแกรมการให้ความรู้โดยใชส่ื้อให้มากข้ึนจะส่งผลให้จ�ำนวนผูติ้ดเช้ือ

ในประชากรคนกลุ่มเป้าหมายมีค่าลดลง 

ค�ำส�ำคญั: ตวัแบบเชิงคณิตศาสตร์ โรคเลปโตสไปโรซิส โปรแกรมการใหค้วามรู้

Abstract
This paper, aimed to develope and analyze a non-linear mathematical model for the effect of awareness 

programs driven by the media on the spread of Leptospirosis. The awareness program are treated as an intervention 

for the emergent disease. We divided the susceptible populations into two sub-classes: susceptible class and 

aware susceptible class. We assumed that susceptible individuals who come across with media campaign move 

to aware susceptible class and in general avoid contact with infection. This model is analyzed by using stability 

theory of differential equations. The results show that if the basic reproduction number 0 1<R , then the disease 

dies out, however, if 0 1>R , then the disease becomes endemic. Our analysis shows that the awareness programs 

driven by the media have positive impact in reducing the infection prevalence of the infective population.
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with = − − −H H M H HS N S I R   and  = −R R RS N I . 

Here, Hb  is the recruitment rate of human population ; Rb  is the recruitment rate of rat population ; 1b , 2b , 

3b and 4b are respectively represent the transmission coefficient between human, susceptible human and infective 

human, susceptible human and infective rat, susceptible rat and infective human, and aware susceptible human and 

infective human ; α  is the dissemination rate of awareness among susceptibles of human population due to media 

awareness programs ; µH  is the natural death rate of human population ; µR  is the natural death rate of rat population; 

λH  is the rate at which individual from recovered class move to susceptible class again after loosing immunity; γ H  is the 

natural recovery rate constant; δH  is the disease related death rate of human population; δR  is the disease related death 

rate of human population; µ  is the rate constant corresponding to regular media coverage, 1µ  is the rate constant 

influenced by number of infectives and 0µ  is the natural decay rate constant of media coverage/awareness programs. 

The total dynamics of human population ( HN ) and the total of rat population ( RN ) are given by 

= + + +H H M H HN S S I R  and = +R R RN S I , respectively. 
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Basic Properties 

Since the model monitors human population, rat popalation and media coverage, it is assumed that all the state 

variables are non-negative at time 0=t . All parameters of the model are assumed to be non-negative. It then follows from 

the differential equations that the variables are non-negative for all 0≥t . In the absence of leptospirosis 

infection,
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≤M  as →∞t . The solution of system (8) with initiate in Ω  remain in the 

regionΩ . This result can be summarized in the following theorem: 
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Mathematical Analysis 

 Firstly, we consider the equilibrium points for the model. Since the local stability of disease free equilibrium 

point and disease endemic equilibrium point is governed by the reproduction number of the model. 

4.1 Equilibrium Points 

                In order to obtain equilibrium points, we set all equations of the system (8) equal to zero. Our model has two 

non – negative equilibrium. 
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where 1 1 4
1

2 3 2 3

α α
α α

µ µ b
b µ δ γ

µ µ µ µ µ
   

= − + − − −   + +   
H H H

H H H
H H H

b b a b aa
a a a a

.   

Using elementary row operation the characteristics equation about 0E is given by 

( ) ( )( )( )( )( )2
0 1 2

0

α 0
  

+ + + + + + + + + =     
R H H H H B Bµλ µ λ µ λ µ λ λ µ λ µ λ λ

µ
   (11) 
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1 1

2 3 2 3
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2 1 2

2 3 2 3 2 3
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4 0λ µ= − , 5λ µ= − H  , 6λ and 7λ are solution of quadratic equation 2
1 2 0λ λ+ + =B B . By the Routh-Herwitz criteria 

[14], if 1 0>B  and 2 0>B , then roots of the quadratic equation have negative real part. Hence, the disease free 

equilibrium point is locally asymptotically stable. 

               2)  Stability of Disease Endemic State 

Theorem 4.3 – 2 Suppose 0 1>R then there is a unique disease endemic equilibrium point 1E of (8) which is locally 

asymptotically stable. 

Proof   The disease endemic equilibrium is 
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−
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 Using elementary row operation the characteristics equation about 1E is given by 

7 6 5 4 3 2
1 2 3 4 5 6 7 0+ + + + + + + =H H H H H H Hλ λ λ λ λ λ λ       (12)  

where  ( )1 1 4 21 ,= − + +H G G D ( )2 2 3 5 11 21 1 21 4 1 4 2 ,= − + + − − − −H D D G G D G D G G G G  

4 0λ µ= − 5λ µ= − H 6λ 7λ
2

1 2 0λ λ+ + =B B

1 0>B 2 0>B

0 1>R 1E
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By Routh-Hurwitz criteria [14] since 0>iH  for all 1, 2, 3, 4, 5, 6, 7=i , each eigenvalues of (12) has the 

negative parts.

Numerical simulation
In this section, we present the numerical simulation of the dynamical behavior of model. The set of 

parameter values are given in Table 1.

Table 1 Parameter value used in the numerical simulation

Parameters
Hb Rb Hµ Rµ Hδ Rδ Hλ Hγ 1β 2β 3β

values (day–1) 19 45 0.2 0.2 0.002 0.025 0.005 0.003 0.000075 0.00002 0.000005

Reference [5] Assumed

The stability of disease free equilibrium point 0E  is show in Fig. 2, we choose 4β = 0.00009, µ = 0.1, 

0µ = 0.03, 1µ = 0.001 and á = 0.0002 and keep the other values of parameters to be those given in Table 1. 

The disease free equilibrium point 0E for above set of parameters is as follow : 95, 0, 0,= = =H H HN I R  

0.315615, 225, 0, 3.33333= = = =M R RS N I M . The eigenvalues and the basic reproduction number are 

obtained as : 1 2 3– 0.205, – 0.200667, – 0.2, = = =λ λ λ 4 5 6– 0.2, – 0.03, – 0.0989485,= = =λ λ λ  

7 – 0.0989485,=λ 0 = 0.197897R . Since all the eigenvalues corresponding to 0E be negative and basic 

reproduction number is less than one, the disease free equilibrium point 0E will be local asymptotically stable.

0>iH 1, 2, 3, 4, 5, 6, 7=i

Hb Rb Hµ Rµ Hδ Rδ Hλ Hγ 1β 2β 3β

0E 4β µ

0µ 1µ á

0E 95, 0, 0,= = =H H HN I R

0.315615, 225, 0, 3.33333= = = =M R RS N I M

1 2 3– 0.205, – 0.200667, – 0.2, = = =λ λ λ 4 5 6– 0.2, – 0.03, – 0.0989485,= = =λ λ λ

7 – 0.0989485,=λ 0 = 0.197897R 0E

0E
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                         (a)             (b)              (c)                                          (d)   

    
            (e)               (f)                                         (g) 

 

Fig. 2  Time series of the (a)  total of human population, (b) infective human population, (c) recovered human 

population, (d) aware susceptible human population, (e) total of rat population, (f)  infective rat population and (g) the 

awareness programs driven by media. The fractions of populations approach to the free disease equilibrium state 

0 (95,0,0,0.315615,225,0,3.33333)E . 
 

The stability of disease endemic equilibrium point 1E  is show in Fig. 3, we choose 4b =0.009, µ =0.001, 

0µ =0.3, 1µ =0.01 and α =0.00002 and keep the other values of parameters to be those given in Table 1. The interior 

equilibrium point 1E for above set of parameters is as follow : * * *94.979, 2.09713, 0.0306897,= = =H H HN I R  
* * * *0.000679979, 224.995, 0.0419338, 0.0732376= = = =M R RS N I M .The eigenvalues and the basic reproduction 

number are obtained as : 1 2– 0.299998, – 0.274514,= =λ λ 3 4– 0.204985, – 0.200013,= =λ λ  

5 6 7 0– 0.199945, – 0.199945, – 0.149068, =1.94936.= = = Rλ λ λ  Since all the eigenvalues corresponding to 1E be 

negative and basic reproduction number is more than one, the disease endemic equilibrium point 1E will be local 

asymptotically stable. 
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By Routh-Hurwitz criteria [14] since 0>iH  for all 1, 2, 3, 4, 5, 6, 7=i , each eigenvalues of (12) has the negative 

parts. 
 

 

 

Numerical simulation 

In this section, we present the numerical simulation of the dynamical behavior of model. The set of parameter 

values are given in Table 1. 

Table 1 Parameter value used in the numerical simulation 

Parameters Hb  Rb  Hµ  Rµ  Hδ  Rδ  Hλ  Hγ  1b  2b  3b  

values (day–1) 19 45 0.2 0.2 0.002 0.025 0.005 0.003 0.000075 0.00002 0.000005 

Reference [5] Assumed 

 

The stability of disease free equilibrium point 0E  is show in Fig. 2, we choose 4b = 0.00009, µ = 0.1, 0µ = 

0.03, 1µ = 0.001 and α = 0.0002 and keep the other values of parameters to be those given in Table 1. The disease free 

equilibrium point 0E for above set of parameters is as follow : 95, 0, 0,= = =H H HN I R  

0.315615, 225, 0, 3.33333= = = =M R RS N I M . The eigenvalues and the basic reproduction number are obtained as : 

1 2 3– 0.205, – 0.200667, – 0.2,= = =λ λ λ 4 5 6– 0.2, – 0.03, – 0.0989485,= = =λ λ λ  7 – 0.0989485,=λ  

0 = 0.197897R . Since all the eigenvalues corresponding to 0E be negative and basic reproduction number is less than 

one, the disease free equilibrium point 0E will be local asymptotically stable. 
 

    

* * * *0.000679979, 224.995, 0.0419338, 0.0732376= = = =M R RS N I M

5 6 7 0– 0.199945, – 0.199945, – 0.149068, =1.94936.= = = Rλ λ λ

* * *94.979, 2.09713, 0.0306897,= = =H H HN I R
* * *94.979, 2.09713, 0.0306897,= = =H H HN I R

3 4– 0.204985, – 0.200013, = =λ λ

* * * *0.000679979, 224.995, 0.0419338, 0.0732376= = = =M R RS N I M* * * *0.000679979, 224.995, 0.0419338, 0.0732376= = = =M R RS N I M

0 (95,0,0,0.315615,225,0,3.33333)E

1E 4β

µ 0µ 1µ á

1E

1 2– 0.299998, – 0.274514,= =λ λ

3 4– 0.204985, – 0.200013, = =λ λ

1E

1E
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                         (a)             (b)              (c)                                          (d)   

    
            (e)               (f)                                         (g) 

 

Fig. 2  Time series of the (a)  total of human population, (b) infective human population, (c) recovered human 

population, (d) aware susceptible human population, (e) total of rat population, (f)  infective rat population and (g) the 

awareness programs driven by media. The fractions of populations approach to the free disease equilibrium state 

0 (95,0,0,0.315615,225,0,3.33333)E . 
 

The stability of disease endemic equilibrium point 1E  is show in Fig. 3, we choose 4b =0.009, µ =0.001, 

0µ =0.3, 1µ =0.01 and α =0.00002 and keep the other values of parameters to be those given in Table 1. The interior 

equilibrium point 1E for above set of parameters is as follow : * * *94.979, 2.09713, 0.0306897,= = =H H HN I R  
* * * *0.000679979, 224.995, 0.0419338, 0.0732376= = = =M R RS N I M .The eigenvalues and the basic reproduction 

number are obtained as : 1 2– 0.299998, – 0.274514,= =λ λ 3 4– 0.204985, – 0.200013,= =λ λ  

5 6 7 0– 0.199945, – 0.199945, – 0.149068, =1.94936.= = = Rλ λ λ  Since all the eigenvalues corresponding to 1E be 

negative and basic reproduction number is more than one, the disease endemic equilibrium point 1E will be local 

asymptotically stable. 
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1(94.979,2.09713,0.0306897,0.000679979, 224.995,0.0419338,0.0732376)E

0R 0 1<R

0 1>R

0E 1E 0 1<R

0E 0 1>R 0E

1E 0 1>R

0R 0.197897 1.94936 0 10.1, 0.03, 0.001= = =µ µ µ

0.001,=µ 0 0.3,=µ 1 0.01=µ
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