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Abstract*  
This research aims to study and analyze the stability of mathematical models for 

controlling the spread of hepatitis B virus disease in the Education Campaign in Phuket 

Province, Thailand. We analyze the model using standard methods, focusing on the equilibrium 

point, the stability of these points, and analytical solutions. The rate of Education Campaigns 

for the spread of the hepatitis B virus in mathematical modelling and numerical solutions is 

studied. The results of the mathematical model analysis revealed that the rate of Education 

Campaigns for the spread of hepatitis B virus is a factor that affects the basic reproductive 

number on mathematical modelling, and the rate of Education Campaigns with higher values 

results in a lower basic reproductive number. Therefore, the rate of Education Campaigns is 

the factor affecting mathematical modelling, if the population has an Education Campaign and 

follows the hypothesis, then the spread of the hepatitis B virus decreases until there is no 

epidemic. 
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Introduction 
It is possible to learn about the epidemic and the model's output by studying mathematical 

models of epidemics. Assist researchers in comprehending the variables that can regulate the 

disease's spread. include being accurately aware of how the illness is spread. The study also 

highlights the advantages of a mathematical model that can modify an epidemic's features. By 

examining the model's data, this model can effectively comprehend how an epidemic develops and 

how to comprehend disease management strategies, as a result, the findings of this study have a 

significant positive impact on infection risk reduction. Controlling epidemics and the spread of 

infections. Hepatitis B virus (HBV) should receive particular attention because it can infect 

humans. Hepatitis viruses A, B, C, D, and E are among the different types of hepatitis viruses. They 

are more likely to develop severe cirrhosis, chronic hepatitis, and liver cancer in the end. One of 

the primary causes of hepatitis is hepatitis B, which increases your risk of liver cancer and cirrhosis. 

According to the World Health Organization, in 2015, more than 240 million people worldwide 

suffered from chronic hepatitis B, and every year more than 600,000 people with HBV die from 

complications caused by HBV. Chronic hepatitis B, including cirrhosis and liver cancer. In Phuket, 

the vast majority of liver cancer patients, approximately 90%, have a history of hepatitis. 

Most infected individuals won't know they have an infection because they don't exhibit 

any symptoms. Because the disease progresses so slowly, some people may have fever or pains. 

Deceptive upper body Maybe I just have the flu. There are two forms of hepatitis B: acute and 

chronic. Immunisations are initiated at a young age in the Phuket region; nonetheless, certain 

populations within the province are disease carriers and have the ability to spread the illness. Even 
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if the afflicted individual shows no symptoms, the illness will nonetheless continue to worsen. The 

infection may spread because of patients' poor self-care, early lack of appropriate medical care, 

ignorance of disease prevention, and other factors. 

By simulating people at risk of infection, pathogens, and vectors, the study of 

mathematical models demonstrates the function and advantages of mathematical models in 

resolving the ongoing problem of numerous diseases. Treat and prevent disease in accordance with 

actual needs as quickly and appropriately as possible; Bring disease and infection by turning the 

data into a mathematical equation to describe the nature of the outbreak and disease progression 

without requiring researchers to go directly to human studies, which may endanger the lives of 

researchers and patients. As a result of the above, the researcher realized and saw the benefits and 

researched a mathematical model for controlling the spread of the hepatitis B virus on the Education 

Campaign. The researcher studied the Education Campaign to control the spread of the hepatitis B 

virus in Phuket, it is an important factor in studying mathematical models to create a mathematical 

model for hepatitis B prevention and control with higher efficiency. 

The benefit of this research is to draw up a mathematical model for the effects of the 

hepatitis B epidemic. In addition, to be applied to control the outbreak of the disease in Phuket and 

other provinces, as well as to use mathematical knowledge to explain the epidemic to be easier to 

understand and the results of the research can be used as preliminary information on disease 

prevention to reduce the number of patients. Furthermore, they can be used as academic 

information to the surveillance units of the Bureau of Epidemiology, Department of Disease 

Control, Ministry of Public Health and bring the research results that have been presented to the 

public health authorities to take measures to control and prevent hepatitis B by campaigning to 

educate people in Phuket and the general public at risk of infection. 

 
Model Formulation 

In our model, we assume that the human population one constant because the birth 

rates the death rate of human population are equal. The total number of human populations 

denote by the human N population are divided into four classes; the susceptible human (S), the 

exposed human (E), the infected human (I) and the recovered human (R). The diagram of four 

classes of human population and the crucial parameters are used which represented the 

dynamics model of Hepatitis B Virus Disease. The transitions between model classes can be 

now expressed by the following system of first-order differential equations: 

 

dS
= ΩN -(1-Δ)ψSI -μS

dt
   (1) 

dE
= (1-Δ)ψSI - νE -μE

dt
   (2) 

dI
= νE - I -βI -μI

dt


 
   (3)

 
dR

= I R
dt

 −     (4) 

With  N S E I R= + + +  
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From equation (1) - (4), the researcher conducted a mathematical model analysis by 

reducing the equation form  variable S,E,I,R  to S S / N= , E E / N= , I I / N= and 

R R / N= to facilitate analysis as follows: 

 

dS
[(1 ) NSI S]

dt
=− −  +   (5) 

dE
(1 ) NSI E( )

dt
= −  − +   (6) 

dI
E I( )

dt
=  − ++

 
  (7) 

 R 1 (S E I)= − + +     (8) 
Where; 

S(t) : Susceptible human populations at time t 

E(t) : Exposed human populations at time t 

I(t) : Infected human populations at time t 

R(t) : Recovered human populations at time t 

N : Total number of human populations  

  : Birth rate of human populations  

 : Natural death rate of human populations 

  : Probability that virus transmitted from infected human to   susceptible 

human 

 : Proportional rate for people exposed to the infected human  

  : Recovery rate of infected human  

  : Mortality rate from the disease 

 : Rate of Education Campaign 

 
Model Analysis 

Since the model monitors human population, all the associated parameters and state 

variables are non-negative is t 0 . It is easy to show that the state variables of the model 

remain non-negative for all non-negative initial conditions (Anderson, R.M., and May, R.M., 

1991). The biological feasible region 

4 I
(S,E,I,R) R : N ( )

N+


 
 


 =  → −−  

 

Lemma 1. The closed   is positively invariant and attracting. 

Proof. Adding (1)-(4) give the rate of change of the total population. 

dN
= ΩN -(1-Δ)ψSI -μS+ (1-Δ)ψSI - νE -μE + νE -fI -βI -μI + fI -μR

dt
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dN
N S E I I R

dt
= − − − − −  

dN
( )N I

dt
= − −  

1 I
dN dt dt

( )N ( )N


 −  

− −
 

1 I
ln N t t c

( ) ( )N


 − +

− −
 

I[( ) ]t c
NN e

− − +
  

I[( ) ]t
NN(t) N e

0

− −
  

Thus, the total human population (N) are bounded by 
I

( )
N


−− , so that 

dN
0

dt
=  

whenever  = . It can be shown that 

I[( ) ]t
NN(t) N e

0

− −
 , if

I[( ) ]t
NN e 0

0

− −
  hence, the region   is positively invariant and attracts all solution 

in 4R+  

 

1) Basic Reproductive Number 

The basic reproductive number (
0R ) is defined as the expected number of secondary 

cases produced by a single infection in a completely susceptible population, by using the next 

generation method and used spectral radius (Van den Driessche and Watmough, 2002). We 

have rewritten the system in matrix form  
dx

F(x) V(x)
dt

= −  

 Here F(x) gives the rate of appended of new infections in a compartment and 

V(x) gives the transfer of individuals. We obtained, 

 

       

S

E
x

I

R

 
 
 
 
 
 
 

= , 

0

(1- ) SI
F(x)

0

0

 
 
 
 
 
 
 

 
= , and 

- N + (1- ) SI + S

E E
V(x)

E I + I + I

I + R

 
 
 
 
 
 
 

   

 +
=

− +  

− 

  

Where:
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[0] [0] [0] [0]

S E I R

[(1- ) SI] [(1- ) SI] [(1- ) SI] [(1- ) SI]

S E I R
F(x)

[0] [0] [0] [0]

S E I R

[0] [0] [0] [0]

S E I R

    
 

    
            
    

=  
    

    
    
 

     

 

0 0 0 0

(1- ) I 0 (1- ) S 0
F(x)

0 0 0 0

0 0 0 0

 
 

    =
 
 
    

and 

[- N + (1 - ) SI + S] [- N + (1 - ) SI + S] [- N + (1 - ) SI + S] [- N + (1 - ) SI + S

S E I

[ E E] [ E E] [ E E]

S E I

[ E I + I + I] [ E I + I + I] [ E I + I + I]

S E I

[ I + R] [ I + R] [ I + R]

S E I

V(x)

                   

  

  +    +    + 

  

 − +     − +     − +   

  

 −   −   − 

  

=

]

R

[ E E]

R

[ E I + I + I]

R

[ I + R]

R



  + 



 − +   



 − 



 
 
 
 
 
 
 
 
  

 

(1- Δ)ψI + μ 0  (1- Δ)ψS 0

0 ν + μ 0 0
V(x)

0 -ν + β + μ 0

0 0 - μ

 
 
 =
 
 

    

and 

1

0

1 (1 ) N ( + )(1 ) N
0

( + )( ) ( + )( )

1
0 0 0

+
V (E )

1
0 0

( + )( )

1
0

( + )( ) ( )

−

− −   −   −   
     + +    + +
 
 
  
 =

 
   + + + +
 

  −
    + +  + +  

 

There fore: 



962 Journal of Roi Kaensarn Academi 

Vol. 9  No 11 November  2024 

    
 

 

1

0

1 (1 ) N ( + )(1 ) N
0

( + )( ) ( + )( )

0 0 0 0 1
0 0 0

0 0 (1- ) N 0 +
FV (E )

0 0 0 0 1
0 0

( + )( )0 0 0 0

1
0

( + )( ) ( )

−

− −   −   −   
     + +    + +
 

   
         =
   
     + + + +    

  −
    + +  + +  

 

1
0

0 0 0 0

(1 ) N (1 ) N
0 0

( + )( )FV (E )

0 0 0 0

0 0 0 0

−

 
 
 
 
 
 
 
  

−  − 

  ++ ++=   

 

and Spectral Radius from 1
0FV (E )− , that is 

( )1
0

(1 ) N
FV (E ) max 0, 0, 0,

( + )( )
−  

 
 

− 
 =

  ++
  

We have the basic reproductive number as shown, 
0

(1 ) N
R

( + )( )

− 
=

  ++
 

2) Stability Analysis 

In this section, the stability of equilibrium can be analyzed by using the Jacobian 

matrix of the model at the disease free equilibrium. Referring to the results of Vanden Driessche 

and Watmough (2002), the stability of this system as shown in the follow theorem. 

 

Theorem 1: The disease free equilibrium of the system about the equilibrium 0E , is 

local asymptotically stable if 0R >1 and unstable if 0R <1. 

Proof. The Jacobian matrix of the model (Eqs.1-4) evaluated a 

0 0E (S,E,I,R) E (N,0,0,0)=  is obtained the local stability of equilibrium point is 

determined from the Jacobian matrix of the system of ordinary differential equation. The 

equation (1)-(4) evaluated at the equilibrium point. The Jacobian matrix is  

0

- 0 - (1- ) N

J 0 -( ) (1- ) N

0 -( )

 
 
 
 
 

  

= +  

 ++
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0

- 0 - (1- ) N

det(J I) 0 -( ) (1- ) N

0 -( )

−  

− = + −  

 ++ −
2

0

( 2 )

det(J I) ( ) ( )( )

(1 ) N

 
 
 
 
 

 + ++ + 

− = −− + + ++

− − 

 

The eigenvalues of the Jacobian matrix 
0

J are obtained by solving 0det(J -λI) = 0 , 

then the characteristic equation as follows: 
20 ( ) ( 2 ) ( )( ) (1 ) N  = −−  + ++ +  + + ++ − −   

where; 1 = − and 2,3 =
2A A 4B

2

−  −
 , The two roots of 2 A B 0 +  + =  will be 

negative real part if they satisfy the Routh-Hurwitz criteria , A 2= ++ +  and

B ( )( ) (1 ) N= + ++ − −  , 2A A 4B − and A 0, B 0   

 

Theorem 2: The endemic equilibrium of the system Eqs. (5)-(7) for the equilibrium 

1

( )* * *E (S ,E , I ) ( , ,
* ( ) ( )(1 ) N(1 ) NI

   ++
= −

+ + −  −  +
 

                                )
( )( ) ( )(1 ) N

 
−

+ ++ + − 
 

is local asymptotically stable if 0R >1, and unstable if 0R <1.  

 

Proof. 

1

* *- (1- ) NI - 0 - (1- ) NS

* *J - (1- ) NI -( ) (1- ) NS

0 -( )

 
 
 
 
 
 
 

    

=   +  

 ++

 

1det(J I) 0− =

* *(1 ) NI 0  (1 ) NS

* * (1 ) NI ( ) (1 ) NS

0 ( )

− −  −− − − 

= − −  − + − − 

 − ++ −

 

The eigenvalues of the Jacobian matrix 
1

J are obtained by solving

1det(J I) 0− = , we provided the characteristic equation as follows: 
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3 2 *0 ((1 ) NI 3 )= + −  ++++      

* * *+ ((1 ) NI 2 )( ) ((1 ) NI )( ) - ((1 ) N S 
  

 −  + +  ++ + −  + + −  

* *((1 ) NI )( )( ) (1 ) NS+ −  + + ++ − −    

The three roots of 3 2λ +Aλ +Bλ+C=0  will be negative real part if they satisfy 

the Routh-Hurwitz criteria. 

*1) A = (1 ) NI 3−  ++++    

* * *2) B= ((1 ) NI 2 )( ) ((1 ) NI )( ) -((1 ) N S+−  +  ++ + −  + + −  

* *3) C = ((1 ) NI )( )( ) (1 ) NS−  + + ++ − −    

4) AB C  

 

Remark 1. The case R0 = 1 is a critical threshold point where the disease free 

equilibrium E0 loses its asymptotic stability and simply becomes (neutrally) stable. Moreover, 

it becomes unstable immediately R0 > 1 and this will lead to the existence of a stable endemic 

equilibrium E1. Note that R0 = 1 can literarily be viewed as a transcritical bifurcation point 

where stability is exchanged between E0 and E1. 

 
Numerical Analysis 

In this section, we would like to present the numerical simulation of our model. 

Numerical analysis is the consideration of finding the appropriate parameter values that make 

the Disease-Free Equilibrium Point (DEP) and Endemic Equilibrium Point (EEP) that make 

the system of nonlinear differential equations Local Asymptotically Stable to find the 

numerical solution by simulating as follows. 

 

h N S   
(m)

S
(m+1) (1 h(1- ) I h )

(m)

 +
=

+   + 
   (9) 

 

h(1- ) S I + E
(m+1) (m) (m)

E
(m+1) (1 h h )

 
=

+ + 
  (10) 

 

h E + I
(m+1) (m)

I
(m+1) (1 h( + + ))


=

+   
    (11) 

 

h I R
(m+1) (m)

R
(m+1) (1 h )

 +
=

+ 
    (12) 
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Numerical analysis using the parameter values obtained from the survey of the 

hepatitis B epidemic to substitute values in equations (9)-(12), which have the parameter values 

that we used in the numerical simulation are given in Table 1. 

 

Table 1: Parameters values used in numerical simulation at disease free state. 

Description Parameters Values 

The total number of human populations N  1,000 pesons 

The proportional rate for people exposed to 

the infected human populations  

 

  

 

0.329 day-1 

The birth rate of human populations 

 
  0.0000526 day-1 

The probability that virus transmitted from 

infected human to susceptible human  

 
  

 

0.009 day-1 

The recovery rate of infected human 

populations  
  

0.247 day-1 

The mortality rate from the disease 

 
  0.00000000274 day-1 

The natural death rate of human populations    0.0000118 day-1 

The rate of Education Campaign 

 
  0 - 1 

 

By solving the system of differential equations. The numerical results showed the 

relationship between the parameters of Education Campaign rate and basic reproductive 

Number in Table 2. 

 

Table 2: The relationship between the parameters of effectiveness of Education Campaign 

and Basic Reproductive Number 

  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0
R  32.84

4 

29.19

4 

25.54

5 

21.89

6 

18.24

6 

14.59

7 

10.94

8 
7.299 3.649 

 

The analysis model found that the stability of equilibrium points and the Education 

Campaign rate affect the mathematical model. It concluded that when the value of the 

Education Campaign rate decreases, The basic reproductive number increases. On the other 

hand, when the value of the Education Campaign increases, The basic reproductive number 

decreases. 

1) Stability of Endemic Equilibrium Point 

The study found that the rate of hepatitis B epidemic Education Campaign was one 

factor influencing the change in the hepatitis B epidemic control mathematical model. We 

changed the values of Education Campaign = 0.5 - 0.9. Also, kept the values of the other 

values of parameters to be those given in Table 1, we have the eigenvalues and basic 

reproductive numbers are: 3 2λ Aλ Bλ C 0+ + + = , 1 =-0.0000181, 2 = -0.2217 และ 3 =-
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0.9292. Since all of eigenvalues have been negative, the endemic equilibrium point will be 

local asymptotically stable (Fred Brauer, Pauline den Driessche and Jianhong Wu, 2008) as 

shown in Fig. 1-5. 

 
 

Figure 1: Time series (S) Susceptible human, (E) Exposed human, (I) Infected human, 

(R) Recovered human. The solutions approach the endemic equilibrium state to the disease-

free state, Education Campaign 0.5 - 0.9 

 

From Figure 1, the study found that the rate of Education Campaigns is one of the 

factors affecting the change of the mathematical model of hepatitis B epidemic control. When 

the rate of hepatitis B Education Campaigns increases in the mathematical model, the results 

are as follows:  

1) The rate of change of the Susceptible human group (S) will gradually decrease and 

change slowly.  

2) The rate of change of the Exposed human group (E) will decrease significantly.  

3) The rate of change of the Infected human group (I) will decrease significantly. It 

was found that the peak of the Infected human group (I) changed significantly.  

4) The number of the infected population changed to a group that recovered from the 

disease faster. Because the number of infected people decreased, it resulted in a decrease in the 

epidemic. 
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Figure 2: The relationship between (S) Susceptible human and (I) Infected human, The 

relationship between (E) Exposed human and (S) Susceptible human, The relationship between 

(R) Recovered human and (S) Susceptible human, The relationship between (I) Infected human 

and (E) Exposed human. The solutions approach the endemic equilibrium state to the disease-

free state. 

From Figure 2, the researchers found numerical answers to show the relationship 

between the Susceptible human group (S) and the Infected human group (I), the relationship 

between the Susceptible human group (S) and the Exposed human group (E), the relationship 

between the Susceptible human (S) and the Recovered human group (R), and the relationship 

between the Exposed human group (E) and the Infected human group (I). It was found that if 

there are people infected with hepatitis B in Phuket Province and when the Education 

Campaign rate on the spread of hepatitis B is added to the mathematical model, It found the 

relationship between the populations of the two groups in each pair mentioned will tend to 

converge to the equilibrium point. Therefore, the population in each pair mentioned will reach 

the Endemic Equilibrium Point. 

 

I 

S 

E 

S 

R 

S 

I 

E 



968 Journal of Roi Kaensarn Academi 

Vol. 9  No 11 November  2024 

    
 

 
 

Figure 3: The relationship between (S) Susceptible human, (I) Infected human and (R) 

Recovered human. The solutions approach the endemic equilibrium state to the disease-free 

state. 

 

 
 

Figure 4: The relationship between (S) Susceptible human, (I) Infected human and (E) 

Exposed human. The solutions approach the endemic equilibrium state to the disease-free state. 

 

 
Figure 5: The relationship between (S) Susceptible human, (R) Recovered human and 

(E) Exposed human. The solutions approach the endemic equilibrium state to the disease-free 

state. 
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From Figure 3-5, the numerical answer shows the relationship of the 4 groups in a three-

dimensional graphical comparison at the equilibrium point with disease. It was found that if in 

Phuket province there are people infected with Hepatitis B virus and the rate of campaigning 

for knowledge of the spread of Hepatitis B virus by 99% is added to the mathematical model, 

over time the three population groups will tend to converge to the equilibrium point and the 

disease will spread. Therefore, the 4 groups enter the Endemic Equilibrium Point. 

2) Analysis of Education Campaign Rates 

The study found that the rate of hepatitis B epidemic Education Campaign was one 

factor influencing the change in the hepatitis B epidemic control mathematical model as 

follows: 

 

 
 

Figure 6: Time series (S) Susceptible human, (E) Exposed human, (I) Infected human, 

(R) Recovered human. The solutions approach the endemic equilibrium state to the disease-

free state, Education Campaign 99 %. 

 

From Figure 6, the numerical solution shows the relationship between the Susceptible 

human group (S), the Exposed human group (E), the Infected human group (I), and the 

Recovered human group (R). All of them are graphs of the stability of the equilibrium point 

with the disease. It was found that if in Phuket province there are people infected with the 

hepatitis B virus and the education campaigns of the spread of hepatitis B virus by 99% in the 

mathematical model, the population of all four groups will tend to converge to the equilibrium 

point and the spread of the disease will occur. Therefore, the susceptible human group (S) 

compared to the exposed human group (E), the infected human group (I), and the recovered 

human group (R) enter the endemic equilibrium point. 
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Figure 7: Time series the Exposed human group (E) compared to the Infected 

human group (I) at the stable equilibrium point with disease. 

From Figure 7, the numerical answer shows the relationship between the number of 

Exposed human groups (E) and the Infected human groups (I). It is a graph of the stability of 

the equilibrium point with disease. It was found that if in Phuket province there are people 

infected with hepatitis B virus and increase the Education Campaigns about the spread of 

hepatitis B virus by 99% in the mathematical model, when time passes, the population of the 

Exposed human group (E) and the Infected human group (I) will tend to converge to the 

equilibrium point and the spread of the disease will occur. Therefore, the numbers of the 

Exposed human group (E) and the Infected human group (I) enter the endemic equilibrium 

point. 

 
Figure 8: The relationship between (S) Susceptible human and Infected human group 

(I). The solutions approach the endemic equilibrium state to the disease-free state, Education 

Campaign 95%-99 %. 
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Figure 9: The relationship between (S) Susceptible human, Infected human group (I) 

and (R) Recovered human. The solutions approach the endemic equilibrium state to the 

disease-free state, Education Campaign 95%-99 %. 

 

 
Figure 10: The relationship between (S) Susceptible human, Infected human group 

(I) and (E) Exposed human. The solutions approach the endemic equilibrium state to the 

disease-free state, Education Campaign 95%-99 %. 

 

The numerical answer presented in Figure 8-10 illustrates the relationship between the 

four groups in a three-dimensional graphical comparison at the equilibrium point with the 

disease. It was found that if in Phuket province there are people infected with Hepatitis B virus 

and the rate of Education Campaign 95%-99% of Hepatitis B virus is added to the mathematical 

model, over time the three population groups will tend to converge to the equilibrium point and 

the disease will spread. Therefore, the 4 groups enter the endemic equilibrium point. 

 
Conclusions 

Numerical analysis revealed that both equilibrium points were Local Asymptotical 

Stable at the disease-free equilibrium. Therefore, the rate of hepatitis B epidemic Education 

Campaigns was higher, resulting in a decrease in the basic reproductive numbers. The study 

found that the rate of hepatitis B epidemic Education Campaigns influenced the change in the 

hepatitis B epidemic control mathematical model. For example, an Education Campaign found 

that if Susceptible human groups had less knowledge about hepatitis B prevention, the spread 

of the disease would increase. If the Susceptible human group has more knowledge about 

hepatitis B prevention, the spread of the disease will be reduced until there is no epidemic of 
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Hepatitis B. The study also found that the rate of hepatitis B epidemic Education Campaigns 

influenced the infection level value of changes in the epidemic control mathematical model 

Hepatitis B if the rate of hepatitis B epidemic Education Campaign was higher resulting in a 

decrease in infection level. 

The researchers found that the Education Campaigns about the spread of hepatitis B 

and prevention of hepatitis B among the Susceptible human groups in Phuket province is very 

important and necessary because most patients with cirrhosis and liver cancer have a history of 

hepatitis B. When the Susceptible human groups are infected with the virus from the Infected 

human group, most of them are unaware because they do not show any symptoms. Therefore, 

the disease progresses silently. Infected human group can easily spread the virus. Thus, the 

method to reduce patients in Phuket province must be proactive measures by Education 

Campaigns about the spread of hepatitis B. Including campaigning for people to get regular 

checkups from doctors, and the government should set both short-term and long-term measures 

to set policies for preventing Hepatitis B, publicize to people in Phuket and other provinces, 

and follow up seriously and continuously. 

 
Acknowledgments 

This work was supported by the Research and Development Institute, Phuket Rajabhat 

University, Phuket, Thailand and the authors are grateful to the Department of Mathematics, 

Faculty of Education, Phuket Rajabhat University, Phuket, Thailand for providing the facilities 

to carry out the research. 

 
References 

Al-Darraji, H.A.A., Altice, F.L., Kamarulzaman, A. (2016). Undiagnosed pulmonary 

tuberculosis among prisoners in Malaysia: an overlooked risk for tuberculosis in the 

community. Tropical Medicine and International Health, 21 (8), 1049-1058. 

Anderson, R.M., May, R.M. (1991). Infectious diseases of humans: dynamics and control. 

Oxford, Oxford University Press. 

A. d'Onofrio. (2002). Pulse vaccination strategy in the SIR epidemic model: Global asymptotic 

stable eradication in presence of vaccine failures. Mathematical Biosciences, 36 (4/5), 

473–489. 

Bureau of Epidemiology. (2016). Chickenpox. Retrieved from http://rnnvw. boe.moph. go.th 

/facchickenpox.  

Earn, D.J., Brauer, F., van den Driessche, P., Wu, J. (2008). Mathematical epidemiology. 

Canada: Springer Verlag Berlin Heidelberg.  

Fred Brauer, Pauline den Driessche and Jianhong Wu (Eds.). (2008). Mathematical Epidem 

iology. Vancouver, B.C. V6T 1Z2, Canada: Springer Verlag Berlin Heidelberg. 

Jirawattanapanit, A. (2019). A Mathematical model for the Campaign Prevent on the 

Transmission of Patientswith Conjunctivitis. Phuket Rajabhat University Academic 

Journal, 15(1), 20-43. 

Jirawattanapanit, A. (2021). Mathematical Model for Controlling the Spread of Hepatitis B 

Virus by Education Campaign. PKRU SciTech Journal, 5 (2), 1-16. 

Kermack, W.O., McKendrick, A.G. (1927). A Contribution to the Mathematical Theory of 

Epidemics. Proc. Roy. Soc. Lond. A. Proceedings of the Royal Society of London, 

115, 700–721. 

http://rnnvw/


Journal of Roi Kaensarn Academi 

ปีที่ 9 ฉบับท่ี 11 ประจำเดือนพฤศจิกายน 2567 

973 

 

 

Kribs-Zaleta, C.M., Valesco-Hernndez, J.X. (2000).  A simple vaccination model with multiple 

endemic states. Mathematical Biosciences, 164 (2), 183–201.  

Michael Uchenna, Offia Akachukwu, Elebute Kafayat. (2019). Control Model on Transmission 

Dynamic of Conjunctivitis During Harmattan in Public Schools. Applied and 

Computational Mathematics, 8 (2), 29-36. 

Naowarat, S., Tawarat, W., & Tang, I.M., (2011). Control of the Transmission of Chikungunya 

Fever Epidemic Through the use of Adulticide. Science Publication, 6, 558-565.  

Prihutami, L. (2009). Stability Analysis of Tuberculosis Transmission Model. Semarang, 

Indonesia: Diponegoro University.  

Sayooj Aby Jose, R. Raja, Q. Zhu, J. Alzabut, M. Niezabitowski, Valentina E. Balas. (2022). 

Impact of Strong Determination and Awareness on Substance Addictions: A 

Mathematical Modeling Approach, Mathematical Methods in the Applied Sciences, 

45 (8), 4140-4160.  

Sangthongjeen, S., Sudchumnong, A., Naowarat, S. (2015). Effect of Educational Campaign 

on Transmissions Model of Conjunctivitis. Australia Journal of Basis and Applied 

Science, 9 (7), 811–815. 

Sukawat, J., Naowarat, S. (2014). Effect of Rainfall on the transmission Model of Conjunc 

tivitis. Advanced in Environmental Biology, 8 (14), 99–104.  

 
 


