The Influence of Education Campaign on Control Spread of Hepatitis B
Virus Disease: A Case Study in Phuket Province, Thailand

Anuwat Jirawattanapanit and Anurak Weraprasertsakun
Phuket Rajabhat University, Thailand
Corresponding Author, E-mail: anuwat.j@pkru.ac.th

XEXXXXXXXX

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 | 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 (1) 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

2= ON-(1-A)ySI-pS )
%_'tz = (1- AYySI-VE - yE @)
di _

G = VE-0l-BI-yl 3)
dR_ .

g - ¢1-mR (4)

with N=S+E+I1+R
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From equation (1) - (4), the researcher corEjucted a mat_hematical mi)del analysis by
reducing the equation form variable S,E,I,R to S=S/N, E=E/N,I=1/N and

R =R/ N to facilitate analysis as follows:

‘g_f:gz—[(l—A)wNéhﬁ] (5)
%z(l—A)\uNgT— E(v+p) (6)
& = VE-T(p+p+n) ™
R=1-(S+E+1) (®)

Where;
S(t) : Susceptible human populations at time t

E(t) : Exposed human populations at time t
[(t) : Infected human populations at time t

R(t): Recovered human populations at time t

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

N :
Q:
LL:
Yo
human

V : Proportional rate for people exposed to the infected human
¢ : Recovery rate of infected human

3 : Mortality rate from the disease

A

Rate of Education Campaign

Model Analysis

Since the model monitors human population, all the associated parameters and state
variables are non-negative ist>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

r:{(s,E,I,R)eR‘i:N_’(Q_“_%}

Lemma 1. The closed I" is positively invariant and attracting.
Proof. Adding (1)-(4) give the rate of change of the total population.

O(IJI_I:I:QN-(1-A)\VSI-HS+(1-A)\VSI'VE'HE+VE‘H'BI'“I+ﬂ'“R
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Thus, the total human population (N) are bounded by (Q2—p— BI) so that —— dN =0

dt
[(©Q-)-Ri

whenever Q=p . It can be shown that N(t)sNOe

[(Q-w)-BNt

N 08 N™" > 0 hence, the region I" is positively invariant and attracts all solution
R4
in R%

1) Basic Reproductive Number

The basic reproductive number (R,) 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 Cii_)t( =F(X)-V(x)

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 0 QN+ (1- A)ySI + 1S
E 1-A)yS| E+uE

x=| E | Foo=| TS d v = veTh
I 0 —VvE+ ¢l +B1+ul
R| 0 | 4l+R

Where:
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a0 a0 a0 a0
oS OE ol oR
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0 0 4 p
and
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v 1 0
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There fore:
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1 —vI-A)yN  —(v+p)d-A)yN
poop(vru)(e+p+p)  uvrp)(@+p+p)
00 0 0 1
00 (1-A)yN O 0 v+ 0 0
FV(E,) = "
00 0 0 v 1 0
00 0 O (v+u)(o+B+p) ¢+P+p
vo ¢ 1
pv+p)(9+p+p) n(d+PB+p) M
0 0 0 0]
(1-A)yvN (1-A)yN
FV(Ey) = (v+u)(d+B+p) o+B+u
0 0 0 0
0 0 0 0
and Spectral Radius from FV-*(E,), that is
. 1-A)yvN
FV(E =max{0, 0, 0, ¢ }
P(FVE) v+ 06+ B+1)
(1-A)yvN

We have the basic reproductive number as shown, R =
°(vtu)(0+B+p)
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 equilibriumE,, is
local asymptotically stable if R,>1 and unstable if R,<1.

Proof. The Jacobian matrix of the model (Egs.1-4) evaluated a
E,(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 -(1-A)yN
J,=[0 -(v+p) (1-A)wN
0 v (¢+B+p)
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Y 0 - (1-A)yN
det(J,-A)=| 0 -(v+u)—-A  (1-A)yN
0 \ (Q+B+p) -2
A+ A(d+B+v+2u)
det(Jo —Al) = (—u—2)| +(v+p)(9+B+n)
—-(1-A)vyN

The eigenvalues of the Jacobian matrix J, are obtained by solving det(J,-AI)=0,
then the characteristic equation as follows:
0= (—u=2)[2Z +A(+B+V+20)+ (v+ ) (0+B+1) — (1= A)vy N]

—A+JAZ -
where; A, =—pand A, ;= At '26‘ 48 , The two roots of A? + Ak + B =0 will be

negative real part if they satisfy the Routh-Hurwitz criteria, A= ¢+ + v+ 2u and
B=(v+w)(¢+B+n)—1-A)vwN,A>JA?-4BandA>0, B>0

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

& 2% TR Q Q _ H(¢+B+“)
E.(S,E 1) ((1—A)\|JNT*+M'(V+M) (V+M)(1—A)\|JNV’
vQ) K )

(v+W)@+B+r)  (vHu)A-A)wN
is local asymptotically stable if R, >1, and unstable if R, <1.

Proof. i i
S(L-AWNT - 0 -(1-A)yNS”
J=| -(L-AWNT -(v+p) (1-A)yNS”
0 v (0+B+p)
(A= AWNT —p—2 0 —(1-A)yNS"
detd,-AD)=0=| —(1-AWNT  —(v+p)-2 (1-A)WwNS
0 Y —(b+B+p)—A

The eigenvalues of the Jacobian matrix J, are obtained by solving
det(J, — A1) =0, we provided the characteristic equation as follows:
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0=A2+A2((L= AYUNT +v+d+B+3u)
+1 (L AN +v+20)(6+B+1) + (1= A)UNT + ) (v+R)- (1~ A)yNvS” |

—% —*
+H((1-2)WNI +p)(v+p)(9+B+p) —(1-A)yvNS p
The three roots of A*> + AA*+BA+C =0 will be negative real part if they satisfy
the Routh-Hurwitz criteria.

1) A=(1-AWNT +v+d+B+3u
2) B=((L-A)WNT +v+2u)(¢+B+1) + (1= A)WNT +p)(v+p) - (- A)yNvS

3) C=((1-A)YNT +p)(v+p)(¢+B+1) —(1—A)yvNS 1
4) AB>C

Remark 1. The case Ro = 1 is a critical threshold point where the disease free
equilibrium Eo loses its asymptotic stability and simply becomes (neutrally) stable. Moreover,
it becomes unstable immediately Ro > 1 and this will lead to the existence of a stable endemic
equilibrium E:. Note that Ro= 1 can literarily be viewed as a transcritical bifurcation point
where stability is exchanged between Eo and E;.

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.

hQN +S(m)
S(m+) = T h{-A)vi ") ®)

h(1-A)yS, ..\ +E
_ (m+1) (m)  —(m)
Em+1) = (L+hv+hp) (10)
hvE + 1
_ (m+1)  (m)
'(m+1) = @ h(p+p ) an
hol, .\ +R
_ " (m+1) " (m)
Rim+1) = @+ hp) (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 vV 0.329 day*
The birth rate of human populations Q 0.0000526 day™
The probability that virus transmitted from
infected human to susceptible human 4 0.009 day
The recovery rate of infected human ¢ 0.247 day™
populations
The mortality rate from the disease B 0.00000000274 day*
The natural death rate of human populations | 0.0000118 day™
The rate of Education Campaign A 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

A 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09
R 32.84 | 29.19 | 25.54 | 21.89 | 18.24 | 14.59 | 10.94
o ) . . 6 ; ; o |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 A = 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: A®+ AA*+BA+C =0, A,=-0.0000181, A,= -0.2217 uas A =-
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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.

Il
11

1]
[11]

Figure 1: Time series (S) Susceptible human, (E) Exposed human, (1) 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 (1) 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 (1), 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 (1). 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.
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Figure 3: The relationship between (S) Susceptible human, (1) Infected human and (R)
Recovered human. The solutions approach the endemic equilibrium state to the disease-free
state.

I: - B \ g

Figure 4: The relationship between (S) Susceptible human, (1) Infected human and (E)
Exposed human. The solutions approach the endemic equilibrium state to the disease-free state.

El‘ 100 S — ok 2000 S

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:
4000 ‘
2000 9

05 1 15 2 26 3 35 0 05 1 15 2 25 < 35
Time(day) x 10" Time(day) x 10"

@
=3
=3
=3

400

200

Exposed(person)
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o

o

U] ¢ R
=600 x 10 (R)

o

N
=)
=]
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=1
=]

Infectives(person
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o

o
o

05 1 15 2 25 3 35 05 1 15 2 25 3 35
Time(day) %10 Time(day) x10*

o
o

T T T |
0 05 | 5 2 25 3 35
10t
107
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SF . : : T I | B
0 05 1 15 2 25 3 35
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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 (1), 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 (1), 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 (1) 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 (1) 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.

Endemic Equilibrium Point (E1)
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Figure 8: The relationship between (S) §hsceptible human and Infected human group
(). 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 (1)
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
() 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.
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