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ABSTRACT

We use the SIR model Kermack and Mckendrick andifydtdfor hepatitis B with vaccination.
The main goal is to use existing clinical hepattidata from the biostatistics Department of the
Tano North district health directorate to formulaemathematical model to understand the
dynamics in the Tano North District and assist sieai makers to formulate the best ideas to
prevent, control and eradicate the disease. Analigssmade of the existence and stability of the
disease free and endemic equilibria. It is provest the disease free equilibrium is locally
asymptotically stable if the basic reproductivéa,a® < 1 and when > 1 we have the endemic
equilibrium. MATLAB was used for the programmingdesimulations.

Keywords: control of disease spread, differential equatidrepatitis B, prevention, eradication
of disease



INTRODUCTION

Hepatitis, inflammation of the liver is caused biyuses, bacterial infections, or continuous

exposure to alcohol, drugs, or toxic chemicalshsas those found in aerosol sprays and paint
thinners [1]. Inflammation is the painful, red sivel that result when tissues of the body

become injured or infected [2]. In clinical scieacéepatitis is divided into three categories,

namely, acute hepatitis, chronic hepatitis and ifisdmt hepatitis. Inflammation can cause organs
to not work properly. Hepatitis can also resulinfran autoimmune disorder, in which the body

mistakenly sends disease-fighting cells to att&slown healthy tissue, in this case the liver [3].

The most common of all of Hepatitis is Cirrhosi@ Matter what its cause, hepatitis reduces the
liver’s ability to perform life-preserving functisn[4]. The other important function of liver is

producing critical hormones.

When doctors speak of viral hepatitis, they usually referring to hepatitis caused by a few
specific viruses that primarily attack the livehere are several hepatitis viruses; they have been
named types A, B, C, D, E, F even though not cordif, and G [5]. As our knowledge of
hepatitis viruses grows, it is likely that this ladetical list will become longer [6]. The most
common hepatitis viruses are types A, B, and C [7].

Hepatitis B is a potentially life-threatening liviefection caused by the hepatitis B virus (HBV)

to: It is a major global health problem but hepatitis
" e . . . . . . . C and hepatitis B (with HDV) are the most serious
known as "serum hepatitis”, the disease has caesddmics in parts of Asia and Africa, and it | types of viral hepatitis in the world [8, 30]
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Hepatitis B virus is transmitted between peopledbngct blood-to-blood contact or semen and
vaginal fluid of an infected person [11]. Modestmnsmission are the same as those for the
human immunodeficiency virus (HIV), but the hepatiB virus is 50 to 100 times more
infectious [12]. Unlike HIV, the hepatitis B viruian survive outside the body for at least seven
days. During this time, the virus can still causkction if it enters the body of a person who is
not protected by the vaccine [13].

The hepatitis B vaccine contains a protein (anjidbat stimulates the body to make protective
antibodies. Examples of hepatitis B vaccines abglanclude hepatitis B vaccine-injection
(Engerix-B, Recombivax-HB). Three doses which aremg at 0, 1, and 6 months of age, are
necessary to assure protection [4]. Hepatitis Bcives are effective and safe. Up to 95% of
vaccinated individuals form effective antibodiesemhthey get the vaccine and are protected

from hepatitis B [10, 14].

We seek to model the transmission of a diseasaighr@a population. Such modeling is very
important to the study of epidemiology and the picacof medicine, since examining the relative
effect of factors that govern the spread of a disezan help communities and health workers

better prepare for and combat an outbreak.

A detailed understanding of the transmission of kiegpatitis B virus and other emerging
pathogens is crucial in its containment. Mathenadtimodels can give insight into potential
impact interventions. The complex interaction dfedient infection control strategies and their

likely impact on transmission can be predicted gisirathematical models.

In the natural history of HBV infection it is ested that 10% to 33% of those who develop

persistent infection end up with chronic hepatdfswhich 20% to 50% may develop liver
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cirrhosis [15]. Hepatitis B is considered an impattpublic health problem necessitating high
priority strategies for prevention and control [1Ah estimated worldwide carrier of hepatitis B
virus is 350 million, with an estimated 50 millichronic carriers of HBV in Africa [16]. In sub-
Saharan Africa, carrier rates range from 9% to Z0%. HBV is endemic in Ghana with sero-
prevalence rates ranging from 6.7% to 10% in bldodors, 6.4% in pregnant women and

15.6% in children among the general populationatmdiced patients the rate is 54.1% [18].

The purpose of this study is to investigate thre-peevalence of HBV infections among patients
in the Tano north district. In a report by the dithealth directorate this year it was noted that
there has been a considerable increase in the mwhbases since 2009 to date. For instance the
incidence has increased by 22% from 2010 to 20h&r&fore measures must be put in place to
reduce the incidence of the disease.The distrigtphoa in place policies to eradicate hepatitis B,
we seek to know how effective those policies ateere is also a vaccination program initiated
by the district, we investigate if the programmdéédping and the number of people they have to

vaccinate to put the disease under control.

The purpose of this paper is to predict the spidaithe hepatitis B disease in the Tano North
district using differential equations, to do matfaical analysis of the model and to interpret the
results of the model and by carrying out sensitigitalysis of the basic reproduction number on
various parameters. Some optimal strategies ta@dAdBYV infection in the Tano North District
will be suggested.

The Tano North District is one of the Twenty-tw@)Administrative Districts of Brong-Ahafo

Region of Ghana. It shares boundaries with Offiand Ahafo-Ano Districts both in Ashanti



Region in the North-East and South-West respegtivether Districts that share boundaries with
the Tano North include Tano South in the South,tifisan the West and Sunyani Municipal in
the North. The District lies between longitude ©° 25, latitude 1° 45' W and 2° 15’ W with a
total land area of 876sq kilometers, constitutibgua 1.8% of the total land area of the Brong-

Ahafo Region.

The Tano North District has a total population 8{415 comprising 39,338 males and 39,077

females as at 2010. The district has populatiowtiroate of 2.4%.

The geology of the District is basically made & thiddle Precambrian formation. Most parts of
the District are underlain by lower Biriman rocksttwfew areas such as Bosomkese and
Kwannisa underlain by granite. It must be noted, tthee lower Birimian rocks formation in the

District contain weathered phyllites and schistakhaccount for the substantial deposits of red
and white clay in areas such as Tanoso where cesahbriick and tile and pottery industries are

located.

MATHEMATICAL MODELING

In the last two decades, mathematical models hasen bused frequently to study the
transmission dynamics of HBV in various regionsfdRence [5] used a simple deterministic,
compartmental mathematical model to illustrate effects of carriers on the transmission of
HBV. Reference [5] and [19] described models ofgberual transmission of HBV, which include
heterogeneous mixing with respect to age and sexctlity. Reference [4] illustrated the

relation between the age at infection with HBV athé development of the carrier state.



Reference [20] gave a model to show that the peeneal of infection is largely determined by a
feedback mechanism that relates the rate of trasssoni, average age at infection and age-
related probability of developing carriage follogimfection. Reference [12] applied the model
of [20] to predict chronic hepatitis B infection Mew Zealand. The prevalence of HBV in
developing countries is different from that in diexyed countries, since it appears that the rate of
transmission in childhood is the major determinainthe level of HBV endemicity [21], and
little is known on the rates and patterns of sexaaaitact in developing countries. References
[22] and [23] studied models of HBV transmissiond®veloping countries and [19] described a

model of HBV in the UK.

We propose a mathematical model to understandréims-tnission dynamics and prevalence of
HBV in the Tano North district. The model is consted based on the characteristics of HBV
transmission in the Tano North district and the elaf [24]. The immunity after vaccination is
lifetime [25]. Therefore, we divide the host pogida into three epidemiological groups: the
proportion susceptible to infection S; those ingelck, removed and with protective immunity R.
Fig. 1 illustrates the three compartments and meaehbles.

MATERIALSAND METHOD

Data was collected from all the nine health faeiitin the district and complied by the district
statistician. Data on the population and the pdmragrowth rate were obtained from the
Regional Statistical Service, Brong Ahafo Regiorldv is the data as obtained from the Tano

District which shows trend of Hepatitis BCases an® North District.

YEAR NUMBER OF CASES




2000 25
2001 32
2002 38
2003 30
2004 32
2005 35
2006 40
2007 49
2008 22
2009 36
2010 54
2011 85
TOTAL 478

Table 1 Shows trend of Hepatitis B Cases in Tano Northrigist

The following were our values and parameter ediong;

TOTAL POPULATION (N)= 74775

INITIAL NUMBER OF INFECTED INDIVIDUALS (/)= 25

INITIAL NUMBER OF SUSCEPTIBLE INDIVIDUALS (S,)= 73475

FINAL NUMBER OF SUSCEPTIBLE INDIVIDUALS(S,,)=71246




+ RECOVERY RATE(£)=0.984155

* INFECTIOUS RATE(a)=1.0058

* RELATIVE REMOVAL RATE (p)=0.97848

+ DEATH RATE (1)=0.0094

* VACCINATED SUSCEPTIBLE(P)=0.017051

Figure 1. Flow chat of HBV transmission of a popiola

Wherea is the transmission rate coefficient afids the removed rate coefficient.

The model is given by three ordinary differentiquations:

dS_ ST
ac - ¢
dl— SI 1
ac ¢ p
dR _
dt_ﬁ

With initial conditionsS(0) = S, > 0,1(0) = I, > 0,R(0) = 0.

These are modified by introducing the vaccinatedcsptible individuals in the

population. Those who receive the vaccine gainfea time immunity [26]. Figure 2

illustrates the variations.
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Figure 2. Flow chat of HBV transmission with vaccinationarpopulation

Where;

Ku= birth rate of the population

pS=vaccinated susceptible

u= natural death rate

a= infection rate

[=recovery rate

ds

— = uK — aSI — uS — pS 4
dt

a_ SI— (B + ! 5

= B+u )
R _ I —uR + pS 6
7f ~ Pl —HR+p (6)

The reproductive ratio Rof hepatitis B with vaccination can be calculateshf equations (4),
(5) and (6) as follows;

The Jacobian matrix for the equations will be \eritgs;

—al—pu—p —a$ 0
J(S,LR) = al aS—B—-u 0
p B —u

The first two equations (4) and (5) do not dependRo Thus, we need to consider the system of
equations



UK —aSl—uS —pS=0

aSl — Ll —ul =0
Therefore the Jacobian matrix becomes

—al—u—p —as

JS.D = al aS—fF—u

In order to determine the stability of the systef@}y and (5), we substituté= 0 into the

linearized Jacobian matrix to find the eigenvalag$ollows

_[u-» —as
](S’O)_[ 0 aS—ﬁ—u]
_|r—p—-2 —as
Det(]—A)—l X as—/;—ﬂ—z|
Det(]—2) =0

(—p—-p—-D@@S-p-—p-1)=0

—u=p—4A=0

M =-pu—p

Also

[(aS—B-w)—2=0

~2=—(@S—B~-u

Lh=aS—f—-u

The parameter ranges are as follolsgs pu<1,0<p<1,0<f<land0<a< 1.4,

depends om, 8, S and u. Although, the first termaS is positive, the second and third terms are
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negative. This implies that the signAf depends orxS, but0 < a < 1. If S becomes largd,,
will be positive and if S becomes smatl,will make the value of the first term small, thieye
making the value ofl, negative. ThereforeS « B andA, is negative. Alsp » B and that

makesi, the most negative.

Thereforel, is the dominant eigenvalue, since it is the megiative eigenvalue.

Ry = A* X (infectious period) + 1

We now consider the initial conditigh= S,

_(ASo—B—u 1
Ro = (FF ) g+
_aso_ﬁ—ﬂ
fo=—4sp !
R _aSo—B-—p+u+p
¢ u+p)
o aSp
AR @

This is the average number of secondary infect@aused by one infected individual during the
mean course of infection in the case where the eumbsusceptible is counted from the disease
free equilibrium; that is the total susceptibletloé population when disease is free [27]. When
Ry > 1 there is an endemic and the solution is unstalifevhenR, < 1 a positive equilibrium

occurs and the solution is stable [10].

EQUILIBRIUM POINTS
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In other to determine the stability of the model fivst evaluate the equilibrium points or steady
states of the system of the ordinary differentgations (4), (5), and (6). The points to be found
are disease-free (where 1=0), and endeihie (). We set the right-hand side of the equations in

the system (4), (5) and (6) to zero and then slvéhe values of S, |, and R as follows:

At the steady state,

§=0ﬂ=0andd—R=O

dt  'dt dt
UK —aSI—uS —pS =0 ®
aSI— Bl —ul =0 €)]
Bl —uR +pS=0 (10)

From equation (9) above
(@S—B—-wI=0

I=0andaS—B—-—u=0

=
+
=

(1)

S

From equation (8)
uK = aSIl +uS +pS

uK = (al + u +p)S

K
#?= al+u+p
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uK al

uK
< ~Wwtp)=al

_ UK (u+p)
| =——
aS a

But from equation (11§ = %

_ B tp)
[=————
G I
MK (u+p)

B (M) a

a

auK — (u+p)

'=26+n  a

P Sl CRaDIChd )
a(f +u)

From equation (10)
UR = Bl +pS

I+pS
R=FltP
U

Substituting equations (11) and (12) into equatis)

13
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Pl o (22)

u

R:

Blapk — (B +w+p)]l +pB +w)(B +w

k= pa(B +w)

_PoapK —BB+1)w+p) +pB+wB+H

R pa(B +u)

R BoauK + (B +w[-Lu+p) +p(B + )]
pa(B +u)

p = Pk + B+ w[-fu—PBp +ph + Pyl
pa(B +u)

RZWM+$+MFW+W]
pa(B +w)

p = Pk + B+ W - P) (=W
pa(B +u)

[BaK — (B +1)(B - P)]

r=":
pa(B +u)

R _Bak - B +w(B-P)
a(f +u)

(14)

B+u auK — (B +mw)(u+p) paK— (B +p)(B—P)

k= T BT

Now whenl = 0, equation (8)
uK —aSI—uS—pS=0
ukK —aS(0) —uS —pS=0
UK —uS—pS=20
uK = uS +pS

14
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uK =S(u+p)

ukK
_ 16
u+p (16)
Putting/ = 0, into equation (10)
Bl —uR+pS=20
B(0) —uR +pS =0
—uR+pS=20
UR =pS
pS
R=— 17
P @17)
Substituting equation (11) into equation (17)
uK
)
u
_ _buK
u(u+p)
pK
R=——— 18
(u+p) (18)
At the disease free equilibrium
ukK pK
1R = (=0, )
wtp (utp)

Stability Analysis of Disease-Free Equilibrium Point

To determine the stability of the system of theedge-free equilibrium (S,1)=(1,0), we will
consider the linearized system of the equationsid) (5) below about the equilibrium point by

taking the Jacobian.

D UK = aSI - S — ps
5 = KK —aSl—uS—p
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dl

&=a51—(ﬁ+,u)1
The Jacobian is therefore given by
_[~al—u-p —as
](S’I)_[ al aS—B—,u]

The Jacobian matrix becomes

6.0 ="7F T8

aS—p—u
Since S=1 and I=0 at the disease free equilibrium

—u—p—12
Det([—ﬂ)zl K Op s — B

OiSu—Alzo
Det(J]—2) =0

(—u—-p—-MD@S-p-—p—-1)=0

Mq=—pu—pand Al =aS—B—u

For Det(J — 1) to be asymptotically stable, both eigenvalues rhastegative. From

Det(J] — 1) =0, it is clear that; = —u — p is negative and thereforeljf=aS— B —u <0
then both eigenvalues are negative Be 1. Hence the disease free-equilibrium is
asymptotically stable ifR, < 1. On the other hand, ifi, = aS — f —pu > 0, thenDet(J — 1)

is unstable.
RESULTSAND DISCUSSIONS

STABILITY ANALYSISOF EQUILIBRIUM POINTS
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Substitutinge = 1.00588, 1 = 0.0094, 8 = 0.984155 into (s*,[*) gives

0.984155 + 0.0094 )

(717 = < 1.0058

(s*,I*) = (0.987826,0)

Substituting this into the Jacobian matrix belowegi

o _|r—p—2 —-a$ _
Det(J] — 1) = 0 aS—,B—u—/l_O
Det(J - 1) = |0-0094 = 0.017051 — 2 ~1.0058(0.982615)
= 0 1.0058(0.982615) — 0.984155 — 0.0094 — A
-0
_1—0.026451—1  —0.988314
Det(/ ’D_l 0 3.908 x 107 — Al = ©

(—0.026451 — 2)(3.908 x 1077 =) =0
—1.03371 x 1078 + 0.0264514 — 3.908 X 10774+ A2 =0
A% 4+ 0.0264511 — 1.03371 x 1078 = 0
A1 = —0.026451 and A, = 3.90796 x 1077

This is a saddled point, sinck and A, have distinct eigenvalues. The equilibrium point
(s*,I") = (0.987826,0) is therefore unstable. This is so because thergssion rate of HBV in

the Tano North District is greater than the recgvate of the disease in the district.
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Substitutinge = 1.00588, u = 0.0294, § = 0.984155 and S, = 0.983283 into R, gives

1.0058 x 0.982615

Ry = =0.994725
® ™ (0.0094 + 0.984155)

Ry =0.994725< 1

Therefore with vaccination a positive equilibriurccars and the solution is stable. When there is
an epidemic outbreak in a certain part of a coyrtryaccination programme is considered; this
can be expensive. Because of that, there is the toegecide how many people to be vaccinated
in order to control and contain the epidemic. la $ame way, the required number of people that

needs to be vaccinated in the Tano North Distact loe estimated as follows;

g _Ro—1_100423-1_
TR, 100423

Where H,is the herd immunity threshold.That is about 0.48f4the susceptible population
should be immuned in order to bring the spreadegfalitis B under total control in the Tano

north district.

Research has shown that that the vaccine for HB/9586 effectiveness [4, 22, 28]. Knowing
the efficacy of the vaccine we estimate the proportof the population that need to be

vaccinated.

This is given by

1- (1.001423)

095 = 0.004434

p>
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It can be observed from calculation above thatmthe effectiveness is 95%, then about 0.44%

of the population need to be vaccinated in order (fp< 1. Where C, is the Control

Vaccination Number which is the average numberecbadary cases generated by an infectious

case during epidemic with control measure, in tlaise vaccination. The formula for estimating

the control vaccination number is given by

Cy = Ro(1 — hp)

Whereh is the vaccine efficacy (the effectiveness of tteecine) anghis the vaccination

coverage (the fraction of the population that hasrbvaccinated). The goal of researchers is to

haver, < 1 [14].

We proceed by doing the Sensitivity Analysis gfdRHepatitis B without Vaccination

a.

If & and B values are increased ang r8mains the same, that is 2.0058 and 0.999155
respectively, then

_ @Sy _ 2.0058(0982615)
= B = 0999155

That is to say, keeping the number of susceptibtbviduals in Tano North district
constant any value of and 8 greater than the values used in this paper (thes
1.0058 and B = 0.984155) will make Rygreater than 1.

If @ and B values are reduced to= 0.0058 and f = 0.884155 but $ maintained at
0.982615, then

_aS, _ 0.0058(0.982615)

0= = 0.834155 =0.006446 < 1

That is to say, reducing the valuesaofind fand maintaining the number of susceptible

will makeR, < 1.
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Sensitivity Analysis of Rof Hepatitis B with Vaccination is also as follgws

a. If aand B values are increased angl 8mains the same, that is 2.0058 and 0.999155
respectively.

aS, 2.0058(0.982615)

R — —
7 (u+pB)  (0.0094 + 0.999155)

=195421>1

When the values ofr and Bare increased abowe= 1.0058 and 8 = 0.984155, Ry
remains greater than 1 as required.

b. If a and g values are reduced to= 0.0058 and 8 = 0.884155 but $ maintained at
0.982615.

R— @S0 _ 00058(0.982615) _ o o
7 (u+pB)  (0.0094 + 0.884155)

When the values at and fare reduced below = 1.0058 and

B = 0.984155the value of Rwill be less than 1.

The simulation was carried out using Matlab R20([244.0.739). The values of S, | and R, are

altered and the changes that occur in model arerobs.

Sensitivity Analysis of Hepatitis B Transmission without Vaccination by Simulation.
Assuming the number of susceptible in the poputaitol0 and there is no vaccinated individual
meaning no removed individuals, we introduce orfeditive into our system. The simulation

gives us these graphs.
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SUSCEPTIBLE INDIWIDUALS
m
INFECTED INDIWIDUALS
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2
0 0
0 1 2 3 0 1 2 3
Time Time
w14
I
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=
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=
(=
&
xr 0
0 1 2 3
Time

Figure 3. S=10, =1 and R=0.

It would be observed that by a short period, thelper susceptible would have decreased to
zero. This is because of the negative sign in tbdah Since a constant population was assumed,

the number susceptible decreases to zero.

The number of infected individuals increases gréyd it reaches its peak value.

The removed individuals increase gradually thatus to deaths by infected individuals moving

from the infected compartment to the removed cotnpemt.
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Sensitivity Analysis of Hepatitis B Transmission with Vaccination by Simulation.
Assuming the number susceptible in our populatisnl®, no infected individuals and no

removed persons. The simulation gives these graphs;

ol
= 10 w 1
= =y
= =
> o
= = 0.Aa
= &
w5 = 0
D 0
e 08
o 1
20 Z 4
w 0 1 2 3 0 1 2 3
Time Time

B
=
=
=]
= 4
&
=
o 2
=
[}
&
o0

0 1 2 3

Time

Figure 4. S=10, 1=0 and R=0

It would be observed that the number susceptibl@edse in a short time and moved to the

removed compartment due to vaccination.
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Since there was no infected individual in the pafiah, the number remains a constant at zero.

The number of removed individuals also graduallyvesoup as a result of vaccination of the
susceptible. Those vaccinated move to the remowathartment straight. It will be observed

that the graph began to move down with time, wiigctue to natural death.

The number of susceptible was reduced to 9 anduh®er of removed individuals still at zero,

we introduce one infective into our system. Theuwation gives these graphs.
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Figure5. S=9, I=1 and R=0
It would be observed that the number susceptibteedse in a short period. This is due to two
reasons:
1. People who have not been vaccinated acquiring ifeasge and moving to the infected
compartment.

2. The vaccinated moved to the removed compartment.

The infected graph moves up for some time and littla while decreases, this is due to the
proportion of susceptible that were infected movimg the infective compartment. But they die

of the disease and hence the decrease in the graph.

The removed also increases due to vaccinationrmaegumortions of the number of susceptible. It

will be further observed that the disease is Staddll after some time.

CONCLUSION

The increasing use of the hepatitis B vaccine ig@rtgasignificant impact on the rate of HBV
transmission and related deaths in the Tano Noighriad. An increase in the hepatitis B
vaccination coverage rate in the district will gt decrease the prevalence of hepatitis B in the
district. Maintaining it will result in increase the rate of transmission of hepatitis B in thed@an
North district which will affect the development lsfiman resource in the district and country at

large.
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The sensitivity analysis indicated that there eaislirect relationship between the transmission
rate, and the reproductive ratiog. Rhe higher the transmission rate relative tordumvery rate
the higher the reproductive number whilst the lotiertransmission rate relative to the recovery

rate the lower the reproductive number since therahdeath rate is relatively small.

The perturbation analysis of the disease free ibquim revealed that when the reproductive
number R is less than unity the disease free equilibriurstable, whilst when it is greater than

unity the disease free equilibrium is unstable [29]

The herd immunity threshold shows that about 0.4#%he susceptible population of Tano
North district should be immuned in order for theedse not to result in an epidemic. From
further analysis with a control measure such agiwation, and having a vaccine efficacy of
95% about 0.44% of the susceptible population ghbalvaccinated in order to have HBV under
total control in the Tano North district.

Vaccinating these percentage of the entire pofulateduces the proportion of the susceptible

population who risk infection upon outbreak.

The derivation and analysis of the modified SIR heatatical model (SIR), enabled a better
understanding of the dynamics of the spread of KMBt¥iin the Tano North district population.
Numerical simulations and sensitivity analysis veasensively helpful in the determination of
the effect of the various parameters especiallyttaesmission rate and recovery rate on the

spread of the disease.
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The reproductive ratio estimated indicates that drisease outbreak will be epidemic in the
district. About 0.42%of the susceptible populat&irould be immune in order not to have an
epidemic. The simulation results and the sensjtidhalysis of the study confirmed the
transmission rate and recovery rate as the dompemameters in the spread of the disease in the
district.
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APPENDIX

M-File for Hepatitis B Model without VVaccination

functiondy=model(t,y,beta,alpha)
dy=zeros(3,1); % a column vector
dy(1)= -alpha*y(1)*y(2);

dy(2)= alpha*y(1)*y(2)-beta*y(2);

dy(3)= beta*y(2);

M-File for Hepatitis B Model with Vaccination

functiondy=model(t,y,beta,alpha,k,p,mu)
dy=zeros(3,1); % a column vector
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dy(1)= mu*k-alpha*y(1)*y(2)-mu*y(1)-p*y(1);
dy(2)= alpha*y(1)*y(2)-(beta+mu)*y(2);

dy(3)= beta*y(2)-mu*y(3)+p*y(1);

Scripts Used in Calling the M-File for HepatitisMBbdel without Vaccination

alpha=1.0058;

beta= 0.984155;

options = odeset('RelTol',1e-9,'AbsTol',1e-9);

[T,Y] = odel5s(@sir,[0 12],[500 0 0],options, beipha);
subplot(2,2,1)

plot(T,Y(:,1),".)

xlabel('Time');ylabel(SUSCEPTIBLE INDIVIDUALS");
subplot(2,2,2)

plot(T,Y(:,2),."

xlabel('Time");ylabel(INFECTED INDIVIDUALS');
subplot(2,2,3)

plot(T,Y(:,3),".)

xlabel('Time');ylabel (REMOVED INDIVIDUALS');

Scripts Used in Calling the M-File for HepatitisMBbdel with Vaccination

beta= 0.30417;
gamma= 0.2293;
mu= 0.21429;
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k=0.5149;

p=0.1994;

options = odeset('RelTol',1e-9,'AbsTol',1e-9);

[T,Y] = odel5s(@sirV,[0 12],[500 0 0O],options, bgtipha,p,k,mu);
subplot(2,2,1), plot(T,Y(:,1),".")
xlabel('Time");ylabel(POPULATION OF SUSCEPTIBLE));
subplot(2,2,2), plot(T,Y(;,2),".")
xlabel('Time');ylabel(POPULATION OF INFECTED");
subplot(2,2,3), plot(T,Y(:,3),".")

xlabel('Time');ylabel(POPULATION OF RECOVERED);
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