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3 ANALYSIS AND MODELLING OF PREVALENCE OF HEPATITI® USING 4

DIFFERENTIAL EQUATIONS: A CASE STUDY OF THE TANO NRTH DISTRICT

5ABSTRACT 6We use the SIR modelKermack and Mckendrick (Kernaak Mckendrick, 1927)
and modify it7for hepatitis B with vaccination. The main goatdsuse existing clinical hepatitis B
data fromsthe biostatistics department of the Tano Northridishealth directorate to formulate a
9gmathematical model to understand the dynamicsermtno North district and assist decision
10makers to formulate the best ideas to preventraband eradicate the disease. Analyses is made
110f the existence and stability of the disease &red endemic equilibria. It is proven that the
12disease free equilibrium is locally asymptoticatsble if the basic reproductive ratia<RL and
13when R> 1 we have the endemic equilibrium. MATLAB was di$er the programming and

14simulations.

15Keywords: control of disease spread, differentiquations, hepatitis B, prevention, eradicatitaof

disease

17

18INTRODUCTION 19Hepatitis, inflammation of the liver caused by @ies, bacterial infections, or
continuougo0exposure to alcohol, drugs, or toxic chemicalshsaagthose found in aerosol sprays and paint

21thinners (Ganem & Prince, 2004). Inflammation is fainful, red swelling that result whertissues of

-
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_ - Comment [n1]: In clinical sciences, hepatitis
divided to 3 category, acute Hepatitis,chronic
Hepatitis and fulminant Hepatitis. It is better to
explain about that.




23to not work properly. Hepatitis can also resultiran autoimmune disorder, in which the body
24mistakenly sends disease-fighting cells to att&kivn healthy tissue, in this case théver(Barkeset

al., 1996). The liver is located in the upper right haide of the abdomen, mostlgbehind the rib cage.

Comment [n2]: The most common result of all

The liver of an adult normally weighs close to #jpounds. No matter whzttits cause, hepatitis reduces -~ 1 Gl DB G DR

———————————————————————————————— explained about cirrhosis and causes.

the liver's ability to perform life-preserving futians, includingsgfiltering harmful infectious agents from

the blood, storing blood sugar and converting itlgable29energy forms, and producing many proteins

Comment [n3]: The other important function of

necessary fdr Iite (Edmundsal., 1993).3031When doctors speak of viral hepatitis, they usuaitiy //{“ver is producing critical hormones

|

Comment [n4]: Hepatits D virus can not be

hepatitis viruses; they have bezamamed types A, B, ¢,D, E, F (not confirmed), an(h@dersoretal., -~ 1 e

1992). As our knowledgsiof hepatitis viruses grows, it is likely that tlaphabetical list will become
longer (Hahneat al., 352004). The most common hepatitis viruses are tgpds and C (Andersost al.,

1991).3637Hepatitis B is a potentially life-threatening liviefection caused by the hepatitis B virus (HBV)

are more dangerous from other Hepatitis

_ | Comment [n5]: Hepatitis C and Hepatitis B&D
-
-
7| viruses(Rahimkhani et al, AJMR,2011)

(Cui et al., 2006). Originally known as "serum hepatitis'e thisease has causemepidemics in parts of Asia
and Africa, and it is endemic in China (William$£0®). About a third1of the world population has been

infected at one point in their lives, including 3®@lion who 42are chronic carriers which causes 620,000

_ | Comment [n6]: The prevalence of Hepatitis B
s was modified on 2011 by WHO

between people by direct blood-to-blood contacteanen andesvaginal fluid of an infected person (Chang,
June 2007). Modes of transmission are the sametlagse for the human immunodeficiency virus (HIV),
but the hepatitis B virus is 50 to 100 tin#ssnore infectious (Thornlegt al. 2008). Unlike HIV, the
hepatitis B virus can survive outside #body for at least seven days. During this time vihes can still
cause infection if it enters tts@body of a person who is not protected by the vacgiiu, G.-T.et al.,
2002).51The hepatitis B vaccine contains a protein (anjigeat stimulates the body to make protective

52antibodies. Examples of hepatitis B vaccines abkglanclude hepatitis B vaccine-injectisg(Engerix-B,



Recombivax-HB). Three doses (given at 0, 1, and6ths of age) are necessaryp4assure protection

(Edmundsetal., 1993). There are also combination vaccines emtarket thatsprovide protection against

_ | Comment [n7]: HBV vaccines have different
hepatitis B and other diseases (Kretzsclenah 2002).| Hepatitis Bévaccines are effective and safe. Up to~ | t¥pes the kind vaccine provided with recombinant

777777 protein antigens from HBV are safe.

95% of vaccinated individuals form effective antiiiEss7when they get the vaccine and are protected from

hepatitis B (Sheparet al., 2006; Maynare 58tal., 1989).
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59We seek to model the transmission of a diseaseghra population. Such modeling is vepymportant
to the study of epidemiology and the practice oflitiee, since examining the relatigeeffect of factors
that govern the spread of a disease can help coitiesuand health workebetter prepare for and combat

an outbreak.

63A detailed understanding of the transmission oftt@patitis B virus and other emergietpathogens is
crucial in its containment. Mathematical models gare insight into potentiadsimpact interventions. The
complex interaction of different infection contsitategies and theselikely impact on transmission can be

predicted using mathematical models.
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67The hepatitis B infection is an increasing burderoar health care systems. Hepatitis B isasohly one
of the leading causes of morbidity and mortalityt ibis also a serious health problegin Ghana and the
hepatitis B virus is on the rise worldwide. Mr Step Corquaye, a ClinicabPharmacist, Korle Bu
Teaching Hospital, who was speaking at the lauicheoWorld Hepatitig1Day organized by the
Pharmaceutical Society of Ghana last year on tﬁefZRJIy, 2011 said ‘iv2is estimated that about four

million people in the country are infected with tHepatitis B virus’73This figure is quite alarming looking



at the rate of transmission of the hepatitis B «idr 74Yusuf Inua, a pharmacist at the MOH (ministry of
health), who is also the Head of Logisticgsthe MOH, pledged Government’s commitment towares th
fight against the disease and urgedorporate entities to also come on board. He nibi@idthe Ministry

will soon carry out &7program for hepatitis B as it has done for malarid HIV and AIDS to minimize its
prevalence78This thesis may assist in that directiaagoln the natural history of HBV infection it is
estimated that 10% to 33% of those who develggersistent infection end up with chronic hepatfis
which 20% to 50% may develop livezcirrhosis (world health organization, 2000). Hetig8 is

considered an important public headtfproblem necessitating high priority strategiesgdmvention and

_ | Comment [n8]: 400 million in worldwide

control (Maynarckt al., 1989).84An estimated worldwide carrier of hepatitis B viigg850 million, with an -~ age“;;egovﬂt)h chronic hepatitis B{ rahimkhani et al

estimated 50 milliorgschronic carriers of HBV in Africa (Lavanchy., 20040 sub-Saharan Africa, carrier
rates rangesfrom 9% to 20% (world health organization, 2004B\His endemic in Ghana with
serog7prevalence rates ranging from 6.7% to 10% in bldoaors, 6.4% in pregnant women @38d5.6%

in children among the general population. In jaoadipatients the rate is 54.8%Acheampong, 1991).
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9091The purpose of this study is to investigate thegeevalence of HBV
infections among patientgin the Tano north district. In a report by the dcst
health directorate this year it was noted #3there has been a considerable
increase in the number of cases since 2009 to Batdénstance thedincidence
has increased by 22% from 2010 to 2011. Theref@asnres must be put in
place togsreduce the incidence of the disease.The distrgpliain place

policies to eradicate hepatitis 8swe seek to know how effective those policies
are. There is also a vaccination program initiatggy the district, we investigate

if the program is helping and the number of petipdy have t®@gvaccinate to



put the disease under contred100The purpose of this thesis is to predict the
spread of the hepatitis B disease in the Tano Nottlistrict using differential
equations, to do mathematical analysis of the maddlto interpret the
102results of the model and by carrying out sensitigitalysis of the basic
reproduction number cro3various parameters, we shall suggest some optimal
strategies to control HBV infection in the4aTano North District.

105106MATHEMATICAL MODELING

107In the last two decades, mathematical models heea bsed frequently to study thestransmission
dynamics of HBV in various regions. Anderson andyNIE991) used a simplt®9odeterministic,
compartmental mathematical model to illustrateetfiects of carriers on thetotransmission of HBV.
Andersonet al. (1992) and Williamst al. (1996) described models of thetsexual transmission of HBV,
which include heterogeneous mixing with respeagde and sexuali2activity. Edmundst al. (1993)
illustrated the relation between the age at infectvith HBV and113the development of the carrier state.
Medleyet al. (2001) gave a model to show that theprevalence of infection is largely determined by a
feedback mechanism that relates the rata &tfansmission, average age at infection and ageetela
probability of developing carriagaefollowing infection. Thornleyet al. (2008) applied the model of
Medleyet al. (2001) to predict17chronic hepatitis B infection in New Zealand. Thieyalence of HBV in
developing countries isL8different from that in developed countries, sincappears that the rate of
transmission in19childhood is the major determinant of the leveH&V endemicity (Edmundet al.,
1996¢), and20little is known on the rates and patterns of sexoatact in developing countries. McLean
and121Blumberg (1994) and Edmundsal (1996a) studied models of HBV transmission on dzpiely
122countries and Williamst al (1996) described a model of HBV in the UR3124We propose a
mathematical model to understand the trans-misdyoamics and prevalence 5HBYV in the Tano North

district. The model is constructed based on theatheristics of HBVi26transmission in the Tano North



district and the model of Kermack and Mckendridl47). Thel2zimmunity after vaccination is lifetime
(Sunet al., 2002). Therefore, we divide the hag8population into three epidemiological groups: the
proportion susceptible to infection S; thageinfected |; removed and with protective immunityRg. 1

illustrates the three compartments aadmodel variables131132133134MATERIALS AND METHOD

UNDER PEER REVIEW

UNDER PEER REVIEW

135136137138



139

140

141

142

143

144

145

146

147

148

149

100N

N

lo)— 25
(Su)=
S.0)-
3
Py
M=

1. Flow chat o

w is the lransmo

pula
f s

150



UNDER PEER REVIEW

s
== —asi(1)

dl
- = aSl — @l

dr _

=R

152
153154

155



py

K 5 (17 I il R
ps ul uR
156
157  Where;
158  Ku=hirth
155  p&= vao
160 p=
181 a=i
162 fi=n
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164The reproductive ratio &of hepatitis B with vaccination can be calculatezhf equations (4),65(5)
and (6) as follows;

166 The Jacobian matrix for t



