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ABSTRACT

Hepatitis B Virus (HBV) is the causative agent of the disease of hepatitis B
in humans. More than 2 billion people are infected worldwide, 350 million of
which are chronic carriers. Many attempts have been made and there is very
wide ongoing worldwide research towards the development of treatments and
even therapy of that disease, namely, antiviral therapies and vaccines are
currently available to patients. However, HBV has a marked ability to develop
resistant strains, not only due to the introduced natural selected mutations, but
also due to the phenomenon of recombination and thus, remain threat for human
health. A number of computational methods are currently available to look for
recombinant strains, but all have problematic areas. A new attempt for
recombination detection has been made by the implementation of the Recl
which, in combination with the program LOHA, is shown in this report to
significantly detect recombination events. Recl was translated from the
programming language Perl, where it was initially written, in C++ and that
version was found to be significantly faster. A list of previously reported
recombinant sequences were analyzed by Recl and with the previously
developed Subtype AnalyseR (STAR) and the comparison showed that Recl
analysis algorithm was able to detect almost all the previously reported as

putative recombinants. Thus, the translation of Recl from Perl to C++ combines
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the good recombination detection ability of Recl algorithm, with the increased

speed of C++ architecture and can aid the recombination detection research field.
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1. INTRODUCTION

1.1. Hepatitis B Virology

Hepatitis B virus (HBV) is the causative agent of the disease of hepatitis B
in humans and the prototype member of a virus family called Hepadnaviridae.
This family of viruses included 5 members, three of which are associated with
mammals and the remaining two with birds. The mammal-associated, namely,
Hepatitis B (HBV), Ground Squirrel Hepatitis B and Woodchuck Hepatitis B, are
themselves members of the genus Orthohepadnavirus. The bird-associated ones
are members of the genus Avihepadnavirus and are known as Duck Hepatitis B and
Heron Hepatitis B (see Table 1).

http.//www.stanford.edu/group/virus/hepadna/2004tansilvis/Intro.htm

Genus
Orthohepadnavirus
Virus Member Natural Host Transmission Disease
Humans, chimps,
gibbons, wooly ACS, hepatitis,
Hepatitis B (HBV) monkeys IDU, sexual, blood, vertical | cirrhosis, HCC
Ground squirrels,
Ground Squirrel woodchucks,
Hepatitis B chipmunks Sexual, blood ACS, hepatitis, HCC
Woodchuck Hepatitis B | Woodchucks Sexual, blood ACS, hepatitis, HCC
Genus
Avihepadnavirus
Virus Member Natural Host Transmission Disease
Duck Hepatitis B~ Ducks, Geese Predominantly vertical ACS, hepatitis
Heron Hepatitis B Herons Predominantly vertical ACS, hepatitis

Table 1. Members of the family Hepadnaviridae ((Hepa = liver; dna = deoxyribonucleic acid).
The natural hosts, the way of transmission and the disease associated with each virus are

precented. Abbreviations: ACS: Asymptomatic Carrier State; HCC: Hepatocellular Carcinoma;
IDU: Injecting Drug User (http;//www.stanford.edu/group/virus/hepadna/2004tansilvis/Intro.htm).
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Hepatitis B virus is liver-tropic virus, which means that its major target of
infection is the liver. There may be other, extrahepatic targets of infection, but the
current evidence is incomplete and this issue warrants further research. The
main cell type of the liver are hepatocytes and hence they are the main target of
the virus for its replication (Cooper et al., 2003). In 1965, the agent responsible for
the disease was first identified and the continuous research that followed led to
the understanding of the biology and pathology of HBV in great depth (Clarke

and Bloor, 2002).

1.2. Hepatitis B Epidemiology

There are two types of infections that HBV causes: transient and chronic.
The former may result in serious illness and, but only a small percent of them are
fatal. On the other hand, chronic infections present a higher percentage of
fatality, namely, approximately one out of four patients develop incurable liver
cancer and die (Beasley, 1988). Geographically, the higher percentage of chronic
infections is found in the Far East, although Hepatitis B is one of the most serious
disease in USA and Europe too, with about 2.4 million people carrying the virus
(Clarke and Bloor, 2002). Table 2 presents the general prevalence of HBV in

various areas of the world (Baron).
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I e ——— - B T T T S——— 0
i Percentage of Percentage of Populiation i
i Population Positive Paositive for Neonatal  Childhood |
; Area for HBsAg Anti-HBs Antibody Infection Infection |
i - 7 - i
i Northemn, Westemn, and Central 0.2-05 4-6 Rare Infrequent |
Europe. North America, Australia :
! -
! Eastem Europe, the Mediterranean, 27 2055 Freguent  Frequent !
! Aussia and 1he Russian Federation, ;
1 Southwest Asia, !
i Central and South America H
i
! Parts of China, Southeast Asia, 820 7095 Very Very
! tropical Aliica Irequent frequent |

.................................. -

Table 2. Prevalence of Hepatitis B virus in various areas (Baron).

Despite the fact that 2 billion people are infected with HBV and more than
350 million (kttp.//www.who.int/mediacentre/factsheets/fs204/en/index.html) of them
are chronic carriers, the disease is common in Asia and most of Africa, rather
than in Western countries, where it is relatively rare. More specifically, in sub-
Saharan Africa, Asia and the Pacific the disease is very common and acquired in
childhood  (http;//www.who.int/mediacentre/factsheets/fs204/en/index.html). ~Apart
from the above endemic areas, the southern parts of Eastern and Central Europe,
the Amazon basin, the Middle East and the Indian subcontinent exhibit high
rates of chronic infection. On the other hand, in western and eastern Europe and
north America, Hepatitis B infection is less frequent and acquired mostly during
adulthood (Lok et al., 2001).

In the developed countries, infection by the Hepatitis B virus was
considered to be an occupational hazard for people working in hospitals and
clinical research labs (Dienstag and Ryan, 1982, Hadler et al., 1985). Vaccination
of these people has almost eliminated this kind of incidents (Mahoney et al.,
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