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Preface

In spite of the progress made in vaccine and antiviral therapy development,
hepatitis B virus (HBV) infection still remains a major health care problem. More
than 350 million people are chronically infected worldwide, showing differences
in the severity of liver disease, clinical outcome and response to immune and
antiviral-therapy. Parameters associated to the host immune system (HBV specific
T and/or B-cell repertoires, defective antigen presentation and diminished
Th1/Th2 response ratio) and viral factors, such as the HBV genotypes and their
evolving variants, have largely contributed to the explanation of such differences.

The unique genomic structure and replication cycle of HBV contribute to the
occurrence of mutations in any of its genes undergoing selection pressures. The
selection of one mutant over the others warrants a biological advantage to the
prevalent mutation during the replication cycle of the virus or a selective
advantage to the mutant over wild-type virus in host-virus interactions as we
observed in Argentina where [some novel] mutated HBsAg were detected, even in
the presence of specific anti-HBs antibodies.

Reports from USA, as well as from several European and Asian countries
have focused on mutations within the HBV genome that may be associated with
the hepatitis B vaccine and/or hepatitis B immune globulin (HBIG) failure,
diagnostic escape mutants, antiviral therapy resistance, and differential outcomes
in liver disease. In contrast, studies regarding these topics are almost lacking in
Latin America. Within this context, it should be emphasized that the already
known mutants circulating in other parts of the world could not necessarily be
mirroring those strains circulating in this part of the American continent.

Emerging data is filling the gap in our knowledge of HBV genotypes in
several Latin American countries. While genotypes F and H of HBV are
considered to be indigenous in this continent, genotypes A and D might be a mere
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reflection of a past European migration, and genotypes B and C could represent a
consequence of a recent Asian migration. Few years ago, genotype G was
detected in Mexico as previously identified in the USA and France. Unexpectedly,
some strains ascribed to HBV genotype E (widely considered an African
restricted genotype) have been observed in Argentina, even though genotypes F,
A and D appear to be the most prevalent in this country.

Co-circulation of all the already known genotypes and certain HBV variants
in Latin America offers a unique opportunity to study basic viral and clinical
features of this infection.



Chapter 1

Introduction

“Nothing seems quite so dramatic as the unexpected eureka moment,
when, escorted by the gods of good fortune, scientists somehow stumble upon
answers to questions they never knew to ask. Baruch Blumberg, a U.S.
geneticist and biochemist, won the Nobel Prize in 1976 after finding a virus
he was never looking for. . . ”” (Carolyn Abraham, Toronto Globe and Mail).

Blumberg’s discovery of the hepatitis B virus (HBV) in 1967 is
considered one of the greatest medical achievements of the 20" century. The
story started in the early 1960s when he was examining blood samples from
diverse populations in an attempt to determine why the members of different
ethnic and national groups widely varied in their responses and
susceptibility to disease. In 1963 he discovered a mysterious protein in the
serum of an Australian aboriginal, which he later (1967) determined to be
part of a virus that caused hepatitis. The discovery of this so-called
Australian antigen, later known to be the surface antigen of hepatitis B virus
(HBsAg), made it feasible to screen blood donors for possible hepatitis B
transmission. Further research indicated that the humoral immune response
elicited to the Australian antigen conferred full protection against hepatitis
B. In 1969 he developed a blood test to detect the virus and was involved in
the development of the first hepatitis B vaccine.

HBV is the prototype member of the Hepadnaviridae family (hepatotropic
DNA virus), which includes viruses recovered from a variety of animal species
[Schaefer S., 2007].

Three modes of HBV transmission  (perinatal, sexual and
parenteral/percutaneous) have been recognized among humans, its only known
natural host. Blood is the most important vehicle for transmission, but semen and
saliva have also been involved [Bancroft et al., 1977; Scott et al., 1980].



2 Veronica L. Mathet and Marfa L. Cuestas

It was estimated that approximately 2 billion people around the world have
serological evidence of a past or ongoing HBV infection, more than 350 million
are chronic carriers [WHO, 2000], and up to 40% of infected patients might
develop cirrhosis, liver failure or hepatocellular carcinoma (HCC) [Lok et al.,
2002]. As a result of the high HBV-related morbidity and mortality (500.000 to
1.2 million people die of HBV infection every year), it is considered one of the
major world health problems [Lee et al., 1997].

The worldwide prevalence of chronic HBV infection could be categorized as
high, intermediate and low endemicity depending on the percentage of HBV
carriers among the general population, which is related to the age at the time of
infection [Margolis et al., 1991].

Table 1. Chronic HBV infection: characteristics and worldwide distribution

Characteristics Endemicity of infection
High Intermediate Low
Percentage of > 8% 2-7% <2%
HBYV carriers
Past-infection 70-95% 10-60% 5-7%
prevalence
Lifetime risk of >60% 20-60% <20%
infection
Age at the time Early childhood All age groups According to high-
of infection risk groups
Worldwide Southeast Asia, Southern and Eastern Northern and
regions China, sub-Saharan Europe, Middle East, Western Europe,
Africa and the Japan and part of South North America and
Amazon Basin America Australia

1.1. HBV Structure

HBV genome consists of a 3.2-kb-long partially double-stranded relaxed-
circular DNA molecule that contains four open reading frames (ORF): the core
(C-), the surface (S-), the X- and the polymerase (P-) genes that codify for all viral
proteins. As a strategy to economize genome length to be packaged within the
small-sized core particles, overlapping genes are observed, either in or out-of-
frame as shown in figure 1.

Base pairing of an overlapping region flanked by two direct repeats (DR1 and
DR2) allows circularization of the genome with the P protein being covalently
linked to the 5"-end of the minus strand. The S-ORF has three in-frame AUG
codons that divide this ORF into three regions, termed Pre-S1, Pre-S2, and S, that
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encode for the viral envelope proteins (figure 2). The S-ORF includes the
sequence assumed to codify the binding sites for the hepatocyte. The ORF C has
two initiation codons that encode the structural protein of the nucleocapsid which
is important for the assembly of viral particles (hepatitis B core antigen [HBcAQ])
and a soluble antigen that is secreted by the infected cells (hepatitis B e antigen
[HBeAg]). The ORF X encodes for the hepatitis B x antigen [HBxAg], which is
believed to have transactivating activity and a variety of other regulatory
functions. This protein is not incorporated into mature virus particles. Finally, the
ORF P encodes for an 831-amino acid (aa) multifunctional enzyme, called P
protein, polymerase or Pol, which is responsible for the following functions in
viral replication: 1) encapsidation of the viral pregenomic RNA; 2) priming of
DNA synthesis; 3) reverse transcription of the pregenomic RNA to the double
stranded DNA; and 4) RNAse-H activity for the degradation of the pregenomic
RNA [Schories et al., 2000]. This viral protein is also an ideal target for antiviral
compounds used in the treatment of chronic hepatitis B.

Pol

Pre-S1
Pre-S2

Pre-C
Core X

Figure 1. Schematic representation of the HBV genome (grey thin lines) and the encoded
proteins. (black thick lines). A partially double stranded DNA of only approximately 3.2 kb
codes for all proteins by using an overlapping (in-frame and out-of-frame) gene structure. Note
that the Pol protein is encoded by a gene that overlaps the remaining three open reading frames
(See the text).




4 Veronica L. Mathet and Marfa L. Cuestas

— —, LHBsAg
(109711832 a) _
™ MHBsAg
{55a.a)
2 (2262.2) " SHBsAg
PRE-S1 PRE-
51
la.a 226 a.a
a determinant
¥ v
Terminal Spacer RT RNAse H
Protein
1 182 49 (RT :‘.1.‘_1__1_,_, 602 (RT aa. 344) 245
- / YMDD \
— T
G F A B C D E
B = = L
.
RT Domains

Seen [ [ZalEE

Pgen |ict|2nd[Sed] 1st[2nd[3nd|

Figure 2. A representation of the overlapped S and P genes is shown. S gene (in-frame) encoded
envelope proteins (large, middle and small HBsAg) are depicted. The major hydrophilic region
(MHR) is shown between aa 101 and 160. The a determinant is placed inside the MHR. The
catalytic site of the HBV reverse transcriptase (RT) is indicated with an arrow pointing to the
YMDD amino acidic region of the RT C domain. The overlapped position within a given codon
in the S and (out-of-frame) P genes is shown at the bottom.

The structure of the HBV polymerase consists of four conserved domains that
have been determined by comparison with the HIV reverse transcriptase sequence
and confirmed by genetic and functional studies [Zoulim F., 1999]. These four
different domains that could be distinguished within the P protein are:
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a) the terminal protein, which is involved in the priming for reverse
transcription;

b) the spacer region;

c) the reverse transcriptase (RT) / polymerase domain, where the very
conserved YMDD (Tyr-Met-Asp-Asp) motif is part of the catalytic site;
and

d) the RNAse-H region, which removes the RNA template.

The terminal protein is the part of the polymerase that harbors the primer for
reverse transcription. Therefore, it is where the synthesis of the minus strand-
DNA is initiated [Kreutz C., 2002]. Point mutations in this region are reflected as
the inability of the viral polymerase to encapsidate the viral pregenomic RNA,
leading HBV to be unable to continue its replication.

The spacer region is dispensable for enzymatic activity and tolerates
mutations, but its own function is still unknown.

The RT/polymerase region of the viral polymerase is a functional domain
where reverse transcription and synthesis of the second DNA strand, take place. It
can be divided into seven domains labeled A, B, C, D, E, F and G. Its catalytic
site is within domain C, around the amino acidic-sequence YMDD (figure 2), a
highly conserved motif among hepadnaviruses and retroviruses, which seems to
be the nucleotide recognizing site of this viral enzyme. Drug-resistant mutants
harbour point mutations in the C and A or B domains. Within the C domain, point
mutations in the YMDD motif are the most common and are of clinical
significance because many of them may be selected during antiviral therapy with
nucleoside/nucleotide analogs, such as lamivudine, contributing in this way to
therapy failure. Those YMDD-lamivudine-resistant mutants that changed the
YMDD-motif into YIDD, YVDD, YRDD and YSDD are among them.

Finally, the RNAse-H region of the viral polymerase is another functional
domain where degradation of the pregenomic RNA takes place [Kreutz C., 2002].

In addition to the well known T-cell epitopes located within C and S proteins,
some aa-sequences located within the RT and the RNAse-H domains of the HBV
P protein are highly conserved, being CD8+/CD4+ T-cell epitopes that might
contribute to both the viral clearance and the development of subclinical forms of
hepatitis B disease.

Regulatory elements and the C, P, S and X promoters of the hepatitis B virus
are located within the protein encoding regions. Two enhancers (enh | and enh I1),
one silencer element (SE), one encapsidation signal (epsilon [¢]) and one
glucocorticoid responsive element (GRE), have been described.
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The mean half-life of serum HBV DNA is estimated at 1 to 2 days and the
rate of HBV virion production may be as high as 10* virions per day [Wai et al.,
2004].

Electron microscopy of partially purified preparations of HBV isolated from
the plasma of individuals who are either undergoing an acute infection or have
become carriers of hepatitis B virus, shows three types of particles. The first of
these forms is a double-shelled particle referred as the Dane particle, after its
discoverer D. S. Dane. [Dane et al., 1970]. This particle constitutes the complete
virion. It is 42 nm in diameter and contains a 28-nm core structure designated as
the hepatitis B core antigen (HBcAQ) that is surrounded by an outer lipoprotein
envelope that contains the three related envelope glycoproteins (Pre-S1, Pre-S2
and S). Recently, it was elegantly shown that the virions contain capsids with
either T = 3 or T = 4 icosahedral symmetry. Projections extending from the lipid
envelope were attributed to surface glycoproteins. Their packing was
unexpectedly non-icosahedral but conformed to an ordered lattice (figure 3).
These structural features distinguish HBV from other enveloped viruses [Dryden
et al., 2006]. Viral DNA and viral polymerase are within the core. The second of
these forms is a spherical particle averaging approximately 20 nm in diameter.
These particles are the most predominant form in serum, usually present in a
10,000- to 1,000,000-fold excess over Dane particles. Finally, smaller quantities
of a heterogeneous population of filamentous particles, all with a diameter of 20
nm and variable length (up to approximately 350 nm) have been identified.

The 20-nm spheres and filaments are empty particles, made up exclusively of
envelope proteins, host-derived lipids (approximately 30% by weight) and N-
linked carbohydrates. Main lipids include phospholipids, cholesterol esters, and
triglycerides. These particles lack nucleic acid altogether and are hence non-
infectious. The 22-nm spherical form contains approximately 89% of S protein,
10% of Pre-S2 protein, and 1% of Pre-S1 protein. The filaments consist of the
same ratio of proteins as the infectious Dane particles, comprising approximately
70% of S protein, 10% of Pre-S2 protein, and 20% of Pre-S1 protein [Lee and
Locarnini, 2004]. In pure form empty particles are highly immunogenic and
efficiently induce a neutralizing anti-HBs antibody response. In fact, the 20-nm
spheres, purified from the serum of hepatitis B chronic carriers, served as the
initial form of HBV vaccine prior to the development of recombinant HBsAg
preparations. Natural infection thus presents the seeming paradox of efficient
progression, despite the accompanying production of highly immunogenic
particles that can elicit neutralizing host responses [Knipe et al., 2001].
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composite model

Figure 3. Model and Cartoon of HBV Virions reprinted from Mol. Cell 22 (6): 843-50, Dryden
KA et al, “Native hepatitis B virions and capsids visualized by electron cryomicroscopy”,
Copyright (2006), with permission from Elsevier. (A) Cut away views of a composite model of
the HBV virion comprised of a T=4 icosahedral capsid with 120 spikes and an outer envelope
with protein projections spaced 60 A apart. Views are cross-sections (left), and two cutaways.
(B) X-ray crystal structure of recombinant capsid docked into the cryo-EM density map of the
virion capsid (left). The tips of the core spikes are in close apposition but do not penetrate the
envelope. Additional details and cartoon of interpretation (right). The surface protein
projections are ascribed to HBsAg and are designated as large (L), medium (M), and small (S)
according to the three start codons of the HBsAg ORF. Residues in the capsid tip are colored
according to charge and hydrophobicity (negative, red; positive, blue; hydrophobic, gold; and
hydrophilic, grey) and show a mixed distribution of charge. Residues denoted by green spheres
have been implicated in viral envelopment via interaction with the L protein. HBcAg (yellow)
modeled as S box with M and L loops. Note that ~50% of the L molecules have an interior loop
that is predicted to be disordered, which interacts with specific residues in HBcAg (green
spheres). Bar, 100 A.

As mentioned above, the HBV envelope is a complex structure composed
exclusively of host-derived lipids and three related viral proteins: the large
(LHBsAgQ), the middle (MHBsAg), and the small (SHBsAQ) envelope proteins,
which are also known as Pre-S1, Pre-S2 and S, respectively. Among them, the
small S protein, often called HBV surface antigen (HBsAg) is the major
component of the viral envelope. About half of the S protein is in the non-
glycosylated form (p24) and the other half is in the N-glycosylated form (gp27)
[Antoni et al., 1994]. These two forms present identical amino acidic sequences
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and only differ by the presence of a complex oligosaccharide chain with a sialic
acid component attached to gp27 at Asn 146 due to the presence of the consensus
glycosylation sequence Asn-X-Thr/Ser in that position. It is interesting to note
that in spite of the presence of two other potential glycosylation sites, one at Asn-
3 and the other at Asn-59, these positions are not glycosylated. A possible
explanation could be the failure of these sites to enter the lumen of the
endoplasmic reticule (ER) where glycosylation takes place, or the assumption that
this part of the protein has an unfavorable conformation for glycosylation [Eble et
al., 1987].

The other two envelope proteins, Pre-S1 and Pre-S2, also exist in two forms,
either glycosylated at Asn 146 of the S sequence or non-glycosylated at this site.
The fact that Asn 146 is found in either form, (i.e .glycosylated or non-
glycosylated) might be explained by the observation that the S protein seems to be
unique in adopting two distinct conformational states in co-translational
translocation in the ER membrane [Huovila et al., 1992]. In addition, the Pre-S2
protein is also glycosylated at Asn 4 [Prange et al., 1995].

The three HBV envelope proteins are translated from distinct mMRNA. The S
protein is coded for by the S gene and is made up of 226 aa. The Pre-S2 protein is
coded for by the Pre-S2 region (55 aa) and the S gene, while the Pre-S1 protein is
coded for by the Pre-S1 region (108 or 119 aa, depending on genotypes), the Pre-
S2 region, and the S gene. Thus, all these three envelope proteins share the same
carboxyl terminus, i.e., HBsAg [Yamamoto et al., 1994] and are easily detected
by conventional immunoassays used for diagnosing HBV infection and screening
blood donors around the world. It was suggested that the Pre-S1 and possibly the
Pre-S2 protein, might mediate the binding and entry of the virus into the
hepatocytes. The Pre-S1 protein also regulates the nuclear pool of covalently
closed circular DNA (cccDNA).

Finally, the three envelope proteins (Pre-S1, Pre-S2, and S) altogether
participate in the generation and secretion of the enveloped virus. It is probable
that the Pre-S2 protein may not be essential in this process [Prange et al., 1995].

HBsAg particles are pleomorphic and to date, it has not been possible to
crystallize them; consequently, their exact three-dimensional structure is still
unknown. However, by combining information about their hidrophobicity,
hydrophobic moments, flexibility, secondary structure prediction and antigenicity,
several models were proposed for the putative structure of these HBSAg-
containing particles. Nevertheless, it is widely accepted that their antigenicity is
mainly dependent on the conformation of the a determinant, placed within the
major hydrophilic region (MHR). This hydrophilic region encompasses aa 101 to
160 of the S protein and is exposed on the surface of both virions and subviral
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particles. This region is highly immunogenic and is potentially under selective
pressure of the immune system. The a determinant is a complex conformational
region and disulfide bridges among highly conserved Cys residues are important
in maintaining the native conformational structure of this major determinant of the
HBsAg (figure 4). Of the 14 Cys residues present in the 226-aa-sequence common
to all three HBV envelope proteins, 8 are located within the MHR of HBsAg and
are important in keeping the conformation and thus the antigenicity of the a
determinant. It is thought that the a determinant consists of two loops maintained
by disulfide bridges between Cys107 and 138, and Cys 139 and 147. This major
determinant, which is considered the main neutralization epitope, is common to
all HBV genotypes, and antibodies directed to it usually confer protection against
reinfection with any of the HBV genotypes. Amino acid substitutions within the a
determinant can lead to conformational changes, which in turn can affect the
binding of the neutralizing antibodies [Cuestas et al., 2006].

gi B: Ala, Thr: gr C: Ala, Ile, Ser, Thr; gr D: Ile, Ser, Thr. |

gt D: Pro, Thr; gt E: Leu, Pro; gr F: Len. |

gt. A, G: Asn; gr C, E: Asn, Thr. |

gt D, G: Tyr, Phe.

| gt A: Met, Thr; gf B: Thr; gt D: Ser, Thr. |

& Subtype variation (O Genatype variation

Figure 4. Schematic representation of the MHR in the S protein (aa 101 to 160). The black
shadowed circles represent Cys residues. Disulfide bonds are shown by double bars.
Animoacids variation dependent on genotype (grey shadowed circles) is shown according to
Osiowy [Osiowy C., 2006]. The d/y and w/r subdeterminants are mutually exclusive in key
amino acidic positions 122 and 160.
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1.2. Viral Pathogenesis

HBV may cause acute and chronic hepatitis. Acute hepatitis can either resolve
spontaneously (acute self-limited hepatitis), lead to liver failure (fulminant
hepatitis) or become chronic. Acute hepatitis develops mainly after horizontal
transmission. In contrast, chronic hepatitis develops mainly after vertical
transmission. Patients with long-standing active liver disease are prone to develop
end-stage liver disease and HCC [Burda et al., 2001]. It is now recognized that the
natural course of chronic HBV infection consists of four phases: 1) immune
tolerance, 2) immune clearance (HBeAg positive-chronic hepatitis B), 3) inactive
carrier state, and 4) reactivation (HBeAg negative-chronic hepatitis B) [Yim and
Lok, 2006]. HBeAg has been undoubtedly demonstrated to act as an immune
regulator since it may predispose to viral persistence during perinatal infections as
well as prevent severe liver damage during adult infections [Chen et al., 2005].
This discovery underscores the relevance of those HBV mutants lacking HBeAg
expression, as it will be discussed within Section 3.2.

Host, environmental and viral factors have been involved in the variable
natural history of acute and chronic HBV infection. Age at time of acute infection
is the strongest host factor associated with developing chronic HBV; infants and
children are at a markedly increased risk of developing chronic HBV infection as
compared with adults. In this regard, while 95% of infected neonates with
immature immune systems become asymptomatic chronic HBV carriers, only
30% of children infected after the neonatal period but under 6 years of age, and 3-
5% of adults do so. The remainder has acute infections resulting in viral
clearance. Host immune response and host immune status are also important. The
severity of the hepatocyte injury in an HBV infected patient reflects the vigor of
the immune response, as the virus  in most circumstances is not cytopathic: the
more complete the cellular immune response is, the greater likelihood of viral
clearance and more severe liver injury the patient has [reviewed in Rehermann
and Nascimbeni, 2005]. It has also been established that a Toll like receptor
signaling is also involved in the in vivo inhibition of HBV in non-parenchimal
cells such as dendritic cells [Isogawa et al., 2005].

It has been recognized that HBV clearance from acutely infected hepatocytes
is due to a vigorous, polyclonal and muti-specific cellular immune response.
According to recent results obtained from experimentally infected chimpanzees,
both cytopathic and non-cytopathic mechanisms of viral clearance are involved
[Guidotti et al., 1999]. Importantly, cytokines such as IFN-y (gamma-interferon)
and TNF-a (Tumor Necrosis Factor alfa), appear to be involved in this non-
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cytopathic viral clearance. This novel anti-viral mechanism was observed for the
first time when HBV infections were studied. When simulation studies were
carried out with this model, the best fit indicated that during the early phase of
HBV clearance, non-cytopathic T-cell effector mechanisms inhibited viral
replication and greatly shortened the half-life of the long lived cccDNA
transcriptional template, thus limiting the extent to which cytopathic T-cell
effector functions while hepatocytes destruction is required to terminate acute
HBYV infection [Murray et al., 2005].

Immunosuppressed and/or HIV-coinfected individuals show an increased risk
of developing chronic HBV as well as HBV-related morbidity and mortality. In
fact, a direct cytopathic effect was observed when severe combined immune
deficient mice (UPA-SCID), harbouring human liver cells, were infected with
HBV, and ground-glass lesions, cell damage as well as cell death were
documented, resembling those lesions observed in severely immunocompromised
humans [Meuleman et al., 2006]. Environmental factors such as alcohol
consumption and hepatitis C virus (HCV) and/or hepatitis D virus (HDV)
coinfection have also been implicated in disease progression. The role of viral
factors, including genotypes, mutations, and replication in the natural history of
chronic HBV, is far from being fully understood [Wai et al., 2004; Yim and Lok,
2006].

The HBV life cycle within its host may be split in two phases (replicative and
integrative), each one divided into 2 stages. The first stage is characterized by
immune tolerance with the detection of HBsAg after an incubation period of 4 to
10 weeks, shortly followed by antibodies against the HBV core antigen (anti-HBc
antibodies). The presence of HBeAg and large quantities of HBV DNA in serum
signal the period of active viral replication.

In the second stage, an immunologic response develops or improves, leading
to cytokine stimulation, direct cells lysis and the inflammatory process. Once this
response is under way, aspartate and alanine aminotransferase (AST and ALT)
levels increase and HBV DNA titers in blood and liver begin to drop.

When the host is able to mount a response that eliminates infected cells or
greatly diminishes their number, active viral replication ends and the third stage
begins. In this stage, HBeAg is no longer present, and antibodies to HBeAg
become detectable. The infection has been cleared with a marked decrease in viral
DNA (although many patients remain positive for HBV DNA, as detected by
PCR) and ALT levels become normal. However, in some chronic cases, the S
gene may be integrated into the host’s hepatocyte genome, due to which patients
remain positive for HBsAg. All these viral and host immune interactions are
reflected in the clinical stages of the disease [Mc Mahon B.J., 2004]
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In an acute self-limited HBV infection, the clearance of HBsAg and the
presence of antibodies to HBsSAg (anti-HBs) signal the development of full
immunity to the virus and the beginning of the fourth and final stage. HBV DNA
is no longer detected, and the patient is unlikely to become ill after a potential
reinfection or to have a reactivated infection, since anti-HBs antibodies confer
protective immunity [Lee et al., 1997].

On the other hand, in a persistent HBV infection, the first three stages unfold
as in a self-limited infection, but HBsAg remains in the blood and virus
production continues, often for life. However, in most people with chronic
infection, levels of viremia are lower than during an acute infection, especially in
those with anti-HBe antibodies. High titers of HBV in the blood are usually
indicative of the continuous presence of HBeAg [Ganem et al., 2004].
Superinfection of HBV on hepatitis B carriers may occur when the same
(homotypic) or a different (heterotypic) genotype infects the patient. Acute
exacerbations may take place, albeit at a low frequency even in hyperendemic
areas of HBV infection [Kao et al., 2001].

Both the clearance of HBsAg from serum and the appearance of anti-HBs
antibodies have been associated with the resolution of hepatitis in acute or chronic
hepatitis B infection. However, HBV DNA may persist in serum, liver and
peripheral blood mononuclear cells (PBMC) long after circulating HBsAg has
disappeared in both self-limited acute hepatitis and even after successful antiviral
treatment of chronic HBV infection. Furthermore, HBV DNA has also been
detected in serum and PBMC of hemodialysis patients with neither clinical nor
biochemical symptoms of liver disease, and in the absence of circulating HBsAg
[Cabrerizo et al., 2000]. HBV DNA detection in patients who lack detectable
HBsAg has been defined as “occult HBV infection” [Cacciola et al., 1999]. This
occult infection is mostly found in anti-HBc and/or anti-HBs positive individuals.
It also occurs in individuals negative for all serologic markers of HBV infection.
These patients with occult infection may carry both integrated HBV DNA and
free HBV cccDNA [G. Raimondo et al., 2000]. The reasons for the absence of
HBsAg detection are inhibition of expression by HCV or HDV co-infection,
and/or low-level HBsAg synthesis under the limit of detection of screening
assays, the presence of immune complexes and the emergence of HBsAg mutants
[Weber B., 2005, 2006; Allain JP., 2006].
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1.3. Viral Variability and Diversity

A “dictionary” working definition of “diversity” describes a range of people
or things that are very different from each other. Likewise, the term “variability”
is defined as the fact of something being likely to vary. However, in many
recently published virological papers both terms have been indistinctly used. To
the purpose of this review, the meaning of both words will be kept as
“linguistically” described above.

Although HBYV is a DNA virus, it replicates in infected cells at a high rate
through an RNA intermediate because of the RT activity of its viral polymerase.
The synthesis of this pregenomic RNA by a cellular RNA polymerase 1l is
directed by the core promoter, and its encapsidation into the core particle requires
the P protein, the encapsidation signal € on the pregenomic RNA, and the core
protein. Reverse transcription of this pregenomic RNA is performed by the P
protein, which has to switch the template three times to accomplish the synthesis
of the final virion HBV-DNA. The HBV polymerase lack of proofreading activity
leads to a high rate of mutations, estimated at 1.4 to 3.2 x 10  nucleotide
substitutions per site per year (nt/site/yr)[Ganem et al., 2004]. This is one to two
orders of magnitude lower than other viruses that lack polymerase-associated
proof-reading functions, such as RNA viruses [Brunetto et al., 1999], and it is four
orders of magnitude greater than in “common” (without reverse transcriptase)
DNA viruses [Pumpens et al., 2002]. As a result, HBV populations may evolve
more quickly than most DNA viruses in response to environmental factors, and
the emergence of viral HBV mutants under the pressure of such factors is likely to
be a frequent event. Recently, after studying the evolution of 8 full length
genotype B DNA genomes from HBeAg minus patients (without treatment)
throughout a 25-yr period, an estimated rate of 7.9 x10™ nt/site/yr were recorded
[Osiowy et al., 2006]. Interestingly, when such rate was analyzed from a patient
infected with an HBeAg minus genotype F strain in presence of anti-HBs
antibodies throughout a 3-yr period, a rate of 2.7 x 10 nt/site/yr was recorded
[Mathet et al., 2007, Lépez et al., 2007].

In addition to the introduction of point mutations carried out by the P protein
during reverse transcription, or during pregenomic RNA synthesis by cellular
RNA polymerase Il, other potential mechanisms to generate variability are:
editing of viral DNA by cellular cytidine deaminases, (promoting G to A and C to
T substitutions) and deletions/insertions in HBV genomes by splicing of the
pregenomic RNA by cellular topoisomerase | [reviewed by Ginther S., 2006]. A
novel type of HBV mutation which was coined as “replacement mutation” has
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recently been recognized for some (but not all) genotype E HBV strains [Fujiwara
et al., 2005]. As discussed below, recombination events seem to have a prime
significance in HBV genomic diversity. In this regard, recombinations have been
documented not only among strains from the same genotype, but also from
different genotypes. Moreover, some human HBV strains (genotype C) exhibit
genetic prints of cross-species recombination with either chimpanzee or gibbon
HBV variants [Simmonds and Midgley, 2005].

All these factors have contributed to a wide variation and, consequently, a
diversification of HBV strains (figure 5). Genotypes, subgenotypes, and HBsAg
subtypes represent genetically stable viral populations that share a common,
separate evolutionary history (genetic diversity). They emerged in specific human
populations and migrated with their hosts to other areas of the world, leading to
their present geographic distributions [Echevarria et al., 2006]. Moreover,
recombination between genotypes generates novel variants that contribute to the
genetic diversity of HBV.

Figure 5. HBV genetic variability and HBV genetic diversity. Complementary interactions
influence both of them and account for HBV evolution. Cartoon designed by Maria Mercedes
Martinez.

In terms of genetic variability, a distinction between HBV genotypes and
mutants has to be made. The different genotypes of HBV are (relatively) stable
forms of the virus, which are the result of random changes selected over years of
population pressure. In other words, the term genotype is applied to the replication
competent forms into which the genomic sequence has stabilized after a



Introduction 15

prolonged period of time [Kramvis et al., 2005b]. Mutants arise in individuals
under medically or naturally (chronic hepatitis B) induced immune pressure. They
include vaccine and HBIG escape mutants. In liver transplant recipients, high titer
and persistent administration of HBIG in a situation with low viral titer and a
large number of susceptible cells (liver transplant) is an ideal breeding ground for
mutants. In chronic HBV infection, naturally occurring escape mutants may be
selected by the immune response of the HBV carrier [Weber B., 2005].

Natural polymorphisms of HBV or “variants” are naturally occurring
variations observed within an individual and among populations compared with
published wild type strains such as Pre-C and core promoter variants. It has been
recommended that variants that arise under specific selection pressure such as
HBIG or lamivudine treatment, which are associated with a specific phenotype,
should be termed “mutants” [Wai et al., 2004].

Consensus definitions were recently published to discriminate between
naturally occurring variants and mutants. A HBV variant is characterized as any
naturally occurring variation from published wild-type sequences. A HBV mutant
is defined as a variant that develops under specific selection pressure and that has
been shown to confer a specific phenotype [de Franchis et al., 2003].

HBV mutants are stable over time and can be horizontally or vertically
transmitted [Weber B., 2005].

The generation of continuously evolving variants/mutants within a given
HBV population within a host contributes to the variability of a given strain.

The basic classification of genomic mutations proceeds from their nature and
identifies three major categories:

» Point Mutations: nucleotide changes that affect a single base pair in one
gene. There are two types of point mutations: transitions and
transversions. Transitions are the most common, and consist of the
substitution of one pyrimidine by another pyrimidine, or of one purine by
another purine. Transversion is the substitutuion of one purine by one
pyrimidine and vice versa.

» Rearrengements: nucleotide changes that affect a large region of a gene.
They could be insertions of a transposable sequence within a gene, or
deletions or the loss of a nucleotide sequence.

» Frameshift: is produced by insertion or deletion of a single base that
changes the reading frame.
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1.3.1. HBV Subtypes

The earliest demonstration of the diversity of the virus was the grouping of
HBV isolates into HBsAg subtypes [Couroucé et al., 1976]. HBsAg epitopes
involved in the expression of subtype specificities are situated in an external
antigenic region of the molecule that includes the two loops involved in the
structure of the a determinant, which is placed within the MHR, as observed in
figures 2 and 4. The MHR is exposed on the surface of both virions and subviral
particles.

Antibodies directed against the a determinant elicited by a particular HBsAg
subtype can neutralize the infectivity of HBV particles and confer cross-protection
against all subtypes, because this a determinant is common to all HBV subtypes,
while the d/y and w/r subdeterminants are mutually exclusive (table 2 and figure
4). Key positions for subtype assignment involve aa 122 (Lys in subtype d or Arg
in subtype y) and 160 (Lys in subtype w and Arg in subtype r). HBsAg subtype
identification requires testing with reference panels of polyclonal antisera or
monoclonal antibodies, but can also be predicted from the sequence of the viral
genome region encoding the HBsAg by identifying the amino acids encoded at
specific positions [Magnius et al., 1995]. Ten serological subtypes have been
identified as: aywl, ayw2, ayw3, ayw4, ayr, adw2, adw3, adw4q’, adr, adrq.
Notation of these subtypes is done by acrostics that begin with the common a
determinant and are followed by the subtype determinants of that particular strain
(table 2).

1.3.2. HBV Genotypes

Over the last decade, subtype determination has gradually been replaced by
genotyping. By an intergroup divergence of more than 8% in the complete
genome sequence of HBV strains obtained worldwide, eight different HBV
genotypes, designated A-H, have been identified [Norder et al., 2004; Schaefer S.,
2005 and 2007] (figure 6). These genotypes have a distinct geographic
distribution. Genotype A is mainly found in Northern Europe, North America,
India, and Africa. Genotypes B and C are prevalent in Asia. Genotype D is
universally distributed but is the predominant genotype in the Mediterranean
region, while genotype E is found mainly in West Africa. Genotype E shows a
strikingly low level of diversification among already sequenced strains and, even
more important, is the most divergent a determinant among all genotypes. The
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latter fact appears to be an influencing factor for diagnostic assays testing HBsAg,
also responsible for vaccination failure [Karthigesu et al., 1999].

Table 2. Amino acid residues specifying HBsAg determinants

Subtype Amino acid residue at HBsAg position
122 127 134 159 160 177 178
aywl Arg Pro Phe Ala[A] Lys [K] Val [V] Pro [P]
[R] [P] [F]
ayw2 Arg Pro Tyr Gly [G] Lys [K] Val [V] Pro [P]
[R] [P] [v]
ayw3 Arg Thr Phe Gly [G] Lys [K] Val [V] Pro [P]
[R] (7] [F]
ayw4 Arg Leu/lle Phe Gly [G] Lys [K] Val [V] Pro [P]
[RT | L]/ [F]
ayr Arg Pro Phe Ala[A] Arg [R] Val [V] Pro [P]
[R] [P] [F]
adw2 Lys Pro Phe Ala[A] Lys [K] Val [V] Pro [P]
[K] [P] [F]
adw3 Lys Thr Phe Ala[A] Lys [K] Val [V] Pro [P]
[K] [T] [F]
adwaq Lys Leu Phe Gly [G] Lys [K] Val [V] GIn [Q]
[K] [L] [F]
adr Lys Pro Phe Ala[A] Arg [R] Val [V] Pro [P]
[K] [P] [F]
adrg Lys Pro Phe | Val [V] Arg [R] | Ala[A] Pro [P]
[K] [P] [F]

Genotype F shows the highest divergence among the genotypes and is
indigenous to aboriginal populations of the Americas. Genotype G has initially
been found in France and the United States, and the newly described Amerindian
genotype H has been identified in Central America. [Arauz-Ruiz et al., 2002].
Although the virus structure is essentially identical in all genotypes, they have
different genomic lengths being HBV genotype G the longest. Its 3248 base pairs
(bp) are attributed to an insertion of 36 bp at codon 2 of the core gene [Stuyver et
al., 2000]. This HBV genotype has also two stop codons at positions 2 and 28 of
the Pre-C region, either of which prohibits the translation of the HBeAg precursor
[Carman et al., 1989; Okamoto et al., 1990]. In spite of this, HBeAg is commonly
detected in sera from individuals infected with genotype G [Mizokami et al.,
1999] due to a frequent coinfection with genotype A [Kato et al., 2002a].
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However, the exclusive monoinfection with HBV genotype G (without synthesis
of HBeAg) has recently been demonstrated [Chudy et al., 2008].

B2 B3 B4 a3 GENOTYPE C

GENOTYPED

GENOTYPEF

01

Figure 6. An unrooted phylogenetic neighbour-joining (NJ) tree of 54 full-length HBV genomic
sequences representative of the eight genotypes and their corresponding subgroups. Bootstrap
values are indicated in the tree roots. GenBank accesion numbers for the representative
sequences included in the phylogenetic analyses are: genotype A subgenotype A3 (AB194951
[Al], AB194952 [A2], AB 194950 [A3]); genotype A subgenotype A2 (V00866 [A4],
AY233280 [A5], S50225 [A6]); genotype A subgenotype Al (AB076679 [A7], M57663 [A8],
AY233282 [A9]); genotype B subgenotype B1 (D00329 [B1], AB010292 [B2], AB073854
[B3]); genotype B subgenotype B2 (X97850 [B4], AB073839 [B5], AB076679 [B6]); genotype
B subgenotype B3 (AB033554[B7], AB033555 [B8], D00331 [B9]); genotype B subgenotype
B4 (AB117759 [B10], AY033073 [B11]); genotype C subgenotype C1 (AB112065 [C1],
AY217371 [C2], AB112348 [C3]); genotype C subgenotype C2 (AF182802 [C4], D50520
[C5], AF533983 [C6]); genotype C subgenotype C3 (X75656 [C7], X75665 [C8]); genotype C
subgenotype C4 (AB048704 [C9], AB048705 [C10]); genotype D subgenotype D1 (AF418679
[D1], AY74176 [D2]); genotype D subgenotype D2 (AB205126 [D3], Z35716 [D4]); genotype
D subgenotype D3 (AJ344117 [D5], X85254 [D6]); genotype D subgenotype D4 (AB033559
[D7], AB048701 [D8], AB048702 [D9]); genotype E (X75664 [E1l], AB091255 [E2],
AB091256 [E3]); genotype F subgenotype F1 (AY090461 [F1], AB090459 [F2], AF223963
[F3]); genotype F subgenotype F2 (AY090455 [F4], AF223965 [F5], AB036910 [F6]);
genotype G (AB056513 [G1], AB056515 [G2], AB064313 [G3]); genotype H (AY090460
[H1], AY090454 [H2], AY090457 [H3]). The full-length genome of the woolly monkey
hepadnavirus, the most divergent primate hepadnavirus, was included as an outgroup sequence
(O: AF046996).
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Table 3. Relationship between genotypes, subgenotypes, HBsAg subtypes
and their main geographical distribution

HBV HBV HBsAg Mainly observed geographical distribution
genotype subgenotype subtype
A Al adw2 Africa, India, Japan
aywl South Africa, Malawi, the Philippines
A2 adw?2 Europe, North America
A3 aywl Cameroon, Gabon
B Bl adw?2 Japan
B2 adw2 China, Taiwan, Hong Kong, Vietnam
adw3 Thailand
B3 adw2 Indonesia, Polynesia, Hawaii
B4 aywl Vietnam, France
o C1 adr China, Korea, Japan, Thailand, Laos, Malaysia,
Bangladesh
ayr Vietnam, Korea, Japan, Alaska
adw2 Japan, China, Vietnam, Indonesia, Tibet
China, Korea, Japan, Thailand, Laos, Costa
Cc2 adr Rica, France
ayr Vietnam, Korea, Japan, Alaska
C3 adrg Oceania, Hawaii, New Zealand, Japan
adw2 Japan, China, Vietnam, Indonesia, Tibet
C4 ayw3 Northeastern Australia (Aborigines)
D D1 ayw2 Mediterranean area, Middle East, India, Eastern
D2 ayw3 Europe
ayw4 India, Japan
adw3 West and Central Africa, USA
D3 ayw2 Sweden, Spain
ayw3 South Africa and Alaska
D4 ayw?2 Europe, USA, injecting drug users
Oceania and Somalia
E - ayw4 Africa, Argentina*
F** F1 adwiq, Central America, Alaska
F2 ayw4 South America, Polynesia
adwiq’,
ayw4
G - adw?2 France, USA, Mexico
H - adw4 Nicaragua, Mexico, USA

*To date only two cases have been documented [Mathet et al., 2006].
**See comments about F subgenotypes within the text (Section 2.3.7).

In addition, “subgenotypes”, defined as subgroups of HBV genotypes with
between 4% and 8% intergroup nucleotide difference throughout the complete
genome, have been identified within genotypes A, B, C, D and F. There is a
correlation between serological subtypes and HBV genotypes, although several
subtypes are encoded by more than one genotype (table 2). HBV groups defined
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by each genotype-subtype association often display a characteristic geographical
distribution, being these features useful in identifying the import of HBV strains
into a given population (table 3).When phylogenetic differences throughout the
whole genome are under 4% [Kramvis et al., 2005b], a clade is designed. Within a
given sub-genotype, one or more clades may be present.

How to Assign a Given Genotype?

Determination of HBV genotype by PCR amplification and DNA sequencing.
An important issue to be taken into account when both epidemiological and
clinical studies are undertaken is the methodology used to define a given genotype
or subgenotype (table 4) [Bartholomeusz and Schaefer, 2004]. Several procedures
have been proposed, although the PCR amplification followed by full length
sequencing of the viral genome is widely considered the gold standard
methodology. As stated in other parts of this review, A to H genotypes have been
defined based on greater than 8% nucleotide variation throughout the whole HBV
genome. Although this methodology is the best tool currently used, it is
expensive, time consuming, requires a considerable expertise on phylogenetic
analysis and does not seem to be applicable for large scale epidemiological
studies. Moreover, this methodology (due to the intrinsic PCR limitations) is only
able to document the predominant population of HBV variants circulating at a
given time in a host. Its sensitivity allows detection of genomes which contribute
at least with 20-25% of the whole population [Osiowy C., 2006]. Thus, the
existence of mixed genotype infections might be underestimated by using PCR
amplification followed by direct DNA sequencing and phylogenetic analysis. This
important limitation could be overcome only if a considerable number of (PCR
amplified) HBV DNA clones had been sequenced for each sample [Lopez et al.,
2007].

The phylogenetic analysis is a method to determine the relative and
evolutionary relatedness of sequences to each other and control sequences [Mc
Cormack et al., 2002]. Its reliability is based on the bootstrapping analysis of 100
to 1000 replicates.

Based on the phylogenetic analysis of (complete or partial) S gene sequences,
several research groups have inferred the genotype of HBV isolates from most
parts of the world. Based on greater than 4% variation on this gene, most of the
recent studies have assigned HBV genotypes in both clinical and molecular
epidemiology studies.

The reliability of partial sequences and their phylogenetic analysis largely
depend upon the region studied and the lengths of the analyzed amplicons. A
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potential drawback of this method is the existence of HBV recombinants in other
genomic regions, as well as the underestimation of eventual mixed infections.

Other methods currently used for HBV genotype assignment based on limited
number of nucleotidic or amino acidic polymorphisms among genotypes, include
restriction fragment polymorphism (RFLP) typing, hibridization techniques,
genotype-specific PCR amplification, and serological assays.

Once again a potential disadvantage of all these methodologies is the limited
genomic information from which a genotype is assigned. It is expected that single
nucleotide or amino acid mutations might produce untypeable results. Likewise,
an eventual HBV DNA recombination event may not be discovered.
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Figure 7. HBV genotyping by RFLP. Two serum samples were analyzed by S gene PCR
amplification followed by RFLP [Lindh et al., 1997]. Lanes 1 and 2: PCR products were
digested with Tsp5091 and Hinfl, respectively. Restriction pattern ascribes the isolate to
genotype A. Lanes 4 and 5: PCR products were cleaved with Hinfl and Tsp509I, respectively.
Digested fragments ascribe the isolate to genotype F. Lane 3: 125 bp ladder. The bp length of
each restriction fragment is shown at both sides of the gel.

Determination of HBV genotype by RFLP. Single or nested PCR
amplification followed by endonuclease cleavage is commonly used for RFLP, as
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described by some groups [Lindh et al., 1997; Mizokami et al., 1999; Zeng et al.,
2005]. These methods are able to detect mixed infections, since the endonuclease
activities produce cleavage (restriction) fragments characteristic of each HBV
populations. However, updates of these methods are required when new
genotypes are discovered (figure 7).
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Figure 8. Schematic representation of the Inno-LiPA HBV genotyping assay (Innogenetics). In
lines 1 to 5, the genotypes B, D, F, H and G+A mixed infection are determined according to the
pattern of reactive bands compared with reference standards.

Determination of HBV genotype by InnoLiPa. A commercially available
method was developed by Innogenetics [Teles et al.,, 1999]. Nested PCR
amplification of HBV DNA sequences (by using primers directed to conserved
regions of Pre-S1), followed by reverse hybridization of the amplified
(biotinylated) DNA products onto genotypic specific oligonucleotides previously
fixed on membrane strips, allow proper genotype assignment. The incubation with
a streptavidin conjugate allows color development from the biotinylated DNA
bound to the strip. Genotypes are determined according to the pattern of reactive
bands compared with reference standards (figure 8). This recently available line
probe assay (Inno-LiPA HBV genotyping assay, Innogenetics NV, Ghent,
Belgium) has been shown to exhibit good correlation with cloning and sequencing
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data when mixed infections are present in a given sample [Osiowy and Giles,
2003]. As RFLP, this technique can also be applied to study a large number of
samples providing representative data for molecular epidemiological studies
[Osiowy and Giles, 2003; Franca et al., 2004].

Determination of HBV genotype by using specific primers for single or
multiplex PCR amplification. Naito et al. (2001) have reported the use of a rapid
and specific genotyping system for HBV determination based on differences in
the conserved nucleotides in the envelope ORFs (Pre-S1 to S). They proposed the
use of a universal first amplification (for genotypes A to F, the only known
genotypes at the time of their publication) followed by two second round PCR
reactions using a mix of primers to differentiate the HBV genotypes based on
amplicons” lengths.

Another group has proposed the use of a one-round multiplex PCR to
demonstrate the presence of the same genotypes [Kirschberg et al., 2004].
Likewise, Kato et al. (2001) have proposed the use of heminested PCR with
specific primers to demonstrate the presence of genotype G, taking advantage of
the already known 36-bp insertion in the core gene.

Nevertheless, PCR results should be cautiously analyzed when developed by
in-house PCR, since some of the recently published primers may be useless for
the detection of some HBV genotypes, as correctly emphasized by Schaefer et al.
(2003). These authors alerted the scientific community about possible false
negative results for specific genotypes, after analysis of five out of ten recent
studies.

Determination of HBV genotype by using serological assays. Several
monoclonal antibodies have been obtained in order to characterize HBV
genotypes by [Usuda et al., 1999; Usuda et al., 2000; Laperche et al., 2001;
Kobashashi et al., 2002; Moriya et al., 2002]. Those monoclonals obtained by
Usuda et al. (2000) were raised against the Pre-S2 and S regions, and allow
genotyping of strains ascribed to genotype A to F. In a first step, HBsAg present
in the serum sample is captured on a 96-well microplate coated with monoclonal
antibody directed against the a determinant. In a second step, each of four wells
receives an enzyme-labeled monoclonal antibody to genotype specific Pre-S2
epitopes (m, k, s, or u). Genotypes are determined by the combination of Pre-S2
epitopes. These monoclonals are commercially available.

The co-infection with different genotypes and the recombination between
them obviously occur more frequently in geographical regions where a number of
genotypes co-circulate and provides the possibility of multiple exposure and
superinfection, as well as a mechanism of variation within individuals and in the
population in general [Kramvis et al., 20053, b].
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Table 4. Advantages and disadvantages associated to genotyping

methodologies

Methodology

Advantage

Disadvantage

PCR amplification,
direct HBV full
length sequencing
and phylogenetic
analysis

Provides the greatest
amount of information:
recombinants can be
detected.

Minor variants or mixed infections within
a given HBV population can be
underestimated (sensitivity 20-25%).

Not appropriate for large number of
samples.

Expensive, time consuming, requires
significant expertise on phylogenetic
analysis.

PCR amplification,
direct HBV partial
sequencing and

Provides  significant
information.
Useful for analysis of

Recombinants, minor variants and mixed
infections can be underestimated.
Quite  expensive, time consuming,

phylogenetic large  number  of requires  significant  expertise  on
analysis samples. phylogenetic analysis.

PCR amplification + Useful for massive Requires updates of restriction patterns

RFLP studies. according to  newly  discovered

May detect mixed
infections.

Easy to perform and
relatively cheap.

genotypes.

Recombinants may not be detected*.
Polymorphisms at specific positions of
endonuclease cleavage may produce
untypeable results.

Risk of (potential) DNA carryover when
(hemi) nested PCR is carried out with
large number of samples.

Hybridization
techniques
(INNO-LiPA HBV

genotyping)

Useful for massive
studies.

May detect mixed
infections.

Easy to perform.

Quite expensive.

Recombinants may not be documented*.
Polymorphisms at specific nucleotidic
positions may produce untypeable
results.

Genotype-specific
PCR

Useful for massive
studies.

May detect mixed
infections.

Easy to perform and
relatively cheap.

Requires updates of designed primers
according to  newly  discovered
genotypes.

Recombinants cannot be documented*.
Polymorphisms at specific positions of
DNA template may produce untypeable
results, due to lack of complementarity
with PCR primers.

It might (potentially) produce
overestimation of mixed infections if
primers used amplify mismatched
templates**.

Risk of (potential) DNA carryover when
(hemi) nested PCR is carried out with
large number of samples.
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Table 4. Continued

Methodology Advantage Disadvantage
Genotyping by = Useful for massive | = Single amino acidic exchange may turn
serological methods studies the analysis impossible or unreliable.
Easy to perform and
cheap.

*Unless specifically designed for such purpose.
** Not reported for the currently published protocols for HBV-genotype specific PCR

1.3.2.1. HBV Genotypes and Recombination

As sequence information from full-length HBV genomes is accumulating,
recent evidence has undoubtedly confirmed that this is not an infrequent event.
HBV genotypes coinfections have been documented (i.e. A + G or A+ D).
Moreover, a given predominant genotype in a host may be replaced by a minor
one during the course of the infection [Chen et al., 2006]. If a given cell is
coinfected by two (or more) different genotypes, the possibility exists that a
recombinant genome is being synthesized. With our current knowledge of HBV
replication, no mechanism can be envisioned where two hepadnaviral genomes
can exchange their genetic material at the level of transcription [Schaefer S.,
2007]. Initial evidence for recombination was independently provided by two
groups in the early nineties, when studying consecutive samples from a chronic
infected patient [Tran et al., 1991] and those from patients with hepatocellular
carcinoma [Georgi-Geisberger et al., 1992]. Subsequently, incongruities when
studying partial sequences derived from different genomic regions [Norder et al.,
1994] made scientists suspect that these might be true recombinants. This
biological event was formally proven after Bollyky et al. (1996) identified specific
breakpoints in published sequences. Since then, recombination events have
involved genotypes such as A/C, A/D, A/E, B/C, B/D, C/D, C/F, C/G and C/U (U
for unknown genotype) [Bowyer and Sim, 2000; Morozov et al., 2000; Hannoun
et al., 2000; Yuasa et al., 2000; Cui et al., 2002; Owiredu et al., 2002; Sugauchi et
al., 2002b; Fares and Holmes, 2002; Kurbanov et al., 2005; Wang et al., 2005;
Simmonds and Midgley, 2005; Suwannakarn et al., 2005; Chen et al., 2006;
Olinger et al., 2006]. An interesting example of recombination was documented
between genotypes B and C, which led to the discovery of the so-called Ba
subtype (currently B2), geographically restricted to the Asian continent without
affecting Japan. In contrast, a genuine (pure) genotype B genome circulates in
Japan and was formerly classified as genotype Bj (currently B1) [Sugauchi et al.,
2002a]. As observed when comparing B1 and B2 subtypes, A1/A2 and C1/C2
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pairs differ significantly in many virological and probably some clinical
associated features [Schaefer S., 2007].

Further recombination events between HBV genotypes have very recently
been reported: i.e. A/B/C, A/G and B/C/U.

Genotypes A and C showed the highest recombination tendency. Region
priority and breakpoint hot spots in the intergenotype recombination have been
demonstrated. Recombination breakpoints were found to be concentrated mainly
in the vicinity of the DR1 region (nt 1640-1900), the pre S1/S2 region (nt 3150-
100), the 3'-end of the C-gene (nt 2330-2450) and the 3'-end of the S-gene (nt
650-830). Again, in this study it was suggested that intergenotype recombinants
may result from co-infection with different genotypes [Yang et al., 2006]. A
general comprehensive view of HBV genotypes and their recombinant forms has
recently been published [Schaefer S., 2007]. At least one more putative genotype
would remain to be discovered [Yang et al., 2006; Schaefer S., 2007].

1.3.2.2. HBV Genotype and Its Clinical Relevance

It has become more evident that the long-term prognosis, the initial clinical
picture and the response to treatment may differ depending on which genotype/s
have infected the patient [Kidd-Ljunggren et al., 2004; Kramvis et al., 2005a].
Although additional studies are needed to better define the role of genotypes in
viral replication, carcinogenesis, fibrosis progression, and antiviral response, HBV
genotyping should be considered as a necessary procedure before initiating any
treatment.

However, it is increasingly difficult to extrapolate findings from one
geographical area to another, as the course of HBV infection also depends on both
host and environmental factors. Therefore, larger studies are necessary in various
regions of the world. Most of the available information comes from studies
carried out in Southeast Asia, where HBV infection is hyperendemic and
genotypes B and C predominate. These analyses have recently been extended to
other regions, but data from Latin America is still scarce.

Patients infected with genotype B are more likely to have a sustained
biochemical remission after spontaneous HBeAg seroconversion than patients
infected with genotype C [Chu et al., 2002], who are more prone to develop
chronic and advanced liver disease [Sugauchi et al., 2002; Ishikawa et al., 2002].
Associations were described between genotype C infection and higher scores of
histological activity [Lindh et al., 1999; Lindh et al., 2000], higher ALT levels
and hepatocellular carcinoma than in cases of infection with genotypes B
[Sugauchi et al., 2002; Ding et al., 2001], D or A [Vivekanandan et al., 2004].
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Chronic hepatitis appeared to be more frequent in patients infected with
genotype A than in those infected with genotype D [Mayerat et al., 1999].
However, chronically infected patients with genotype A may have a better
prognosis than those infected with either genotypes D or F due to spontaneous
sustained biochemical remission and milder disease with a decrease of HBV-DNA
levels at a higher rate [Sanchez-Tapias et al., 2002].

Genotype D was also found to be more related to a severe recurrent disease
post-transplantation [McMillan et al., 1996]. In a single study, the analysis of a
small group of Spanish patients infected with the Amerindian genotype F
suggested that this genotype may be associated with a higher mortality rate
because of a more frequent liver failure [Sanchez-Tapias et al., 2002].

Moreover, a very recent study demonstrated that genotype F was more
prevalent among patients with hepatocellular carcinoma (HCC) (68% versus 18%)
than among those without HCC (p<0.001). Even more importantly, for patients
infected with genotype F, the median age at diagnosis of HCC was lower than that
for patients with other genotypes (22.5 vs. 60 years, respectively; p=0.002)
[Livingston et al., 2007]. These results clearly emphasize the genotype relevance
in the outcome of HBV infection.

Another interesting point is the age of HBeAg to anti-HBe seroconversion
among the different HBV genotypes. It has been reported that with genotypes A
and D, the age of seroconversion to anti-HBe is intermediary and lies between a
seroconversion at very early age with genotype E and at very late age with
genotypes B and C [Allain JP., 2006].

Very few isolates of HBV genotype G or H have been characterized, making
it difficult to draw any conclusion regarding the influence of any of them on
disease progression or response to antiviral treatment. Chronic hepatitis patients
infected with genotype G are characterized by high HBV-DNA, HBeAg [Vieth et
al., 2002; Kato et al., 2002b] and ALT levels [Kato et al., 2002a]. However, the
frequent co-infection with genotype A might be responsible for these attributes
[Kato et al., 2002a; Kato et al., 2002b].

Data on response to antiviral treatment among different HBV genotypes are
preliminary. It seems that a higher rate of HBeAg seroconversion follows after
interferon (IFN)-a treatment in patients infected with genotype A than in those
with genotype D (37% vs. 6%) [Erhardt et al., 2000]. Another study showed that,
in addition to low pre-treatment HBV-DNA and elevated ALT levels, genotype B
was associated with a better antiviral response to IFN-o treatment. A higher rate
of HBeAg seroconversion was recorded when compared with genotype C [Wai et
al., 2002].
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The effect of HBV genotype on response to nucleoside and nucleotide
analogs is unclear due to the paucity of data. HBV genotype does not appear to
correlate with adefovir or lamivudine treatment response, but again, the studies
regarding treatment with both of these drugs are few and preliminary.

One study showed that although genotypes B and C have a similar risk of
developing lamivudine resistance after 1 year of therapy, genotype B has a better
virological response than genotype C [Kao et al., 2002].

A very interesting German study showed that the risk for the emergence of
lamivudine resistance during the first year of treatment is 20 times higher in HBV
infections with subtype adw than with ayw. A possible explanation for the
reduced risk of developing resistance in subtype ayw could be associated directly
or indirectly to a change in the hydrophilicity within the S region of this subtype
but not in adw [Zollner et al., 2001]. However, when patients were compared after
2 or 3 years of lamivudine treatment, no difference was observed between patients
infected with subtype adw or ayw. As a conclusion, lamivudine resistance
mutations took longer to develop in subtype ayw [Zollner et al., 2002]. The same
group documented that HBV genotype (D or A) and pretreatment serum HBV
DNA were independently associated with emerging rt2041 or rt204V (formerly
Met5521le or Met 552Val) lamivudine resistant mutants [Zollner et al., 2004].

On the other hand, there was no significant difference in the antiviral
response to adefovir among patients infected with the different HBV genotypes
[Westland et al., 2003].

1.3.2.3. HBV Genotypes (and Their Variants and Mutants):
Influence on Diagnosis

The analytical sensitivity of HBsAg and anti-HBs assays may be dependent
on HBV genotype or subtype. Preliminary results show that new real-time
Nucleic Acid Testing (NAT) detects genotypes A to G with equal sensitivity
[Weber B., 2005]. More recently, an A-H genotype independent real time PCR
was developed [Liu et al., 2006]. The clinical significance of S-gene mutants and
other HBV mutants needs -in analogy to that of HBV genotypes- to be further
investigated. Although many mutant strains of HBV have been identified, the
most clinically significant strains include the Pre-C and core-promoter variants, as
well as the surface and polymerase mutants. Interpretation of the clinical
significance of HBV mutations is complicated by the lack of standardized
nomenclature, variable sensitivity in the assays used to detect them, and presence
of multiple mutations even in the same species. Despite these limitations, in vivo
analysis of naturally occurring HBV variants and in vitro mutagenesis studies
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have identified several variants that may play a role in disease pathogenesis,
immune escape, and resistance to antiviral therapy [Wai et al., 2004].

Very few studies have addressed the issue of the potential influence of HBV
genotypes on the sensitivity of molecular assays. In one of them, in order to assess
the sensitivity of diagnostic assays, a panel (from the Société Francaise de
Transfusion Sanguine, Nord-Pas-de-Calais, France) was used for testing dilution
series of HBV subtypes. Approximately, a 10-fold difference in sensitivity was
recorded with three commercial assays [Weber et al., 2003; Weber B., 2005]. A
subsequent collaborative study from this author was carried out with 200 serum
samples from Nigerian liver patients by using three different HBsAg assays and
HBV DNA real time PCR. Again, one assay showed a higher sensitivity than the
alternative tests. By sequencing the DNA from one of the positive samples
detected with the former assay, a genotype E isolate was demonstrated [Weber et
al., 2006]. These initial and preliminary results suggest that there is a genotype
dependence on the sensitivity of the HBsAg assays, especially with genotype E,
the most divergent genotype at the a determinant. In this regard, a recent study
showed that 9 out of 10 commercially available kits for HBsAg detection,
including chemiluminescent immunoassays (CLIA), enzyme immunoassays
(EIA), and chemiluminescent enzyme immunoassays (CLEIA) were able to
demonstrate 0.2 1U/ml of such antigen, from all genotypes. However, the
remaining one (an EIA using a polyclonal for capture and a monoclonal for
detection) failed to detect such amount of HBsAg from genotype E and F
[Mizuochi et al., 2006]. Nevertheless, the sensitivity recorded with all kits (0.2—
1.0 1U/ml) approaches the satisfactory criterion according to the “Guidance for
Industry” issued by the FDA or the Common Technical Specification (“CTS”)
defined by the European Union. Clearly, a more in-depth analysis with the most
divergent genotypes needs to be performed regarding this important issue.

With regard to S gene variants/mutants, they can be didactically classified
into three groups: a) immune escape mutants; b) diagnostic escape mutants; and c)
immune and diagnostic escape mutants. These topics will be discussed below
(section 3.1).






Chapter 2

HBV Epidemiology in
Latin America and the
Caribbean (LAC) Region

2.1. Current Theories about HBV Origin and
Its Distribution

One of the theories that account for the geographical distribution of HBV
genotypes proposes that HBV originated in America, and spread into the Old
World during the European colonization over the last 400 years. It was suggested
that the existence of the various human HBV genotypes were the result of the
diversification of HBV after their geographical dispersal over such 400-year
period, although the date calculated from the molecular clock implies that a much
longer period would be required (over 2000 years). In spite of the probability that
the human HBV genotypes pre-existed before the spread, there is no evidence of
infection other than with genotype F in contemporary indigenous populations in
South America.

However, the fact that HBV is widely distributed in Old World primate
species, such as chimpanzees, gorillas, orangutans and gibbons, makes it difficult
to accept the previous hypothesis. Furthermore, although primate infection was
initially thought to have being the result of accidental transmission from humans
to captive animals, it has now been firmly established that chimpanzees from
West Africa and gibbons and orangutans from Southeastern Asia are infected with
HBYV in the wild. Taking into account the predictions of the molecular clock, the
primate genotypes of HBV would also have originated within the last 2000-3000
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years. The main difficulty to provide an alternative hypothesis for the
evolutionary history of HBV is the unexpected fact of an equivalent sequence
relationship among human genotypes A-E and G to each other and to the primate-
species-associated genotypes of HBV. It is also difficult to rationally fit into any
scheme the divergent human HBV genotype F and the even more divergent HBV
variant obtained from a captive woolly monkey, a New World primate. The
existence of species-specific genotypes of HBV in chimpanzees, gibbons and
orangutans, and the way they are intermixed with human genotypes is unexpected,
as the primate viruses should be much more divergent from human variants and
from each other, given the much longer period of co-speciation of primate species
(10-15 million years).

The third hypothesis for HBV origins proposes that human HBV infection
possibly arose mostly through contact with different primates infected with
species-specific genotypes (equivalent to those found in chimpanzees, gibbons
and orangutans). In some way, this is quite similar to what it is believed for the
origins of HIV infection in humans. Infection with HIV-1 is likely to have
originated through at least three separate cross-species transmissions from
chimpanzees, while human infection with HIV-2 in Western Africa independently
arose several times through contact with sooty mangabeys. A primate origin for
human HBYV infection is indeed supported by the observation that the areas of
high HBV prevalence in humans are those in which contact and cross-species
transmission from primates is most likely (South America, sub-Saharan Africa
and southeastern Asia). In fact, certain HBV genotypes are mainly restricted to
these three areas (F, E and B/C, respectively). Importantly, (genotype C) human
and ape HBV recombinants have been documented to circulate among humans in
Africa and Asia [Simmonds and Midgley, 2005].

2.2. Epidemiological Patterns and
Seroprevalence Rates Vary among
Geographical Regions and Socioeconomic
Groups

Over 400 million people live in the LAC region, among whom more than 6
million are chronic carriers of HBV and 400,000 new infections occur every year
[Fay et al., 1990; Torres JR., 1996]. Therefore, HBV represents a major public
health problem and is a cause of significant morbidity and mortality, especially
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for the communities living in the Amazon basin, as more than 30% of the 4
million carriers in South America is located in this region [Fay et al., 1990].

@ High Endemicity Area

O Intermediate Endemicity Area

@ Low Cndemicity Arsa

Figure 9. Chronic hepatitis B distribution in Latin America and the Caribbean region.

The worldwide distribution of chronic HBV infection shows 3 different
patterns (table 1) that can also be distinguished among LAC countries [Tanaka J.,
2000] (figure 9):

— High Endemicity Areas: Amazon Basin (parts of Northern Brazil,
Colombia, Peru and Venezuela).

— Intermediate Endemicity Areas: Haiti and Dominican Republic in the
Caribbean region; Guatemala and Honduras in Central America; and the
Northern part of Brazil, Colombia, Surinam and Venezuela in South
America.
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— Low Endemicity Areas: Mexico in North America; Bahamas, Barbados,
Cuba, Grenada, Jamaica and Trinidad and Tobago in the Caribbean
region; Costa Rica, El Salvador, Nicaragua and Panama in Central
America; and Argentina, Bolivia, the Southern part of Brazil, Chile,
Ecuador, Paraguay and Uruguay in South America.

Data on the prevalence of HBV infection in different regions of LAC are
sparse and originate from numerous local and regional serological studies.
Moreover, interpretation of these data is also complicated due to the different
methodologies used to asses HBV infection among studies and the fact that the
non-uniform pattern of distribution of HBV infection is related to geographical,
social and cultural factors.

The emigration of people into the LAC region and the migration of
populations throughout each country can also give rise to rapid changes in
epidemiological patterns. For example, the city of Buenos Aires (Argentina) as
well as the southern and southeastern regions of Brazil have experienced
increasing rates of immigration from high endemicity areas. Continued
urbanization and increasing access to small isolated municipalities have
contributed to rising HBV endemicity throughout LAC countries [Gish et al.,
2006].

Unless otherwise specified, data regarding HBV seroprevalence mentioned in
the forthcoming Sections correspond to blood donors. These values do not
necessarily reflect those from the general population (i.e. underestimations related
to the age of donors). Nevertheless, many studies have assumed the observed
values among blood donors as representative of the general population.

2.2.1. HBV Epidemiology in Mexico

The prevalence of HBsAg and anti-HBc positive blood donors from several
Mexican states ranges from 0.1 to 0.3% and from 1.4 to 21.9%, respectively
[Alvarez-Mufioz et al., 1991]. These rates usually increase after the age of 16,
suggesting the presence of a horizontal transmission [Tanaka J., 2000].

Interestingly, the prevalence of HBV infection in Mexican prison inmates and
female sexual workers were comparable to those of the general population and
blood donors [Alvarado-Esquivel et al., 2005 and 2006; Juarez-Figueroa et al.,
2006].

However, Guanajuato, with 1.1% of its blood donors showing positivity for
HBsAg, is one of the Mexican states with the highest prevalence rates of HBV
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infection [Carreto-Velez et al., 2002]. Another interesting example is the southern
state of Chiapas, where Guatemalan refugee camps are spread among the local
communities and 4.2 and 17.3% of HBsAg (+) was found among Mexicans and
Guatemalans, respectively. Besides, HDV was present in 42.0% of the HBsAg
carriers. The HBV prevalence rates in southeastern Chiapas could easily be
compared to those in highly endemic areas, like the Amazon Basin [Alvarez-
Mufoz et al., 1989].

In more recent studies, occult HBV infection was reported with a prevalence
of 8.2 and 18.4% among Mexican blood donors and HIV (+) patients negative for
HBsAg, respectively [Garcia-Montalvo et al., 2005; Torres-Baranda et al., 2006].

2.2.2. HBV Epidemiology in the Caribbean Region

In the period 1996-2003, the prevalence rates of HBsAg among blood donors
from several Caribbean countries were studied, showing figures that ranged from
3.0 to 7.5% in Saint Kitts and Nevis; between 4.1 and 5.5% in Haiti; 1.6 to 2.5%
in Grenada and Guyana; remained consistently above 1.0 in the Bahamas, Saint
Vincent and the Grenadines; and below 1.0% during the entire period of time in
Cuba, Trinidad and Tobago, Antigua and Barbuda and Suriname [Cruz et al.,
2005].

In the Dominican Republic, the overall seroprevalence rate of anti-HBc
among 478 residents was 21.4%, with a high seroprevalence rate in children and
even higher in those aged over 16 years old. Interestingly, this rate was higher in
females than in males (24.0% vs. 12.6%, p = 0.01) [Tanaka J., 2000].

Among Haitian women known to be infected with human immunodeficiency
virus type 1 (HIV-1) or Human T Lymphotropic Virus type I (HTLV-1), the
seroprevalence rates of anti-HBc were 67.0 and 43.0%, respectively [Boulos et al.,
1992].

In Puerto Rico, the prevalence for HBsAg and anti-HBc in the 1980’s was
10.1 and 0.2% [Mazzur et al., 1981]. On the other hand, the prevalence of HBV
serological markers is higher among Cuban high-risk groups, such as multi-
transfused [Ballester et al., 2005] and HIV [+] patients [Rodriguez et al., 2000] as
compared to the general population. Only 1.3% of high-performance athletes
showed positivity for the HBV infection [Rodrigues Lay et al., 1997] while the
seroprevalence rate of anti-HBc among the risk groups was 45.5%, being 5.1% of
them positive for HBsAg. Significant statistical association was found between
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the male sex and the homosexual or bisexual behaviour to the exposure to HBV (p
<0.01 and p < 0.001, respectively).

2.2.3. HBV Epidemiology in Central America

The overall seroprevalence rates for HBV infection in Costa Rica ranged
from 0.4 to 0.5% blood donors thus showing a low prevalence (period 1993-1997)
[Schmunis et al., 1998; Schmunis et al., 2001]. Groups other than blood donors
were studied as well: the mean HBsAg prevalence was 5.0, 18.9, 43.2 and 54.3%
among cirrhotics, haemophiliacs, patients with viral chronic active hepatitis and
hepatocellular carcinoma, respectively [Salom et al., 1990].

In El Salvador, the overall seroprevalence rates for HBsAg ranged from 0.4 to
0.8% in blood donors (period 1993-1997), while in Guatemala it reached 0.7%
(1993) and in Honduras it oscilated between 0.3 to 1% (period 1993-1997)
[Schmunis et al., 1998; Schmunis et al., 2001]. Moreover, in the latter country,
multi-transfused patients from the cities of Tegucigalpa and San Pedro Sula were
analyzed between September 2002 and August 2003, and 11% were found
positive for HBsAg and 27% for anti-HBc [Vinelli et al., 2005].

The prevalence rates for HBV infection in Nicaragua varies between 0.3 and
0.8% in blood donors (period 1993-1997) [Schmunis et al., 1998; Schmunis et al.,
2001]. In 1996, the seroprevalence for markers of HBV infection was studied
among a healthy population in Leon. Only 6% and 0.9% showed anti-HBc and
HBsAg (+), respectively [Perez et al., 1996]. These findings contributed to
confirm that Nicaragua is a low endemicity country.

The overall seroprevalence rates for HBV infection in Panama ranges from
0.4 to 0.7% (period 1994-1997) [Schmunis et al., 2001]. On the other hand, in
Belize, a small country in Central America, it is 1.0 to 4.7% in blood donors
(period 1996-2003) [Cruz et al., 2005]. Moreover, 31% of the members of the
National Defense Force were positive for anti-HBc and 4% had HBV surface
antigen.

Rates of anti-HBc increased with age and varied significantly among the
ethnic groups with the lowest rates among Mestizo (5%) and Mayan Indians (9%),
and the highest in Creoles (30%) and Garifuna ones (56%) [Craig et al., 1993].
Similar seroprevalence rates were recorded when health care workers were
studied [Hakre et al., 1995].
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2.2.4. HBV Epidemiology in Colombia

In 1985, the seroprevalence of HBV infection among healthy blood donors
from the urban area of Bogota was 7% for anti-HBc and 1.6% showed positivity
for HBsAg [Echevarria et al., 2003]. Moreover, it ranged between 0.7- 0.9 %
during the period 1994-1997 [Schmunis et al., 2001]. However, these figures are
lower compared to those observed among communities in northwestern Colombia
belonging to the Amazon Basin.

“Hepatitis of the Sierra Nevada de Santa Marta” has been recognized as an
unusual type of severe hepatitis occurring in this particular area of Colombia since
1930. This endemic form of acute hepatitis occurred predominantly in several
small towns within 50 km of Santa Marta, most commonly affecting children
under the age of 15 and males twice as frequent as females (figure 10). This
distinct type of fulminant hepatitis became a serious health problem in the
Colombian Amazon due to its high mortality rate, which in the 1940’s reached
1.25 per 1,000 inhabitants per year [Buitrago et al., 1986].
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Figure 10. HBV/HDV coinfection areas in Latin America.
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The anti-HBc prevalence in this area in 1985 was up to 93%, with an HBsAg
incidence of over 20%. In one particular community of the three analyzed, 60% of
the HBsAg carriers were positive for anti-HDV [Ljunggren et al., 1985].

Several studies from the 1980’s [Hadler et al., 1984; Ljunggren et al., 1985;
Bensabath et al., 1987; Torres et al., 1991] demonstrated an association between
the occurrence of endemic cases or epidemic outbreaks and the existence (in the
same region) of HDV superinfection among chronic HBV carriers in highly
endemic areas for the latter. Although the etiology of Santa Marta hepatitis is now
known, no clear conclusions can be drawn about the viral transmission
mechanisms driving this deadly form of hepatitis.

2.2.5. HBV Epidemiology in Venezuela

The overall seroprevalence rate of anti-HBc in Venezuela is 3%, but
increasing after the age of 16 [Tanaka J., 2000]. However, variations are frequent
due to geographical and cultural factors. While endemicity is considered to be
medium among rural populations and low in urban areas, it is extremely high in
Amerindian communities from the Amazon State and Sierra de Perija (Zulia
State).

In the metropolitan area, the prevalence of HBsAg among healthy subjects
[de Marquez et al., 1993] and indigent communities [Ponce et al., 1994] was not
significantly different (1.6% vs. 2.1%). Anti-HBc was higher among indigent
patients (28.0% vs. 10.6%). These differences appear to correlate with the socio-
economic level. Interestingly, similar conclusions were drawn when HBV
infection was compared in pregnant women residing in Caracas and belonging
either to a low or a high income population [Pujol et al., 1994].

Rural populations have a prevalence rate for HBsAg of 2.2%, which is
significantly higher than that observed in urban groups but no different from the
one in Afro-Venezuelan communities (3.6%) [Quintero et al., 2002].

By the late 1960’s, an outbreak of acute fulminating hepatitis occurred among
the Yanomami, an isolated Amerindian population of the Upper Orinoco river
basin (southern Venezuela), with HBsAg and HDV positive in 30.6 and 39.7% of
the studied patients. The epidemics extended for several years and reached severe
proportions in 1975 with 320 cases per thousand inhabitants and several deaths
[Torresetal., 1991].

A similar outbreak affected the Yukpa Indians in the Perija region
(northwestern Venezuela, figure 10) a decade later, where 65% of patients tested
positive for HBsAg and 86% of them had HDV coinfection. This new epidemic
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extended from 1979 to 1981, primarily affecting children and young males and
causing 149 acute cases, 22 of which developed chronic hepatitis, and 34 ended in
death [Hadler et al., 1984]. Moreover, when the Yukpa HBV carriers who
survived the 1979-1981outbreak were followed regularly between 1983 and 1988,
half of them tested positive for HDV infection. This particular group was at a
higher risk of developing moderate-to-severe chronic liver disease with mortality
rates ranging from 6.9 to 8.8% per year, compared to HBV carriers without HDV
coinfection [Hadler et al., 1992]. Interestingly, these high endemicity rates for
HBV and HDV infection were not exclusive of the Yukpa Indians as a similar
epidemiological description was reported among the Bari Indians also living in
the Perija mountains area [Blitz-Dorfman et al., 1994]

In both cases, these Amerindian communities located so far away one from
the other shared the same etiology: HDV superinfection among chronic HBV
carriers from highly-endemic areas (figure 10).

In more recent studies, HBV DNA was detected in blood samples positive for
anti-HBc and negative for HBsAg. The prevalence of “occult” HBV infection
ranged between 1.4% to 6.0% among blood donors in Caracas [Gutiérrez et al.,
1999; Leon et al., 1999; Gutiérrez et al., 2004]. However, no HBV DNA was
found in the sera of blood donors who were negative for all HBV serological
markers [Gutiérrez et al., 2001].

2.2.6. HBV Epidemiology in Ecuador

The seroprevalence rates for HBV among Ecuadorian blood donors ranged
between 0.4 and 0.5% during the period 1994-1997 [Schmunis et al., 2001].

2.2.7. HBV Epidemiology in Brazil

The overall seroprevalence for anti-HBc was 7.9%, showing an increase after
the age of 30 years and was higher in males. Remarkably, 3.8% of the children
aged between 1 and 5 years old were positive for anti-HBc, which suggests the
occurrence of some degree of vertical transmission [Tanaka J., 2000].

Brazil is a country with an overall intermediate HBV prevalence, which
shows increasing rates from south to north [de Paula et al., 2001]. The pattern of
distribution of HBV infection tends to show a wide variation. It depends on the
geographical area where the study is carried out as well as on the socio-economic
level of the population group analyzed. In general, the seroprevalence is higher
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among the lower income groups and the communities living in northern Brazil,
especially in the Amazon Basin [Tanaka J., 2000].

In the southern states (Parand, Rio Grande do Sul, Santa Catarina), the
seroprevalence of HBsAg and anti-HBc among blood donors samples collected
during the period 1999-2001 ranged from 0.6 to 1% and 5.3 to 8.8%, respectively
[Rosini et al., 2003]. As expected, the rates were higher among haemodialysis
patients (10.0% for HBsAg and 23.2% for anti-HBc), health care workers (2.7 and
20.1%) [Carrilho et al., 2004] and HIV infected patients (24.3 and 71.2%)
[Treitinger et al., 1999].

During the 1998-2005 period 0.3% and 3.7% of the blood donors in Rio de
Janeiro (South-East of Brazil) showed positivity for HBsAg and anti-HBc,
respectively [Andrade et al., 2006]. Interestingly, the rates among the indigenous
population of this region (Xacriaba) are comparable to those from blood donors
residing in urban areas [Figueiredo et al., 2000]. On the other hand, the prevalence
of HBsAg was 4.4% among hemodialysis patients [Busek et al., 2002], 3.4% in
injecting drug users [Oliveira et al., 2005] and between 5.3 and 8.5% in HIV
infected patients [Mendez-Correa et al., 2000; Pavan et al., 2003; Souza et al.,
2004)].

The central-west Brazil shows higher HBV prevalence in blood donors (9.4%
for anti-HBc and 0.7% for HBsAg) [Aguiar et al., 2001], than among isolated
Afro-Brazilian (2.4 and 2.2%, respectively) [Motta-Castro et al., 2005] and
indigenous communities (2.2 and 0.0%) [Aguiar et al., 2002]. However, as stated
previously, HBV markers are easily detected among individuals from high-risk
groups, such as hemodialysis patients (29.8% for anti-HBc and 0.8% for HBsAQ)
[Ferreira et al., 2006] and HIV infected patients (40.0 and 3.7%) [de Almeida
Pereira et al., 2006].

The northern region includes the Amazon River basin, which has one of the
highest rates of HBV carriers in the world (5-20%) and a mortality rate which is 5
to 10 times higher than the averages for the rest of the hemisphere [Bensabath et
al., 1987; Soares et al., 1994; Dutra Souto et al., 1998]. In fact, a high frequency
of severe cases of acute and chronic hepatitis is commonly observed and even an
endemic and unique form of fulminant HBV/HDV hepatitis, known as “Labrea”
fever [Fay et al., 1985; Bensabath et al., 1987] has been reported. This type of
fulminant hepatitis is characterized by liver failure before hepatocellular necrosis
and inflammation are observed and resembles another peculiar form of fulminant
hepatitis caused by HBV/HDV superinfection in the African equatorial forest
(Bangui hepatitis) [Andrade et al., 1992] (figure 10).

In western Brazilian Amazon (Acre and Amazonas states), the overall HBsAg
prevalence among blood donors was 66.1%. This high endemicity is complicated
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by the high prevalence of HDV (66%) [de Paula et al., 2001]. On the other hand,
in eastern Amazon (Para state), the picture is slightly different. HBV infection
began in the first two years of life, resulting in up to 14.4% of carriers and 85.0%
of the indigenous population with signs of past infection. However, no HDV co-
infection has been detected yet [Soares et al., 1994].

In recent studies, “occult” HBV infection has been observed among different
Brazilian groups. HBV DNA was detected in 3.3% of blood donors [Silva et al.,
2005], 1.0% of renal transplant patients [Peres et al., 2005], 14.0% of chronic
HCYV patients [Silva et al., 2004] and 18.7% of HIV infected patients [Sucupira et
al., 2006].

2.2.8. HBV Epidemiology in Peru

The overall HBsAg seroprevalence rates for HBV infection among Peruvian
blood donors ranged from 0.7 to 1.0% during the period 1993-1997 [Schmunis et
al., 1998: Schmunis et al., 2001].

The epidemiology of the HBV infection in this Southern American country is
very rich due to regional variations in the viral prevalence:

— The Peruvian Amazon plain (Marafion and Madre de Dios; figure 10) is a
highly endemic region where HBV infection occurs mainly among
individuals younger than 20 years old. The prevalence of anti-HBc
among the autochthonous population ranges from 69.0 to 74.0%.
Moreover, between 3.9 to 12.1% are positive for HBsAg, among whom
2.5-9.0% has anti-HDV [Echevarria et al., 2003]. Similar to what
happened in other regions of the Amazon Basin, the HBV/HDV
coinfection (highly endemic along the Northern and Northeastern border
of the Peruvian Amazon jungle) was found associated to outbreaks of
severe acute hepatitis occurred during 1992-1993 among troops stationed
at four jungle outposts [Casey et al., 1996] (figure 10).

— The Andean highland is a medium to low endemic area. For example, 9.4
and 1.4% of pregnant women were found positive for HBsAg in the cities
of Lima and Chanchamayo, respectively [Vasquez et al., 1999]. This
conflicting result was explained due to the fact that 63% of pregnant
women attending the Lima Hospital were derived from regions other than
the capital city.

— The transition valleys (Huanta and Abancay), communicating the
previous regions, are medium to high endemic areas. Therefore, it was
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not surprising that when 143 clinically healthy school children were
studied, 82.0%, 16.0% and 17.9% showed positivity for anti-HBc,
HBsAg and anti-HDV, respectively. However, so far, no outbreaks have
been reported in the area [Cabezas et al., 1994].

2.2.9. HBV Epidemiology in Bolivia

In general, Bolivia is considered to be a medium to low HBV endemicity
country, with an overall HBsAg prevalence ranging from 0.4 to 8.0%. However, it
depends on the population group and the geographical region studied.

HBYV infection is lowly-intermediately endemic among healthy blood donors
residents of Santa Cruz city or its suburbs [Konomi et al., 1999], rural
communities of the high Andean plateau, and two high-risk groups in the city of
Cochabamba (homeless children and sexual workers) [Leon et al., 1999] as 0.3,
11.2 and 11.6% of the analyzed population was found positive, respectively.

On the other hand, a very different picture is observed when the indigenous
populations of the Bolivian Amazon (Yuki Indians in Chapare and Trinitarios
Indians in Santisima Trinidad; figure 10) become the subject of study. As has
been noted previously with similar communities in tropical areas of South
America, HBV infection is highly endemic with an anti-HBc prevalence of 34.0-
84.0% mainly among individuals younger than 20 years old. Up to 4.8% of the
population are HBsAg carriers, among whom the prevalence of anti-HDV was
significantly low (0.0-2.2%). So far, no outbreak of HDV infection has been
documented in this region, but the high endemicity of HBV points to the
possibility of future outbreaks [Leon et al., 1999; Echevarria et al., 2003].

2.2.10. HBV Epidemiology in Paraguay

The seroprevalence rates for HBsAg among blood donors ranged from 0.6 to
1.4% during the period 1994-1997 [Schmunis et al., 2001].

2.2.11. HBV Epidemiology in Uruguay

The seroprevalence rates for HBsAg among blood donors ranged between 0.4
and 0.5% during the period 1994-1997 [Schmunis et al., 2001]. A survey
performed on injecting drug users (IDUs) and non-injecting cocain users (NICUs)
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between 2002 and 2003 established an anti-HBc seroprevalence of 19.5 and
11.7%, respectively (Vignoles et al., 2006).

2.2.12. HBV Epidemiology in Chile

HBsAg prevalence is low (about 0.1%) among blood donors in Chile
[Schmunis et al., 2001] with variations within the country: the northern area
shows higher rates than central and southern Chile [Velasco et al., 1972].

Santiago, the Chilean capital city, exhibits a low endemicity rate also. Two
studies support this fact. When 117705 voluntary blood donors from the National
Blood Bank were studied, only 0.3% of them were chronic HBsAg carriers
[Velasco et al., 1978]. More recently, the overall seroprevalence rate of anti-HBc
was 0.6% among the 496 Chileans analyzed with ages ranging from 1 to 40 years.
An increase in this rate was observed after the age of 20, with the highest
prevalence recorded in the group ranging from 31 to 40 years (4%) [Tanaka J.,
2000]. However, taking into account these features, it is plausible that a higher
anti-HBc prevalence rate could have been observed if an older group had been
included as well.

2.2.13. HBV Epidemiology in Argentina

During the year 2005, the overall seroprevalence for HBsAg and anti-HBc
among blood donors was 0.3 and 3.1%, respectively [Proyecto Programa Nacional
de Control de Hepatitis Virales, Informe Epidemioldgico N° 6, 2006]. The
prevalence rates for anti-HBc tend to increase after the age of 30 years, but are
significatively present (3.8%) among children aged up to 5 years, whereas it
decreases when older children and young teenagers are studied [Tanaka J., 2000].
This finding suggest the occurrence of some degree of vertical transmission in
Argentina, which was later indirectly confirmed by the presence of detectable
HBsAg among 0.2% of pregnant women in 2004 and 0.1% in 2005 [Proyecto
Programa Nacional de Control de Hepatitis Virales, Informe Epidemiolégico N° 5
(2005) and N° (2006), respectively]. Nevertheless, these values may
underestimate the true HBsSAg prevalence among pregnant women, since they
were strongly influenced by the high number of pregnancies studied in one
hospital located in a region (Cordoba Province, central area) of very low
prevalence (0.1%). Other hospitals have shown HBsAg prevalence rates reaching
0.5% (Chaco Province, northern area).
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As expected, rates were significantly higher among high-risk groups, such as
HIV infected population (58.5% and 14.5% positive for anti-HBc and HBsAg,
respectively [Fainboim et al., 1999]). Likewise, the anti-HBc seroprevalence rates
among men having sex with men -MSM- (37.7%), female sex workers (14.4-
17.9%), individuals with other sexual infections (15.0%), NICUs (8.9%) and
street-recruited injection drug users (42.5%) were also high [Weissenbacher et al.,
2003; Pando et al., 2006a and 2006b; Vignoles et al., 2006]. Occult HBV
infection was detected among 2.0% of HBsAg (-) and anti-HBc (+) patients
coinfected with HIV and/or HCV [Munne et al., 2006].

Although the few epidemiological studies available place Argentina as a low
endemicity country, regional variations are common. The northern area of this
country shows a higher prevalence (3.6% of the blood donors in the east and 7.2%
in the west are positive for anti-HBc) when compared to the central and southern
regions [Proyecto Programa Nacional de Control de Hepatitis Virales, Informe
Epidemioldgico N° 6, 2006]. Two interesting examples are represented by the
north-western provinces of Salta and Jujuy. Salta and San Salvador de Jujuy cities
are considered to be low to intermediate HBV endemicity areas taking into
consideration that the HBsAg and anti-HBc prevalence is 1.0 and 9.3%, and 1.2
and 8.4%, respectively. However, Oran and Embarcacion (near the Argentinean-
Bolivian frontier) in Salta (4.1 and 41.8%, and 3.5 and 33.8%, respectively) and
the Yungas tropical area in Jujuy (2.6 and 17.4%) show the highest HBV
seroprevalence not only of these provinces, but also of the entire country [Garay
et al., 2006; Remondegui et al., 2006].

2.3. HBV Molecular Epidemiology in the LAC
Region: A Unique Genetic Diversity as a
Consequence of a Continuous Human
Migration

It has been proposed that indigenous HBV genotypes entered the American
continent with the first settlers that came from Asia across the Bering Strait
around 20,000 and 15,000 years ago [Arauz-Ruiz et al., 2002]. They probably
migrated to the south along the coastal area, since the global coalescence
prevented access to North America through any interior route. This allowed a
rapid expansion to Central and South America. Moreover, a second migration to
North and Central America took place about 12,500 years ago, possibly via an
interior route [Schurr and Sherry, 2004].
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The different geographic location of HBV genotype F’s subgroups and
clusters could correlate with this double entrance to South America along the
eastern (F1, cluster Ib) and western (F2, cluster Il, 11l and 1V) coasts. Where the
continent becomes narrower or ends, these paths could have become closer
resulting in the mixture of all clusters in Central America, as well as in the
isolation of subgroups F1 (cluster Ib) and F2 (cluster 1V) in Argentina [Campos et
al., 2005].

By showing the highest similarity to genotype F, HBV genotype H has
probably split off within the New World by early division of the progenitor HBV
strains of the first settlers [Arauz-Ruiz et al., 2002]. However, as compared with
the geographic location of genotype F, the distribution of the eighth HBV
genotype within the American continent is limited as so far it seems to be
restricted to Mexico and Central America.

HBV genotypes A (subgroup A2) and D are the signature of the European
colonization that started in the sixteenth century and continued with two massive
migrations during the end of the eighteenth century and the beginning of the
nineteenth.

The African influx is also present in Latin America as a direct result of the
slave trade during colonial times. Fine examples of this influence could be the
predominance of genotype A (subgroup Al) in Brazil [Araujo et al., 2004] and its
presence in northeastern Argentina [Campos et al., 2005], as well as the detection
of genotype E in one Haitian pediatric patient living in Belgium [Liu et al., 2001]
and two Dominican and Argentinean half-sisters of African descent [Mathet et al.,
2006].

Strains ascribed to HBV genotypes B and C that were reported in Peru, Brazil
and Argentina indicate the recent arrival of immigrants of Asian ethnicity.

As the worldwide origin of HBV genotype G — isolated in France and USA-
remains to be unknown, the reported Mexican strains might be an import from
USA due to the frequent migration between those countries.

2.3.1. HBV Genotypes in Mexico

Information regarding the molecular epidemiology of HBV in Mexico is still
scanty.

The first study regarding the genetic characteristics of Mexican HBV strains
revealed the predominance of divergent genotype F strains (66.6%), followed by
genotype A -subgroup A2- (20%), D (6.7%) and G (6.7%) [Sanchez et al., 2002].
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However, it was undertaken before the designation of HBV genotype H was even
proposed to three strains found in Nicaragua and USA [Arauz-Ruiz et al., 2002].
Thus, some divergent strains formerly classified as HBV genotype F could be
definitively ascribed to the genotype H.

A more recent report obtained an updated classification [Alvarado-Esquivel et
al., 2006]. It concludes that at least 4 different genotypes circulate in Mexico,
being HBV genotype H the most prevalent followed by genotypes G, A and D.
Interestingly, the five strains ascribed to HBV genotype G in this study were
detected as single isolates and not as genotype A-G mixed infections, as originally
described [Kato et al., 2002].

It is important to remark that the frequency of genotype H among Mexican
strains (75.5%) is the highest reported worldwide. Also, this particular genotype
was found to be responsible for all HBV infections in the studied hemodialysis
patients but only accounted for 50% of the infections among AIDS patients (the
remaining half had been due to genotype G) [Alvarado-Esquivel et al., 2006].
HBV genotype H predominates in both acute or chronic hepatitis patients (74.0%)
and among MSM (52.0%), while a noticeable frequency of genotype G (28.0%)
was present only in the latter group, always contributing to mixed infections with
genotypes A and H. Genotype D was detected in 32% of hepatitis patients
[Sanchez et al., 2007].

2.3.2. Genotypes in Central America

In five different Central American countries (Guatemala, El Salvador,
Honduras, Nicaragua and Costa Rica), the predominance of HBV genotype F
(79.0%) was anticipated since this genotype is considered indigenous to the
continent. Genotypes A, D and C (14.0%, 6.0% and 1.0%, respectively) were also
present in serum samples from four groups of subjects (blood donors found
HBsAg positive, patients with a diagnosis of acute or chronic hepatitis, HBsAg-
positive pregnant women and Amerindian patients) [Arauz-Ruiz et al., 1997a].

In a later study [Arauz-Ruiz et al., 1997b], it was reported that two of the
Nicaraguan and two of the Costa Rican strains previously ascribed to HBV
genotype A clustered with isolates belonging to the A2 and Al subgroups,
respectively. Moreover, only one strain from Costa Rica belonged to genotype C
and was closely related to strains from Vietnam, Laos and Bangladesh.

Interestingly, four Costa Rican isolates ascribed to HBV genotype D were
more related to French strains associated with drug addiction encoding ayw3 than
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to the Mediterranean strains encoding ayw2 within this genotype. It has been
proposed that at the time of the major Spanish immigration to Central America,
genotype A might have dominated. However, since then, genotype D has been
moving westward at the expense of genotype A as reflected by subtype
distribution [Norder et al., 1993].

In general, the amino acid S gene sequence was quite conserved among all
genotype F strains from Central America. While one of them encoded the subtype
ayw4, the rest expressed the subtype adw4, thus exhibiting subtype heterogeneity
among this HBV genotype.

On the other hand, two Nicaraguan strains -originally ascribed to genotype F-
formed a divergent cluster from all other F strains. Subsequent sequencing of their
complete genomes established that they represented a new genotype, for which
the designation H was proposed [Arauz-Ruiz et al., 2002].

2.3.3. HBV Genotypes in Colombia

There are no reports regarding the molecular epidemiology of HBV infection
in Colombia. However, only three HBV sequences from Colombia submitted to
the GenBank were included as part of different study populations: two of them are
ascribed to HBV genotype F [Norder et al., 1994 and 2004] and the remaining to
genotype G [Toro et al., 2006].

2.3.4. HBV Genotypes in Venezuela

Confirming its indigenous origin, HBV genotype F prevails in different
populations: Amerindians from western and southern Venezuela, hemodialysis
patients, hemophiliacs, patients with chronic hepatitis, blood donors and pregnant
women found positive for HBsAg [Blitz et al., 1998; Nakano et al., 2001].
Genotype A, D and B are also present.

Infections with multiple genotypes (but always involving genotype F) as well
as two previously unrecognized geno-antigenic groups of HBV strain (subtype
ayw4 and adw2, genotype F) were detected among hemodialysis patients, who are
considered high-risk patients for multiple infections by parentally transmitted
viruses. The presence of these new associations was only found among patients
attending the same hemodialysis Unit in Caracas, which suggests that nosocomial
transmission could have been playing a role in viral dissemination. However,
HBV genotype F/ayw4 cannot exclusively be attributed to an outbreak in this
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Venezuelan Unit, as the same association had previously been found in Central
America [Arauz-Ruiz et al., 1997b].

Interestingly, a significant difference in prevalence of genotype F was found
among blood donors screened as positive for anti-HBc and negative for HBsAg
[Gutiérrez et al., 2004], as compared to the high proportion of this genotype
observed among HBsAg positive blood donor samples collected during the same
period (76.0% genotype F in HBsAg positive samples vs. 30.0% genotype F in
HBsAg negative samples) [Devesa et al., 2004] or in the whole Venezuelan
population [Blitz et al., 1998]. Occult infection isolates were mainly ascribed to
genotypes A and D. Moreover, phylogenetic analysis of viral surface and core
region revealed discrepancies in genotype assignment in some samples,
suggesting the presence of mixed infections or genomic recombinations.

HBV genotype F and the co-infecting HDV genotype Ill, also indigenous to
South America [Casey et al., 1996], are endemic in Amerindian population group
from Venezuela and probably related to the outbreak of fulminant hepatitis with
high mortality rate between 1979 and 1982 [Hadler et al., 1984; Torres et al.,
1991; Nakano et al., 2001]. A more recent study revealed that HDV genotype | is
also circulating among Venezuelan Amerindians, probably as a result of European
immigrations, and is associated to HBV genotype F [Quintero et al., 2001].

When HBV strains from Venezuelan populations of African origin were
analyzed, genotype F and A were equally distributed (50% each) [Quintero et al.,
2002]. The higher prevalence of genotype A among these populations, compared
to other Venezuelan groups, suggests that this genotype had been circulating in
Africa in the 16" century and introduced in the Americas during the slave trade
period. Several reports are in agreement with this hypothesis [Araujo et al., 2004].
Furthermore, the low degree of diversity observed among genotype A in Afro-
Venezuelan populations supports the idea of a common introduction of these
HBYV isolates.

The Amerindian HBV genotype F is widely distributed among Amerindian
and non-Amerindian groups (even in isolated communities). This might be due to
a high rate of transmission of this genotype. However, another explanation for its
circulation among the Afro-Venezuelan population is that this introduction might
have occurred during the admixture of slaves with Amerindian groups.

The absence of the HBV genotype E in these communities is in agreement
with recent phylogenetic studies that suggest a contemporary origin of this
genotype in Africa [Takahashi et al., 2000].
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2.3.5. HBV Genotypes in Brazil

Brazil can be differentiated from the other Latin American countries by the
high prevalence of HBV genotypes A and D at the expense of genotype F.
Molecular epidemiology studies carried out among blood donors as well as acute
and chronic hepatitis patients from two Brazilian cities (Rio de Janeiro and Séo
Paulo) revealed a predominance of HBV genotype A, followed by D and F
strains. A similar distribution of genotypes was also observed among HIV
positive patients [Sucupira et al., 2006].

Unexpectedly, in western Amazon, where HDV and HBV are highly
prevalent causing outbreaks of fulminant hepatitis, the most prevalent HBV
genotype is A and not F, as observed in other areas of the continent with HBV-
HDV superinfection. HBV genotype D was not detected in the Brazilian Amazon
[Viana et al., 2005].

The high proportion of isolates belonging to the Afro-Asian subgroup Al
suggests a common African origin for a large number of Brazilian HBV patients
[Araujo et al., 2004]. Supporting this idea is the fact that HBV genotype A
subgenotype Al was present in all the studied samples from isolated Afro-
Brazilian communities in central Brazil [Motta-Castro et al., 2005].

On the other hand, a different genotypic prevalence appears to exist among
hemodialysis patients. In 1995, strains adw2/A and ayw3/D were equally
predominant. However, a shift to a predominance of the latter has been observed
since 1999, suggesting that subtype ayw3 and genotype D are more likely to
disseminate in the hemodialysis environment [Teles et al., 2002]. Since then, this
hypothesis has been supported by several studies [Carrilho et al., 2004; Ferreira et
al., 2006].

Only subsequent studies detected genotypes B and C which were first
observed in Sdo Paulo, probably due to the low percentage of Asian subjects
included in previous studies [Sitnik et al., 2004].

Although there are many African descendants in Brazil due to slaves being
brought from Africa from the 16" to the 19™ centuries, HBV genotype E has not
been detected yet.

2.3.6. HBV Genotypes in Peru

HBV Genotype F is the predominant genotype of the virus in the Peruvian
Amazon Basin; it was reported -along with HDV genotype I1I- as the possible
causes of acute hepatitis outbreaks occurred during 1992-1993 among Peruvian
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troops stationed at jungle outposts [Casey et al., 1996]. Strains from genotypes B
and C were also observed [Campos et al., 2005].

2.3.7. HBV Genotypes in Bolivia

The only known report on HBV molecular epidemiology in Bolivia analyzed
6 strains ascribed to genotype F [Huy et al., 2006]. Phylogenetic analysis of the
Bolivian HBV Pre-S gene sequences demonstrated the division of genotype F into
four clusters -as previously reported [Mbayed et al., 2001; Devesa et al., 2004]-
and revealed that the analyzed isolates were located in a cluster comprised of
Argentinean strains (cluster IV of Mbayed). Moreover, full-length genome
phylogenetic analysis on two of the 6 studied strains confirmed the existence of
these four clusters with significant bootstrap values (98-100%). Therefore, the
authors proposed to designate the four HBV genotype F clusters, previously
included into 2 subgenotypes [Kramvis et al., 2005b], as subgenotypes F1, F2, F3
and F4 [Devesa et al., 2004]. This nomenclature is also currently accepted by
other researchers [Schaefer S., 2007] and awaits final acceptance by the
International Committee on Taxonomy of Viruses. Surprisingly, the so-called F4
cluster included an isolate which had been previously recognized as an F/C
intergenotypic recombinant in a thorough review of the reported sequences
[Simmonds and Midgley, 2005].

2.3.8. HBV Genotypes in Argentina

In support of the previous studies from other Latin American countries
[Arauz-Ruiz et al., 1997; Blitz et al., 1998], the observed prevalence of HBV
genotypes among Argentinean donors from blood banks were 64% for genotype
F, 17.3% for each genotype A and D, and 1.3% for genotype C [Franca et al.,
2004]. However, Buenos Aires and its metropolitan area were the only regions
where genotype F did not predominate (31.8%). Its prevalence in the remaining
studied geographical areas was equal or higher than 50%, the highest HBV
genotype F prevalence being observed in northern Argentina (88.9%).

The calculated prevalence for genotypes A and D in the entire country is not
reflected in the metropolitan area (22.7 and 40.9%, respectively), which mainly
reflects the European immigrant origins of the Buenos Aires population.

Interestingly, the unique presence of HBV genotype A was reported in a
pediatric population from Gualeguay city, a high-prevalence area which combines
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a low human population density with more emigration than immigration. The
presence of strains ascribed to only one HBV genotype with very low nucleotide
divergence and the absence of genotype F suggest a strong founder viral
population [Mbayed et al., 1998].

It has been suggested that genotype D may have replaced genotype A in the
Mediterranean area [Norder et al., 1993]. If this replacement had occurred after
the spread of HBV strains in America, it could have explained the noticeable
presence of genotype A in Argentina. Therefore, genotype D might have been
introduced into Argentina by the more recent immigration from the Mediterranean
area [Mbayed et al., 1998].

Unexpectedly, another study adds new information regarding the molecular
epidemiology of HBV and the Americas as the mainly African-restricted HBV
genotype E was detected in two sisters, one Argentinean and the other of
Dominican origin. Both half-sisters had different fathers and exhibited an African
DNA mitochondrial lineage [Mathet et al., 2006]. More importantly, one of them
had been fully vaccinated and exhibited a significant anti-HBs antibody titer,
despite of which a chronic hepatitis B was ongoing. This fact underscores the
prime relevance to study the efficacy of the currently used HBV vaccines (subtype
adw) to protect against genotype E HBV strains, since it is the most divergent
among all genotypes within the a determinant (amino acids 107 to 147 of
HBsAg). This feature, together with the emergence of S escape mutants, have
raised concerns about the efficacy of the current vaccine in the African continent
[Karthigesu et al., 1999].

Two reports have documented the prevalence of HBV genotype F, followed
by genotypes A, D and B among chronically infected adults from the metropolitan
area (Buenos Aires city and surroundings) [Telenta et al., 1997; Lépez et al.,
2002]. A more recent study agrees with these findings, establishing interesting
associations, such as genotype F with HBeAg (+) chronic patients (44.8%) and
severe fibrosis -Knodell Score: F3- (47.6%), and HBV genotype D with the
HBeAg (-) population (45%) and mild fibrosis -Knodell Score F2- (38.6%)
[Fainboim et al., 2006].

On the other hand, the genotypic prevalence among acute symptomatic HBV
infected patients is slightly different; as F prevails (64.4%) followed by genotype
A (31.1%) and D (4.4%). The low prevalence of the latter could be reflecting the
progressive reduction of this HBV genotype in the area or its eventual association
to asymptomatic forms of acute HBV hepatitis [Fainboim et al., 2006].

The HBV genotypic distribution in HIV/HBV coinfected patients shows a
different picture as genotype A prevails (83.3%) and followed by D and F
[Moretti et al., 2006]. Moreover, a high prevalence of HBV genotype A
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(approximately 90%) was also detected among street recruited IDUs (with and
without HIV coinfection) from Buenos Aires city [Trinks et al., 2006]. Such value
contrasts sharply with that registered among blood donors from the same city,
which might suggest the dissimilar spread of HBV genotypes among different
vulnerable groups of Buenos Aires inhabitants. Remarkably, an intergenotypic
(D/A) recombination had been recently documented by the authors after a full-
length HBV DNA sequence was analyzed from an isolate corresponding to an
IDU patient (Trinks J. and Oubina J. R., unpublished data).



Chapter 3

HBV Variants and Mutants and
Its Impact on the LAC Region

In an infected individual, HBV exists as a mixture of HBV quasispecies with
a variant that is dominant among the others. The stability of a predominant HBV
variant within the quasispecies pool is maintained by selection pressures from the
host’s immune system, from viral factors which include overlapping open reading
frames, viability and replication fitness of the virus, and from exogenous factors
such as drugs including nucleoside/nucleotide analogs, interferon, and immune-
based interventions (ie, HBIG and vaccination [Wai et al.,, 2004]). The
accumulation of viral mutations depends on their generation rate and on the
advantage granted to the resulting mutant virus [Brunetto et al., 1999].

Moreover, the structure of HBV genome with multiple overlapping ORFs,
reduces the number of viable mutants and the rate of their production. However,
selection and take-over of a mutant strain appear to be frequent events driven by
both humoral and cellular host immune response and antiviral therapy. In
addition, it was suggested that defective mutants may play an important role on
HBV biology, interfering for example at replicative and transcriptional levels
[Brunetto et al., 1999].

Along the HBV genome, a high number of mutations occur randomly. Some
of these HBV variants may have a replication advantage over the others and may
become dominant. Therefore, variants which replicate poorly, or are in some
extent defective, fail to “survive”, whereas those variants with enhanced survival
have significant advantage in the viral population. The selection of one mutant
over the others warrants a biological advantage to this mutant during its



54 Veronica L. Mathet and Marfa L. Cuestas

replication or a selective advantage to this mutant over wild-type virus in host-
virus interactions [Brunetto et al., 1999].

From the pool of variants with similar replication potential, some will be
positively selected by forces such as the humoral and cellular immune response;
these variants are termed immune escape mutants, for example, HBsAg immune
escape mutants [Carman et al., 1996].

Mutations may affect each of the ORFs identified within the HBV genome,
and the genomic regulatory elements, enabling the virus to escape from selective
pressures. Mutated S-genes allow the resulting mutant viruses to escape from both
humoral and cellular host’s immune response and reduce the effectiveness of
diagnostics and immunoprophylaxis. As stated in the Introduction Section, escape
mutants may be arbitrarily classified as immune escape mutants, diagnostic
mutants, or as immune and diagnostic escape mutants. For example, these S-
immune escape mutants are responsible for HBV-infections in successfully
vaccinated persons. Mutated C-genes were found to provoke severe chronic liver
diseases, and contribute strongly to immune escape at both the T helper and T
cytotoxic level. Mutated X-genes can cause serious medical problems in blood
donors by escaping the conventional test systems; and mutated P-genes were
considered to be the reason for chemotherapeutic drug resistance [Kreutz et al.,
2002]. It was also reported that usually, the enhancer Il / core promoter mutant,
the Pre-C stop codon mutant and the enhancer | / X promoter mutant are
associated with severe and progressive liver disease. Due to the overlapping
arrangement of the ORFs and regulatory elements on the HBV genome, it should
be taken into account that almost every single mutation may influence more than
one function of the corresponding nucleotide sequence [Pumpens et al., 2002].

In one study of HBV mutants, it was reported that in the Pre-C/C, Pre-S/S,
Pol and X- genes, the prevalence of transversions is 20.6, 83.3, 50.0 and 20.0%;
the prevalence of transitions is 44.0, 0.0%, 50.0 and 71.0%, respectively, while
the prevalence of insertions is 14.7, 8.0, 0.0 and 0.0%, respectively. It was also
observed that transitions are less frequently present in Pre-S/S-gene than in the
other genes, and transversions are significantly more frequently in Pre-S/S-gene
than in the other genes. With respect to the other types of mutations, no major
differences have been found among their frequencies [Brunetto et al., 1999].

During the last years numerous mutations of the HBV genome have been
described around the world, including the LAC region. Only replicative
competent mutations which are associated with a functional change acquire
clinical relevance. For example, a mutant virus may be the reason for HBV
infections in successfully vaccinated persons, for failure of interferon or other
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antiviral therapy, and might be the origin of severe liver diseases such as chronic
active hepatitis, liver cirrhosis and hepatocellular carcinoma [Kreutz et al., 2002].

3.1. Hepatitis B Virus Surface (HBsAQ)
Variants/Mutants

As stated in the Introduction Section, HBsAg variants/mutants may arise
within or outside the a determinant (figure 2). Nucleotide substitutions in the
corresponding coding region may not be necessarily reflected by aminoacidic
changes within HBsAg nor in the (overlapped coded out-of-frame) Pol protein.

It was also suggested that areas upstream and downstream of the MHR may
also be important in neutralization [Shields et al., 1999]. Mutations outside the
MHR are frequent and tend to cluster in two regions around codons 44 to 49 and
152 to 213. The first region contains both a major histocompatibility complex
class | (MHC-I)-restricted T-cell epitope and a B-cell epitope, whereas the second
region, at least up to aa 207, exhibits both MHC-1I T helper epitopes as well as B-
cell epitopes. It was also reported that changes within this second region, located
immediately downstream of the a determinant, may alter the conformation of this
immunogenic determinant [Cuestas et al., 2006]. In agreement with this notion,
Hou et al., showed that amino acid insertions and deletions in this region abolish
the binding to anti-HBs antibodies [Hou et al., 1995]. Mutations in the HBsAg
may result in amino acids substitutions, insertions, and/or deletions.

Hepatitis B surface “escape” mutants may arise in persons infected with HBV
after they receive hepatitis B vaccine and/or HBIG, or may arise in chronic HBV
patients during the natural course of HBV infection, due to the selective pressure
of host’s immune response for the survival of the fittest variant. A typical
situation is the failure of passive/active hepatitis B immunization in newborns of
HBV-infected mothers. According to Ogura et al.,, mutations within the a
determinant during the natural course of infection are predominantly observed
within the first loop (aa 107 to 138), whereas those induced under immune
pressure due to active and/or passive immunization are more frequently observed
within the second loop (aa 139 to 147) [Ogura et al., 1999].

HBsAg immune “escape” mutants would pose a substantial risk to the
community, because current hepatitis B vaccines and HBIG are not effective in
preventing infection with them. Moreover, blood units containing such mutants
may potentially transmit HBV to recipients because some mutant viruses may
escape detection by certain commercial HBsAg Kits during a routine screening for
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this viral protein. It has been recently postulated that wild type HBsAg but not one
of the main escape mutants (Glyl45Arg) interacts intracellularly with
endocytosed specific anti-HBs antibodies. This mechanism markedly reduces the
hepatocyte secretion of the wild type virus simultaneously allowing the release of
the escape mutant, suggesting a novel view for S mutants’ emergence [Schilling et
al., 2003].

3.1.1. Emergence of HBsAg “Escape” Mutants

The emergence of HBsAg “escape” mutants was first reported in an Italian
boy in 1988 [Zanetti et al., 1988]. Since then, these “escape” mutants have been
reported by many countries throughout the world. The far most important and
best-documented mutation is the above mentioned substitution Gly145Arg. This
mutant is stable over time, is able to replicate at high titer for many years and can
be transmitted horizontally to other persons.

Other HBsAg “escape” mutants reported worlwide are those with amino acids
substitutions at positions 120, 123, 124, 126, 129, 131, 133, 141 and 144 of the a
determinant, insertion of 1, 2, 3 and 8 aa [Kreutz et al., 2002; Weber B., 2005;
Coleman P. F., 2006] and deletions [Weinberger et al., 1999]. Other reported
mutations that abolish the two loop structure of the a determinant that produce
changes in the hydrophilicity, the electrical charge or the acidity of the loops are
those at positions 127, 130, 134, 142, and 146. Furthermore, additional possible
N-linked glycosylation sites (Gly130Asn, for example) or a change in the stability
of a disulfide bridge (for example, Cys147Gly), could explain alterations of the
two loop conformation [Kreutz et al., 2002].

HBsAg “escape” mutants have also been identified outside the a determinant,
at positions 159, 183 and 184, that occur in either the vaccinated or unvaccinated
population and which fail to bind properly to anti-HBs antibodies used in current
commercial diagnostic Kits for detection of HBsAg in the screening of hepatitis B
disease [Oon et al., 1999; Coleman P. F., 2006]. Mutations which do not modify
the a determinant but only change the subtypes alleles w to r (Lys 160Arg) do not
have clinical importance. However, the subtype allelic mutation d to y
(Lys122Arg) could be correlated with a higher failure rate of passive-active
immunoprophylaxis in infants of HBeAg positive mothers. Mutations between
codons 40 and 49, and between codons 198 and 208 that do not alter the a
determinant were found in patients with HBIG prophylaxis after orthotopic liver
transplantation. Those emerging within the first region could be selected by
immune pressure because this region contains both a MHC-I-restricted T-cell
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epitope and a B-cell epitope, whereas the second region, exhibits both MHC-II T
helper epitopes as well as B-cell epitopes [Kreutzer et al., 2002]. The clinical
significance of S- mutants is still uncertain. However, the epidemiological
importance of such mutants is supported by several reports.

3.1.2. HBsAg Mutants and Immune Prophylaxis

It was observed that in countries with massive vaccination programes, such as
Taiwan, where a 10-fold decrease in the HBs carrier rate in children was
successfully achieved, a substantial increase in HBs escape mutants of up to 28%
was unfortunately documented [Pumpens et al., 2002]. Currently available HBV
vaccines are made of viral sub-units containing HBSAg obtained either from
plasma or by recombinant DNA technology. They are immunogenic, efficacious
and safe. The efficacy of such vaccines against HBsAg “escape” mutants needs to
be evaluated in order to determine whether vaccine modifications are required. It
is likely that the inclusion of Pre-S2 and Pre-S1 epitopes in future HBV vaccines
may eliminate or reduce the generation of vaccine associated “escape” mutants
[Shouval et al., 2003], although for some authors the inclusion of Pre-S epitopes
does not appear to increase the efficacy of the vaccine against S “escape” mutants.
They suggest a vaccine containing the specific epitopes to induce neutralizing
antibodies against the most common HBsAg mutants [Kuroda et al., 1991; Wilson
etal., 1999].

In 1999, Wilson et al. developed an epidemiological-mathematical model of
HBV in order to investigate the posible patterns of emergence of a vaccine-
resistant strain. This model predicts that HBsAg “escape” mutants might become
dominant over the wild-type after a putative period of at least 50 years, if
conditions do favour the emergence of such mutants (e.g., high S-mutant
infectiousness and low vaccine cross-immunity between wild-type and S-mutants
strains) [Wilson et al., 1999].

3.1.3. HBsAg Mutants and Diagnosis

Another potential risk represented by such S-mutants, is that current HBsAg
assays may be unable to properly detect all of them [Coleman P. F., 2006]. Thus,
they could be potentially transmitted horizontally by blood transfusions of an
asyntomatic carrier with no known risk factors of HBV infection, and whose
HBsAg serology rendered a false negative result due to the harbouring of HBsAg
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mutant virus that escape detection by commercial HBsAg kits [Levicnic-Stezinar
S., 2004; Thakur et al., 2005].

The sensitivity of HBsAg assays for S-mutants detection is continuously
improved by the introduction of new HBsAg assays able to detect the so far
described S-gene mutants. Polyclonal capture antibody-based assays do not
guarantee full sensitivity, although they show better performance than most
commercially available double monoclonal (capture and tracer) assays, which use
antibodies against the second loop of the a determinant. The main drawback of
using polyclonal antibodies immunoassays is that the specificity is lower than that
of monoclonal assays. Mixtures of monoclonal antibodies able to recognize both
wild-type an S-mutants strains may be used for HBsAg screening. In order to
reduce the diagnostic failure related to HBsAg-negative mutants, it was suggested
the tracer and capture antibodies against the Pre-S region should also be included
in the diagnostic immunoassays. However, a potential risk exists that the
analytical sensitivity for HBsAg of different genotypes even of wild-type virus
could be decreased exists, if a mixture of antibodies is used. Antibodies directed
against the second loop of the a determinant are not recommended for
immunoassays since they fail to detect Gly145Arg mutants [Weber B., 2005].

Weber also suggested that for the screening of blood donors, anti-HBc testing
should be used in combination with HBsAg, especially in those countries where
HBV DNA detection by nucleic acid amplification technology is not mandatory
[Weber, 2005], as it is the case in many parts of the LAC region.

3.1.4. HBsAg Mutants and Their Impact on the LAC Region

As stated above, some HBsAg mutants which either occur naturally or are
selected through immunological pressure, have been shown to be clinically
significant through their association with active and/or passive HBV
immunoprophylactic failures and with loss of diagnostic accuracy. While sero-
epidemiological data have been reported from some countries, data of HBsAg
mutants in some areas of the world, as it is the case for Latin America, remain too
poor, if not completely unknown. This kind of information is of crucial
significance in an increasingly immunized world against HBV, where HBsAg
mutants may not only become set up and spread within a population that is
assumed to be protected, but may fail to be detected by immunodiagnostic kits.
Thus, epidemiological studies from different parts of the world are required to
understand the prevalence and characteristics of HBsAg mutants. When available,
such information will be highly useful for both the future production of (a) new
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HBV vaccine(s), and the design of new HBsAg detection immunoassays. This
will also be of prime significance for avoiding false negative results in the
screening of HBsAg in blood donors. Unfortunately, as stated above, there are
scarce data about S- mutants/variants in the LAC region.

3.1.4.1. HBsAg Variants / Mutants in Mexico

One study from Mexico, showed a high degree of amino acid variability in
the S protein of genotype F strains from 9 and 6 Mexican patients with chronic
and acute hepatitis B infection, respectively. Seven of the nine strains isolated
from the chronic carriers had at least one amino acidic substitution not previously
reported outside the a determinant of the S protein; whereas only one of the 6
strains isolated from acute cases presented one unique amino acid substitution.
The amino acidic changes observed among the different genotype F divergent
strains were: Glu30Arg, Leu39Arg, Thrll4Ser, Phel34Tyr, Tyrl61Phe/Ser,
Vall80Ala, Pro214leu, Leu216Stop, and Phe219Cys. One Mexican strain
ascribed to genotype A had the Phe220Cys amino acid substitution. These amino
acidic changes observed mainly outside the a determinant, did not identify any
mutational hot spot of HBsAg, although the substitutions Tyrl61 Phe/Ser and
Val180Ala were found in two and three strains, respectively. Altered antigenicity
due to amino acidic changes within the a determinant as well as outside this
highly immunogenic region, have been described, although none of them are
known as vaccine “escape” mutants. However, it is worth noticing that when S
sequences from 2 genotype F strains exhibiting only the amino acid change
Vall80Ala were analyzed, one rendered a positive result for the detection of
HBsAg, while the remaining proved negative. Furthermore, the S sequence from
another genotype F strain that showed the amino acid substitutions Tyr161Phe
and Val180Ala, also rendered a negative result for the detection of HBSAg.

Up to now, extensive studies relating some mutated S sequences ascribed to
HBV genotype F with the decreased or absent reactivity of HBsSAg with
commercial current Kits used for hepatitis B diagnosis have not been performed
yet. Moreover, no data has already been recorded for genotype H strains. It might
be possible -although not certainly asseverated- that some genotype amino acid
substitutions such as Vall80Ala, observed in two above mentioned HBsAg
negative patients could have been responsible for the lack of detection of the viral
surface antigen. It is noteworthy to mention that the S-mutant VVal180Ala has also
been identified in immunized Singapore infants [Oon et al., 1999].

The S protein mutation Leu216Stop, was observed in an isolated strain from
an HBsAg positive chronic carrier. Its positivity indicates that the 10 N-terminal
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amino acids of the S protein are not essential for HBsAg detection using
commercial immunoassays [Sanchez et al., 2002].

3.1.4.2. HBsAg Variants / Mutants in Venezuela

It has been reported that the HBV occult (defined also as residual) infections’
prevalence in blood units, where anti-HBc antibodies are positive and HBsAg is
negative, is approximately of 4.3% in this country. These residual infections are
generally chronic, asymptomatic, and with low levels of viral replication. They
are frequently associated with HBV variants that exhibit mutations in the surface
gene that may affect the correct recognition by commercial tests, with Pre-C
mutants and core internal deletions. In that study it was documented that although
HBYV ascribed to genotype F prevails among HBsAg positive samples from blood
donors, residual infection isolates were mainly ascribed to genotypes A and D.
The presence of mixed infection or recombination for some samples was also
suggested. Amino acidic substitutions in the S protein, but not characteristic
vaccine “escape” mutants, were detected. The most frequent S-mutants observed
in residual infections of Venezuelan blood donors that might be responsible for
the absence of HBsSAg detection by routine assays were: Tyrl00Cys and
Cys220Phe [Gutiérrez et al., 2004].

Another group of investigators characterized HBV genotypes among 12
Yucpa Indians (figure 10), a population with highly endemic HBV infection. The
characterized viruses characterized were all ascribed to genotype F, and in 2
individuals, a three-amino acidic novel deletion was identified just prior to the a
determinant loop of the S protein. In spite of this, the amino acid sequences for
the HBsAg protein from the Venezuelan strains were highly conserved, with only
five positions of three strains containing the following amino acid changes:
Leu9Pro, Leu98Val, GIn101Arg, LeullQOThr, and Prol11Asn. The samples in
which they detected an S region deletion had no detectable HBsAg serological
differences from the others [Nakano et al., 2001].

The circulation of an HBV isolate which exhibited point mutations within the
S protein and could not be classified within any clade was documented in another
study [Devesa et al, 2004]. This isolate (obtained from a blood donor), harboured
the most famous, important and best-documented vaccine “escape” mutant:
Gly145Arg. This isolate also presented a stop codon in the S protein (Leu94Stop),
and the amino acid substitutions Cys137Trp and Cys139Tyr. Mutations of these
cysteine residues are expected to be reflected as conformational changes of the
major immunogenic HBsSAg epitope, the a determinant. All these mutations
suggest a strong HBV attempt to evade recognition by the host’s immune system.
It might have been expected that with such mutations, this mutated surface
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antigen could have been no longer recognized by specific antibodies used in
current commercial immunoassays Kits. However, this serum was positive for the
detection of HBsAg, suggesting that a minor wild type HBV genome population
could have contributed to the whole spectrum of circulating genomes. Another
isolate ascribed to genotype F, from another blood donor harboured a point
mutation in the initiation codon (ATG/ACG) of the HBsAg [Devesa et al., 2004].

3.1.4.3. HBsAg Variants / Mutants in Brazil

Sucupira et al., [2006] from Rio de Janeiro, Brazil, characterized some HBV
strains from HIV-coinfected individuals treated with lamivudine as a component
of the anti-retroviral therapy. Occult HBV infection was detected in 30% of the
co-infected patients whose HBV serology was only positive for anti-HBc
antibodies, and —unexpectedly- in 14% of such patients whose HBV serology only
rendered positive results for both anti-HBs and anti-HBc antibodies. Possible
explanations for the presence of HBV DNA in absence of HBsAg could have
been related to: 1) low levels of circulating HBsAg; 2) the presence of S-gene
variants, not detectable by current commercial immunoassays; 3) the presence of
immune-complexes in which HBsAg is not available for its detection.

3.1.4.4. HBsAg Variants / Mutants in Argentina

Reports from Argentina have recently documented the appearance of HBsAg
mutants despite the presence of usually protective anti-HBs antibodies [Mathet et
al., 2003; Cuestas et al., 2006; Mathet et al., 2006; Mathet et al., 2007; Lopez et
al.,2007] as well as from cytotoxic T lymphocyte-specific clones [Cuestas et al.,
2006]. Some of them occured naturally in HBV-chronically infective patients
while others emerged under selected immunological pressure upon vaccination.
So far, some of such mutants have not been reported in other regions of the world.

In 2003, Mathet et al. described the co-circulation of highly heterogeneous
HBV quasispecies ascribed to genotype F showing S gene mutants in an
Argentine patient who suffered from chronic hepatitis and cirrhosis, despite the
fluctuacting detection of anti-HBs antibodies. In this study, several amino acid
changes were detected inside and outside the a determinant of the HBsAg. Such
changes might have resulted from the attempt of HBV to evade both the humoral
and/or cellular immune response. Within this major determinant, the S-mutants
Cys124Arg, Cys124Tyr, Cys138 Arg, GIn129Arg, Cys139Arg and Serl40Thr
were observed. The cysteine residues present at positions 124, 138 and 139 are
known to be important for appropriate folding of the S protein, while the cysteine
residue present at position 69 is known to be needed for secretion of the HBsAg.
Cys 90 and Cysl176 are known to be dispensable residues. Outside the highly



62 Veronica L. Mathet and Marfa L. Cuestas

immunogenic a determinant, the following S-mutants were detected: Cys69Tyr,
Cys90Tyr, LeullOlle, Thrll4Ala, Leul58Phe, Alal68Thr, Cysl76Arg, and
GIn178Ser/Asp [Mathet et al., 2003].
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Figure 11. Hydrophylicity patterns obtained for HBV clones reprinted from J Clin Microbiol 44
(6): 2191-2198, Cuestas ML et al, “Unusual naturally occurring humoral and cellular mutated
epitopes of hepatitis B virus in a chronically infected Argentine patient with anti-HBs
antibodies”, Copyright (2006), with permission from ASM. A partial analysis of the S protein
(amino acid positions 101-160) encompassing the major hydrophilic region is shown. Amino
acid sequence corresponding to the wild type (wt) sequence (as observed in clone 6) is drawn in
a red pattern. Profiles depicting mutated clones are either shown in blue, green, brown, black or
dark blue colors, and correspond to clones number 1, 2, 3, 4, or 5, respectively. Note the
profound modification produced in the hydrophylicity pattern of clone 1 where a Cys107Arg
substitution is observed. Likewise, a significant hydrophylicity change is observed at position
133 in clone 3.

Another study from Argentina, have also identified surface mutants/variants
ascribed to genotype A, in a chronically infected Argentine patient who exhibited
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co-circulating anti-HBs antibodies. In this case, the amino acidic substitutions
detected within the S protein were: Ser45Ala, Pro46His, Leu49His, Cys107Arg,
Thri25Ala, Met133Lys, 1lel52Phe, Prol53Thr, Tyrl61Ser, Gly185Glu,
Alal94Thr,Gly202Arg, and lle213Leu [Cuestas et al., 2006]. Importantly, in
some of the DNA clone-derived deduced amino acid sequences, crucial
substitutions were associated with a change in the MHR hydrophilicity pattern
(figure 11).

The detection of HBsAg mutants in two genotype E HBV isolates from two
half-sisters exhibiting an African mitochondrial lineage was also reported in
Argentina. Interestingly, the HBV-vaccinated sister exhibited anti-HBs co-
cirulating antibodies without any previously known HBsAg “escape” mutant,
while her HBV-unvaccinated half-sister showed an Aspl44Ala HBsAg “escape”
mutant without anti-HBs antibodies. Both sisters carried an unusual Leu209Val
substitution within the S protein [Mathet et al.,, 2006]. As stated in the
Introduction section, genotype E is the most divergent among all genotypes within
the a determinant. It is of crucial significance to mention that the current HBV
vaccine has the HBsAg genotype A2, subtype adw2, whereas genotype E isolates
have subtype ayw4, and genotypes F isolates -widely distributed in Central and
South America- have subtypes adw4q™ and/or ayw4. These subtype-epitopes are
very immunogenic. This feature, together with the emergence of S “escape”
mutants, have raised concerns about the efficacy of the current vaccine in the
African continent where genotype E is the most predominant HBV genotype, and
in Central and South America where F genotype is frequently observed.

3.1.4.5. Summary

Due to the frequency of HBsAg-mutants/variants in the LAC region and in
other areas of the world, it may be prudent and important to adequate current
commercial immunoassays Kits used for hepatitis B diagnosis in order to detect
individuals carrying such emerging viruses. This stresses the significance of
epidemiological data in identifying current circulating S variants that give rise to
phenotypically and antigenically distinct HBsAg particles. From a Public Health
perspective, in addition to this, the epidemiological prevalence and clinical
relevance of these HBsAg variants / mutants should be taken into consideration
for the design and production of future successful vaccine(s) against HBV.
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3.2. Hepatitis B Virus Basal Core Promoter
(BCP) and Pre-C Variants/Mutants

The Pre-C/core gene encodes for two RNA transcripts: the pregenomic
mRNA and Pre-C mRNA. Both regions are in the same reading frame but Pre-C
gene starts at position 1814, whereas the core gene starts at 1901 (figure 12). The
pregenomic mMRNA is translated into the core protein (HBcAg) which is present
within the virions. This mRNA also serves as a template for reverse transcription
into the minus strand of HBV DNA. In contrast, the Pre-C mRNA translates into a
Pre-C protein, which after processing at its C- and N-terminal ends, is secreted
into the serum as HBeAg. This antigen is a non-structural protein believed to play
a role as an immune tolerogen [Chen et al., 2005]. In the past, HBeAg
seroconversion (loss of HBeAg with development of anti-HBe antibodies) has
been assumed to result in clinical, biochemical and histologic remission of liver
disease. However, subsequent studies have shown that progressive liver disease
may develop in the absence of detectable HBeAg. Worldwide, as many as 30 % to
50 % of chronic HBV patients have HBeAg-negative liver disease.

Transcription of the Pre-C mRNA is under the control of several regulatory
elements which include the basic core promoter which is placed between
nucleotides 1744-1804. Mutations in this region decrease Pre-C mRNA
transcription and subsequent HBeAg synthesis. The most common BCP variant
involves a dual mutation A1762T / G1764A. These mutations have been proved
to increase viral replication, possibly due to the inhibition of the Pre-core gene
expression, thus explaining why they prevail over wild type virus during chronic
infection. They are related to progression of chronic liver disease, and may be
involved in the carcinogenesis of cirrhotic and non-cirrhotic patients [Liu et al.,
2006]. These mutations are non-synonimous in the ORF of (out-of-frame) X gene,
producing two amino acidic changes -Lys130Met and Vall131lle- discussed below
(figure 12).

At the translational level, mutations within the Pre-C region can also block
the translation of the Pre-C protein and subsequent production of HBeAg. The
most common Pre-C variant is a point mutation G1896A (which results in a stop
codon, instead of coding the amino acid tryptophan). This mutation is frequently
accompanied by another point mutation (G to A) at nucleotide 1899. The
frequency of the G1896A mutation varies for different genotypes, depending on
the substitution of position 1858 opposing position 1896 in the stem of the Pre-C
encapsidation signal or £ motif. The prevalence of the above mentioned mutation
in the nucleotide 1896 among HBV isolates is presumably explained by the
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improved base pairing and stabilization of the stem-loop structure [Wai and
Fontana, 2004].
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Figure 12. A) Schematic representation of the BCP (Basal core promoter), Pre-C and Core
genomic regions and the overlapped (out-of-frame) X gene. The initiation of transcription and
translation site is indicated with an arrow, and the viral proteins derived from these genes are
shown: HBcAg, HBeAg, Pre-core and HBxAg. The HBeAg is a post-translational processing
product of the Pre-core protein. The position of the protease cleavage sites within the Pre-core
protein is indicated with an arrow. Mutations G1896A / G1899A can block the translation of the
Pre-core protein and reduce the secretion of HBeAg. Other mutations are depicted. B) The HBV
genome positions 1847-1907 are part of a pregenomic RNA encapsidation signal, consisting of
a hairpin RNA structure. The dual mutations at positions 1858/1896, 1856/1898 are shown in
blue circles. The AUG core start codon is depicted in red rectangle.

It is worth noticing that both BCP and Pre-core stop codon mutations are
frequently observed in patients with advanced liver disease such as those with
HCC [Baptista et al., 1999]. Other mutations, such as C1653T and T1753V (not
T) mutants have also been associated with the progression of chronic hepatitis to
cirrhosis and/or HCC [Takahashi et al., 1999].
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As observed in figure 12, the overlapping nature of the X gene and the Pre-C
region may be sometimes associated to nucleotidic changes that affect both of
them. For example, frequent mutations as those observed at positions 1762 (A to
T) and 1764 (G to A) may affect both the BCP region and simultaneously produce
phenotypic changes in the X protein (Lys130Met and Vall31lle replacements,
respectively). At present, it is not definitively established up to what extent
mutations within such region affect the HBV gene expression, viral load or
HBeAg status. However, a recent study reported that mutations within the Pre-
core region such as G1896A, Al762T and G1764A enhance replication of
(subgenotype) Bj clones in in vitro experiments. Moreover, fulminant hepatitis
was frequent (13%) and associated with Bj subgenotype and lack of HBeAg, as
well as high replication due to Pre-core mutations in patients with acute HBV
infection [Ozasa et al., 2006].

As mentioned in precedent sections, Hepatitis B virus genotype F subdivides
into two major subgenotypes, one made up mainly of strains from Central
America (F1) and the other of strains from South America (F2). Norder et al.
investigated the prevalence of mutation C1858T in the Pre-C region of genotype F
from different geographical origins [Norder et al., 2003]. In such study, isolates of
Central America (F1) exhibited the substitutions C1858T in the Pre-C region and
Leud5Thr in the S gene; whereas in the remaining subgenotype, composed mainly
of South American strains, all isolates had the nucleotide C at position 1858 in the
Pre-C region and Leu at position 45 in the S gene. The lower nucleotide and
amino acid divergences for S genes of Central American strains belonging to this
clade may be due to the fairly recent introduction of this variant into the Hispanic
population of Central America. Strains expressing C1858T are also present in
Argentina and Brazil [Lopez et al., 2002; De Castro et al., 2001]. Although the S
genes of these strains were not characterized, the S genes of three other strains
from Argentina express Leu45Thr and cluster within subgenotype 1 [Mbayed et
al., 2001] indicating its spread into South America.

Because of their frequent and worldwide prevalence, Pre-C and core promoter
variants are believed to represent naturally occurring polymorphisms of the virus
in humans.

3.2.1. Pre-C and BCP Variants / Mutants in Venezuela

Gutierrez et al. described a very low frequency of Pre-C mutations (10.5 %)
in blood donors from Venezuela, who exhibited occult HBV infection [Gutierrez
et al., 2004]. In the same way, Nakano et al., have not observed mutations in the



HBV Variants and Mutants and Its Impact on the LAC Region 67

Pre-C region of genotype F HBV strains from Yucpa indians, a group with high
endemicity HBV [Nakano et al., 2001]. In these studies synonymous and non-
synonymous mutations in the Pre-C/core region were documented, as well as
deletions near the N-terminal core region in the major B-cell epitope of HBCAg
and HBeAg.

3.2.2. Pre-C and BCP Variants / Mutants in Brazil

Several reports suggested the infection by viral variants with Pre-C mutations
in Brazil [De Castro et al., 2001; Rezende et al., 2005]. In this country, De Castro
et al. reported a low frequency -in anti-HBe (+) patients- of both the stop codon
mutation at nucleotide 1896 (24 %) and the double mutation in the basal core
promotor 1762-1764 (20 %). In contrast -in the same sort of patients- another
group described a high frequency (58.6 %) of mutation at position 1896
associated with a greater severity of liver disease [Rezende et al., 2005].

3.2.3. Pre-C and BCP Variants / Mutants in Argentina

In Argentina, the reports concerning both Pre-C and BCP mutations are
dissimilar, according to the studied populations. Franca et al reported that HBV
genotype F and mutant 1896 strains were predominant and strongly associated in
a geographically broad Argentinean blood donor population [Franca et al., 2004].
However, Lopez et al. had previously demonstrated a high frequency of these
mutations among genotype A and D HBYV strains from patients with chronic
hepatitis B. Moreover, the most prevalent genotype F HBV strains had been
similarly recorded among HBeAg (+) and (-) patients [Lopez et al., 2002]. In an
HBYV chronically infected patient exhibiting chronic active hepatitis and cirrhosis
despite the presence of anti-HBs antibodies, the BCP double mutant A1762T /
G1764A was observed which suggests its involvement in the severe course
recorded [Mathet et al., 2003; Mathet et al., 2007; Lopez et al., 2007; Mathet et
al., unpublished].

3.3. HBx Variants /7 Mutants

Hepatitis B virus X protein (HBxAg) have a dual function, one related to its
cytoplasmic localization, which can mediate the activation of signal transduction
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pathways, and another, a nuclear function, that may account for the interaction
with transcription factors and components of the transcription apparatus to
enhance the binding or activities of these proteins .

The HBxAg has been demonstrated to function as a transcriptional
transactivator of a variety of viral and cellular promoter / enhancer elements.
Although without binding directly to DNA, HBxAg can transactivate transcription
through multiple cis-acting elements including AP-1, AP-2, ATF/CREB, NF-kB,
C/EBP and HNF1 [Shih et al., 2000].

As mentioned above -due to the overlapping nature of the Pre-C/core and the
X genes- the dual mutations A1762T and G1764A in the BCP are non-
synonimous in the ORF of -out of frame- X gene, producing the amino acidic
changes Lys130Met and Vall3llle (figure 12) [Poussin et al., 1999].
Furthermore, it was demonstrated that such changes enhance the binding of the
nuclear factor HNF1 to the DNA, producing a highly transactivating effect [Li et
al., 2002].

Kao et al. (Kao et al., 2003) documented that HBV chronic patients infected
with these HBx variants have an increased risk of developing hepatocellular
carcinoma.

Several reports from USA, as well as from several European and Asian
countries have focused on these HBx mutations. In contrast, studies regarding
these topics are almost lacking in Latin America and the Caribbean region.

3.3.1. HBx Variants / Mutants in Argentina

Lopez et al. have performed a longitudinal follow-up (3 years) during the
course of an e-minus chronic hepatitis B infection in an F genotype-infected
patient experiencing a severe disease outcome [Lopez et al., 2007]. In this study,
HBx was the gene most commonly deleted; moreover, in 10 out of 13 deletant
clones, this gene was completely absent. In several of the partial and full length X
gene clones analyzed, the single mutation Lys130Met was documented.
Interestingly, in the same blood samples, Mathet et al. observed the presence of
HBV quasispecies with the dual mutation Lys130Met / Val131llle (unpublished
data). These ambiguities at the X gene sequence might be ascribed to the different
set of primers used in each PCR amplification experiment and are indicative of
the complexity of the genome population [Mathet et al., 2007].
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3.4. Polymerase Gene Variants / Mutants

For many years, therapy of chronic hepatitis B has become one of the major
clinical challenges for virologists and clinicians [Locarnini S., 2005]. Up to date,
current monotherapy with conventional interferon alpha (IFN-a), and the
nucleoside/nucleotide analogs -lamivudine (3TC or LMV) and adefovir dipivoxil
(ADV)- remains unsatisfactory. Moreover, and in spite of the superiority of the
recently licensed antiviral drugs such as peginterferon-a2a and the nucleoside
analog entecavir (ETV) over the antiviral drugs mentioned above, more progress
should be made in order to find out the most optimal treatment option (i.e., rescue
of LMV, ADV or ETV resistance or for de novo treatment). At present, new
antiviral drugs are under evaluation in experimental models and clinical trials.
Among them, the most advanced is telbivudine (TBV), which has recently been
licensed in Argentina.

Description of the own characteristics of the current antiviral drugs used in
the treatment of chronic hepatitis B is beyond the scope of this chapter but below
we are describing the most usual antiviral-resistant mutants, including those
occurring naturally and those that are selected under antiviral drugs therapy as
well as their epidemiology in the LAC region.

According to Wai et al., long term administration of LMV is associated with
the emergence of drug-resistant mutants in 15% to 20%, 30% to 40%, and 60% of
HBeAg-positive patients treated during 1, 2, or 4 years, respectively. The
percentages for the appearance of LMV-resistant mutants in HBeAg-negative
patients are even higher [Wai et al., 2004]. Removal of the drug leads to a
reversion towards the wild-type virus because in the absence of antiviral pressure,
wild-type strains originated from the very stable pool of viral cccDNA present in
the nucleus of infected cells have the replication advantage [Zoulim F., 1999].

The four major patterns of HBV-resistant mutants selected during treatment
with the antiviral drug LMV are:

Leu528Met + Met552Val;

Val521Leu + Leu528Met + Metb52Val;
Met552lle;

Leu528Met + Met552lle;

YV YV VY

Those mutations that occurred within the highly conserved YMDD motif of
the C domain of the HBV polymerase, Met552Val/Met552lle, are sufficient to
confer resistance to LMV and other structurally related antivirals due to cross
resistance among them. In addition to conferring drug resistance, the single
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mutations Met552Val and Met5521le also reduce the in vitro replication efficiency
of the virus in comparison with the wild-type (14% and 10% of HBV,
respectively) [Ono et al., 2001]. According to a molecular model of HBV
polymerase based on the crystal structure of the human immunodeficiency virus
(HIV) reverse transcriptase (RT), it was suggested that the introduction of the -
methyl side chain of the amino acid valine or isoleucine, at position 552 of the RT
domain of HBV polymerase, produces a steric hindrance that significantly affects
the binding of LMV to the active site of the viral polymerase [Delaney et al.,
2003]. The Met552Val mutation almost invariably occurs in combination with the
Leu528Met, located in the B domain of the viral polymerase, whereas Met5521le
may occur alone or occasionally, in combination with the Leu528Met mutation
[Wai et al., 2004]. In vitro, and in comparison with the single mutants Met5521le
and Met552Val, the double mutants Leu528Met + Met552Val, and Leu528Met +
Met552lle replicate better; however they are less replication fit than the wild-type
virus (55 % and 68 % of the wild-type HBV, respectively) [Ono et al., 2001]. This
means that the Leu528Met mutation rescues the defective replication fit of the
single mutations Met552Val/Met5521le. It was proposed that the Leu528Met
mutation might compensate the impact of an amino acid substitution in the
YMDD motif on viral replication [Fu et al., 1998] reducing the conformational
imbalance caused by the single mutants Met5521le or Met552Val.

In addition to enhancing the replication fitness of the YMDD mutants, the
Leu528Met mutation renders them more resistant to LMV [Delaney et al., 2003].

A fourth well-characterized mutation in the HBV polymerase, that is
associated with resistance to LMV, is the amino acid substitution Val521L eu.
This mutation was only observed in combination with the double mutant
Leu528Met + Met552Val suggesting that the Val521Leu mutation only emerges
in HBV strains with this pattern of resistance to LMV. Interestingly, the
Val521Leu mutant as a single mutation does not produce in vitro resistance to
LMV, but in combination with Leu528Met + Met552Val, the resulting triple
mutant Val521Leu + Leu528Met + Metb52Val appears to be as resistant as the
double mutant Leu528Met + Met552Val. Regarding the in vitro viral replication
fitness, it was observed that the triple mutant Val521Leu + Leu528Met +
Met552Val replicates an average of 90% with respect to the wild-type, thus, this
triple mutant is more replication fit than the double mutant Leu528Met +
Met552Val [Delaney et al., 2003]. This LMV-resistant triple mutant was found in
9% of the immunocompetent - LMV-resistant patients, and in 20% of LMV-
resistant liver transplant or HIVV-coinfected patients [Delaney et al., 2003].

Mutations within the HBV polymerase conferring drug resistance are also
selected during treatment with ADV and ETV. Both antiviral drugs show a lower
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rate of resistance in comparison to LMV. As with LMV, the incidence of
resistance to ADV or ETV increases with the duration of therapy.

Thus, ADV has a low resistance profile with 3%, 9%, 18%, and 28% after 2,
3, 4, or 5 years of treatment, respectively, whereas ETV has rarely produced
resistance in naive patients for up to 3 years [Tillmann H. L., 2007]. The
resistance rate reported to ETV is 10% and 25% after 2 or 3 years, respectively, in
patients with LMV failure, and 0.8% in naive patients over 3 years [Tillmann H.
L., 2007].The best-documented resistant mutants selected during treatment with
ADV are the Asn584Thr and the Ala529Thr/Val mutant. These mutants develop
in 5.9% of the patients within three years of therapy. Others less frequent ADV-
resistant mutants are: Val432Met, GIn563Ser, Leu565Arg, Ser567Ala,
Phe569Tyr, and lle581Val. The double mutant Leu528Met + Ala529Val is
resistant to both drugs, LMV and ADV, and are selected during combined
antiviral therapy with them. Regarding the antiviral ETV, resistance to this drug
was mainly observed in those LMV refractory patients that are receiving ETV as
their new therapeutic regimen.

The best known resistant mutants selected during treatment with ETV on a
background of LMV resistance mutations are: Ser532Gly, Ser550lle, and
Met598Val. ETV and ADV proved to be effective drugs in inhibiting replication
of both wild-type and LMV-resistant HBV. Furthermore, ETV also demonstrated
to have activity against ADV resistant mutants, while ADV seems to have activity
against ETV resistant mutants which are also resistant to LMV.

3.4.1. Pol Mutants in the LAC Region as Compared with the Rest
of the World

Emerging data from LAC countries will be discussed with those obtained in
other world areas.

Resistance to antiviral therapy should be suspected in those patients
undergoing an antiviral regimen for treatment of chronic hepatitis B, who
suddenly present a virologic breakthrough accompanied by an increase in serum
aminotransferase levels.

Although the introduction of antiviral therapy has led to the selection of
several important polymerase mutants that confer resistance to most of the
antiviral drugs currently used for the treatment of chronic hepatitis B, it should be
taken into consideration that although naturally occurring polymerase gene
mutations are very rare, they do exist. For example, the 1le581Val mutation that
confers resistance to ADV, was identified in Germany in a patient chronically
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infected with HBV ascribed to genotype D, subgenotype D3, before ADV therapy
was initiated. This naturally occurring ADV-resistant virus was also detected in
HBV strains ascribed to genotype C, and in gibbons [Schildgen et al., 2006].
Other example of primary ADV resitance involved the HBV strains with the
Leu565Arg mutation before starting ADV therapy . This natural mutant has been
observed in most HBV strains ascribed to genotype A, subgenotype A2, which are
prevalent in Europe and North America, but not in strains with other genotypes
[Schildgen et al., 2006]. However, in Argentina, this naturally occurring ADV-
resistant mutant was identified in patients chronically infected with HBV who did
not undergo antiviral therapy with ADV. These isolated HBV strains that show
natural resistance to ADV were ascribed to genotypes A, E and F (Cuestas M. L.,
unpublished data).

Naturally occurring LMV-resistant mutants were identified in two Mexican
HBV isolates ascribed to genotype H. One of them showed the double mutant
Leu528Met + Met552Val, whereas the other showed only the single mutant
Leu528Met [Alvarado-Esquivel et al., 2006].

All these results suggest the clinical importance of testing for resistant
mutants before antiviral therapy regimen is set up.

Regarding the organization of the HBV genome into ORFs, one interesting
characteristic is that the P gene overlaps the other three viral genes (C, S and X;
figure 1). The S-gene is completely overlapped by the polymerase gene, being the
P ORF in the +1 reading frame in relation to the former. As a consequence,
mutations in the S gene might produce changes in the overlapping polymerase
gene and vice versa. It is of clinical importance the fact that the HBV S gene
overlaps specifically the RT domain of the polymerase gene, because genetic
alterations in the S gene selected as a consequence of immunotherapies such as
HBV vaccination or HBIG, may not only affect the conformational structure of
the HBsAg, but also the RT domain of Pol, which is an important target for the
antiviral therapeutic against HBV. Thus, mutations that confer resistance to LMV,
ADV o ETV, may appear as a result of the corresponding S gene mutations. In
addition to this, a functionally significant alteration of the viral polymerase
reflected as a lower replication activity of the RT, that may influence viral
replication fitness, could be another possible result of such S gene mutations.
However, polymerase function seems to be intact in most S mutant viruses
detected worldwide [Protzer-Knolle et al., 1998]. Similarly, point mutations
within the YMDD motif of the reverse transcriptase domain of the viral
polymerase can change the aa-sequence of the S protein, but due to the
downstream location of the YMDD motif respect to the antigenically relevant
epitopes of HBsAg, these point mutations are neither correlated with significative
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changes of the antigenicity nor of the serotypes of HBsAg. However, the binding
to anti-HBs antibodies may be reduced due to the alterations in the structure of
HBsAg produced by the LMV-selected changes. It is unknown if LMV-selected
HBsAg changes may produce viral variants that are not neutralized by vaccine
induced anti-HBs antibodies, but it is possible that the widespread use of
nucleoside/nucleotide analogs like LMV, ADV, ETV select S-mutants that have a
reduced affinity for vaccine induced anti-HBs antibodies [Torresi J., 2002].

According to Torresi, the ability to modify a viral protein by mutations in an
overlapping but unrelated ORF may produce HBV mutants with altered
antigenicity and/or replication fitness and a natural history that might be different
to wild-type HBV strains [Torresi J., 2002].

In one report from Brazil, it was documented that 70% of the patients under
study with chronic hepatitis B and coinfected with HIV, had received LMV as
antiviral therapy for 11 to 60 months. Forty four percent of them proved to be
negative for seric HBsSAg but have detectable HBV DNA (occult infection).
Interestingly, all patients that showed LMV resistant mutations in HBV
polymerase (30%), were HBsAg positive. In contrast, all patients with occult
infection had absence of LMV resistant mutations. Among the mutations that
conferrred resistance to LMV, the double mutant Leu528Met + Met552Val, as
well as the triple mutant Val521Leu + Leu528Met + Met552Val were recorded.
This triple mutant produced in the corresponding overlapped region of the S
protein the amino acid substitutions Glul64Asp and lle195Met, which showed
reduced affinity to anti-HBs antibodies, in a similar way to the well-documented
vaccine-induced escape mutants Gly145Arg [Sucupira et al., 2006].

Several residues of the HBV DNA polymerase fragment that overlaps with
the ORF encoding HBsAg were affected by S-mutants identified in a chronically
infected HBV Argentine patient with cocirculation of anti-HBs antibodies.
Although the YMDD motif was conserved despite the presence of mutations
within the S protein, several MHC-1 and MHC-II restricted epitopes were
affected. One of the identified mutations in the S protein was Met133Lys, that
accounted for an amino acidic change at codon 489 which -in turn- resulted in the
premature termination of the Pol protein. It is assumed that since certain
mutations in the gene that encodes for viral polymerase may impair virus
replication to a different extent, a minor population of intact genomes should be
present to help the formation of viral particles by complementation [Mathet et al.,
2003; Cuestas et al., 2006]. Moreover, in vitro studies have shown that the
combination of wild type and mutated reverse transcriptase, yielded DNA levels
(at late times) even higher than the wild type alone, suggesting that wild type



74 Veronica L. Mathet and Marfa L. Cuestas

polymerase might function in trans to boost RT mutated replication [Heipertz et
al., 2007]

In summary, as a consequence of the organization of the HBV into ORFs, the
selection of S mutants by the immune pressure can select variants with changes in
the overlapping P gene coding for the viral polymerase, that may or may not
confer resistance to antiviral therapy with nucleoside/nucleotide analogs. In a
similar way, the selection of polymerase mutants during long-term therapy with
nucleoside/nucleotide analogs, can select variants with changes in the overlapping
S gene coding for the HBsAg, that may have a reduced binding to anti-HBs
antibodies.



Chapter 4

Conclusions

HBV infection has special characteristics in LAC countries as it presents
specific and practical challenges for its control. The endemic does not only bear a
variable geographical and population distribution but the technical, economic, and
Public Health resources are also different for each country.

Even though most of the ways of transmission and preventive strategies are
known, the vaccination coverage is limited and the preventive programs are scant.
In spite of the progress gained so far in the field of vaccine and therapy, HBV
infection still remains a challenging health problem in LAC countries.

In addition to higher vaccination coverage, the simultaneous implementation
of preventative measures involving both the individual risk behavior and the
social, economic, and biologic vulnerability of some populations is essential.
Among many adolescents and young adults, the individual behavior and/or the
social vulnerability are dangerously combined for HBV acquisition, as
dramatically observed among some local communities.

A comprehensive response to this endemic in the LAC region combining the
utilization of available tools in terms of prevention, diagnosis, and treatment will
undoubtedly help not only to diminish the number of new infections but also to
reduce HBV morbi-mortality as well. The quality of health care coverage and the
political commitment are key factors in the control of HBV.

Most of the LAC countries have the capacity not only to employ the existing
knowledge properly but also to carry out research that could contribute to acquire
a better understanding of the endemic in the region. Research in LAC countries
could help to answer key questions about HBV infection. For instance, what is the
influence of A to H genotypes in the transmission, in the pathogenicity, in the
clinics, and in the prevention and diagnosis of HBV infection? Or what is the
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significance of escape mutants from diagnosis and/or natural or acquired immune
response? Likewise, it will be important to investigate on the implication of
variants/mutants within the F and H genotypes (which are common in LAC
countries) both during the infection and progress to disease. Furthermore, it will
be crucial to do research that help to identify the association between these
genotypes and the emergence of resistant variants.

Not only basic viral and clinical research is needed on HBV infection in the
LAC region. Many important questions about its epidemiology remain to be
answered. An existing limitation is the scant knowledge about the actual incidence
(and even prevalence for some local communities) rates of HBV transmission in
the region as well as the different risk factors for its acquisition.

The impact of the utilization of the existing knowledge for the control of
HBV infection in LAC countries has not yet met the desired expectations.
Therefore, it is also important to conduct research in the sanitary systems of each
country to help unveil the reasons accounting for failures in the implementation of
strategies that have already proved to be effective, thus enabling health authorities
to plan more efficacious health policies for the HBV control within the LAC
countries.

The advent of Molecular Medicine has raised new expectations to achieve
better diagnostics, prophylaxis and treatment. In the fight against chronic hepatitis
B, many goals have been achieved, but the battle has not finished yet. There is
still a long way to go, with new challenges to encounter. The future waits for new
and important discoveries that will stand far beyond their intrinsic academic value
since they will will surely bring about improvements to prevent and diagnose
HBYV infections and cure human beings.
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