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ABSTRACT

Hepatitis B virus belongs to Hepadnaviridae family and replicates by reverse
transcription of the viral RNA. Nucleotide variation within the virus has led to its
classification into ten genotypes (A-J). The reverse transcription step within its life cycle
IS prone to introduction of errors and accounts for the current existence of mutants,
recombinants, and quasi species of HBV. As a consequence, mutations may render
blood donations false negative for hepatitis B surface antigen (HBsAQg) upon serological
testing. In Kenya, data on escape mutations of HBsAg is limited. This study aimed at
determining HBV genetic diversity and surface antigen mutations among voluntary
blood donors in Kenya. A total of 301 blood samples were collected from the Regional
Blood Transfusion Centres (RBTCs) and tested for HBsSAg using the Enzyme-Linked
Immunosorbent Assay (ELISA) and nested PCR. The amplified products were
sequenced, the generated HBV sequences analysed for S gene mutations and the genetic
diversity of HBV was determined. All the statistical analyses were performed using
SPSS version 19.0. Out of the 301 samples tested by PCR for the HBV DNA, two
samples 2/301 (0.66 %) were identified were identified as occult HBV infection. The
cases were confirmed by sequencing. All strains were genotype A, with Al (94.20%)
predominated, A2 (1.45%) and A3 (4.35%) sub genotypes. The amino acid substitutions
Q101H, T118A, K122R, K133E, M133l, T143M, C149R, E164G and V184A were
detected in ORF S with T143M and K122R as the most prevalent mutations. The present
study revealed the predominance of genotype A, with Al, A2 and A3 sub genotypes
among Kenyan voluntary blood donors. In addition, surface antigen mutations were
detected. Different HBV genotypes have been associated with disease chronicity and
development of Hepatocellular Carcinoma (HCC) and response to treatment. Surface
antigen mutants evade the immune surveillance leading to false negative diagnosis for
HBsAg in blood donations. This could lead to increased HBV transmission in the
general population. Therefore, there is need for continuous surveillance of HBV
genotypes and mutations with clinical significance in the population.

xXvii






CHAPTER ONE
INTRODUCTION
1.1 Hepatitis B Virus Infection

Hepatitis B virus (HBV) infects the liver causing acute and chronic liver disease (Akbar
et al., 2004; McMahon, 2005). Despite the presence of an effective prophylactic vaccine
it is estimated that 2 billion people have been infected with HBV during their lifetime
and over 350 million are chronic carriers of the virus and have an increased risk of
developing liver cirrhosis and hepatocellular carcinoma (HCC). (WHO, 2012), with 65
million chronic carriers residing in Africa. The sub-Saharan region is highly endemic
with Hepatitis B surface antigen (HBsAQ) carrier rates of between 9-20 % (Kramvis &
Kew, 2007). The prevalence of HBV chronic carriage ranges between 3% and 22% in
blood donors where than 50% of blood donors and blood recipients have had a natural
exposure to HBV (Allain et al., 2003). In addition 12.5% of patients who receive blood
transfusion are at risk of post-transfusion hepatitis (Tessema et al., 2010).

Hepatitis B virus, a member of the Hepadnaviridae family, is a circular, partially
double-stranded Deoxyribonucleic acid (DNA) virus with a genome of approximatively
3.2 kilobases in length. It contains four overlapping open reading frames (ORFs) PreS/S,
PreC/C, P and X (Pourkarim et al., 2014).

Hepatitis B virus has considerable genetic variability related to high levels of virus
production and absence of proofreading activity of the viral polymerase during the

reverse transcription step of the replication cycle (Seeger et al., 2000).

This unique replication tactic accounts for the current existence of various genotypes,

subgenotypes, mutants, recombinants, and even quasispecies of HBV. The virus has also

been classified into 40 sub-genotypes and nine serotypes (adw2, adw4, aywl, ayw?2,

ayw3, ayw4, adrg+, adrg— and ayr (Norder et al., 2004; Schaefer, 2007). Its genotypes
1



and sub-genotypes have a distinct geographical distribution and are associated with
ethnicity. These have a medical significance such as diagnostic escape, immune evasion
and drug resistance (Song et al., 2006). Hepatitis B Virus has been classified into ten
genotypes (A-J) based on >8% intergroup sequence divergence with different
geographical and ethnic distribution (Tatematsu et al., 2009; Yu et al.,, 2010).
Genotyping and HBsSAg subtyping of isolates are useful tools to understand the
epidemiology of HBV infection and accumulating data suggests that HBV genotypes
and subgenotypes influence the clinical outcome of infection, including the risk of
(Hepatocellular Carcinoma(HCC) (Pourkarim et al., 2014). Reports have indicated that
genotype C was associated with faster liver damage and higher risk of HCC compared to
genotype B. Yu et al., 2005). Genotype D has been reported to be associated with severe
liver disease compared to genotype A in some studies(Toan et al., 2006), while the
opposite was reported by others, with genotypes A and F more associated with HCC
development than genotyped (Livingston et al., 2007). The influence of HBV genotypes
on response to antiviral therapy has been also studied. Genotypes A and B have been
associated with a better response to interferon-based therapies compared to genotypes C
and D (Raimondi et al., 2010).

In addition, the high genetic variability of HBV leads to selection of mutations in
different viral genes under pressure of host immunity or antiviral treatment. Hepatitis B
surface antigen detection is a primary target for diagnosis and immunoprophylaxis of
HBV infection both in the routine virology laboratory and for blood donation screening
(El-sherif et al., 2007). The HBsAg, a major envelope protein of HBV is composed of
226 amino acids (El Chaar et al., 2010) and contains a major hydrophilic loop (MHR) of
HBsAg at amino acid aa 100 to 170. Interestingly, the MHR contains a cluster of
neutralizing B cell epitopes located between aa 124 to 147 called the alpha determinant
(Zheng et al., 2004; Hu et al., 2009). The ‘a’ determinant is the main target for
neutralizing antibodies used in active, passive immunisation and in diagnostic assays.

Mutation within this region could alter the antigenicity of the protein, leading to failed

2



neutralization of HBsAg by anti-HBs antibody and may cause escaping from the host’s
immune system (Moradi et al., 2012). In Kenya, little is known about the molecular
characteristics of HBV strains. To date, few studies have reported the predominance of
genotype A, sub genotype Al (Mwangi et al., 2008; Ochwoto et al., 2013; Kwange et
al., 2013).

1.2 Statement of the problem

Infection with Hepatitis B virus (HBV) causes acute and chronic liver disease (Akbar
et al., 2004; McMahon, 2005). Globally, 2 billion people are infected with HBV, 65
million reside in Africa. An overall HBsAg prevalence of 8.8% has been reported in a
rural population in Kenya (Mutuma et al., 2011) The high genetic variability of HBV
leads to selection of mutations in different viral genes under pressure of host
immunity or antiviral treatment (Ghany & Liang, 2007). Mutations evade the immune
surveillance leading to false negative diagnosis during routine screening for HBsAg
in blood donations therefore transmitting HBV to both vaccinated and unvaccinated
populations (Moradi et al., 2012). Studies focusing on HBsAg mutations are scarce in
Kenya and the extent of mutations in the population is not well defined. Therefore, the
main objective of this study was to determine Hepatitis B Virus genetic diversity and

surface antigen mutations among voluntary blood donors in Kenya.
1.3 Justification of the study

In Kenya, the mainstay of donor screening is serology. However NAT is important
since, besides narrowing the window period hence increasing safety of blood, its
downstream applications provide information on genotypes as well as mutation profile
of HBV. This study supports the potential use of molecular detection as an alternative
when it has become widely available at lower cost for public health. Information
obtained from the current study will apply on improving blood donation programs in



Kenya. Understanding the diversity of mutations is useful in designing a diagnostic

assay or development of a test algorithm
1.4 Research Questions

1. What is the frequency of occult hepatitis B virus infection among voluntary
blood donors in Kenya?

2. What is the prevalence of surface antigen mutations among voluntary blood
donors in Kenya?

3. What is the Hepatitis B Virus genetic diversity among voluntary blood donors

in Kenya?
1.5 Objectives
1.5.1 General Objective

To determine Hepatitis B Virus genetic diversity and surface antigen mutations

among voluntary blood donors in Kenya.
1.5.2 Specific Objectives

1. To detect occult hepatitis B virus infection among voluntary blood donors in
Kenya.

2. To identify HBV genotype and sub-genotype circulating among voluntary blood
donors in Kenya.

3. To determine presence of surface antigen mutations among voluntary blood

donors in Kenya



CHAPTER TWO
LITERATURE REVIEW
2.1 Hepatitis B Virus

Hepatitis B virus belongs to Hepadnaviridae family, genus orthohepadnaviruses
(Schaefer, 2007). This genus is shared with the Chimpanzee hepatitis B virus, Gorilla
hepatitis B virus, Orangutan hepatitis B virus and the Woodchuck hepatitis B virus
(Bonvicino et al., 2014). Humans are known to be the natural definitive hosts of
human HBV, in whom it causes acute or chronic liver infection which may lead to
various fatal complications (Bowyer et al., 2011). Hepatitis B virus is a blood borne

virus and is roughly 75-200 times more infectious than HIV (Bowyer et al., 2011).
2.2 Hepatitis B Virus Structure

Hepatitis B infectious virus is 42 - 47 nm in diameter and circulates in blood in
concentrations as high as 10° virions per milliliter (ml) (Liang, 2009). It is a circular
double-stranded DNA virus, consisting of an inner nucleic acid, containing a core and
an outer lipoprotein envelope, containing HBsAg protein (Figure 2.1). The virus
secretes excess HBsAg into the serum of infected individuals, and this is the first
serological marker to become detectable. It appears in the blood one to ten weeks
after exposure and two to eight weeks before the onset of clinical hepatitis (William,
1999). The viral DNA is associated with DNA polymerase, an enzyme, which is
important for the replication of the virus. Together they are surrounded by an inner
coat of core protein (HBcAg). The HBcAg is found within the liver of infected
individuals, but is insoluble and thus not detected in the blood (William, 1999).
However the soluble component of HBCcAg, called HBeAg, is secreted into the serum
and cleared rapidly after acute infection but persists in the serum of patients with

active viral replication (Liang, 2009).



Partially double-stranded DNA

Figure 2.1: Structure of HBV particle and surface antigen (Dane et al., 1970).

2.3 Hepatitis B Virus genome

The genome consists of a partially double-stranded circular DNA molecule of
approximately 3200 nucleotides (nt) in length (Yano et al., 2015). This compact
genome consists of four partially overlapping open reading frames (ORFs), which
include the Precore/Core gene (PreC/C), which encodes the envelope
protein(HBeAg) and the core protein (HBcAg), polymerase gene (P), which encodes
the viral polymerase (reverse transcriptase, (PreS/Surface gene (PreS/S), which
encodes: Large HBs, Middle HBs, Small HBs envelope proteins and finally the X
gene, which encodes the small regulatory HBx (Liang, 2009; Shen et al., 2014).
(Figure 2.2)
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Figure 2.2: Genome organization of hepatitis B virus (Minor & Slagle (2014).)

HBV contains a small, partially double-stranded (~dsDNA) genome (see inner black
circles) that consists of a full-length negative strand and an incomplete (dashed lines)
positive strand. The genome contains four promoters, two enhancer regions (Enhl,
Enh2), and two direct repeats (DR1, DR2). The four ORFs are depicted by the
colored arrows. During virus replication, the ~dsDNA genome is repaired into
covalently closed circular (ccc) DNA, which serves as the template for viral
transcription. The four major transcripts, shown as thin black outer arrows, are
described in the text. Note that the S ORF (blue) was the gene of interest.



2.4 Hepatitis B virus gene products

2.4.1 Surface Proteins

The HBV surface (S) ORF is composed of three different surface genes (preS1, preS2
and S), and encodes three different surface proteins: large (LHB), middle (MHB), and
small (SHB) (Schadler & Hildt, 2009). The SHBs: The 226 amino acid S protein
(HBsAg) (unglycosylated 24 kD; glycosylated 27 kD) (Gerlich et al., 1992) is the most
abundant protein of all three surface proteins and is encoded by the SHBs domain. The
loop located between amino acids 124 - 147, forms the major antigenic determinant,
known as the‘ a‘determinant, which is the initial target of the anti-HBs immune response
during acute hepatitis (Moradi et al., 2012). Amino acid substitutions within this
determinant, can lead to conformational changes affecting the binding of neutralising

antibodies (Chongsrisawat et al., 2006).

The MHBs: The 281 amino acid MHBs protein (preS2/S), encoded by the MHBs
domain, consists of the SHBs and a 55 amino acid preS2 (Ganem & Schneider, 2001).
MHBs contains overlapping B and T cell epitopes and a binding site for neutralizing
antibodies, located between amino acids 120 to 145 and the transactivation domain
(Hildt et al., 2002).

The LHBs carries a receptor recognition domain (encoded by LHBs domain 389 to 400
amino acids, which allows efficient receptor binding during hepatocyte membrane
attachment (Wang et al., 2003). Middle HBs is another minor component on the surface
of virions and subviral particles (10-20%) and is not required for viral morphogenesis
(Wang et al., 2003). Hepatitis B surface antigen acts as a biomarker for the HBV-
replication activity, and persistence of HBsAg for more than 6 months is generally
considered the indicator for chronic hepatitis B (CHB) infection (Wang et al., 2003).
The Hepatitis B surface antigen is the main target of protective humoral immune

response induced by vaccination, and is also one major target for immune therapy
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(Kondo et al., 2013). The S ORF also includes other important functional domains, such
as essential binding sites for hepatocyte receptors, epitopes for T- or B-cells, major
hydrophilic region (MHR) and the “a” determinant region, mutations in these domains

are related to immune and vaccine escape (Moradi et al., 2012).
2.5 Hepatitis B Virus replication cycle

Viral replication takes place via an RNA intermediate utilizing reverse transcriptase,
which lacks proof reading activity (Yano et al., 2015). It also known to have a high
error rate, the nucleotide exchange rate is 10* fold higher than that of typical DNA
genomes estimated to be 0.1 and 0.7 per year (Xu et al., 2015). The initial stage of
HBV infection involves the attachment of virus to the membrane of hepatocyte using
a specific receptor recognition domain identified in the preS domain of surface
protein. In addition sodium taurocholate cotransporting polypeptide (NTCP) a
functional cellular receptor mediates HBV entry through binding of the preS domain
peptide (Yan et al., 2012; Ni et al., 2014). Transcription starts from the core promoter
to yield the 3.5 kb pregenomic RNA, which is packaged with polymerase into
immature core particles, and then serves as a template for reverse transcription and
negative strand DNA synthesis. The incomplete positive strand DNA is then
synthesized. The mature core particles are packed into HBSAg and pre-S proteins in
the endoplasmic reticulum (ER) then exported from the cell (Figure 2.3) (Pollicino &
Raimondo, 2014).
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Figure 2.3: HBV infection cycle.

The 6 stages of HBV infection cycle: 1. viral attachment and entry; 2) transportation
into the nucleus; 3) conversion of rcDNA to cccDNA; 4) transcription and
translation; 5) synthesis of progeny viral DNA genomes; and 6) assembly of viral

particles and secretion (Pollicino and Raimondo, 2014).
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2.6 Hepatitis B virus Epidemiology, transmission and disease profile.
2.6.1 Epidemiology of HBV
2.6.1.1 Global prevalence of HBV

HBV infection is one of the most prevalent viral infections. More than two billion
people who are currently alive have been infected, of whom 240 million are
chronically infected. The global prevalence of chronic HBV infection is estimated to
be 3.9% in males and 3.5% in females in 2005. HBV infection accounts for 30.3% of
liver cirrhosis deaths and 45.4% of liver cancer deaths. Overall, 786,000 people were
estimated to have died in 2010 from HBV-related liver diseases including acute or
fulminant hepatitis, liver cirrhosis and liver cancer, which makes HBV infection as a
15" ranked cause of death (Ott et al., 2012).

The prevalence of HBV infection varies in different geographical locations and
population groups across the world, the global distribution of HBV is shown is figure
2.4. Prevalence of chronic HBV infection is classified as high where prevalence is
more than 8% such as Southeast Asia, China, sub-Saharan Africa and the Amazon
Basin (Sugiyama et al., 2007). Intermediate region where prevalence is 2%-7%
including Eastern and Southern Europe, Middle East, Japan, and part of South
America; and as low where prevalence is less than 2% in North America, Northern
and Western Europe and Australia. In high endemic areas, 70%-90% of the
population has a past or on-going serologic evidence of HBV infection and most
infections were observed in infancy or childhood. In intermediate areas, 10%-60% of
the population shows evidence of HBV infection and 2%-7% are chronic carriers.
Many infections occur in adolescent and adults, but infection during infancy and
children still contribute at high rate. In low HBV prevalence areas, 5%-7.5% of
population has evidence of serologic HBV infection, of which 0.5%-2% are chronic

carriers (Hou et al., 2005). Hepatitis B surface antigen seroprevalence was 3.61%
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worldwide where about 248 million individuals were HBsAg positive in 2010.
Around half of the world populations reside in HBV endemic area 15%-25% die of
cirrhosis and HCC Data from World Health Organization indicated a prevalence of
8.83% in the African Region, 0-81% in America ,Eastern Mediterranean Region
3.01%, European Region2.06%, South East Asian Region1.90% and Western Pacific
5.26% (Schweitzer & Hei, 2012).

2.6.1.2 Distribution of HBV infection in Africa

Hepatitis B surface antigen prevalence in the general population in the WHO African
Region (8.83%), the prevalence of chronic HBV infection is high (>8%) Angola,
Benin, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic,
Congo, Cote d‘Ivoire, Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Liberia,
Malawi, Mali, Mauritania, Mozambique, Namibia, Niger, Nigeria, Senegal, Sierra
Leone, South Sudan, Swaziland, Togo, Uganda, Zimbabwe. Intermediate areas with
(2-8%) prevalence include: Algeria, Congo, Eritrea, Ethiopia, Kenya, Madagascar,
Rwanda, South Africa, Tanzania, Zambia and a low prevalence region (<2%) is
Seychelles (Schweitzer & Hei, 2012).

2.6.1.3 Hepatitis B Virus disease burden in Kenya

In a study carried out during the Kenya AIDS Indicator Survey to estimate the HBV
infection prevalence showed that 28.0-35.3% had exposure to HBV where estimated
prevalence of Chronic Hepatitis B Infection (CHBI) was 2.1% (Ly et al., 2016)._It is
reported that in a rural population in Kenya there was an overall HBsAg prevalence
of 8.8%, with the largest number (34%) of those positive being between 5 and 10
years of age. This suggested either mother to child transmission or early childhood
exposure to hepatitis B virus (HBV) and 86.6%) were HCC cases (Mutuma et al.,
2011). A recent study among HIV co-infected patients reported HBV prevalence of
13.3% (Kerubo et al., 2015).
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2.7 Transmission of Hepatitis B Virus

Hepatitis B virus is reported to be 100 times more infectious than the human
immunodeficiency virus (HIV) and 10 times more infectious than HCV, making it
highly transmissible (Gupta et al., 2008; Pande et al., 2011). HBV can be transmitted
through contacts with body fluids from infected HBV patients. Blood is the most
important route of HBV transmission, but other body fluids such as semen and saliva
have been reported to be the source of transmission. (Seeger et al., 2007). It is a highly
stable virus, resistant to breakdown, can survive outside the body for at least 7 days
(Lavanchy, 2004; Seeger et al., 2007). Three major modes of transmission are
documented, namely; the horizontal, sexual and vertical routes of transmission
(Wasmuth, 2009). Horizontal transmission of HBV may occur through direct contact
with infected blood and blood products, dialysis, sharing of needles among injection
drug users, needle stick accident among healthcare professionals and intravenous drug
abuse (Lavanchy, 2005; Wasmuth, 2009). Having multiple sexual partners and
continuous unprotected sexual intercourse with HBSAg positive partners is the main
cause of HBV infection in the adolescent and adult-age populations (Wasmuth, 2009).
Chronically infected individuals do not immediately present with symptoms and as such
are not aware of the HBV infection (Lavanchy, 2005). In the case of men who have sex
with men (MSM), receptive anal intercourse is also a major determinant of acquisition
of HBV infection (Freitas et al., 2014).

Vertical transmission or mother-to-child transmission (MTCT) occurs when a mother
has an active infection during pregnancy or at birth. The risk of transmission is directly
proportional to the viral replication rate in the mother. Pregnant women with no
detectable HBV DNA are thus less likely to pass the infection on to their babies while
the risk in mothers with high levels of viremia may be up to 90% (Wasmuth, 2009).
Although screening for HBV infection in blood donors has contributed considerably to
the reduction of transfusion transmitted HBV infection, HBV infection after blood

transfusion is still a matter of concern.
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2.8 Natural history of Hepatitis B Virus infection

The incubation period of HBV following successful infection typically is 8 to 12
weeks .At this stage, the clinical presentation will range from subclinical
and asymptomatic carriage to acute self-limiting hepatitis or fulminant hepatitis to
chronic hepatitis (Figure 2.6). Infection progression depends on the person’s age,
viral factors and the host immune response, which could lead to liver cirrhosis and
HCC (Shepard et al., 2006). For instance, age depending at the time of infection, it
has been shown that majority of perinatal or childhood infections are found to be
asymptomatic and may proceed to chronicity. However, in adults the infection is

usually acute and self resolving (De Francis et al., 2003).
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Figure 2.4: Natural history of Hepatitis B virus infection (Feitelson, 1992).
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2.8.1 Acute hepatitis

The acute phase of the HBV infection is observed after six months of infection. The
clinical symptoms associated with acute infection include; jaundice, nausea, weight
loss and flu-like illness. However, patients may also suffer from fever, urticaria and
arthralgia. These symptoms generally subside within a few weeks along with
disappearance of HBV DNA and seroconversion from HBeAg to anti-HBe. A large
proportion of the cases are asymptomatic and the infection may pass without notice
(Blackberg & Kidd-Ljunggren, 2000). Most patients with acute hepatitis B are
HBsA(Q positive at presentation, but the critical test is IgM anti-HBc, which confirms
acute HBV infection. If HBsAg is detected after six months of infection, the patient is
considered to be a chronic carrier (Figure 2.7). The risk for chronic disease is usually
low in adults (Blackberg & Kidd-Ljunggren, 2000). Acute hepatitis may in some
cases progress to fulminant hepatitis leading to liver failure (Fagan and Williams,

1990), a state that is associated with high mortality.
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Figure 2.5: Markers of acute resolving HBV infection (Paar, 2008)
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2.8.2 Chronic hepatitis

Chronic HBV infection results during persistence of HBsAg for more than 6 months
in the serum of an infected person, with no anti-HBc-IgM (Shepard et al., 2006). The
progression of chronic infection from acute infection is dependent on host immune
response but mainly the age of the patient. Ninety percent of infants infected develop
chronic infection, while only 5% of adults will develop chronicity (Huang et al.,
2006). Patients chronically infected with HBV and lacking the anti-HBs, develop
HBeAg, which is a marker of HBV replication and correlates with greater infectivity.
Seroconversion to anti-HBe is usually associated with resolution of the infection and
the development of BCP/PC mutations in the virus (Shepard et al., 2006; Zhang et
al., 2016). Chronic HBV infections can be divided into the following four stages:

Immune tolerance phase, is characterized by active viral replication and immune
system tolerance. In this initial phase, HBV DNA replicates at a high level and the
HBs and HBe antigens are produced with very high detectable antibodies. Alanine
transaminase (ALT) levels are normal, in this phase, which may last for 10-30 years
hence no liver inflammation. This phase usually occurs in infants who were infected

at birth or early childhood, and it can last for up to four decades (Yim & Lok, 2006).

Immune clearance phase, this second stage is characterized by the immunologic
response that causes inflammation and hepatic injury. As a result of viral clearance,
there is seroconversion from HBeAg- positivity to anti-HBe, followed by moderate to
severe necroinflammation of hepatocytes and elevated ALT levels. This usually
occurs in the second or third decade of life in patients with perinatally acquired
disease (Villeneuve, 2005; Yim et al., 2006).
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Inactive carrier state, viral clearance in this third phase is accompanied by
seroconversion of HBeAg, resulting in relatively low HBV DNA level and
normalized ALT levels. With undetectable HBV DNA, there is no inflammation and
anti-HBe persists. This phase can last a lifetime (Yim et al., 2006).

Reactivation stage. This stage is characterized by elevated ALT levels and the
presence of HBV DNA, with the possibility of further liver damage leading to
fibrosis and cirrhosis (Yim et al., 2006). Clinically, the e-antigen is important in
chronic infection as it is regarded a marker for replication and indicative of ongoing
HBV infection. When seroconversion occurs, it normally reflects remission of liver

disease and viral clearance (Yim et al., 2006).
2.8.3 Occult Hepatitis B infection (OBI)

Occult Hepatitis B infection (OBI) is defined as the presence of HBV DNA in the
liver (with detectable or undetectable HBV DNA in the serum) of individuals testing
HBsAg negative by currently available assays. When detectable, the amount of HBV
DNA in the serum is usually below 2001U/ml (Ocana et al., 2011). The molecular
basis of OBI is related to the long term persistence of viral cccDNA in the nuclei of
hepatocytes. Individuals who are HBsAg negative, with serum HBV DNA levels <
200 1U/ml, are considered to be true OBI (Gibney et al., 2008). Samples in which
serum HBV DNA levels are similar to HBsSAg positive overt infection, but are
HBsAg-negative, have been termed false OBI or HBsAg covert infection (Bell et al.,
2012). OBI can be classified into: seronegative (negative for all serological markers),
which accounts for approximately 20% of all OBI cases, and seropositive (anti-HBs
and anti-HBcpositive), which accounts for 80% of OBI cases (Martinez et al 2015).
The occurrence of OBI is worldwide and the distribution of OBl may reflect the
general prevalence of HBV (Raimondo et al., 2007). Essentially, OBI is found in four
clinical contexts: (i) recovery from acute infection leading to seroconversion from
HBsAg to anti-HBs, (ii)chronic HBV infection with mutant strains that have a
17



mutation in the S region and this could result in diagnostic failure of HBsAg by
routinely used assays, (iii) chronic infection without any marker except HBV DNA,
(iv) chronic infection with HBsA(g levels too low to be detected by serological assays,
the most common type occurring in endemic areas (Allain, 2004).0BI has many
impacts on different clinical aspects, including the possible transmission of infection,
risk of reactivation and enhancing liver disease progression that can lead to HCC
(Raimondo et al., 2007).
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Figure 2.6: HBV profile in OBI and ‘‘false” OBI (Martinez et al., 2015
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2.8.4 Hepatitis B Genotypes and subtypes

A genotype is defined as the genetic constitution of an organism (Francois et al.,
2001). Hepatitis B Virus genotype is due to the entire nucleotide sequence, and is
more appropriate for investigation of geographic distribution and epidemiology.
Hepatitis B virus has been classified into 10 genotypes (A-J) based on >8%
intergroup sequence divergence with different geographical and ethnic distribution.
For instance, Genotype A has been found mainly in North America, USA, Europe,
India and Africa (Yu et al., 2010; Kramvis, 2014). In Africa, Genotype A is found in
Southern, Eastern and Central Africa (Kramvis & Kew, 2007). Sub-genotypes have
also been identified within genotypes A and D, subgenotype Al has subsequently
been found in Malawi (Sugauchi et al., 2003), Somalia (Sanchez et al., 2002),
Zimbabwe (Gulube et al., 2011), Uganda (Hannoun et al., 2005) and Tanzania
(Hasegawa et al., 2006).

In Kenya the subgenotype A1 distribution has been reported. For instance, genotype
A was found to be predominant followed by genotypes D and E among HBsAg
positive blood donors (Mwangi et al., 2008), another study sequenced the complete S
gene reported subgenotypeAl, genotype D, subgenotype D1 (Ochwoto et al., 2013).
Genotypes B and C are prevalent in Southeast Asia and the Far East (Kramvis and
Kew, 2007). Genotype D has been detected throughout the world and it is
predominant in the Mediterranean, Middle East, South Asia and particularly in India
(Yu et al., 2010). Genotype E has also been detected in sub-Saharan Africa and West
Africa (Suzuki et al., 2005). Genotype G has a high prevalence in the United States,
while genotype H is restricted to Central and South America, France, Colombia and
Brazil (Weber, 2005). Recently, Genotype | was reported in Vietnam and Laos, while
genotype J was identified in Japan (Yu et al., 2010; Arankalle et al., 2010). (Figure
2.4).
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Figure 2.7: Geographic distribution of HBV genotypes and sub genotypes (Gerlich,
2013).

2.8.5 Clinical relevance of the HBV genotypes

The different HBV genotypes have been associated with some clinical features of
HBV associated to liver disease, Hepatocellular Carcinoma (HCC), viral mutations
and response to treatment (Kramvis & Kew, 2007). Genotype A is associated with a
greater risk of progression to chronicity in adult acquired HBV infections (Kew et al.,
2005). In sub-Saharan Africa, subgenotype Al is the predominant and has been
associated with high rates of HCC, patients infected with subgenotype Al have a
higher rate of HBeAg negativity, low HBV DNA levels and develop HCC at a
younger age compared to patients infected with other genotypes (Kew et al., 2005).
Data has indicated that genotype C is associated with faster liver damage and higher
risk of HCC compared to genotype B (El-Serag et al., 2012). Genotype D has been
reported to be associated with severe liver disease compared to genotype A in some
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studies, whereas genotypes A and F are more associated with HCC development than
genotype D (Toan et al., 2006). The influence of HBV genotypes on response to
antiviral therapy has been also studied, genotypes A and B have been associated with
a better response to interferon-based therapies compared to genotypes C and D
(Raimondi et al., 2010).

Hepatitis B Genotype C has also been associated with a more severe liver disease and
with a lower rate of response to interferon therapy (Croagh et al., 2015). The
emergence of resistance to antiviral therapy with lamivudine seems to be independent
of the genotype although it is related to the presence of HBeAg. HBV carriers
infected with genotype C are more frequently positive for HBeAg (Echevarria et al.,
2006).

2.8.6 Hepatitis B virus mutations.

A mutation is defined as a random error occurring in the genome, which may lead to
genetic variation in the organism (Paraskevis et al., 2013) Because of the lack of
proof reading activity by the HBV reverse transcriptase, error frequencies occur
during replication. These result in HBV mixture of mutants and wild type in the
entire genome (Datta, 2008). The mutations can occur either naturally or may be
evoked during antiviral therapy where the mutation rate of HBV is relatively high
with the nucleotide substitution rate per site per year estimated at 1.5x10°° to
3.0x10°° (Paraskevis et al., 2013; Bouckaert et al., 2013). The HBV genome
encompasses four overlapping reading frames preS/S, preC/C, P and X, with the
polymerase gene overlapping the envelope gene. As a result, mutations in the
catalytic domain of the polymerase gene can affect the amino-acid sequence of the
envelope protein (HBsAg) and vice versa (Pollicino et al., 2014). Mutations in the
HBsAg have several clinical effects, including: (i) reduced sensitivity to available

diagnostic tests, (ii) a lack of immunity following vaccination with non-mutant HBV
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variants (vaccine escaped mutant) and (iii) a failure of passive immunisation with
HBV IgG (El Chaar et al., 2010).

2.8.7 Vaccine Escape Mutations

Hepatitis B Surface antigen contains major neutralising epitopes used in commercial
hepatitis B vaccines (Francois et al., 2001). The benefit of the available anti-HBV
vaccine in preventing new infection is evident worldwide and particularly in highly
endemic areas (Torresi, 2008; Ni et al., 2012). The possible emergence of HBV
genetic variants that are able to elude the control of the specific vaccine-induced anti-
HBs antibodies have been reported, these escape mutants are a matter of concern
when considering the efficacy of HBV vaccine in a given population (Ni et al., 2012).
Regarding this, efficacy of HBV vaccine depends on HBV genotype prevalence in a
given population. Administration of HBIG therapy has been implicated in the
selection of HBV vaccine escape mutant. A study confirmed that first observation,
reporting the identification of individuals who developed HBV infection in spite of
having had vaccine induced circulating anti-HBs antibodies (Clements et al., 2010).
The most notable mutation responsible for HBV vaccine escape is a point mutation
(G to A) at nucleotide position 587 of the S gene, consequently replacing glycine (G)
with arginine (R) at amino acid residue 145 within the “a” determinant G145R (figure
2.5). Other common mutations involved in HBV vaccine escape include D144A,
P142S, Q129H, I/T126N/A and M133L (Dindoost et al., 2012). For this reason,
vaccine escape mutants are stable and thus may be transmitted to uninfected
individuals. This creates a major concern as vaccination is currently the most
effective preventive measure available (Weber, 2005). Mutant HBV may also remain
stable over time, predominate over the wild type variant as a consequence of specific
selective pressures such as the host immune response or prophylactic and sensitivity
to antiviral drugs. Similar to their wild type virus, some HBV mutants are
transmissible and as such have relevant medical and public health implications

(Coleman, 2006; Rebecca, 2011).
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Figure 2.8: Genotype and vaccine induced specific exchanges in the “a”

determinant of SHBs.

The “a” determinant consists of 2 loops: amino acid 124-137 and aa 138-147 or 149,
held together by disulfide bridges represented by lines. The capital letters in black
denote the genotypes of HBV (Schaefer, 2007).

2.8.8 Reduced sensitivity to available diagnostic tests

Routine screening of HBsAg among blood donors implemented in the early 1970s
has significantly enhanced transfusion safety and has steadily reduced the incidence
of transfusion-transmitted hepatitis B over the last four decades (Niederhauser et al.,
2011). It was demonstrated that HBV transmission by blood components that are
negative for HBsAg can still occur and HBV transmission remained the most
frequent transfusion-transmitted viral infection (Alavian et al., 2012). Prevention and
control is the most effective approach to assist in decreasing the spread of hepatitis B
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infection. An increase in the number of infected individuals similarly creates a
circumstance in which evolutionary progressions can lead to the emergence of new
HBV isolates that are capable of evading detection, thereby entering the blood
circulation (Roche et al., 2010). NAT complements serological screening for blood
donors and reduces the rate of transfusion-associated infection because it has the
ability to detect the presence of infection by directly testing viral nucleic acid rather
than antibodies. It is capable of detecting small amounts of DNA or RNA,; this is
beneficial during the window period and for occult hepatitis. Blood safety issues
related to the safety of the blood or tissues of an HBsAg-negative donor and the risk
of transmission are of important concern. There is a fear that escape mutants may be
spread by blood transfusion, since HBV DNA detection by nucleic acid amplification
technology (NAT) is not mandatory for blood donor screening in many countries and
Is not cost-effective (Fischinger et al., 2010). However, in those areas where the prev-
alence of escape mutants is expected to be high, earlier studies clearly indicated that
the transfusion of blood containing HBsAg has been associated with the development
of post transfusion hepatitis B and that cases of HBV infection have been identified
after transfusion of a HBsAg negative blood supply . Moreover, it is well known that
mutants of HBsAg are able to cause infection and horizontal transmission despite the

presence of anti-HBs (Bismas et al., 2013).

The most common mutation is G to R at 145 in the S gene (sG145R), which
minimizes the binding of antibodies raised against S protein, to virions and subviral
particles, and thus results in breakthrough infections. Another mutation at the same
position sG145A, leads to diagnostic failure (Tong et al., 2013). Therefore, there is a
potential risk of false negative HBsAg results because commercially available
monoclonal or polyclonal antibody may not detect the mutant HBV strains
(Yokosuka and Arai, 2006). The failure of a diagnostic assay may be a threat to
recipients of blood transfusions and organ transplants and therefore transfusion-

associated hepatitis B signifies a global public health problem.
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2.8.9 Hepatitis B Surface antigen mutation and hepatocellular carcinoma

Hepatitis B surface antigen mutants are asymptomatic and would not be detected by
routine screening. There are no available guidelines provided for categorising those
who should be screened for surface antigen mutants, such screening should be
considered in blood donors, individuals with unexplained liver diseases and subjects
who are HBsAgQ negative but anti-HBc and anti- HBs positive. Hepatocellular
carcinoma accounts for 85-90% of liver cancers worldwide (McMahon et al., 2009).
Hepatitis B Surface antigen mutants have been shown to aid in the development of
hepatocellular carcinoma through the capability of independent replication,
infectivity in chimpanzees and participation in acute human hepatitis (Hunt et al.,
2000). Point-mutations in the S promoter region as well as mutations in the start
codon of LHBs and MHBs can also cause an unbalanced surface protein production
that induces endoplasmic reticulum (ER) retention of surface proteins and
subsequently triggers the ER stress signaling pathways. A study comparing mutations
in preS/S gene showed that mutations at codons 4, 7 and 81 of the preS1 gene, codons
1 and 2 of the pre2 gene, and codon 68 in the surface gene were associated with HCC
development (Chen et al., 2008). It is been reported that point-mutations at C2964A,
C3116T and C7A were independent risk factors associated with HCC (Yin et al.,
2010).

2.9 Diagnosis of hepatitis B Virus
2.9.1 Serology

Screening for serological markers, which are viral antigens and host antibodies helps
establish a suspected HBV infection and distinguishes acute self-limiting infections
from the different phases of chronic disease (Biswas et al., 2013). Hepatitis B
surface antigen detection is a primary target for diagnosis and immunoprophylaxis of

HBV infection both in the routine virology laboratory and for blood donation
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screening (El-sherif et al., 2007). It is also useful as a follow-up marker, since
declining concentrations are observed in resolving hepatitis B (Biswas et al., 2013).
Commercially available assays exist for quantitative and qualitative determinations of
serological markers within clinical specimens (serum or plasma), based on the
enzyme immunoassay (EIA) principle together with colorimetric or
chemiluminescence signal measurement of results (Chevaliez & Pawlotsky, 2008).
The specificity of HBsAg assays is over 99 % and sensitivity of HBsAg assays has
continuously improved since the detection limit of licensed tests is under 0.5 ng/ml.
However false negative results are observed due to the window period (WP), which is
a delay between HBV infection and appearance of HBsAg, when the immune
response is delayed or immune-complexes are present and low expression of HBsAg
due to a low viral load enough for viral assembly. Another possible reason is the
presence of S gene mutants and variants which are a particular concern for screening
of blood donors since they result in false negatives for HBsAg serological testing
(Larralde et al., 2013). Studies have documented that some commercial ELISA Kits
could detect the wild-type but not the mutant viruses (Roosmalen et al., 2006; Zhang
et al., 2010) and the fear is that a failure to diagnose HBsAg will lead to diagnostic
dilemmas and also to transfusion-associated hepatitis B infection.

2.9.2 Molecular Diagnosis Of Hepatitis B Virus Infection

Nucleic acid based tests for the direct detection of viral DNA are available for the
diagnosis and management of HBV infection (Hatzakis et al., 2006). Quantitative
viral load tests, genotyping assays, drug resistance mutation tests, and core promoter

or precore mutation assays are also done.

Determining the presence of HBV DNA is a substitute to serological tests for HBeAg
as it correlates with the presence of active HBV infection with high viral loads

indicating infectivity. Thus molecular diagnostic methods provide supplementary
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information regarding viral replication during the course of an HBV infection,

especially in cases where serological profiles are atypical.

With the use of these diagnostic assays it is possible to detect new infections,
determine protective vaccine efficacy, and monitor HBV-infected individuals on
antiviral therapy. In spite of these assays there are now some new challenges for
HBV disease. The HBV has the ability to change in response to antiviral therapy as
well as vaccinations (Lefevre, 2014).

2.9.3 Prevention and treatment Of Hepatitis B Virus Infection

Early diagnosis, behavior modification and treatment of HBV infection are essential
to improve the health outcomes. HBV infection can also be prevented by vaccination
with recombinant HBsAg (Hou et al., 2005; Rebecca, 2011). Behaviour modification
is aimed at reducing the risk of transmission of HBV infection involves the practice
of risk-reduction measures such as safe sex and non-sharing of personal items (razors
and syringes) as well as adherence to universal precautions in the health care setting
(Franco et al., 2012).

In regions like Asia and Sub-Saharan Africa, passive immunoprophylaxis offers a
better means of reducing the incidence of primary HBV infection as compared to
behaviour modification. Immunoprophylaxis such as hepatitis B immunoglobulin
(HBIG) is administered as a pre-emptive measure in neonates of HBsSAg positive
mothers and is also recommended for individuals following needle stick and sexual
exposures or after liver transplantation (Hou et al., 2005). The vaccine may be
administered as a monovalent formulation or in a fixed combination with other
vaccines (diphtheria-tetanus-pertussis, Heamophilus influenzae type b, hepatitis A
and inactivated polio vaccines). This is 3 or 4 doses to elicit production of anti-HBs

(optimum protective titre >10 mIU/mL) and to prime immune memory cells (B and

27



Th cells) against the HBsAg component which confers long-lasting (~20 years)
immunity to HBV infection (Zanetti et al., 2008).

Hepatitis B vaccination is also recommended for individuals at a high risk for HBV
infection, such as health care workers, familial contacts of chronically infected

individ