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ABSTRACT 
 
One third of the worlds’ population have evidence of hepatitis B infection making it one 

of the most important global health problems of this century. The risk of developing 

chronic hepatitis B is greatest if acquired as a newborn or in early childhood. Untreated, 

1 in 4 people with chronic hepatitis B (CHB) will die as a result of the infection. This is 

despite the fact that an effective vaccine has been available for 30 years. Children in the 

poorest countries are often not vaccinated, including much of Africa, where 60 million 

people are chronically infected. With immigration of people from highly endemic regions 

including sub-Saharan Africa, Australia’s prevalence is continuing to rise.  

 

Different Hepatitis B virus (HBV) strains, or genotypes, are present throughout the world 

and vary in terms of natural history of CHB, disease complications, and treatment 

response. Most of what is known about this small, yet stealthy virus has been studied in 

genotypes from Asia and Europe, and little is known of the natural history of this virus in 

African children. Moreover, genotypes of this virus in African children with CHB living 

in Australia are unknown. 

 

The studies in this thesis involved patients from Royal Children’s Hospital Melbourne, 

examining the natural history of chronic hepatitis B infection in African children living 

in Australia from clinical, serological, and virological perspectives. We performed 

comprehensive molecular analysis to identify the HBV genotype from these patients and 

specifically looked for mutations that have been associated with more severe disease 

phenotypes. We then created African HBV clones based on the genotypes identified in 

our patients to study their replication and protein expression in cell culture transfection 

models. We also investigated potential mechanisms for virally-mediated host immune 

evasion.  

 

67 treatment-naïve children were studied, with more than half already transitioned into 

the second phase of CHB infection at a median age of 12.5 years. Genotype E was the 

dominant HBV genotype identified which has been associated with vaccine escape, and 

another subgenotype, the A1, was also detected which has been associated with early 

development of hepatocellular carcinoma. There was a high frequency of clinically-
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significant mutations in the precore and basal core promotor regions detected in these 

patients despite their young age. Replication-competent HBV clones of the African 

genotypes identified were created and successfully replicated in a transient transfection 

cell culture model showing marked differences in replication phenotype and protein 

expression between the genotypes relative to a European HBV reference clone. 

Functional assays examining the role of the precore and surface proteins of HBV 

genotype E have identified possible mechanisms for immune modulation that could 

enhance viral persistence and account for differences in the clinical phenotype of this 

important African genotype.  

 

Our findings have important public health implications for patient monitoring and 

treatment guidelines, and potential vaccine efficacy in the Australian setting,  as well as 

translation to the broader global community. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

 
1.1 INTRODUCTION 
More than 250 million people worldwide live with chronic hepatitis B infection [1]. 

Untreated, one quarter of people these people will die as a result of the complications of 

this infection [2]. The risk of developing chronic hepatitis B (CHB) is greatest if acquired 

as a newborn or in early childhood, as is the case in sub-Saharan Africa where 60 million 

people are estimated to be chronically infected [1]. Despite an effective preventative 

vaccine, Australia’s HBV prevalence is continuing to rise mostly due to With 

immigration of people from highly endemic regions including sub-Saharan Africa [3]. 

Different Hepatitis B genotypes are present throughout the world with specific 

geographic distribution [4]. The natural history of childhood chronic hepatitis B, as taught 

in medical schools, is one of an Asian model, with the virus transmitted vertically from 

mother to baby, often asymptomatic in childhood, with HBV-related complications 

(hepatitis, cirrhosis and liver failure, hepatocellular carcinoma) occurring in the 4th and 

5th decades of life. However, Hepatitis B in Africa is predominantly transmitted 

horizontally in early childhood, and there are specific HBV genotypes endemic to the 

African continent with concerns over greater risk of liver cancer and breakthrough 

infections in vaccinated individuals [5]. There is growing evidence that the natural history 

of HBV infection differs according to geographically distinct (sub)genotypes and timing 

and mode of transmission, however despite the HBV burden in Africa there is paucity of 

data on genotypes and outcomes, especially in children. We do not know the natural 

history of CHB in African children living in Australia or the HBV genotypes and viral 

variants that circulate in this population. Furthermore, little is known about the in vitro 

characteristics of these African HBV strains, and the potential explanations for observed 

differences in clinical phenotype, treatment response and even vaccine protection. 

Therefore, evaluating African HBV is of paramount public health importance, not only 

for Australia but worldwide. 
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1.2 HBV VIROLOGY 

 
1.2.1 Classification of the hepatitis B virus 

Human HBV is the prototype member of the Hepadnaviridae family, and is a species of 

the genus Orthohepadnavirus (infecting mammals) which also includes non-primate 

species such as the Ground squirrel hepatitis virus, Woodchuck hepatitis virus, arctic 

squirrel hepatitis virus [6]. HBV has been identified in non-human primates such as the 

apes (chimpanzees, gorillas, orangutans, and gibbons) and ‘Old World monkeys’ such as 

macaques [6, 7]. The ‘New World primate’ woolly monkey HBV is the most genetically 

divergent among the primate hepadnaviruses [8]. Transmission of human HBV has been 

demonstrated to chimpanzees who have previously been used in experimental models, 

and more recently baboons who were under consideration as a xenograft source for 

human liver transplantation [9, 10].  Avihepadnaviruses are the avian species of this virus 

family that includes the Duck hepatitis B virus, with the recent discovery of genomic 

integration of the avian hepadnavirus DNA into the zebra finch genome (not a current 

species affected by HBV) that reveals an ancient evolutionary hepadnavirus history of 

more than 40 million years [11, 12]. A recent discovery of hepadnavirus in bats with 

reported zoonotic potential has recently raised public health concerns [13]. 

 

Other human hepatitis viruses including hepatitis A, C, D and E viruses primarily infect 

human hepatocytes, although they differ from HBV in having an single stranded RNA 

genome compared with HBV which has a small, partially-double stranded DNA genomic 

structure [14] . The focus of this thesis from herein will be on the human HBV. 

 

1.2.2 HBV structure 

HBV is an enveloped virus, with a complete virion (also known as the Dane particle) 

diameter of 42-45nm [15]. The mature virion is a double-shelled sphere consisting of an 

outer lipid envelope with embedded hepatitis B surface protein (HBsAg, small 22nm 

spherical or tubular forms), and a 27nm icosahedral inner nucleocapsid core comprised 

of the DNA genome and DNA polymerase surrounded by the Hepatitis B core protein 

(HBcAg) (Figure 1.1A) [16]. The non-infectious filamentous and spherical subviral 

HBsAg (lacking a core) are produced and secreted in excess of the mature virion [17].  
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1.2.3 HBV Genome organization 

The HBV genome is around 3.2kb in size and arranged into a relaxed-circular partially 

double-stranded DNA (RC DNA) configuration, consisting of a full-length minus strand, 

with the positive strand being incomplete (50-80%), held together by a short overlap at 

the 5’ end (Figure 1.1B) [18]. The positive strand gap can be repaired for replication by 

the endogenous covalently attached DNA polymerase, situated at the 5’ end of the minus 

strand [19]. There are 4 over-lapping open reading frames (ORFs), all encoded for by the 

complete minus strand.  The longest ORF is polymerase (Pol), with the envelope ORF 

contained within it, and then partially overlapping with core (C) and X ORFs. Due to the 

overlapping nature of the ORFs, 67% of the genome is multiple coding. The four partially 

overlapping open reading frames encode the envelope proteins (small, medium and large 

that together comprise the surface (HBsAg) protein), the core (HBcAg) protein (p21) 

which forms the nucleocapsid, and the polymerase protein essential for HBV replication. 

In addition to these proteins, two nonstructural proteins are encoded, the transcriptional 

transactivator hepatitis B X protein (HBx) and the 25-kDa precore protein which is 

processed to form the secreted Hepatitis B e antigen (HBeAg, p17) [17]. Four promotors 

and two enhancers (enhancer I and enhancer II) are responsible for initiating transcription: 

the preC/pregenomic, S1, S2 and X promotors. Additional regulatory elements, such as 

the negative regulatory element (NRE), act in cis to further regulate gene expression [20].   
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(A) 

 

 

(B) 

 
FIGURE 1.1. The HBV virion and circular genome with overlapping reading frames. 

(A) Schematic representation of the HBV virion showing the nucleocapsid containing the HBV DNA as 

partly double-stranded and relaxed circular (RC) with the polymerase attached to the minus (-) strand and 

surrounded by the viral envelope with small (S), medium (M), and large (L) surface proteins (HBsAg). (B) 

HBV circular genome with overlapping open reading frame arrangement: Surface (Pre-S1, Pre-S2, and S), 

Polymerase, Precore/Core, and X.  
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1.2.3.4 Covalently closed circular DNA 

Covalently closed circular DNA (cccDNA) is an essential step in the HBV life cycle as a 

template for replication, and in particular for genomic archiving within the hepatocyte, 

underpinning the viral persistence of chronic HBV infection [21]. This cccDNA 

“reservoir” is created from the conversion of the RC DNA into complete circles by 

completion of the incomplete plus strand DNA once delivered to the nucleus, where the 

HBV genome can therefore exist in a stable form to act as an episomal minichromosome 

[19, 22]. The exact mechanism of the RC DNA “repair” and modification of the terminal 

ends of both the plus and minus DNA strands, including removal of the covalently linked 

DNA polymerase from the 5’ end of the minus strand, is currently unknown [23]. The 

cccDNA can persist in the nucleus of the hepatocyte for the life of the cell, and also be 

passed onto progeny cells during cell division [17, 23, 24].  The role of the cccDNA in 

the HBV life cycle and transcription template of greater-than-genome length RNAs and 

subgenomic RNAs is discussed further below. 

 

1.2.3.5 Transcription of HBV RNA 

The nuclear cccDNA is used as a template for transcription of all HBV viral RNAs, 

utilizing host cellular RNA polymerase II interacting with 4 separate promotor sites [19]. 

Four major HBV mRNA species are transcribed: pre-genomic RNA (pg RNA) and 

precore RNA (preC RNA), preS1 RNA, preS2/S RNA, and X RNA; all terminating with 

the identical polyadenylated 3’ tail.  This includes the greater than genome length 3.5kb 

pgRNA, which encodes the viral proteins required for nucleocapsid assembly (HBcAg, 

HBV Pol/RT), and is the template for the reverse transcription of the HBV DNA genome. 

HBeAg is encoded by the 3.5 kb preC RNA that is co-linear to pgRNA with a short 

extension at the 5’ end. The envelope proteins are encoded by two colinear 2.4kb preS1 

mRNA and 2.1kb preS2/S mRNA, resulting in the large, and middle and small surface 

proteins. The smallest 0.7kb mRNA encodes the transactivating factor HBx. Expression 

of the four mRNA transcripts are regulated by enhancer II/basal core, PreS1, PreS2, and 

enhancer I/X promoters [20, 25].  

 

HBV replication also produces spliced RNA transcripts, which can even be packaged into 

defective virions [26]. The role of spliced HBV variants is unclear, however may be 

related to the development of hepatocellular carcinoma in CHB infection [27]. 
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1.2.4 Viral proteins 

1.2.4.1 Hepatitis B surface antigen (HBsAg) 

The HBsAg is encoded by 2.1Kb and 2.4Kb subgenomic transcripts that produce the three 

envelope proteins. These mRNA are transcribed from the Pre-S/S ORF, comprised of 

389-400 codons, entirely overlapped by the Pol ORF (Figure 1.1B). The term HBsAg 

describes sum of antigenticity of all HBV surface proteins, and is classified into three 

individual viral proteins as either small (S), medium (M) or large (L) depending on the 

transcriptional inclusion of the S alone, pre-S2, or Pre-S1 upstream initiation codons 

respectively, with the common domain being S. Translation of these proteins occurs in 

the endoplasmic reticulum (ER) and exist in both glycosylated and un-glycosylated forms 

[28]. The nucleocapsid is surrounded by a lipid bilayer in which the S, M and L surface 

proteins are anchored by the S domain to the membrane to form the viral envelope. The 

HBV surface proteins are also secreted in excess to virions and can bud from the ER 

forming empty filamentous and spherical 22nm subviral particles (SVP) [18, 29].  

 

(a) Small hepatitis B surface protein 

The small hepatitis B surface protein (SHBs) is the most abundant of the three HBV 

envelope proteins, comprising around 70% of the HBsAg pool, and is made up of 226 

amino acids [18]. The ‘a’ determinant within the HBsAg is a loop structure created by 

cross-linked cysteine residues that is the major antigenic determinant of the HBsAg, 

located in the SHBs between amino acids 124 to 147. It is the major neutralization domain 

of the antibodies to HBsAg, with amino acid substitutions in this region resulting in 

conformational changes affecting binding of anti-HBs antibodies that permit immune 

escape [30]. Minor sub-determinants “d”, “y”, “w” or “r” vary between HBV strains 

based on the amino acid profile in this region, designating HBV serotype.  

 

(b) Middle hepatitis B surface protein / Pre-S2 protein 

The middle hepatitis B surface protein (MHBs) is encoded by the 2.1kb RNA transcript 

and is comprised of the common S domain with the Pre-S2 domain adding 55 amino 

acids. It is generally present in approximately equal amounts with the large surface 

protein (together 30%) [18]. The membrane topology of the MHBs is the same as the 

SHBs [28]. The function of the MHBs is unclear, as it does not appear to be integral to 

viral infection [31].  The Pre S2 region appears to stimulate a greater B cell immune 



 7 

response compared to the SHBs, and has been proposed as an alternative antigen for the 

HBV vaccine [32]. 

 

(c) Large hepatitis B surface protein / Pre-S1 protein 

The large hepatitis B surface protein (LHBs) encompasses the Pre S1, Pre S2 and S 

domains comprising 389-399 amino acids (depending on HBV genotype). The LHBs 

displays dual membrane topology on the ER, with the different orientation of the Pre S1-

Pre S2 domains having important properties including viral attachment and entry, 

interaction with the nucleocapsid, and regulation of HBV replication [28].  The Pre S1 

domain on the surface of mature virions is crucial for viral entry by binding to the cellular 

receptor recently discovered as the sodium taurocholate co-transporting polypeptide 

(NTCP) receptor (or receptor complex) [33]. The N-terminal myristylation of the Pre S1 

is also a key step essential for viral infectivity [34, 35]. The Pre S1 region also had 

important B and T cell epitopes that are important in stimulating the cellular and humoral 

response to HBV infection [36, 37]. 

 

1.2.4.2 Hepatitis B core antigen (HBcAg) 

The hepatitis B core antigen (HBcAg) is translated from the pgRNA and is comprised of 

183 to 185 amino acids depending on the HBV genotype, consisting of an assembly 

domain (N-terminal 149 or 151 aa), and a domain responsible for the packaging of the pg 

RNA/Pol complex (C-terminal 34 aa) [28]. The pg RNA also encodes the Pol protein, 

with the ORFs for the Pol and core genes overlapping and translation occurring in a low 

Pol/core protein ratio important for creation of the icosahedral nucleocapsids and DNA 

replication with around 240 copies of the core protein encapsulating one copy of Pol 

bound to pgRNA triggering packaging and reverse transcription [17, 38].  The C-terminal 

domain also contains important B and C cell epitopes [39]. The HBV core protein is also 

vital a structural component of the viral minichromosome and may have a role in cccDNA 

transcription [40].  

 

1.2.4.3 Hepatitis B e antigen (HBeAg) 

The HBeAg is a product of the Pre C/C ORF and is transcribed from a distinct 3.5Kb 

mRNA. The HBV precore (PC) protein is a non-structural protein that is not essential for 

viral replication, however has been implicated in immune evasion and appears essential 

for establishment of chronic infection [19]. The precore protein overlaps the core protein 
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by around 90%, sharing the central core domain and C-terminal protamine-rich domain, 

and undergoes processing in the ER/golgi complex, producing a 22-kDa protein (p22), 

which can either undergo further processing by cleavage of 10 amino acids from the N-

terminus to form the secreted 17-kDa HBeAg (p17), or traffic to the cytosol where it 

remains localized [41] (see Figure 1.2). HBeAg is a soluble protein and is traditionally a 

marker of active HBV replication, infectivity and response to antiviral treatment. 

However, mutations in the precore gene or basal core promotor region that reduce or stop 

HBeAg expression may be present in the presence of ongoing viral replication [16]. 

HBeAg-negative viral variants can be transmitted perinatally or horizontally and have 

been reported to cause fulminant or transient acute hepatitis, although only rarely lead to 

establishment of chronic infection [42-44]. 

 

The HBeAg is a critical protein in paediatric HBV infection. It is the only HBV protein 

known to cross the placenta and is proposed to act as an immune system tolerogen 

important for the establishment of chronic HBV infection in infants born to HBsAg-

positive mothers, especially with high viral load and HBeAg positivity [45]. The HBeAg 

also appears to have an important regulatory role with the host innate immune system, 

regulating Toll-like receptor-2 expression [46-48] and NFkB signalling.  

 

 

 

 

 

FIGURE 1.2. Schematic representation of the HBV precore and core proteins. The overlap of the core 

protein (p21) with the precore protein is shown, which is translated in precursor form (p25), then 
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undergoing cytosolic processing to remove the N-terminal signal sequence (p22), which can be processed 

further to produce the secreted HBeAg (p17) [49]. 

 

 

1.2.4.4 Polymerase 

HBV DNA Pol is a virally encoded protein that is essential for viral replication. Pol is 

encoded by the pgRNA, and once translated binds to the pgRNA 5’ epsilon structural 

element, initiating encapsidation in the cytosol. Once inside the subviral core particle, 

using the pgRNA as template, the reverse transcriptase (RT) then synthesizes minus-

strand HBV DNA followed by the plus-strand, the polymerase remaining covalently 

attached to the mature, partially DS RC DNA ready to be enveloped and excreted [50]. 

The polymerase ORF, the longest reading frame consisting of 834-845 codons, consists 

of 3 functional domains and non-functional “spacer” [19]. The N-terminal region 

commences with the terminal protein or primase, responsible for priming of minus strand 

DNA synthesis. This is followed by the largest domain, the RT, responsible for DNA 

synthesis from the RNA intermediate. The C-terminal region encodes the RNase H 

domain responsible for RNA cleavage of the RNA/DNA hybrids generated during reverse 

transcription. The spacer is located between the primase and RT domains. The envelope 

ORF is located within the Pol-ORF but in a frame-shifted manner, and the other ORFs 

overlap it to varying degrees (see Figure 1.1B). This is important as viral mutations within 

the polymerase gene that lead to antiviral drug resistance, may also lead to mutations 

within the overlapping reading frames [25].  

 

1.2.4.5 Hepatitis B X protein (HBx) 

The X protein is encoded by a separate ORF and transcribed from a 0.7Kb mRNA. The 

ORF overlaps with BCP region and the Pol ORF (Figure 1.1B). The HBx is a non-

structural 154 amino acid protein that is predominantly localized to the cytosol with a 

small nuclear component [51]. Transcription of the HBx is regulated by the X promotor, 

under the control of enhancer 1 (Enh1) which overlaps with the 3’ end of the promotor 

[20]. HBx is autoregulated as this small protein also transactivates Enh1, and the X 

promotor also has binding sites for liver-specific transcription factors [20, 51]. HBx has 

been proposed to be involved in transactivation of viral and cellular genes, and 

intracellular regulation and signaling pathways, as well as being highly implicated in 

oncogenesis, however it’s specific role in HBV infection still remains unclear [23, 51]. 
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In vitro and murine studies using greater-than-genome-length 1.29mer HBV plasmids 

with wild-type or HBx-deficient have demonstrated a role for HBx in viral replication 

enhancement, although not dependence [52].  The mechanism for this may be epigenetic 

regulation of cccDNA by binding of HBx in the nucleus [53]. HBx has been shown to 

interact with transcription factors including the RPB5 of RNA polymerase II, TATA-

binding protein, and nuclear factor kappa-light-chain-enhancer of activated B cells 

(NFkB), nuclear trafficking proteins, and cellular signal transducing pathways including 

the Ras/Raf/mitogen-activated protein kinase (MAP kinase) cascade [51, 54]. 

 

The role of HBx in hepatocellular carcinoma (HCC) development is incompletely 

understood, with HBx likely representing a co-factor rather than being directly oncogenic, 

through a process of cellular sensitization to oncogenic signaling [55]. Host DNA 

integration of the HBx gene has also been implicated in oncogenesis [56].  

 

1.2.5 HBV replication cycle 

Figure 1.3 illustrates the HBV replication cycle. HBV virions enter hepatocytes via the 

sodium-taurocholate co-transporting polypeptide (NTCP) receptor (or receptor complex) 

on the host hepatocyte with subsequent internalization of the virus [17]. The NTCP, a 

multiple transmembrane receptor found mostly in the liver on the basolateral aspect of 

hepatocytes that acts as a bile acid transporter, was only recently discovered as the HBV 

receptor, binding the pre-S1 domain of the L HBsAg [33]. Prior to this, the importance 

of the pre-S1 domain membrane binding was known although the cellular receptor 

remained elusive, with a myristoylated peptide derived from N-terminal 45-47 amino 

acids of the pre-S1 domain of the L protein showing potent prevention of hepatitis D virus 

and HBV infection in vitro [57, 58].  The virus is then uncoated to expose the 

nucleocapsid, and the RC DNA is then transported into the nucleus, where it is then 

repaired to form cccDNA [59]. HBV replicates in a similar way to retroviruses such as 

the Human Immunodeficiency Virus (HIV) via reverse transcription using the DNA 

polymerase to produce a pregenomic viral RNA (pg RNA) intermediate, however the 

HBV DNA is converted into cccDNA that acts as an independent minichromosome 

template for viral RNA synthesis (mRNAs and pgRNA) through host RNA polymerase 

II rather than being integrated into cellular DNA for replication, with cccDNA also acting 

as a storage repository of HBV DNA within the hepatocyte [60]. However, partial HBV 
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DNAs have also been identified integrated in host DNA of CHB patients. Blocking 

reverse transcription of HBV RNA to DNA has been the mode of action for current direct 

acting nucleos(t)ide-based antiviral therapies, however these do not target HBV cccDNA 

or affect cccDNA archiving. Persistence of cccDNA is a major contributor to the inability 

to cure CHB infection, and to reactivation in some patients with resolved hepatitis B 

infection in the setting of significant immunosuppression [21].  

 

1.2.6 HBV serotypes 

The HBV is divided into 9 serological subtypes serotypes (ayw1, ayw2, ayw3m ayw4, 

ayr, adw2, adwq, adr, adrq-) based on the amino acid signature of the HBsAg at amino 

residues 122, 127, 134, and 160 [61].   

 

1.2.7 HBV Genotypes 

There are 9 HBV genotypes defined to date (A-I) [62] with a further genotype J recently 

proposed, discovered in one individual from Japan [63]. Genotypes are designated by 

sequence divergence of more than 8% across the whole genome [61].  These are further 

divided into sub-genotypes based on intra-group divergence of more than 4% in the S 

gene [64]. Sub-genotypes have been identified for genotypes A, B, C, D, F and I. Revision 

of initially proposed classifications has occurred with more in-depth phylogenetic 

analysis with bootstrap support over the entire genome rather than partial sequences [65]. 

HBV genotypes generally have specific geographic distribution, although this is altering 

with migration, and there is  mounting evidence that differences in global distribution of 

HBV genotypes may be responsible for heterogeneity in clinical outcomes, response to 

antiviral therapy and vaccination [66]. Comparative geographic, virologic, and significant 

clinical features of the HBV genotypes are presented in Table 1.1. The majority of the 

comparative natural history and clinical differences in HBV genotypes has been studied 

between genotypes B/C and A/D based on the geographic paired grouping in Asian and 

Western countries, respectively [66].  
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FIGURE 1.3. The HBV replication cycle. The major steps in the HBV replication cycle are shown, starting 

with hepatocyte infection and entry through attachment to the NTCP receptor, nucleocapsid transport to 

deliver the RC DNA to the nucleus where it is converted to cccDNA. Cytosol protein translation of the 

mRNA species transcribed from the cccDNA continues down 4 major pathways: precore, surface, 

nucleocapsid (core and polymerase, with the packaged pgRNA), and HBV X. Reverse transcription of the 

pgRNA into RC DNA occurs within the nucleocapsid, and the mature nucleocapsid is enveloped in HBsAg 

and the mature virion is secreted. HBsAg SVP (mostly small HBsAg) are also excreted in excess of mature 

virions.  Mature nucleocapsids also contribute to the nuclear cccDNA amplification via an intracellular 

pathway.  

NTCP, sodium taurocholate co-transporting peptide; RC DNA, relaxed circular DNA; dsl DNA, double 

stranded linear DNA; cccDNA, covalently closed circular DNA; mRNA, messenger RNA; preC mRNA, 

precore RNA; pg mRNA, pregenomic RNA; preS/S mRNA, surface RNA; ER, endoplasmic reticulum; 

HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; MVB, multivesicular body; SVP, 

subviral particles. 
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Table 1.1 HBV genotypes: comparison of virological, geographical, serological, and significant clinical features#. 

 
Genotype Genome 

length 

(nt) 

Genome  
signature 

Sub-
genotype 

Geographic 

distribution 
Serological 
subtypes 

 

Virological features Clinical features Predominant 
mode of  
transmission 

A 3221 6-nt insertion at 

3’ end of core 

gene 

 

 

A1-A4 A1: Africa, South 

Asia 

A2: Europe, North 

America, Japan 

A3: Africa, Haiti 

A4 

adw2/ayw2 
 
adw2 
 
ayw1 
awy1 
 
(rare: ayw4) 

Variation in size of secreted HBeAg; 

rare G1896A precore stop mutation 

due to C1858 pairing in the e loop;  

high prevalence of core promotor 

mutations reducing HBeAg expression 

 

Higher rates of chronicity, increased HBsAg seroclearance, 

better clinical outcomes  

(cirrhosis and HCC) compared to genotype D;  

sustained remission following HBeAg seroconversion 

compared to genotype D; 

higher response to IFNa compared to genotypes B-D. 

African A1 associated with lower levels of HBV DNA and 

high risk of HCC; 

Sexual transmission of A2 associated with higher rate of 

chronicity compared to B and C in Japan 

 

Horizontal 

B 3215  B1-B5 B1: Japan 

B2: China 

B3: Indonesia, 

Philippines, China 

B4: Vietnam, 

Cambodia, France 

B5: Eskimo/Inuit 

populations 

adw2 
adw2 
adw2 
 
ayw1/adw2 
 
adw2 
 
(rare: adr) 

B2-B4 are recombinant viruses with 

the precore/core gene from genotype 

C; 

Higher frequency of precore A1896 

mutations compared with genotype C; 

Lower frequency of BCP 

T1762/A1764A mutations and pre-S2 

deletion mutations compared with 

genotype C 

 

Earlier HBeAg seroconversion, lower rates of chronicity, 

lower serum HBV DNA levels, increased HBsAg 

seroclearance, better clinical outcomes (cirrhosis and HCC), 

and higher response to IFNa compared to genotype C. 

Perinatal 

C 3215  C1-C16 C1: Thailand, 

Myanmar, Vietnam 

C2: Japan, China, 

Korea 

C3: New Caledonia, 

Polynesia 

C4: Indigenous 

Australians 

C5: Philippines, 

Indonesia 

C6-C12, Indonesia, 

Philippines 

C13-16 Indonesia 

 

adr 
 
adr 
 
adr 
 
 
ayw2/ayw3 
 
adw2 
 
adr 
 
 
adr 
(rare: ayr) 
 

The oldest HBV genotype; 

Lower frequency of precore A1896 

mutations compared with genotype B 

(especially C1); 

Higher frequency of BCP 

T1762/A1764A mutations and pre-S2 

deletion mutations compared with 

genotype B; 

 

Higher rates of chronicity, later HBeAg seroconversion, 

higher serum HBV DNA levels, reduced HBsAg 

seroclearance, poorer clinical outcomes (cirrhosis and HCC), 

and lower response to IFNa compared to genotype B; 

prone to HBeAg sero-reversion after HBeAg loss 

 

Perinatal 

D 3182 33-nt deletion 

at the 5’ end of 

pre-S1 

D1-D7 D1: Middle East, 

Central Asia 

D2: Europe, Japan, 

Lebanon, Africa 

ayw2 
 
 
ayw3 

Secretes less HBsAg than genotypes 

A-C;  

high frequency of precore mutations 

Lower rates of chronicity, reduced HBsAg seroclearance, 

worse clinical outcomes (cirrhosis and HCC) compared to 

genotype A;  

early HBeAg seroconversion; 

Horizontal 
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D3: Worldwide 

D4: Micronesia, 

Papua New Guinea, 

Arctic Denes 

D5: India 

D6: North Africa 

 
ayw2/ayw3 
ayw2 
 
 
ayw3/ayw2 
ayw2 
(rare: 
ayw4/adw3) 
 

poorest response to IFNa compared to genotypes A-C 

D3 in India associated with occult HBV infection 

E 3212 3-nt deletion at 

the 5’ end of 

pre-S1 

- Western and Central 

Africa 

ayw4 Low genetic diversity across the entire 

genome; 

closest to genotype D; 

 

Higher rates of HCC; 

poor response to IFNa; 

possible reduced vaccine protection; 

association with occult HBV infection 

 

Horizontal 

F 3215  F1-F4 South and Central 

America 

adw4 
 
(rare: 
adw2/ayw4) 
 

Low frequency of precore A1896 

mutations in F2 and F3 

Early development of HCC seen in Alaskan natives compared 

to other genotypes (especially F2); 

early HBeAg seroconversion 

responds to IFNa 

 

Horizontal 

G 3248 36-nt insertion 

at the 5’ end of 

core gene; a 3-

nt deletion at 

the 5’ end of 

pre-S1; stop 

codons at 

positions 2 and 

28 of precore 

 

- USA, Mexico, 

Germany, Italy, UK, 

France 

adw2 High core protein expression due to 

the core gene insertion; 

No HBeAg expression due to precore 

stop codons (C1817T and G1896A) 

Poor response to IFNa Horizontal 

(mostly sexual 

transmission in 

men who have 

sex with men) 

H 3215  - Mexico, Japan, 

Nicaragua, USA 

adw4 Low frequency of precore A1896 

mutations 

Closest to genotype F 

 

Higher rates of HBsAg seroclearance; 

moderate response to IFNa 

 

I 3215  I1-2 I1: Laos, Vietnam, 

China 

I2: Laos, India, 

Vietnam 

 

adw2 
 
ayw2 

A recombinant virus between 

genotypes A, C and G 

Higher prevalence in males: 

Associated with HCC development 

Perinatal 

J 3182 33-nt deletion 

at the 5’ end of 

pre-S1 

- Japan (probably 

originated in Borneo) 

ayw3 This single isolate shows probable 

recombination with genotype C and 

gibbon  

HBV and is the most divergent from 

the other genotypes (10.7-15.7%) 

This isolate was derived from an 88-year-old male with HCC  

# Compiled from data summarised in [4, 38, 65-67] and the references cited within these papers.
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1.2.7.2 In vitro studies of HBV genotypes 
Studies comparing the replication profile and protein production of HBV across 

genotypes have been performed mostly in transient transfection models using 

transformed hepatoma-derived liver cells (Huh7) or hepatoblastoma-derived liver cells 

(HepG2) which have been shown to support HBV replication [55, 68, 69]. A major 

limitation with the use of these cell lines is the inability to perform infection studies due 

to low cellular expression of the NTCP receptor, therefore not enabling recapitulation of 

natural HBV infection. Although the discovery of the HBV receptor has led to the 

development of in vitro models of hepatocyte cell lines endogenously expressing NTCP 

permissive to HBV infection,  [33, 55], routine infection with different HBV genotypes 

is still not possible.  

 

There have been few in vitro studies comparing HBV replication phenotype across 

genotypes, likely due to the difficulties in establishing suitably representative replication-

competent HBV clones permitting direct comparisons. Due to the circular HBV genome, 

greater-than-genome length HBV plasmids are utilised to facilitate transcription of the 

greater than genome length pgRNA and subsequent expression of all HBV ORFs, 

utilising endogenous HBV promotors. Sugiyama et al. compared genotypes A, B, C and 

D in a transient transfection model in Huh7 cells with plasmids containing 1.24mer HBV 

DNA in order to directly compare Asian and European HBV genotypes [70]. They 

reported higher replication in the Asian genotypes (B and C), and variation in secreted 

HBsAg, and a similar profile of secreted HBeAg and intracellular DNA seen across 

genotypes. Another study also utilizing 1.28mer HBV constructs, showed that replication 

of genotype A was better than genotype D [71]. This study by Bhoola et al. also compared 

African A1 genotype to A2 as well as D3, with some differences seen in replicative 

intermediates between the A sub-genotypes [71]. Again, the replication levels were also 

low in this study making interpretation of these results guarded, with the differences in 

construct length between the two studies also possibly affecting direct comparison. 

Another study by Qin et al. compared genotypes B and C, demonstrating higher levels of 

virion secretion for genotype C and higher levels of replication in genotype C with 

precore mutations compared to wild type [72]. The Revill laboratory at the Victorian 

Infectious Diseases Reference Laboratory (VIDRL) has recently developed a large panel 

of replication-competent 1.3mer cDNA clones of the major genotypes (A2, B1, B2, B5, 

C1, C2 D3) as well as genotype H and the putative strain J, that have been compared in a 
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transient transfection model showing marked differences in replication profile and protein 

expression [68, 69].  They showed that these differences may in part be explained by 

sequence variability in the major upstream regulatory region across genotypes with 

observed differences in promotor activity [68, 69]. This important work will hopefully 

shed more light onto the differences observed in CHB natural history and treatment 

response. However similar studies on African HBV genotypes are lacking and is a major 

aim of this PhD. 

 

1.2.8 HBV recombinants 
Recombination of HBV genomes between genotypes can occur where multiple variants 

predominate, such as subgenotype B2 which is a recombinant virus with genotype C in 

the precore/core region, being  is found in Asia where both viruses co-circulate [73]. 

Various recombination “hotspots” have been identified, and phylogenetic bioinformatic 

analysis methods such as the SIMPLOT program have been developed to interrogate for 

intergenotype and intragenotype recombination [61, 74]. Caution and full-genome 

phylogenetic analysis has been advised with regards to designation of novel 

subgenotypes, as subsequent identification of viral recombination has accounted for the 

genetic divergence in some cases [75]. 

 

1.2.9 HBV variants 
Due to the error-prone nature of the HBV reverse transcriptase which lacks a proof-

reading function, the frequency of HBV nucleotide substitution is estimated to be 1.4-5.0 

x 10-5 per site per year, resulting in a heterogeneous mixture of HBV quasispecies of non-

identical but closely related viruses [25, 76]. Host immune pressure or anti-viral therapy 

drives selection of specific adaptive viral mutants, sometimes at the expense of viral 

fitness, which have important ramifications for severity of disease progression [77, 78]. 

Additionally, mutations in one ORF can affect the overlapped ORF. Table 1.2 

summarises the clinically significant variants.  
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Table 1.2. Common HBV viral variants and their clinical significance#. 
 
 Location Amino acid or nucleotide 

substitution 
(overlapping ORF mutation) 

Clinical significance 

HBV Pre S/S variants  
 
 
S (“a” determinant) 
 
S (“a” determinant) 
S (“a” determinant) 
S 
Pre S1/Pre S2 
 
 
Pre S 
S 
 
S (“a” determinant) 
 

 
 
 
sG145R (rtW153Q) 
 
sD144E/G145R (rtG153Q) 
sP120T (rtT128N) 
W172* (rtA181T) 
Pre S1/Pre S2 deletions 
 
 
Pre S1/Pre S2 promotor mutations 
T126S or Q128H or G130N or S143L 
or D144A 
T116N or P120S/E or I/T126A/N/I/S 
or Q129H/R or M133L or K141E or 
P142S or D144A/E 

Immune/vaccine escape, reduced diagnostic assay 
detection and occult HBV infection 
 
Immune/vaccine escape, reduced HBsAg levels, restore 
LMV-resistant HBV replication 
Immune/vaccine escape 
Reduced HBsAg levels (diagnostic failure) 
Cirrhosis and HCC development 
Progressive liver disease, HCC development possibly due 
to intracellular accumulation of HBsAg 
(more common in genotype C) 
HCC development 
Diagnostic failure 
 
Vaccine escape 

HBV Pol variants  
 
RT 
 
 
 
 
RT 
RT 
RT 
RT 
RT 

 
 
rtI169T (sF161L) or 
rtL180M (sE164D) or 
rtT184S/A/I/L/G/CM or 
rtS202C/G/I or 
rtM250I/V 
rtA181T/V 
rtM204V/I 
rtM201I (sW196S) 
rtN236T 
rtL80V/I 

Antiviral drug resistance 
 
ETV resistance 
 
 
 
 
LMV, LdT, ADF/TDF resistance 
LMV resistance 
LdT resistance 
ADF/TDF resistance 
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RT 
RT 
 
RT 

 
rtF166L (sF158Y) 
rtV173L (sE164D) 
 
rtA194T 

Poor antiviral response to ADF with prior LMV resistant 
variants 
LMV-associated 
Compensatory mutation in LMV resistance to enhance 
replication 
TDF resistance 

HBV BCP/precore variants  
 
 
 
BCP 
 
 
BCP 
Precore 

 
 
 
 
A1762T/G1764A 
 
 
T1753V 
G1896A 

Reduced HBeAg expression: HBeAg seroconversion, 
HBeAg-negative chronic hepatitis; severe liver disease 
and HCC development 
 
Reduced HBeAg (50-70%), HBeAg seroconversion, 
associated with more advanced liver disease and HCC; 
increased viral replication 
HCC development (genotype B) 
HBeAg seroconversion, HBeAg-negative chronic hepatitis, 
more severe course of disease, HCC development 
 

HBV X variants  
 
X 
X 

 
 
K130M + V131I (double mutation) 
V5M/L + K130M + V131I (triple) 

Increased HCC risk 
 
HCC development 
HCC development 

# Compiled from data summarised in [4, 25, 78] and the references cited within these papers. 
^ Reported ‘a’ determinant substitution associated with vaccine escape, not necessarily present together 
HCC: Hepatocellular carcinoma; BCP: Basal core promotor; HBeAg: Hepatitis B e antigen; ADF: Adefovir; TDF: Tenofovir; LMV: Lamivudine; HBsAg: Hepatitis 
B surface (S) antigen; LdT: Telbivudine; ETV: Entecavir; RT: Reverse transcriptase  
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1.3 LABORATORY DIAGNOSIS AND MONITORING OF HBV 

INFECTION 
 

1.3.1 Serological markers of HBV infection 

The diagnosis of hepatitis B infection relies on reliable serological assays to detect the 

viral proteins and corresponding antibodies in order to confirm exposure to HBV, 

ascertain chronicity (HBsAg positivity for more than 6 months), and define phase of 

disease. The viral proteins HBsAg and HBeAg or their antibodies (anti-HBs, anti-HBc 

IgM and IgG, or anti-HBe) are routinely measured.  There is a characteristic pattern of 

serological markers in the natural history of acute and chronic HBV infection (Figure 

1.4). HBsAg is the first viral protein to detected around 6-12 weeks after infection, with 

HBeAg appearing thereafter [79]. Clinical symptoms, if they occur at all in the early 

course of acute infection, become apparent as the serum alanine aminotransferase (ALT) 

become abnormal after the viral antigen titers peak, usually between 2-4 months from 

exposure to HBV [80]. Anti-HBs is considered the neutralizing antibody and represents 

resolved acute infection, and also a serological marker of vaccination protection. 

Interpretation of HBV serology is summarized in Table 1.3. Anti-HBc IgM may also be 

detected during flares of CHB making it serologically indistinguishable as a one-off 

measurement from acute HBV infection.   

 

Quantitative assays for HBeAg and HBsAg have more recently been developed as a 

surrogate for viral replicative load and have proposed for predicting treatment response 

[81, 82]. The role of quantitative HBsAg in particular has garnered much attention for its 

potential to monitor natural CHB infection as well as treatment outcomes [83]. HBsAg 

titres vary significantly between the phases of natural phases of HBV infection [84]. On-

treatment HBsAg decline kinetics in treated patients have been predictive of treatment 

response and even HBsAg loss, particularly with interferon-alpha (IFNa) [85-87]. 

Furthermore, correlation between serum levels of HBsAg and the intrahepatic cccDNA 

has been demonstrated, which may be an important clinical utility given the invasive 

nature of cccDNA estimation [88].  The dynamics of these quantitative viral proteins have 

not been evaluated however in the natural history of paediatric HBV infection.  
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(A) 

 
 
 
(B) 

 
 
 
Figure 1.4. Serological profile of acute and chronic HBV infection. Panel A shows the 
typical pattern of acute infection, and panel B shows the profile of chronic infection 
over time. 
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Table 1.3. Interpretation of HBV serology. 

Serological marker Result Interpretation 
 

HBsAg 
anti-HBc 
anti-HBs 

 

positive 
positive 
negative 

 

 
Chronic Hepatitis B infection 

 

HBsAg 
anti-HBc 

anti-HBc IgM 
anti-HBs 

 

positive 
positive 
positive 
negative 

 

 
Acute Hepatitis B infection 

 

HBsAg 
anti-HBc 
anti-HBs 

 

negative 
positive 
positive 

 

 
Immunity from resolved infection 

 

HBsAg 
anti-HBc 
anti-HBs 

 

negative 
negative 
positive 

 

 
Immunity from vaccination 

 

HBsAg 
anti-HBc 
anti-HBs 

 

negative 
positive 
negative 

 

 

distant resolved infection; 
resolving acute HBV infection; 

false positive; 
occult HBV infection 

 

 

1.3.2 HBV viral load measurement 

Quantitative viral load with direct measurement of HBV DNA is an important clinical 

tool, representing replication activity and determining candidate eligibility for anti-viral 

therapy and treatment response thereafter. HBV DNA levels have become a central focus 

of the clinical management of CHB, with landmark studies showing the important 

relationship between higher viral loads and the risk of more severe liver disease and HCC 

development [89, 90]. The World Health Organization (WHO) defined calibrated 

measurement of HBV DNA in IU/ml to ensure standardization across different assays for 

patient care and comparability in clinical trials [91]. Viral load is also important to 

monitor for antiviral drug resistance on therapy, with one of the markers of resistance 

being an increase in HBV DNA of more than one log10 [92]. The more sensitive viral load 

assays utilize target amplification, with the newer generation real-time PCR having the 

broadest dynamic range [79, 93].  
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1.3.3 HBV Genotyping 

Although not used as standard of care, HBV genotype can provide clinical support given 

the known differences in disease progression and response to antiviral therapy (see Table 

1.1). There are various methods of HBV genotyping including restriction fragment-length 

polymorphism, reverse hybridization, genotype-specific PCR assays, and sequencing 

analysis [94]. Genotype-specific PCR is suitable for detecting mixed genotype infections. 

While they all have costs and benefits, sequence analysis is the recognized gold standard 

for genotyping, and is able to identify viral recombinants [95].  Emerging evidence for 

differences in HBV natural history across HBV genotypes that alter disease progression 

and outcome, such as the rapid progression to hepatocellular carcinoma (HCC) associated 

with the African A1 subtype [96],  suggests there may be a role for genotyping in HBV 

standard of care in future. 

 

1.3.4 Viral mutation analysis 

It is possible through viral genetic sequencing techniques to identify clinically-significant 

viral mutations. This is particularly important in the setting of antiviral drug resistance, 

where particular mutation pathways may confer resistance to other nucleos(t)ide 

analogues, and mutation analysis can facilitate appropriate salvage therapy decisions. 

Common viral mutations and their clinical significance is summarized in Table 1.2. 

 

1.4 EPIDEMIOLOGY, TRANSMISSION AND NATURAL 

HISTORY OF HBV INFECTION 
 

1.4.1 Epidemiology 

The World Health Organization in their most recent report estimates the global prevalence 

of chronic hepatitis B infection at 3.5%, or 257 million people globally, with the majority 

of the burden (68%) coming from the African and Western Pacific regions [1]. The 

majority of people with CHB were infected in early childhood, with a 25% risk of 

developing life-threatening complications of cirrhosis or hepatocellular carcinoma as 

adults [2, 97]. There has been a major reduction in the proportion of children under the 

age of 5 who have become chronically infected with HBV from 4.7% in the pre-

vaccination era to current estimates of 1.3% [1]. Despite this, the estimates for the African 

region in this age group are the highest in the world at around 3% [1]. Although there has 
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been an overall reduction in HBsAg prevalence, particularly in more developed regions 

where universal HBV vaccination has high coverage, global migration from highly 

endemic regions such as sub-Saharan Africa to low-endemicity countries is changing the 

local HBV burden requiring surveillance vigilance of local public health systems and 

effective measures for prevention, screening, monitoring, and treatment availability. 

 

The incidence of acute hepatitis B infection is difficult to estimate, as not all infections 

are symptomatic. However, acute hepatitis B resulted in an estimated 89,600 deaths 

globally in 2017, although this has declined by 0.8% in the last 10 years probably due to 

improved vaccination coverage [98]. Deaths in 2017 from the hepatitis B-related 

hepatocellular carcinoma and cirrhosis/chronic liver disease were estimated to be 325,400 

and 384,000 respectively, with both causes of death still rising since 2007 [98].   

 

1.4.2 HBV Transmission 

HBV is a blood-borne virus that is present in blood and bodily fluids (including saliva, 

semen, menstrual blood and vaginal fluids) of infected individuals. Smaller amounts of 

virus have also been demonstrated in perspiration, tears, breast milk, and urine [2]. HBV 

can also survive outside the body for more than 7 days on environmental surfaces at room 

temperature and can transmit the virus with appropriate percutaneous or mucosal 

exposure even in the absence of visible blood. The incubation period for HBV infection 

is usually around 75 days (range 30-180 days), with detection of the virus possible at 30-

60 days post exposure. The two major routes of HBV transmission are perinatal (vertical) 

or horizontal transmission. In areas of highest endemicity, perinatal and early childhood 

transmission are the most common, with the mode of transmission 

varying geographically [99].  

 

1.4.2.1 Perinatal transmission 

Perinatal transmission is passage of virus from mother to baby, and is possible either 

through intrauterine transmission via infected sperm or oocytes or transplacental route 

through maternal blood cells, or intrapartum transmission through mixing of fetal and 

maternal blood [100]. Postpartum transmission through ingested of infected maternal 

bodily fluids or breastfeeding is not supported by current evidence [100]. The highest risk 

factor for mother-to-child transmission is chronically infected mothers who are HBeAg 

positive with high viral load (>200,000IU/ml), coupled with the highest risk of the child 
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developing chronic HBV infection being transmission in then newborn period [101]. 

Before universal vaccination was introduced in Taiwan, it was shown that 85% of the 

infants born to HBeAg-positive women developed CHB compared to 32% of HBeAg-

negative women [102]. Unfortunately, the HBV vaccine does not eliminate the risk of 

MTCT especially in high viral load mothers, and therefore treatment of HBeAg-positive 

mothers should be considered to reduce this risk [103]. MTCT perinatally or in early 

childhood in both high and low endemicity regions accounts for a large proportion of 

childhood HBV infections, however horizontal non-maternal transmission from high 

viral load household contacts or playmates in early childhood, especially in HBeAg-

negative mothers, plays an important role in some regions including sub-Saharan Africa 

[104].  

 

1.4.2.2 Horizontal transmission 

Horizontal transmission via close contact of infected blood or bodily fluids is an 

important cause of chronic hepatitis B infection, especially if it occurs in pre-school aged 

children. An important study from Alaska in the pre-vaccination era demonstrated the 

age-related risk of HBV acquisition and establishing chronicity with approximately 30% 

of those below 5, compared to 16% of 5-10 year-old children, and 8% of those greater 

than 30 years [105]. Another study from Senegal demonstrated an even higher rate of  

50% chronic infection in children who are infected before the age of 2 [106]. It has been 

shown in these and other studies from other parts of the world that the  age-related risk 

of developing chronic infection underlies the importance of the birth dose of the 

preventative HBV vaccine in the schedule [99]. Early childhood horizontal transmission 

in sub-Saharan Africa is the predominant route, although vertical transmission still occurs 

particularly in the HIV-HBV co-infected population [107]. Horizontal transmission 

through exposure to open cuts, scratches and sores may also be important [99]. In 

addition, HBV can survive on contaminated surfaces and household items including 

toothbrushes and razors. 

 

Unsterile injecting medical, surgical and dental equipment, intravenous drug use (IVDU), 

or tattooing needles are also important sources of horizontal transmission, as well as 

traditional cultural practices such as scarification and circumcision [99]. In low 

prevalence settings, adult-acquired HBV infection is mostly commonly through sexual 

exposure (especially men who have sex with men) or IVDU [2]. Blood transfusions and 
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donated organs are now an uncommon source of HBV infection due to sensitive screening 

practices, however it is still a concern in high-risk healthcare environments including 

dialysis units and emergency departments [2, 99].   

 

1.4.3 Natural history of HBV infection 

There is a wide range of clinical presentations of hepatitis B infection, from asymptomatic 

infection through to the rare presentation of fulminant hepatitis, and the long-terms 

consequences of chronic infection such as cirrhosis, decompensated liver disease and 

HCC [108]. The time from HBV exposure to onset of symptoms such as jaundice, if 

present, is 60 to 150 days (average 90 days) [108]. The age of exposure is crucial to 

clinical outcome also, with the age-dependent risk of developing chronic infection as 

discussed previously, with the majority of perinatal and early childhood infections being 

clinically asymptomatic and progressing to chronic HBV infection. Adult infections are 

usually self-resolving, acute HBV infections [99]. In addition to the host immunological 

reaction to HBV which appears to be in part age-related, there are also viral factors that 

influence clinical presentation and outcome.  

 

1.4.3.1 Acute HBV infection 

Age is a major determinant for developing symptoms with acute HBV infection, with 

more than 90% of perinatal infections compared with 33-50% of older children, 

adolescents and adults will present with acute icteric hepatitis [108]. Symptoms can 

include a serum sickness-like prodrome (fever, arthralgias, rash), followed by nausea, 

abdominal pain, vomiting, jaundice, changes in the colour of urine and stool, and 

hepatosplenomegaly. Biochemical abnormalities indicative of hepatitis (elevated serum 

transaminases and bilirubin levels) also occur at this time. The serological markers of 

acute hepatitis B infection and timing from HBV exposure are described in Figure 3. 

Symptoms usually improved within 3 months, in concordance with biochemical 

improvement. Serologically resolved HBV infection, as indicated by loss of HBsAg and 

development of anti-HBs (in addition to anti-HBc), occurs within 6 months. Reactivation 

of previously resolved acute hepatitis B infection can occur in immunosuppressed 

individuals such as people infected with HIV, transplant recipients on 

immunosuppressive medication, or patients on potent chemotherapeutic agents especially 

those targeting B cell lymphocytes [109, 110].  
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Fulminant hepatic failure as a consequence of acute hepatitis B infection is a rare 

complication, occurring in less than 0.5% of patients. This risk may be increased in 

patients, including newborn children, infected HBV variants with decreased or absent 

HBsAg expression including BCP or PC mutations [111, 112]. Encephalopathy in the 

setting of icteric hepatitis with a coagulopathy should be managed at a liver transplant 

center as it carries a poor prognosis. The risk may also be increased in patients with 

underlying liver disease or co-infection with other hepatitis viruses (eg. hepatitis C, 

hepatitis D or HIV).  

 

1.4.3.2 Chronic HBV infection 

Chronic hepatitis B infection is defined as HBsAg positivity for greater than 6 months. 

Around 25% of patients who acquired CHB as children will develop HBV-related 

cirrhosis or liver cancer in adulthood [2]. The natural history of CHB is traditionally 

divided into distinct phases, although in reality is a dynamic process that is determined 

by the interplay between viral replication and the host immune response. The most recent 

definitions of the phases of CHB infection, as outlined by the European Association for 

the Study of the Liver (EASL) in 2017, has been divided into 5 phases based on viral load 

(HBV DNA levels), HBeAg presence, ALT level, and the presence or absence of liver 

inflammation, and HBsAg loss [113]. This aims to clarify the phases with and without 

hepatitis, despite chronicity. It is important to note that in contrast to traditional teaching, 

these phases are not always sequential, and reversion to a previous phase is also possible. 

Figure 1.5 shows a schematic representation of these phases. Phase 1, HBeAg-positive 

chronic hepatitis B infection, previously called the “immune tolerance” phase (high viral 

load, HBeAg-positive, normal serum ALT), is associated with minimal hepatic 

inflammation and high HBV replication. This phase is often prolonged, although this is 

dependent on the mode and timing of transmission, with significant differences in the 

natural history of perinatally-acquired infection (typical of Asia) and horizontal infection 

in early childhood (most common in the Mediterranean Basin and Africa) resulting in 

earlier spontaneous HBeAg seroconversion in the latter group [114]. Patients are highly 

infectious during this time due to very high viral loads.  This phase has previously thought 

to be quite innocuous, however HBV DNA integration has also been demonstrated during 

this phase of high viral replication, a possible precursor to hepatocarcinogenesis [115].  

HBeAg-positive chronic hepatitis B (Phase 2) is previously termed “immune clearance” 

with fluctuating HBV DNA levels and ALT, indicative of the intermittent hepatitis, 



 27 

leading to eventual loss of HBeAg. Liver histology is variable, however repeated and 

prolonged episodes of hepatitis may increase the necroinflammation and progression to 

liver fibrosis. This is why HBeAg seroconversion has traditionally been a therapeutic 

endpoint. Spontaneous HBeAg seroconversion rate is estimated at 2-15% yearly, 

however this is largely dependent on age, ALT level, and HBV genotype [116, 117]. In 

Asia, HBeAg seroconversion occurs at a mean age of 30-35 years, earlier in patients with 

genotype B compared to C [116]. Phase 3, or the non-replicative “immune control” phase 

of CHB is now called HBeAg-negative chronic hepatitis B infection. It is characterized 

by anti-HBe antibodies, low or undetectable HBV DNA levels and normal ALT signaling 

minimal hepatic inflammation. Patients have a low risk of progression to long-term 

sequelae of cirrhosis or hepatocellular carcinoma, however this can still occur and 

therefore require ongoing follow-up [118, 119]. Overall, earlier age of HBeAg 

seroconversion or a short HBeAg-positive phase are associated with increased chance of 

a long-term non-replicative phase [116].  HBeAg-negative chronic hepatitis B (Phase 4), 

consists of fluctuating moderate to high serum HBV DNA levels (although lower than 

HBV DNA levels in phase 2) with abnormal ALT levels, and liver histology showing 

progressive inflammation and fibrosis [118]. Natural seroconversion to anti-HBe in the 

immune clearance phase of chronic HBV infection is a critical event characterised by a 

strong immune response with efficient reduction in viral load, however predisposes to 

selection of viral variants, in particular variants with precore and BCP mutations which 

have reduced or absent HBeAg expression, and are usually the dominant viral species in 

HBeAg-negative chronic hepatitis (phase 3) [120]. 

 

It is also possible for individuals with chronic hepatitis B to seroconvert HBsAg 

indicating an elevated level of immune control, which is the current ultimate goal of 

treatment, representing functional cure This occurs spontaneously in around 0.5-1% 

annually in those in immune control phase [121]. Although associated with improved 

survival if HBsAg loss occurs before the onset of cirrhosis, this does not however 

represent the true definition of complete cure as the viral DNA persists as covalently 

closed circular (ccc) DNA in the nucleus, with an ongoing risk of viral rebound and HCC 

mandating life-long surveillance [119].  
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1.4.4 Complications of chronic hepatitis B infection 

15-40% of individuals with CHB will develop long-term liver complications such as 

cirrhosis, decompensated liver disease and HCC [122]. Host and viral factors contribute 

to the risk for progression of liver disease and development of HCC, including being 

male, increased age (over 30 years), alcohol consumption, aflatoxin exposure, viral 

genotype (and subgenotype), HBV DNA level, and viral co-infection with HIV, HCV 

and HDV [123]. Monitoring and treatment of patients with CHB centers around trying to 

modify these outcomes by intervening and altering the natural history to prevent these 

serious complications. 

 

1.4.4.1 Cirrhosis and decompensated liver disease 

Cirrhosis develops as consequence of the necroinflammatory attack on the liver by the 

immune system during the phases of active hepatitis. The major risk factors for the 

progression of CHB to cirrhosis are high viral load, elevated ALT, and fibrosis seen on 

liver biopsy [124]. Males are at higher risk of cirrhosis, as well as patients with 

persistently elevated ALT compared to those who flared with subsequent normalization 

[125]. Viral factors such as delayed HBeAg seroconversion (over 40 years of age), HBV 

genotypes and viral mutations also increase the risk of developing cirrhosis [125]. HBV 

genotype C has been associated with more severe liver disease [126], and BCP mutants 

A1762T/G1764A  have also been associated with a higher risk of cirrhosis [127]. HBeAg-

negative disease is associated with more severe liver outcomes, and therefore factors such 

as mode of transmission which affect natural HBeAg seroconversion need to be taken 

into account also. 

 

High levels of HBV replication appear to be the biggest independent risk factor for 

development of cirrhosis, with the largest longitudinal study undertaken in Taiwan (the 

REVEAL study) involving more than 3500 chronically-infected people in the 

community, predominantly men over 30 years of age, 85% of which were HBeAg 

negative [90]. In this study, the risk of cirrhosis increased with baseline viral load, with 

the cut-off of HBV DNA greater than 2000IU/mL appearing to be the critical threshold 

[90]. These findings were extended by a hospital clinic-based study in Australia that 

followed 400 patients, approximately half were HBeAg positive, and had a broader mix 

of HBV genotypes represented (A to D) [128]. This study confirmed that HBV DNA 

levels were an important predictor of liver fibrosis, however only in the HBeAg-negative 
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patients. Further, ALT was an essential predictor of significant fibrosis in both the HBeAg 

positive and negative groups [4].    

 

Decompensated liver disease, a complication of end-stage cirrhosis, has a 5-year risk of 

20-30% once cirrhosis is established [124]. It carries a very high mortality rates, although 

persistent viraemia is a modifiable factor with nucleos(t)ide analogue antiviral therapy. 

 

1.4.4.2 Hepatocellular carcinoma 

The ability to assay the HBsAg in the 1970s led to confirmation of the suspected 

association of CHB and HCC [129, 130].  HCC mostly develops in people with cirrhosis, 

therefore there is a large overlap in the risk factors for both. The REVEAL study again 

defined HBV DNA level as an important predictor of HCC development across a 

biological gradient, with the highest risk with viral load greater than 20,000 IU/ml [131]. 

Genotype C was also an increased risk factor for development of HCC in this study, 

however only genotypes B and C were represented.  

 

The risk of HCC is also increased in patients with prolonged or persistently elevated ALT, 

and family history of HCC also appears to be important indicating a host genetic 

susceptibility in some patients [125]. Patients who have established cirrhosis are at risk 

of developing HCC, however those who achieve HBeAg seroconversion with sustained 

viral suppression, and even HBsAg loss in some patients have a very low risk of HCC 

[125]. Effective treatment with antiviral therapy in patients with advanced liver disease 

has also been shown to reduce the risk of HCC, emphasizing the importance of control of 

HBV replication  

 

Viral factors such as genotype have been shown to have a major influence on HCC risk. 

African genotype A1 has been associated with a 4.5 times increased risk of HCC in 

young, non-cirrhotic males compared to other non-A genotypes [96]. Genotype A2 has 

been associated with HCC in older patients, although the overall risk of HCC in genotype 

A is lower than genotype D [123]. Genotype C is associated with more severe liver 

outcomes including HCC compared with genotypes A, B and D, likely related to later 

HBeAg seroconversion [123]. The incidence of HCC in genotype E patients was found 

to be higher than in Europe, but less than East Asia [132]. Genotype F1 has been recently 

identified as having a higher risk of HCC in younger Alaskan patients, including children 
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[133].  Viral variants also contribute to HCC development, including mutations in the 

pre-S region and double mutations A1762T/G1764A in the BCP [116]. 

 

1.4.4.3 Extrahepatic manifestations 

Extrahepatic manifestations of HBV infection are thought to be associated with 

circulating immune complexes and includes a prodrome of acute HBV infection with a 

serum-sickness-like illness, polyarteritis nodosa, HBV-associated glomerulonephritis, 

mixed essential cryoglobulinaemia, and neurological manifestations. Guillain-Barre 

Syndrome has also been reported [134].  

 

1.5 IMMUNO-PATHOGENESIS OF HBV INFECTION 
As an essentially non-cytopathic virus, the liver damage in HBV infection is largely due 

to the recognition and interaction between the host immune system and the HBV-infected 

hepatocytes.  The interplay of host and viral factors are crucial in the pathogenesis and 

outcome, with host factors such as age of infection and immune competence playing 

major roles. This is best exemplified by the age of infection and risk of chronicity, with 

perinatal and early childhood infection compared to adult infection resulting in CHB in 

50-95% and 5%, respectively. Viral clearance in acute HBV infection differs in its 

immunological response compared to the weak, narrow-focused type 2 T-helper (Th2)-

skewed T lymphocyte response of CHB persistence [16]. Viral factors such as HBeAg 

expression (or absence) also appear to be important. The immune-evading mechanisms 

of the HBV however remain largely unresolved. This is particularly important in early 

childhood where high viral replication and immune tolerance prevails paving the way for 

chronic infection. The in utero transplacental exposure to the HBeAg has been proposed 

as an immunological “tolerogen” to ensure viral persistence [135].   Much of what is 

known about the early immunological phases of HBV infection is through chimpanzee 

studies, related hepadnaviruses such as the duck hepatitis virus, and transgenic mice 

models [136].    
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         Figure 1.5. Phases of chronic hepatitis B infection. 
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1.5.1 Immune events in acute HBV infection 

HBV initially establishes itself after infection with little stimulation of the immune 

system for the first weeks, leading to its description as a stealth virus [137]. Compared to 

HCV infection where there is a strong stimulation of the of intrahepatic genes including 

type I interferon genes, HBV does not appear to induce expression of intrahepatic genes 

in the early weeks post infection during the “lag phase” of HBV replication, in a 

chimpanzee model [138]. Antiviral cytokines including interferon alpha and beta (IFN 

a/b) and interferon gamma (IFN-g), are thought to be responsible for early reduction in 

HBV replication one the virus has established logarithmic expansion by inhibition and 

de-stabilisation of capsid, degradation of HBV RNA; with  [136, 139]. This is followed 

by a strong adaptive immune response with polyclonal expansion, multi-epitope-specific 

helper CD4+ and cytotoxic CD8+ T-cell response to epitopes of several HBV proteins, 

with a predominantly Th1 T-lymphocyte response stimulating cytokines interleukin (IL)-

2 and IFN-g [16, 136]. This response is directed at HBV-infected hepatocytes resulting in 

liver cell injury and consequent rise in ALT level. The humoral immune response is also 

crucial for effective recovery from acute HBV infection, with measurable serum antibody 

responses to the HBV proteins, with anti-HBs antibodies generally considered to be 

neutralising and the serological marker of resolved infection or immunity post 

vaccination. 

 

1.5.2 Immune events in Chronic Hepatitis B infection 

Although not fully resolved, the immunological response in those who establish chronic 

HBV infection is weaker, lack the early innate immunity activation with production of 

IFN-g associated with resolved infection, have reduced helper and cytotoxic T-cell 

responses with undetectable virus-specific T-cell responses [139]. Viral mechanisms for 

immune evasion or tolerance are likely to be multifactorial, however the role of innate 

immune system is likely to be key, with the HBeAg in particular implicated [47]. There 

is Th2 T-lymphocyte response with secretion of IL-2, IL-5, and IL-10, activating a 

humoral response to antibody production instead of viral clearance [16]. The lack of 

functional T-cell responses however have been recently challenged in children and 

adolescents during the prolonged “immune tolerant” phase characteristic of early 

childhood infection, with readily detectable T cells that are more functional than later 

immune active phases in CHB infection, calling into question the term “immune 
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tolerance” [140, 141]. Persistent viral antigen exposure is thought to lead to HBV-specific 

CD8+ T cell exhaustion, and viral variants are also implicated in failure of the adaptive 

immune response in chronic hepatitis B infection [141].  

 

1.6 HBV PREVENTION 
The mainstay of prevention of HBV infection has been through the widespread 

implementation of the HBV vaccine, however other measures employed prior to this and 

in addition to the vaccine including screening of blood and organ donors, infection control 

measures, needle exchange programs, and preventative measures for household contacts 

to minimize exposure to the blood-borne pathogen [108, 116]. 

  

1.6.1 Passive immunization: Hepatitis B immune globulin  

Hepatitis B immune globulin (HBIG) is purified human high-titer anti-HBs 

immunoglobulin donated from individuals with immunity to HBV infection. It is used to 

confer temporary passive immunity to non-immune individuals with exposure to HBsAg 

either through blood or bodily secretions infected with HBV, sexual contact with a 

HBsAg-positive person, or to infants with perinatal exposure born to HBsAg-positive 

mothers [142]. In Adults, HBIG is given with the first dose of HBV vaccine within 12 

hours of exposure, followed by the second and third doses of the HBV vaccine at 1 and 6 

months respectively. The HBIG can be repeated at 1 months if there is a history of 

previous vaccine non-response. HBIG in exposed newborns should also be administered 

with the birth dose of the HBV vaccine, and then the subsequent doses completed as part 

of the Expanded Program for Immunization (EPI) schedules.   HBIG has also been used 

in patients with CHB post liver transplantation. 

 

1.6.2 Active immunization: the HBV vaccine 

The HBV vaccine is the most effective way to prevent HBV infection and it’s devastating 

long-term sequelae of cirrhosis and hepatocellular carcinoma. The first HBV preventative 

vaccine was plasma-derived, made from HBsAg purified from CHB patients [143, 144]. 

It is now predominantly produced as a recombinant product based on the small HBsAg 

protein (which includes the ‘a’ determinant from a HBV A2 genotype, serotype adw2 

[145]. After the vaccine’s availability in the early 1980s, some countries including 

Taiwan (1984) and the Gambia (1990) implemented universal infant hepatitis B 
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immunization, with a WHO recommendation in 1991 that all countries introduce similar 

policies by 1997 to prevent and control HBV infection globally [108, 145]. The safety 

and immunogenicity of the HBV vaccine has been well established, with seroprotection 

rates after a full course of vaccination (3 doses given at 0,1 and 6 months) are close to 

100% in children and 95% in healthy young adults [145]. Protection declines with 

increasing age and other co-morbidities including obesity and heavy smoking. 

Immunocompromised patients may require higher or additional doses of the vaccine. 

Newer generation recombinant vaccines that incorporate multiple HBsAg proteins may 

be more effective for patients who have failed vaccination or are immunocompromised 

[145].  The HBV vaccine is well-tolerated, with the only absolute contraindication being 

known anaphylaxis to the vaccine which is extremely rare or hypersensitivity to any 

component. There are multiple formulations available, commonly in fixed combinations 

with other vaccines. 

 

Protective vaccine-induced antibody levels are sustained over at least 10-15 years, related 

to the initial peak antibody response [146]. There appears to be a persisting amnestic 

humoral immune response even when the antibody levels decline, with booster 

vaccination not routinely recommended in immunocompetent people [108]. Booster 

doses may be important for immunocompromised individuals or people with high risk of 

HBV exposure if their antibody levels fall below 10mIU/ml, although a 30 year follow-

up study of vaccinated Alaskans concluded that booster doses were not necessary in 

immunocompetent individuals with a previously documented response [147]. 

 

Various strategies for HBV vaccination have been employed. Universal infant 

immunization is the most effective strategy in countries with high (HBsAg >8%) or 

intermediate endemicity (HBsAg >2% but <8%), starting from birth to capture protection 

from perinatal mother-to-child-transmission. Unfortunately, some countries with high 

HBV prevalence still do not have the HBV vaccine on their EPI schedule due to cost, 

although coverage has been increased with financial and technical support from 

philanthropic organizations such as the Global Alliance for Vaccines and Immunization 

(GAVI) to address the inequities across developing countries. Some low prevalence 

countries have elected to immunize children or adolescents, or just target high risk groups 

such as immigrants from highly endemic regions, and adolescents and adults with risk 

factors for HBV infection.  
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1.6.3 Post vaccine Era: reduction in HBV 

Since the widespread introduction of the HBV vaccine, global rates of HBV infection and 

chronic carriage have fallen. Furthermore, the important long-term sequelae of chronic 

HBV infection including rates of hepatocellular carcinoma have also significantly 

reduced. The use of combination active and passive vaccination given to infants with 

HBsAg-positive mothers at birth was shown to prevent at least 94% of perinatal HBV 

transmission [148]. 

 

In Taiwan, where there was early implementation of universal infant HBV vaccination in 

a highly endemic area with high rates of perinatal transmission, the staggering impact 

was demonstrated at the 20 year follow-up showing: HBsAg prevalence rates in children 

decreased from 11% to 1%, there was an 80-90% protection of infants born to HBsAg-

positive mothers, a 68% reduction in mortality from fulminant hepatitis in infants, and a 

75% decrease in the incidence of HCC in children [149]. Other regions of the world have 

shown similarly impressive trends, however some the burden of CHB in some low 

prevalence countries has continued to increase due to migration of people from highly 

endemic areas such as Asia and sub-Saharan Africa, in addition to other high risk groups 

with ongoing transmission due to sexual or IVDU exposure [116].  

 

1.6.4 Vaccine escape 

Variants in the small surface protein gene have been implicated in cases of vaccine 

escape. The most widely reported is the glycine to arginine at the amino acid position 145 

of the antigenic ‘a’ determinant of the surface antigen, which is the major neutralizing 

domain of the HBsAg [145]. Other surface gene mutants, or even different HBV 

genotypes that have alterations in the amino acid residues of the ‘a’ determinant can affect 

the conformation of this important epitope which may also reduce the protection of the 

vaccine-derived antibodies. Genotype E endemic to West and Central Africa has been 

implicated in vaccine escape [150-152], as has the C4 subgenotype exclusively located 

in the Indigenous Australian population [153]. 

 

1.7 TREATMENT OF HBV 
The main goals of treatment of HBV infection are to suppress viral replication, reduce 

liver inflammation, reverse liver fibrosis, prevent long-term complications and improved 
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long-term survival and quality of life [113]. In addition to this, antiviral therapy to prevent 

mother to child transmission, suppress viral replication to stabilise decompensated 

cirrhosis or reduce the risk of HCC recurrence, prevent HBV reactivation in 

immunocompromised states, and treat HBV-associated extrahepatic manifestations may 

also be appropriate. 

 

1.7.1 Acute hepatitis B infection 

In most cases, acute hepatitis B infection is self-limiting and does not require treatment. 

Although not recommended for acute hepatitis B infection in the absence of 

coagulopathy, an under-powered German study showed a trend towards a faster 

improvement in bilirubin and ALT and HBsAg clearance with lamivudine therapy [154]. 

Treatment of severe acute hepatitis B and acute liver failure due to HBV infection with 

nucleos(t)ide analogues has been proposed, with the additional rationale that viral 

suppression is necessary in the setting of potential liver transplantation also [155].  

Treatment of acute hepatitis B-associated extrahepatic manifestations may be considered, 

although the benefit is not yet established. 

 

1.7.2 Chronic hepatitis infection 

Treatment of chronic hepatitis B infection is imperative to prevent the long-term sequelae 

and improve survival, however patient selection and therapy end points are important to 

define.  

 

Currently, desirable treatment endpoints are: (1) reduction in viral load until serum HBV 

DNA levels become undetectable by sensitive PCR assays; (2) durable HBeAg 

seroconversion; (3) normalisation of ALT level; and (4) sustained HBsAg seroclearance 

[113]. In general, assessing the need for treatment requires evaluation of serum HBV 

DNA levels, ALT levels, severity of liver disease and age. In adults with CHB, indications 

for treatment include: (1) all patients with HBeAg-positive or -negative chronic hepatitis 

B (HBV DNA > 2000IU/ml, abnormal ALT) with at least moderate liver inflammation 

or fibrosis; (2) patients with compensated or decompensated cirrhosis and any detectable 

HBV DNA level; (3) patients with HBV DNA >20000IU/ml and abnormal ALT >2x the 

upper limit of normal; (4) patients greater than 30 years with HBeAg-positive chronic 

HBV infection; and (5) patients with a family history of HCC or cirrhosis and extrahepatic 

manifestations [113].  
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Currently there are 2 types of antiviral therapy for CHB infection: interferon (IFN) and 

nucleotide/nucleotide analogs (NA). Response can be defined: (1) virological response 

with suppression of viral replication to undetectable HBV DNA levels in NA therapy, 

and <2000 IU/ml at end of IFN treatment; (2) serological with HBeAg loss and 

seroconversion (in HBeAg-positive patients), and HBsAg loss and development of anti-

HBs; (3) biochemical response with sustained normalization of ALT; and (4) histological 

response defined as a decrease in necroinflammatory activity without worsening in 

fibrosis compared to pre-treatment histology [113].  

 

1.7.2.1 Interferon alpha 

Interferon-based therapy, including standard interferon alpha (IFNa) and pegylated 

interferon (PEG-IFN) act as indirect host immunomodulators that have antiviral effects 

on the hepatocyte. Antiviral interferon-stimulated genes are able to directly modify the 

nuclear cccDNA and control viral replication, as well as stimulate the innate immune 

system through activation of natural killer cells [156].  Unfortunately, the response rate 

in adults after 4-6 months of treatment with IFNa is only 30-40% in HBeAg-positive 

patients, and a 32% sustained HBeAg seroconversion rate with 48 weeks of PEG-IFN 

[116]. There is also a difference observed in response between HBV genotypes, with 

genotype A responding better than D, and B responding better than genotype C [116]. A 

recent study of African genotype E indicates this may be the poorest responder studied 

[157]. Although the response is modest, of those who achieve HBeAg seroconversion it 

is sustained in more than 80%, and sometimes associated with subsequent HBsAg loss 

[158]. 36% of HBeAg-negative patients do respond to PEG-IFN based therapy at 6 

months post treatment, however relapse after treatment completion in this group is 

common [116]. Features of those who respond better include low HBV DNA levels, 

raised ALT, and low HBsAg concentrations at 24 weeks of treatment, although on-

treatment stopping rules do not currently exist [159].  HBsAg seroconversion occurs in 

3% of patients treated with PEG-IFN, which increases to 10% 4 years after treatment 

completion [116]. Long-term effects of patients treated with IFN include post-treatment 

cumulative HBeAg seroconversion and HBsAg loss, and a reduction in the long-term 

complications of cirrhosis and HCC [116, 160].  
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Benefits of IFN-based treatment includes the finite treatment duration and lack of drug 

resistance. PEG-IFN is now used preferentially due to its once weekly dosing and 

improved efficacy. Disadvantages of IFN include the subcutaneous administration and 

frequency of side-effects including influenza-like symptoms, anorexia, fatigue, hair and 

weight loss, emotional dysregulation, thyroid dysfunction, and bone marrow suppression 

which requires on-treatment monitoring. Completion of treatment might be limited by 

patient tolerance of the side-effect profile.  

 

1.7.2.2 Nucleot(s)ide analogues 

Nucleot(s)ide analogues suppress HBV replication via inhibition of viral polymerase. The 

approved NA for adults include: lamivudine (LAM), adefovir dipivoxil (ADV), entecavir 

(ETV), telbivudine (TBV), tenofovir disoproxil fumerate (TDF) and tenofovir 

alafenamide (TAF). These agents can be classified according to their barrier to resistance, 

with LAM, ADV, and TBV having low barriers to resistance, and ETV, TDF and TAF 

having high barriers to resistance with the latter group demonstrating long-term antiviral 

efficacy in the majority of compliant patients [161]. Unfortunately, 20-50% HBeAg sero-

revert within 6-12 months off therapy. A recent study however showed that cessation of 

NA in patients with HBeAg-negative CHB with undetectable viral load led to an initial 

viraemic relapse and hepatitis flare with subsequent HBsAg loss in 40% [162]. This study 

indicates that there is the potential to effectively stop NA in some patients, although the 

selection criteria is yet to be defined. 

 

The most potent NA are ETV, TDF, and TAF. WHO and all Liver Society guidelines 

recommend one of these agents and not one of the less potent agents including TBV, 

LAM and ADV which have low barriers to developing resistance. Despite their ability to 

rapidly suppress viral replication, the rates of HBeAg are only around 20% after 1 year 

of treatment, with an increased likelihood of HBeAg seroconversion in those with very 

elevated ALT [116]. HBsAg loss with NA therapy is rare. Long-term therapy with LAM 

in patients with advanced liver disease was shown to reduce disease progression and HCC 

development [163]. There are very high relapse rates after treatment cessation in HBeAg-

negative patients, making treatment endpoints difficult to determine.  NA therapy may be 

used as salvage therapy in patients with decompensated cirrhosis, where IFN is 

contraindicated. 
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The benefit of NA therapy compared to IFN is the ease of administration, minimal side 

effects, and rapid suppression of viral replication. The disadvantages are the prolonged 

and often indefinite treatment period, the need for daily compliance, and the potential 

development of resistance. The emergence of drug resistance is detected by HBV DNA 

breakthrough and subsequent biochemical response of elevated ALT. The risk of antiviral 

drug resistance increases with duration of therapy, however the NA with high genetic 

barriers have very low rates, with TDF showing no resistance out to 7 years follow-up 

[164]. Switch or add-on rescue therapy for patients who develop drug resistance is 

possible to recapture virological control, however this needs to take into account the 

resistance mutation pathways and potential cross-resistance profiles of the NA drugs [92]. 

Molecular analysis of the drug resistance mutations can assist with appropriate drug 

selection, however TDF has proven to be effective for multi-drug experienced CHB 

patients [165]. 

 

NA have also been demonstrated as efficacious preventing perinatal transmission in high 

viral load mothers by reducing viraemia levels in the third trimester. LAM, TBV and TDF 

have all been used safely in this setting, with TDF now preferred due to its potency and 

high barrier to resistance [166]. 

 

1.7.2.3 Combination therapy: interferon and nucleot(s)ide analogues 

There is lack of conclusive evidence that combination therapy of NA with PEG-IFN in 

treatment-naïve patients results in a therapeutic advantage. One randomized trial (the 

ARES study) in HBeAg-positive patients on ETV who had 24 weeks of PEG-IFN therapy 

(or continued on ETV monotherapy) showed significantly more decline in HBV DNA, 

HBsAg and HBeAg levels in the PEG-IFN group compared to ETV monotherapy, 

although only 19% achieved HBeAg loss and 13% maintained this after cessation of ETV 

[167]. Importantly, there was no PEG-IFN monotherapy arm to compare. Switching from 

long-term NA therapy to PEG-IFN in HBeAg-positive Asian cohorts has also been 

studied, with surprisingly high rates of HBsAg loss of up to 20%, with quantitative 

HBsAg levels of less that 1500IU/ml at baseline predicting response, although these 

findings have not been replicated in all studies [113]. In a European cohort with HBeAg-

negative disease, add-on PEG-IFN to NA for 48 weeks again showed improved HBsAg 

kinetics in the add-on group, however the rates of HBsAg loss was disappointing [168]. 

  



 40 

1.7.2.4 Novel therapeutic agents and the goal of HBV cure 

Due to the inability of IFN or NAs to cure HBV infection, novel therapeutic strategies 

are currently being studied to address this unmet need. HBV cure, or complete eradication 

of the virus, has previously been deemed impossible due to the nature of the HBV life 

cycle and the complex interplay of the host immune system, but in particular due to its 

archiving of the cccDNA epigenome with potential for HBV reactivation, even in the 

setting of ‘cleared’ acute hepatitis B infection. The ICE-HBV (International Coalition to 

Eliminate the Hepatitis B Virus) initiative has therefore proposed ‘functional cure’ as a 

more realistic therapeutic goal, defined as ‘defined as sustained or durable HBsAg loss 

most likely with anti-HBsAg antibody seroconversion, with undetectable serum HBV 

DNA, but persistence of transcriptionally inactive cccDNA, allowing treatment cessation’ 

[156]. Curative regimes will need to be pangenotypic, address different phases of the 

HBV life cycle as well as the host immune response, and eliminate ongoing expression 

of viral proteins from intranuclear cccDNA or integrated DNA sequences [169].  

 

Novel therapeutic strategies are currently in development, targeting key points in the 

HBV life-cycle [169, 170]. These include HBV entry inhibitors which prevent hepatocyte 

infection and HBV spread; suppression of transcription from the cccDNA 

minichromosome by histone modification or exploiting the nuclear regulatory functions 

of the HBcAg or HBx protein; RNA interference molecules to produce targeted reduction 

of HBV replication and protein expression; and destruction of cccDNA with molecules 

such as transcription activator like effector nucleases (TALENs) and the clustered 

regulatory interspaced short palindromic repeats (CRISPR) [156]. Toll-like receptor 7 

and 8 agonists that stimulate both innate and adaptive immunity effector cells, are also in 

development, although the outcomes to date have been variable [171]. Reversal of T-cell 

exhaustion, characteristic of the adult immune response in chronic HBV infection, by 

targeting inhibitory T-cell receptors is another immunological strategy currently being 

investigated, with HBV-specific T-cell receptor PD-1 and PD1 ligand inhibitors currently 

in trials [171].  It is likely that a multi-targeted approach will be necessary to address the 

cccDNA reservoir as well as the host immunological response. 
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1.8 PAEDIATRIC HBV INFECTION  
The age of HBV acquisition is of the utmost importance in determining the outcome of 

infection. Despite a major reduction in hepatitis B infection in children due to uptake of 

universal infant HBV vaccination programs, there are still almost 2 million new infections 

annually in children younger than 5 years [104], primarily due to failure of birth dose 

implementation of hepatitis B vaccine only occurring in just over 40% of infants globally 

[1]. CHB in childhood is usually asymptomatic with mild liver disease [172]. Infection 

in childhood has traditionally been associated with so-called “immune tolerance”, 

however this varies according to the mode and timing of transmission with significant 

differences in the natural history of perinatally-acquired infection (typical of Asia) and 

horizontal infection in early childhood (most common in the Mediterranean Basin and 

Africa) [114]. Approximately 90% of CHB patients in the Euro-Mediterranean and 

African countries have seroconverted HBeAg before the end of the second decade starkly 

comparing to only 5% in individuals from south east Asia [48]. In general, earlier HBeAg 

seroconversion confers improved prognosis [45].  Delayed HBeAg loss can lead to 

extended high viral replication and repeated or prolonged immune-activated 

inflammatory activity that is associated with more severe liver disease and poor outcomes 

in adulthood. Various degrees of histologic abnormalities however can be seen in children 

with CHB infection, even in the absence of raised ALT [173, 174]. Severe liver disease 

may occur in a small proportion of children, including cirrhosis and HCC [172]. 

Interestingly, HBeAg seroconversion before the age of 3 years is a risk factor for early 

HCC development [175]. Established cirrhosis is another major risk factor for HCC in 

childhood and may be seen in children with normal ALT and HBeAg seroconversion 

[176]. Spontaneous HBsAg loss in children is a rare event in perinatally-infected children, 

occurring at 0.6-1% per annum, although this rate is higher in horizontally transmitted 

children and adolescents [48].  

 

1.8.1 Paediatric treatment 

Paediatric treatment strategies have been poorly studied compared to their adult 

counterparts however have shared goals of therapy to suppress viral replication in order 

to decrease the risk of progression to cirrhosis, HCC and premature death. There is little 

evidence to guide recommendations for treatment of CHB in children, however similarly 

to adult assessment for the stage of liver disease, HBV DNA and ALT level, HBeAg 
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status, co-infection with other viruses such as HDV, HCV or HIV, and family history of 

HCC will affect decisions to commence treatment in children [104]. The European 

Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the 

American Association for the Study of Liver Diseases (AASLD) have developed 

guidelines for management of CHB in children, although their recommendations vary 

[177, 178]. Liver biopsy remains the gold standard to assess for degree of liver 

inflammation and fibrosis as non-invasive tests such as transient elastography have yet to 

be validated for diagnostic and prognostic purposes in children and adolescents with CHB 

[104]. In general, a conservative approach is usually taken, with close monitoring and 

time to allow spontaneous HBeAg seroconversion to occur without protracted periods of 

elevated ALT levels. The concept of “immune tolerance” in childhood and adolescents is 

being challenged however, and recommendations in the near future may be revised. 

 

In the USA, IFNa and PEG-IFN have been approved for use in children and are often 

recommended due to their finite treatment period and absence of viral resistance. LAM, 

ETV, ADF and TDF have also been approved for children based on a small number of 

randomized placebo-controlled controlled trials demonstrating safety and efficacy [104]. 

In Australia, LAM and ADF are approved for use in children, with ETV available for 

adolescents over 16 years. PEG-IFNa-2a is often used in an off-label capacity, although 

the safety and efficacy in children aged 3-18 years with HBeAg-positive chronic hepatitis 

has been recently demonstrated in a recent multicenter international PEG-B-ACTIVE 

study [179]. Paediatric studies from low- and middle-income countries where HBV is 

more prevalent are lacking and would add important information shaping appropriate 

monitoring and treatment algorithms.  

 

Previous paediatric studies with IFNa in children have demonstrated increased HBsAg 

loss compared to treatment with NA [180]. Despite earlier studies showing lack of 

efficacy of IFN in the immune tolerant phase, small-number pilot studies using the 

combination of LAM with standard IFNa in immune tolerant children showed up to 20% 

HBsAg loss renewing interest in treating this patient group [181, 182]. A recent study 

using combination of entecavir and PEG-IFNa-2a in children 3-18years with HBeAg-

positive, high viral load, normal ALT was unfortunately disappointing, with lack of 

significant HBV DNA suppression and only 3% HBeAg seroconversion with HBsAg loss 
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[183]. Another study again in immune tolerant  children aged 1 to 16 using standard IFNa 

either alone or with the sequential addition of LAM or LAM alone, showed impressive 

HBsAg loss of 21.74% [184]. The reasons for the marked differences in outcomes 

between these recent studies is unclear, however it could be due to the study design and 

timing of the combination therapy, or the use of standard interferon rather than the 

pegylated preparation and warrants further investigation. 

 

1.9 AFRICAN CHRONIC HEPATITIS B 
 

1.9.1 Epidemiology 

Greater than 60 million people in Africa suffer from chronic hepatitis B (CHB) infection, 

with an estimated 88 000 deaths annually from HBV-related complications of cirrhotic 

liver failure or hepatocellular carcinoma (HCC) [1, 107]. Despite the availability of a safe 

and effective preventative HBV vaccine, there is still a large reservoir of chronically 

infected people co-existent with a large population of unvaccinated and high-risk 

individuals. Children from the poorest countries have not usually been vaccinated due to 

economic barriers or geopolitical circumstance [185], with Africa having the lowest rate 

of birth does administration in the world [1]. Prevalence in sub-Saharan Africa is 

estimated at 6.1% overall which is amongst the highest in the world, with some regions 

still hyperendemic (prevalence >8%) [1]. HBV infection in Africa is predominantly 

transmitted via the horizontal route from highly infectious family members and 

playmates, with the establishment of chronic carriage occurring mainly in early childhood 

[186]. Cultural practices such as scarification and unsafe therapeutic injections may also 

play a role [187]. For reasons that are largely unknown, most likely related to HBV 

genotype, geographic variation or timing of infection, there is a significantly lower 

hepatitis B e antigen (HBeAg) positivity rate in women of child-bearing years in Africa 

[186]. However those women in the highly replicative state (HBeAg positive) show 

similarly high risk of perinatal transmission to their counterparts in Asia where this route 

predominates [188, 189]. Only 9 out the 47 African countries that have introduced the 

HBV vaccine have implemented the schedule from birth severely impacting the ability to 

intercept MTCT in this region [107].   
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HIV co-infection adds to the significant morbidity and mortality of HBV infection, with 

an estimated 2.6 million HIV-HBV co-infected individuals in sub-Saharan Africa [107]. 

Additionally, HBV-hepatitis D virus (HDV) co-infection is a major problem in Africa, 

with countries north of the equator having significantly higher HDV seroprevalence, with 

its associated aggressive liver disease phenotype [107].  Hepatitis B treatment in Africa 

is often only available to those with HBV-HIV co-infection.  

 

1.9.2 African HBV Genotypes and clinical outcomes 

Distinct African HBV genotypes/subgenotypes have been described: A1 in southern, 

eastern and central Africa, A3 in West Africa, D3 in North Africa, D7 in North West 

Africa, and E in Central and West Africa [5, 190].  Importantly, subgenotype A1 has been 

identified as having a particularly aggressive phenotype, contrasting significantly with 

other genotype A subtypes present elsewhere in the world. A1 is associated with lower 

levels of HBV DNA in both HBeAg and anti-HBeAg positive phases compared with 

genotypes A2 or D, lower frequency of HBeAg positivity, and most importantly 

subgenotype A1 confers a relative risk of developing HCC 4.5 times higher in young 

male black Africans compared to non-A genotypes [96, 191, 192]. Genotype E is almost 

exclusively found in West and Central Africa, has low genetic diversity of less than 2% 

across the entire genome, and has been associated with a high risk for HCC development 

and diagnostic and vaccine breakthrough [132, 150, 193-197]. 

 

A large reservoir of chronically affected people reside in Africa, many without access to 

antiviral medications to modify the natural history of their chronic disease, or active and 

passive vaccination to prevent spread to others. Despite the enormous burden of HBV 

disease in Africa, there is paucity of data on the natural history and treatment response in 

these genotypes that must be addressed.  

 

1.9.3 African HBV in Australia 

A recent serosurvey estimated 290,000 Australians living with CHB[3], with a growing 

national prevalence attributed to immigrants from highly endemic regions such as South-

East Asia and Sub-Saharan Africa [198]. With up to 40% of untreated patients developing 

HBV-related liver complication, it is not surprising that the rates of HCC in Australia are 

rising in parallel with the growing CHB prevalence [199]. Studies of paediatric patients 

with CHB at major tertiary referral centres in Australia showed that the majority were 
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born overseas [200, 201]. Seroprevalence data from studies in African immigrant and 

refugee populations in Australia showed prevalence in these populations of 1-16% [202-

204], with prevalence rates often reflecting their countries of origin. Therefore, having a 

greater understanding of CHB in the African population is imperative for adequate 

monitoring and appropriate management of these patients in Australia. 

 

1.10 CONCLUSIONS 
HBV is a complex and extremely successful, stealthy, virus that causes enormous 

morbidity and mortality globally despite the availability of a preventative vaccine. The 

burden of CHB in Africa is immense with paucity of studies on the HBV genotypes from 

this region, making this an urgent component of the hepatitis B research agenda. 

Paediatric HBV infection establishes the vast majority of chronic hepatitis B infection, 

therefore studying paediatric CHB in the African population will contribute to better 

understanding of HBV pathogenesis and natural history. This in turn will help to inform 

appropriate prevention, monitoring and treatment algorithms for this important chronic 

disease. 
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1.11 AIMS OF THIS PROJECT  
 

The aims of this project were as follows: 

 

AIM 1: To study the natural history of chronic hepatitis B virus infection in African 

children  

living in Australia from clinical, biochemical, serological, and virological aspects. 

 

AIM 2: To characterise the molecular virology of African children living in Australia by 

identifying the HBV genotypes (and subgenotypes) and clinically significant mutations 

present. 

 

AIM 3: To develop replication-competent HBV clones based on the (sub)genotypes 

identified in the African children with CHB from this study to interrogate differences in 

the replication phenotype and protein expression.  

 

AIM 4: To investigate potential mechanisms for immune evasion by the African HBV 

genotype E, through examining its impact on innate immune signalling, and the efficiency 

of antibody binding to the HBsAg. 
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CHAPTER 2 
MATERIALS AND METHODS 

 

2.1 INTRODUCTION 
This chapter outlines general materials and methods used.  Additional details of certain 

methods are defined further in specific chapters. 

 

2.2 MATERIAL PROVIDERS 
Abbott Laboratories   Chicago, IL  USA 

Affymetrix    Santa Clara, CA USA 

Agilent Technologies   Santa Clara, CA USA 

Applied Biosystems   Foster City, CA USA 

Becton Dickinson (BD)  Franklin Lakes, NJ USA 

Bio-Rad Laboratories   Berkeley, CA  USA 

Cell Signaling Technology  Danvers, MA  USA 

DNASTAR Inc.   Madison, WI,   USA 

Eppendorf    Hauppauge, NY USA 

GenScript USA Inc.    Piscataway NJ  USA 

Invitrogen    Carlsbad, CA   USA 

Innogenetics N.V.   Ghent   Belgium 

Microsoft    Redmond, WA USA 

MO BIO Laboratories   Carlsbad, CA  USA 

Promega Corp.   Madison, WI  USA 

QIAGEN    Hilden   Germany 

Roche Diagnostics   Mannheim  Germany 

Siemens Healthcare Diagnostics  Tarrytown, NY  USA 

Sigma Aldrich    Castle Hill, NSW Australia 

Stratagene    San Diego, CA USA 

Thermo Fisher Scientific  Waltham, MA  USA 

 

2.3  ABBREVIATIONS 
Please refer to the full list of abbreviations described at the start of the thesis.  
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2.4 PATIENT RECRUITMENT 

 
2.4.1 Patient cohort 

Children (age less than 19 years) from an African background (as defined by their parent’s 

country of birth) with CHB infection as defined by positive HBsAg for more than 6 

months followed at The Royal Children’s Hospital (RCH) in Melbourne, Australia were 

recruited from the Gastroenterology, Infectious Diseases, and Immigrant Health Clinics. 

RCH is a tertiary referral center for Paediatric Hepatology, which sees the majority of 

paediatric patients with viral hepatitis in our region. These include children already 

registered on an institution-specific HBV database, as well as new diagnoses throughout 

the study period. These children were followed longitudinally and were routinely seen 

every 6 months. We had access to up to 15 years of retrospective clinical data, and up to 

5 years of retrospective stored serum at the commencement of the study period, in 

addition to the prospective collection throughout the study. 

 

2.4.2 RCH HBV Database 

An RCH HBV database exists to document and monitor all children with chronic hepatitis 

B infection at the RCH Melbourne. This was created using an Access Database, Microsoft 

2007 Office Suite (Microsoft, WA, USA).  Demographic and clinical data is recorded at 

baseline. This included: age, gender and ethnic origin, parental or sibling HBV infection, 

clinical signs of liver disease, hepatitis A immunity, hepatitis C or hepatitis D virus co-

infection, and HIV serostatus, blood-borne virus risk factors, and antiviral therapy 

exposure (including parental treatment).   

 

These children are evaluated by biochemical and serological means as part of their 6-

monthly review and defined as to phase of HBV infection. Standard clinical 

investigations (see 2.4.3) are recorded in the database. If other investigations are 

performed at the discretion of the treating clinician, such as radiological investigations 

(eg. ultrasound, elastography) or liver biopsy histology, these results are recorded also. 

An example of the data stored in this database is presented in Table 1 in Chapter 3 [205]. 
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2.4.3  Standard clinical investigations 

Routine surveillance of patients with CHB infection includes: 

• Biochemical: full panel liver function tests, in particular monitoring the alanine 

aminotransferase level (ALT) –with “elevation” defined as >30 IU/L in paediatric 

patients). Alpha-fetoprotein levels are also performed as a marker of hepatocellular 

carcinoma.  

• Qualitative serology: HBeAg/antibody and HBsAg/antibody 

• Quantitative HBV DNA level (International Units (IU)/ml) 

 

The above investigations were performed on serum taken at RCH. The biochemistry was 

performed by the staff at the RCH biochemistry laboratory on standard instruments. The 

HBs serology was performed at the RCH laboratory, and the qualitative HBe serology 

and viral load (HBV DNA level) performed by the laboratory staff of the Victorian 

Infectious Diseases Reference Laboratory (VIDRL), using standard protocols. 

Qualitative measurement of the serum HBV markers were performed using enzyme-

linked immunoassay. The HBV DNA levels were performed by the Molecular 

Microbiology Department at VIDRL using (in chronological order from oldest to most 

recent) the Bayer Versant HBV DNA 3.0 assay (Siemens Healthcare Diagnostics, 

Tarrytown, NY, USA), the Abbott RealTime HBV PCR assay (Abbott Molecular, IL, 

USA), or the Roche Ampliprep/COBAS TaqMan HBV test version 2.0 (Roche 

Diagnostics, Mannheim, Germany). According to the manufacturer’s instructions, the 

lower limits of the dynamic ranges for these quantitative assays are 351 IU/ml, 15 IU/ml, 

and 20 IU/ml respectively. Patient serum samples with a very high viral load above the 

upper limit of the dynamic range were diluted 1 in 1000 with the ARCHITECT HBsAg 

Manual Diluent (Abbott Laboratories, IL, USA) to obtain a defined titre. 

 

All samples sent to VIDRL were stored for a minimum of 5 years after the requested 

investigations were performed. These historical samples, if sera were remaining, were 

used for further virological analysis. 
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2.5 ANALYSIS OF CLINICAL SAMPLES 
Serum samples obtained from the patients for clinical purposes were stored at -200 C 

until use. 

 

2.5.1 Quantitative serum HBsAg Assay 

Serum HBsAg was quantified using the Elecsys® platform (Roche Diagnostics, 

Mannheim, Germany).  Quantitative HBsAg levels are reported in IU/ml.  Samples were 

tested at dilutions of 1 in 100 using Elecsys HBsAg Manual Diluent (Roche Diagnostics) 

to dilute patient sera. This diluent contains recalcified human plasma that is non-reactive 

for HBsAg, HIV-1 RNA or HIV-1 Ag, anti- HIV-1/HIV-2, anti-HCV, or anti-HBs.  

Following sample preparation, these assays were kindly performed by Mrs. Dannielle 

Colledge, Mrs. Xin Li and Mrs. Rachel Hammond, following sample preparation by 

myself at VIDRL. 

 

2.5.2 Quantitative Measurement of serum HBeAg titre 

Serum HBeAg levels were measured by Roche Elecsys platform (Roche Diagnostics).  

The HBeAg reference preparation was obtained from the Paul Ehrlich (PE) Institute 

(Paul-Ehrlich Institute, Langen, Germany), and had a defined HBeAg activity of 100 PE 

IU/mL.  Undiluted patient serum was used for HBeAg quantification (200µl serum was 

required). In cases of insufficient sera volume, a 1 in 10 dilution to a total volume of 

200µl was prepared using Elecsys HBsAg Manual Diluent (Roche Diagnostics). Linear 

regression was used to convert the assay result into PE IU/ml from an in-house standard 

curve generated from a pool of high-titre HBeAg-positive specimens against the PE 

reference preparation, with a dilution correction factor incorporated for the appropriate 

samples.  Following sample preparation, these assays were kindly performed by Mrs. Xin 

Li and Mrs. Rachel Hammond and Mrs. Dannielle Colledge from VIDRL. 

 

2.5.3 Serum HBV PCR and sequence analysis 

2.5.3.1 HBV DNA extraction 

HBV DNA was extracted from 200µl serum using QIAamp DNA Blood Mini Kits 

(QIAGEN, Hilden, Germany) as per the manufacturer’s instructions, and eluted in 50µl 

final volume with supplied elution buffer.  Where 200µl of serum was unavailable, PBS 

was used in addition to complete the total volume.  
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2.5.3.2 HBV DNA sequencing 

2.5.3.2.1 HBV DNA PCR amplification 

Domain A to E of the HBV polymerase gene and the basal core promoter (BCP)/Precore 

(PC) regions were amplified via separate polymerase chain reactions (PCR) using 

HotStarTaq Plus DNA Polymerase (QIAGEN, Hilden, Germany), with primers and 

thermocycler settings as previously described [206]. Table 2.1 shows the primers used 

for the PCR amplification. In brief, an 893bp fragment of the reverse transcriptase (RT) 

region of the polymerase gene was amplified and sequenced using primers Seq2 and 2996 

(Table 2.1). The BCP/PC region was examined by amplifying and sequencing a 365bp 

fragment using primers PC5 and PC2 (Table 2.1). The RT and BCP/PC PCR were carried 

out in 25uL reactions containing 4 ul of template, 1 unit of HotStarTaq Plus DNA 

Polymerase and 0.2uM of each primer. The BCP PCR included an additional 0.5mM 

MgCl2. The reaction parameters were 95°C for 5 minutes, 50 cycles of 94°C for 30 

seconds, 55°C for 30 seconds and 72°C for 40 seconds, with a final extension of 72°C for 

10 minutes. PCR was carried out on the Bio-Rad S1000 Thermal Cycler (Bio-Rad, 

Hercules, California, USA) Full genome PCR was carried out using the method of 

Gunther et al. as previously described [207, 208] where the viral load was high enough 

(>2000 IU/ml).  

 

Full genome amplification was achieved using primers P1 and P2 with the Picomaxx 

High Fidelity PCR system (Stratagene, San Diego, USA). The PCR was carried out in 

50ul final volume containing 4ul of template, 2 units of Picomaxx High Fidelity enzyme 

and 2.5uM of each primer. The reaction parameters were 95°C for 2 minutes, followed 

by 40 cycles of 95°C for 40 seconds (shift to 60°C in 50 seconds), 60°C for 1 minute 

(shift to 72°C in 15 seconds), 72°C for 4 minutes, with an increment of 5 seconds/cycle, 

and a final extension of 72°C for 10 minutes on the Eppendorf Master Cycler (Eppendorf, 

Hamburg, Germany).  

 

Sequencing was performed after purification using nine overlapping primers: SeqP1, 903, 

865, 1798, 2254, JM, OS2, OSX1, Seq P2 (Table 2.1). The BCP/PC region is also 

amplified and sequenced in the samples undergoing full genome PCR to ensure the 

correct sequence encoded by the region of the amplification primers. All PCR products 

underwent gel electrophoresis through a 1% agarose gel containing ethidium bromide to 

confirm amplicon presence and size. PCR products were purified using either the 
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Ultraclean column purification method (MoBio Laboratories, Carlsbad, CA, USA) with 

final elution volume between 30-100µl, or the ExoSAP-IT clean-up kit (Affymetrix, 

Santa Clara, CA, USA) according to the manufacturer’s instructions.   

 

2.5.3.2.2 HBV DNA sequencing 

The amplified HBV PCR products were sequenced using the PCR primers as described 

earlier (Table 2.1) and the ABI Big Dye terminator Cycle sequencing Ready Reaction Kit 

Version 3.1 (Applied Biosystems, Foster City, USA). Cycling conditions for the 

sequencing reaction: 96°C for 10 seconds, 50°C for 5 seconds, 60°C for 4 minutes for 30 

cycles. The sequencing reaction products were ethanol-precipitated with 0.3M sodium 

acetate (pH 5.2) and 96% ethanol, for 20 minutes at room temperature then pelleted at 

14,000g for 20 minutes. The pellet was washed with 70% ethanol and air dried. The dried 

DNA pellets sent to Micromon DNA Sequencing Facility (Monash University, Clayton, 

Australia) with capillary separation performed on the 3730 Genetic Analyzer (Applied 

Biosystems). Alternatively, purified PCR product and sequencing primers were sent 

separately to Macrogen Inc., Korea for sequencing.  

 

Population-based sequencing of either the complete genome, or the polymerase gene and 

the basal core promotor (BCP)/Precore (PC) regions was performed to identify the HBV 

genotype/subgenotype and mutations that are known to be associated with clinical disease 

progression.  HBV consensus sequences were constructed using the DNA sequence 

analysis program SeqScape (Applied Biosystems, Foster City, USA), with the 

chromatogram manually verified. Sequence data for the sub-genotyping was obtained for 

the reverse transcriptase region of the HBV polymerase gene, nucleotides 1175-1193 

(numbering from the EcoR1 start [209]). Consensus sequences were analysed using the 

online HBV genome analysis program SeqHepB [210] (www.seqvirology.com) to 

identify clinically significant mutations, in particular mutations associated with antiviral 

resistance and disease progression, by comparing the input sequence data with known 

HBV reference sequences. The PC variant was defined by the presence of the G1896A 

mutation (PC mutation), and the BCP variant by the A1762T/G1764A mutations (BCP 

mutations).  Due to the overlapping nature of the HBV genome, the polymerase gene 

PCR product also enabled analysis of the overlapping surface gene. The sequences have 

been submitted to the GenBank database (accession numbers: KU736891-KU736927). 



 53 

2.5.3.2.3 HBV Genotype determination using PCR hybridization 

INNO-LiPA (Innogenetics, NV, USA) was used to interrogate for mixed genotype 

infections. INNO-LiPA® HBV Genotyping is a line probe assay using a 

PCR/hybridization technique designed to identify hepatitis B virus genotypes A to H by 

the detection of type-specific sequences in the HBV polymerase gene domain B to C. 

PCR amplicons of the polymerase gene were generated using a nested 2-round PCR 

process used as per the manufacturer’s instructions from samples where Clustal alignment 

suggested mixed infection with more than one HBV genotype. 

 

2.5.3.3 Phylogenetic analysis 

Phylogenetic analysis was carried out using HBV reference sequences from Genbank 

[211], including HBV genotypes A to H (not including genotype I or J) with human HBV 

sub-genotypes. Alignment of sequences was achieved using Clustal W (BioEdit, 

www.mbio.ncsu.edu/BioEdit/bioedit.html). Neighbour-joining phylogenetic trees were 

constructed employing the maximum composite likelihood method, together with gamma 

and invariant modelling, performed in MEGA6 [212]; and subjected to bootstrap re-

sampling of 1000 replicates.  The evolutionary distances were computed using the 

Kimura two-parameter method. Pair-wise comparison and sequence distance percentage 

similarity analysis was performed using MEGA6. 

 

2.5.3.4 HBV recombination analysis 

Genomic recombination events were identified using SimPlot software [213]. Genome-

length HBV isolates from patient samples were tested against HBV consensus sequences 

from GenBank over the full-length genome using a 200 bp window size, 20 bp step size, 

100 bootstrap replicates, Kimura (2-parameter), T/t: 2.0, and neighbor-joining analysis.  
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Table 2.1 HBV primers used for PCR and/or sequencing 
  

Primer 
name 

Position# Forward (F) or 
Reverse (R) 

Region PCR and/or 
Sequencing (Seq) 

Sequence (5’-3’) 

Seq2 300-318 F Pol PCR and Seq 
1.3 mer clone Seq 

TTG GCC AAA ATT CGC AGT C 

2996 1175-1193 R Pol PCR and Seq 
1.3 mer clone Seq 

GCG TCA GCA AAC ACT TGG C 

PC5 1604-1623 F BCP/PC PCR and Seq 
1.3 mer clone Seq 

TCG CAT GGA GAC CAC CGT GA 

PC2 1940-1959 R BCP/PC PCR and Seq 
1.3 mer clone Seq 

GGC AAA AAC GAG AGT AAC TC 

P1 1821-1841 F Full genome PCR CCG GAA AGC TTG AGC TCT TCT TTT TCA CCT CTG CCT AAT CA 
P2 1806-1825 R Full genome PCR CCG GAA AGC TTG AGC TCT TCA AAA AGT TGC ATG GTG CTG G 
SeqP1 1821-1841 F Full genome Seq TTT TTC ACC TCT GCC TAA TCA 
SeqP2 1806-1825 R Full genome Seq AAA AAG TTG CAT GGT GCT GG 
865 2301-2320 F Full genome 

1.3 mer clone Seq 
TTY GGA GTG TGG ATT CGC AC 

903 2337-2362 R Full genome Seq GTT GAT AAG ATA GGG GCA TTT GGT GG 
1798 3237-3257 R Full genome Seq CCA CTG CAT GGC CTG AGG ATG 
2254 412-433 R Full genome Seq 

1.3 mer clone Seq 
GAA GAT GAG GCA TAG CAG CAG G 

JM 3114-3134 F Full genome Seq 
1.3 mer clone PCR and Seq 

TTG GGG TGG AGC CCT CAG GCT 

OSX1 807-827 F Full genome Seq 
1.3 mer clone Seq 

TTT TCT TTT GTC TTT GGG TAT 

OS2 977-996 R Full genome Seq TCT CTG ACA TAC TTT CCA AT 
M13 For not in HBV F 1.3 mer clone PCR and Seq TGT AAA ACG ACG GCC AGT 
2074 262-283 R 1.3 mer clone PCR and Seq CCC TAG AAA ATT GAG AGA AGT C 
M13 Rev not in HBV R 1.3 mer clone PCR and Seq CAG GAA ACA GCT ATG ACC 
1437 2831-2850 R 1.3 mer clone Seq CAT GCT GTA GCT CTT GTT CC 
OS1 2846-2868 F 1.3 mer clone Seq GCC TCA TTT TGT GGG TCA CCA TA 
3026 1186-1205 F 1.3 mer clone Seq GCT GAC GCA ACC CCC ACT GC 
p22 sense 1871-1892 F  GTA CGC TAG CAC CAT GTC CAA GCT GTG CCT TGG GTG GC 
p22 reverse 2433-2452 R  CAG TGC GGC CGC TAA CAT TGA GAT TCC CGA G 

#Numbering from the EcoR1 site 
Non-HBV primer sequence shown in red
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2.5.3.5 Serotype determination of HBsAg.  

Serotype was determined using the deduced amino acid sequence for amino acid 

positions 122, 127, 134 and 160 of the ‘a’ determinant of the surface antigen protein, as 

previously described [61]. 

 

2.6 CELL CULTURE METHODS 

2.6.1  Cell-lines 

All cell-lines used in chapters 4 and 5 were tested for mycoplasma contamination by PCR 

and confirmed to be negative (Venor GEM Mycoplasma detection kit using MB Taq 

polymerase, Biocene, Australia). The fetal calf serum (FCS; Invitrogen, Carlsbad, CA, 

USA) used in cell culture media was also certified as free of mycoplasma contamination.  

The FCS was heat inactivated in a 56°C water bath before use. All media and reagents 

were pre-warmed to 37°C before use. All cell lines were stored in liquid nitrogen until 

passage for active use.  

 

2.6.1.1 Huh7 cell-line 

The Huh7 cell-line is an HBV-negative human well-differentiated liver carcinoma cell. It 

retains most of the functional properties specific for hepatocytes, including synthesis and 

secretion of major plasma proteins normally secreted from liver parenchymal cells. These 

cells were kindly provided by Professor Stan Lemon, University of Texas Medical Branch 

(UTMB), Galveston, Texas. 

. 

Huh7 cells were maintained in Dulbecco’s modified eagle medium (DMEM, Invitrogen) 

supplemented with 10% heat–inactivated FCS (10% DMEM-FCS) and 

penicillin/streptomycin (Invitrogen). Huh7 cells were cultured in 100mm diameter tissue 

culture plates maintained at 37°C in humidified incubators with 5% (v/v) and media 

changed every 2-3 days. Cells were passaged twice weekly when approaching confluence 

by rinsing cell monolayers with sterile PBS and then treating with 0.125% (v/v) trypsin / 

0.02% (w/v) versene in Hank’s balanced solution (HBSS) for approximately 3 minutes at 
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37°C, before re-suspending the cells by pipetting in 10% DMEM-FCS for seeding into 

new plates. 

 

2.6.1.2 HepG2 cell-line 

HepG2 cells are an immortalized hepatoblastoma-derived adherent cell line of well-

differentiated epithelial-like cells that grow in monolayers suitable for cell culture 

experiments. The cells were procured from the American Type Culture Collection 

(ATCC, Manassas, VA, USA). 

 

HepG2 cells are maintained in minimal essential medium (MEM; Invitrogen) 

supplemented with 10% FCS, penicillin/streptomycin and L-glutamine (Invitrogen). 

Cells were cultured in 100mm dishes at 37°C in 5% CO2 humidified incubator and 

passaged weekly as per the method described above for the Huh 7 cell line.  

 

2.6.1.3 PH5CH8 cell-line 

The PH5CH8 cell-line is a non-neoplastic human hepatocyte cell line that is immortilised 

using the SV40 large T-antigen to affect the p53 apoptosis pathway[214]. It is therefore 

different to the above cell liver lines in that it was not derived from tumour tissue, 

although was isolated from a patient with HCV-related hepatocellular carcinoma.  They 

were a kind gift from Dr. Kui Li, Texas, USA. 

  

The PH5CH8 cell line was maintained in DMEM-F12 (Invitrogen) supplemented with 

1% FCS, penicillin/streptomycin, insulin/transferrin/selenium (Invitrogen), epidermal 

growth factor (Sigma Aldrich, Castle Hill, NSW, Australia), linoleic acid (Sigma 

Aldrich), hydrocortisone (Sigma Aldrich), and prolactin (Sigma Aldrich). Cells were 

cultured in 100mm tissue culture dishes in a humidified incubator at 37°C in 5% CO2 

passaging cells approximately twice weekly as required when approaching confluence. 

 

2.7 REPLICATION COMPETENT CLONES 

1.3mer HBV replication competent clones in genotypes: A1-WT, A1-BCPmut, D2, D6, 

and E were designed with the assistance of Professor Peter Revill (VIDRL) based on 

patient samples from this study and were synthesized at GenScript (GenScript USA Inc. 
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Piscataway NJ, USA) in a pUC57 vector backbone. Sequences were based on African 

paediatric CHB patients from this study with sequences submitted to GenBank: A1 (Acc 

no. KU736919), D2 (Acc no. KU736924), D6 (Acc no. KU736921, and E (Acc no. 

KU736895). Clone design was based on a previously characterised 1.3 mer genotype D 

backbone [215], used routinely at VIDRL (Fig.2.1), where the 1.3 mer HBV sequence is 

inserted into the EcoRV site of the pUC57 vector. This construct encodes two copies of 

viral transcription enhancers I and II and two copies of the gene encoding the 

transcription-activating HBx protein.   HBV expression utilised endogenous viral 

promoters. All clones were sequenced at MicroMon (Monash University) Australia and 

verified at VIDRL using the Lasergene Seqbuilder and Editseq programs (DNASTAR).  

To enhance viral replication in the “low replicating” genotypes A1 strain, a BCP mutant 

was also purchased, also reflecting the high prevalence of BCP variants seen in this study. 

 

 

 
Figure 2.1 Genome arrangement of the 1.3 mer HBV infectious clone. Reproduced from 

Sozzi et al., 2016 [68]. 

 

 

2.7.1 Transformation of DH5α cells 

Competent DH5α E.coli cells were used for transformation of the 1.3mer infectious 

clones. Cells stored at -700C were thawed on ice for 10 minutes. 200ng of DNA was 

added to 50µl of cells using a 14ml BD Falcon polypropylene round-bottom 

transformation tube (BD, Franklin Lakes, NJ, USA), incubating on ice for 30 minutes. 

The cells/DNA mixture was then heat shocked for 45 seconds at 42 oC, and then returned 

to ice again for 2 minutes. 200µl of room-temperature S.O.C. or lysogeny broth (LB) 
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media was then added and incubated at 37 oC for 1 hour, with shaking. S.O.C. media was 

then used to dilute the transformation reaction to a volume of 150µl equivalent to 4ng of 

DNA which was then plated onto LB agar plates with ampicillin and incubated at 37 oC 

overnight. Single colonies formed the following day were picked and plated onto new 

plates.   

 

2.7.2 Mini-preps 

Mini-prep DNA was prepared from single colonies by picking the colony using a sterile 

pipette tip and incubating in a 20ml glass McCartney bottle with 5 ml of L Broth (LB: 1g 

Tryptone, 1g NACL, 0.5g yeast per 100ml) with 5µl of ampicillin (100mg/ml) at 37oC 

overnight with shaking. The following day the broths were pelleted by adding 1.5ml to 

Eppendorf tubes (Eppendorf , Hauppauge, NY, USA), centrifuging for 5 minutes, 

removing the supernatant, and repeating. Isolation of the plasmid DNA was then 

performed using the Wizard Plus SV Minipreps DNA purification System (Promega 

Corp., Madison WI, USA) as per the manufacturer’s instructions. The DNA was then 

stored at -20 oC until use. 

 

2.7.3 Maxi-preps 

Maxi-prep DNA was prepared from isolated colonies grown on agar plates after sequence 

confirmation of mini-prep DNA (see section 2.7.4). Starter cultures were created with 

5ml LB and 5µl Ampicillin (100mg/ml) incubating at 37 oC shaking, for approximately 6 

hours. When turbid, the 200µl of the starter culture is added to 150ml LB and 150µl 

Ampicillin (100mg/ml) and incubated 37 oC overnight with shaking. Glycerol stocks were 

created with 300µl 80% glycerol and 700µl culture before isolation of plasmid DNA and 

stored at -70oC. Purification of plasmid DNA was performed using the QIAfilter Plasmid 

Maxi Kit (QIAGEN, Valencia CA, USA), according to the manufacturer’s instructions.   

The concentration of the maxi-prep DNA was determined using a NanoDrop Nucleic 

Acid Quantification instrument (Themo Fischer Scientific, Waltham, MA, USA). The 

DNA was then stored in -20 oC freezer.  

 

2.7.4 Sequencing of 1.3mer mini and maxi-prep DNA 

Prior to use in transfection experiments, 1.3 mer HBV plasmid DNA was sequenced by 

amplifying two PCR fragments using 100ng of DNA/PCR reaction as it is greater than 
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genome length with some duplicate regions (see Figure 2.1). Fragment A amplified an 

approximately 2kb product using primers M13 For and 2074, and fragment B amplified 

an approximately 2kb product (slightly smaller than fragment A) using primers JM and 

M13 Rev (see Table 2.1). Primers were used at 20µM concentration using the standard 

HBV reverse transcriptase PCR described in section 2.5.3.2.1, however using an 

additional 2µl nuclease-free water (NFW) per reaction and excluding MgCl2.  

Thermocycling conditions were: initially 95oC for 5 minutes, then 95oC for 30 seconds, 

55oC for 1 minute, and 72oC for 2 minutes for 50 cycles, then 72oC for 2 minutes. The 

PCR fragments were then analysed by electrophoresis through a 1% agarose gel, 

extracted and then purified using ExoSAP-IT clean-up kit (Affymetrix) as per the 

manufacturer’s instructions, with DNA quantification performed in the NanoDrop 

instrument (Themo Fischer Scientific) in preparation for sequencing. Fragment A was 

sequenced using primers: M13 For, PC2, PC5, 865, 1437, OS1, and 2074 (Table 2.1). 

Fragment B was sequenced using primers JM, 2254, Seq2, 2996, OSX1, 3026, M13 Rev 

(Table 2.1). Purified PCR products and primers were sent to Macrogen Inc., Korea for 

sequencing. Alignment of sequences was performed in program SeqScape (Applied 

Biosystems), with the chromatogram manually verified and ensuring good primer overlap 

for consensus. Alignment of the consensus sequence with the reference sequence from 

GenScript was then achieved using Clustal W (BioEdit, 

www.mbio.ncsu.edu/BioEdit/bioedit.html) confirming accuracy.  

 

2.7.5 Cell culture and transfection 

Huh7 and HepG2 cells were used for transfection experiments of the 1.3mer HBV 

infectious clones and were maintained as outlined in section 2.6.1. In preparation for 

transfection, cells were seeded into 60mm dishes and allowed to adhere overnight at 37°C 

in a humidified incubator with 5% CO2. The following day, semi-confluence was 

confirmed with an inverted microscope, aiming for 50-80% on the day of transient 

transfection. 1.3 mer HBV clones were transfected in triplicate using 4µg of DNA per 

60mm dish, with 100µl of room-temperature Opti-MEM (Invitrogen) and 9.6µl of chilled 

FuGENE 6 transfection reagent (Promega, Madison, WI, USA).  The OPTI and FuGENE 

are first combined and incubated for 5 minutes at room temperature before adding to the 

DNA, which is then mixed by pipetting up and down, with a further 15-minute room-

temperature incubation period. Transfection efficiency was determined by co-transfection 
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with a plasmid encoding secreted alkaline phosphatase (SEAP; Roche, USA), and 

measuring SEAP levels in cell culture supernatant as per the manufacturer’s instructions. 

100µl of the transfection reaction is then added to the cell culture dish after a media 

change, where they are then returned to the 37°C incubator. Cells were harvested at day 

5 post transfection, as previous studies in our laboratory have shown the DNA and protein 

yield was generally highest at this point[68, 69]. Quantitative serology was also measured 

in the cell culture supernatant at this time point.  

 

2.7.6 Analysis of intracellular nucleocapsid-associated DNA 

Cell harvest and extraction of HBV DNA were performed as previously described [216].  

Briefly, the supernatant from each dish was removed and stored in 4°C cold room. 700µl 

of cell lysis buffer (10mM TRIS pH 7.5, 1mM EDTA, 50mMNaCl, and 0.5% Nonidet P-

40) is added to each dish to lyse cell monolayers, incubating for 15 minutes. Cell lysates 

were then collected into 1.5ml microfuge tubes and centrifuged at 13000rpm for 5 

minutes to remove the nuclei pellet.  Cell lysates were then transferred to clean 2ml tubes, 

adjusted to 10mM MgCl2, with DNase I (Roche) added to digest any contaminating input 

plasmid, incubating at 37°C for 1 hour. One cell lysate sample per construct was also put 

aside for western blot analysis. To ensure complete digestion of input plasmid, this step 

was repeated. 175µl of a stop buffer solution containing 2.5% (w/v) SDS, 100mM TRIS 

pH 7.5, and 125mM EDTA, and Proteinase K (Roche) to a final concentration of 

0.5mg/ml were then added and allowed to incubate at 37°C overnight.  DNA was 

extracted by sequential phenol-chloroform treatment and precipitated with isopropanol 

and glycogen overnight at -20°C with subsequent centrifugation and 70% ETOH wash.  

Resultant DNA pellets were dissolved in 16 µl of NFW combined with 4µl of loading 

dye ready for electrophoresis.   

 

HBV replicative intermediates were detected by electrophoresis and Southern blotting as 

previously described [216]. Briefly, electrophoresis of the extracted DNA on a 1% 

agarose gel in TRIS-Acetate-EDTA buffer at 100V for 3-4 hours. The gel was then 

transferred to a container and soaked in 0.5M NaOH and 1.5M NaCl solution incubated 

at room temperature for 20 minutes rocking. The first gel soak was then poured off and 

replaced with a second solution containing 0.5M TRIS pH7.5 and 1.5M NaCl, incubated 

for 30 minutes at room temperature, rocking. A transfer platform was then constructed 
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with Whatman 3MM chromatography paper (GE Healthcare) overhanging into 

surrounding transfer buffer, with the gel placed on top of the wicking paper DNA side 

face-down. Nylon membrane equilibrated in 10x SSC was then placed on the gel, with 

another piece of Whatman 3MM paper (also equilibrated in 10x SSC) on top of the 

membrane. This was then lightly weighted on top with paper towel and left overnight to 

transfer. The membrane was then carefully removed and baked at 80°C for 2 hours 

between filter paper, before performing DNA hybridisation with sequential DIG Easy 

Hib prehybridization buffer followed by hybridisation solution containing the DIG-

labelled (Roche)DNA probe which was then incubated at 42°C rotating overnight. The 

DIG-labelled 2.5kb probe is created by PCR of the genotype D3 1.3mer clone template 

using primers: forward, 5’-AAGGTGGGAAACTTTACTGGGC-3’, and reverse, 5’-

GGCAAAAACGAGAGTAACTC-3’. This probe affinity across all genotypes has been 

previously verified [68]. The membrane was washed in a series of low and high-

stringency buffers, and then prepared for detection with washing, blocking and detection 

buffers using the DIG Wash and Block Buffer Set (Roche), as per the manufacturer’s 

instructions. Chemiluminescence was then performed with the membrane placed into a 

hybridisation bag and wet evenly with Ready-to-use CSPD-Star (Sigma Aldrich) drops, 

covered and incubated for 5 minutes at room temperature, then removing the excess liquid 

and sealing the bag prior to exposure using ChemiDoc MP Imaging System (Bio Rad). 

 

Southern blots were performed in duplicate. Densitometry of the blots was performed 

using the Image Lab Software (Bio-Rad, Berkeley, CA, USA) volume tool, correcting 

for background. 

 

2.7.5 Virion associated and secreted DNA 

In order to detect secreted extracellular virion, excluding un-enveloped nucleocapsids, 

virions were immune-precipitated from 15mls of pooled cell culture supernatant using 

anti-HBs as previously described [217].  Samples were then dissolved in 0.5% NP-40 

lysis buffer, and HBV DNA was purified and processed as described above prior to 

Southern blotting as described above. 
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2.7.6 Total RNA 

Total RNA isolated was from cell lysates using the RNeasy method (QIAGEN) and 

analysed by northern hybridisation using previously described methods[68]. Briefly, cells 

were harvested on day 5 post transfection and RNA extracted using the RNeasy Mini Kit 

(QIAGEN) for purification of total RNA. The supernatant was removed, and cells washed 

with PBS before adding 350µl Buffer RLT (provided in kit) to lyse the cells was added 

per 60mm dish, with the cells then dislodged and lysate homogenised. 70% ethanol is 

then added to the lysate, and then purification is then performed using Spin Technology 

(QIAGEN) through a series of spin columns and buffers supplied by the manufacturer, as 

per their instructions. The RNA was eluted in the final step in RNase free water. Northern 

blotting was then performed to demonstrate RNA expression for the constructs. This was 

achieved by gel electrophoresis, with all equipment cleaned with RNaseZap (provided in 

the kit) prior to use. Purified RNA is added in equal volume to Glyoxal LD (provided) 

and is loaded along with a DIG-labelled RNA marker on an agarose gel. After 

electrophoresis, RNA was transferred onto a positively-charged nylon membrane on a 

transfer stack with a filter paper wicking bridge for transfer buffer, lightly weighted for 2 

hours. The membrane was then baked at 80°C for 20 minutes followed by 

prehybridization and hybridization at 50°C overnight with a DIG-labelled probe, as per 

the method for Southern blot (section 2.7.6). The following day the blot was washed 

sequentially with blot wash 1 and 2 (provided) at room-temperature and 42°C, 

respectively.  Detection following DIG- hybridisation was then performed as per section 

2.7.6 described above. 

 

2.7.7 Western Blot Analysis 

Intracellular HBV envelope and core protein expression in cell lysates were detected by 

immunoblotting as previously described (2,3). Briefly, the cell lysates from day 5 

harvested cells were collected by adding 500µl of KaLB lysis buffer (50mM Tris, 150mM 

NaCl, 1% Triton X-100, 1%NaF) with Complete Mini EDTA-free Protease Inhibitor 

Cocktail (Sigma Aldrich), shaking for 20 minutes. Lysed cells were then pelleted, with 

the supernatant removed and Laemelli 5 x Sample Buffer added (2.5µl buffer/10µl 

lysate). The lysate mixture is then electrophoresed through a polyacrylamide gel in 1 x 

Running Buffer in Bio-Rad Western Tank (Bio Rad), alongside a protein western 

standard and a Magic Mark Western XP standard (Invitrogen) for detection via 
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chemiluminescence. The proteins were then transferred from the gel to a membrane 

through a rapid transfer method, Trans-Blot Turbo Transfer System (Bio Rad), and per 

the manufacturer’s instructions. The membranes were then allowed to dry prior to 

blocking overnight in 5% skim milk powder (SMP) in 0.1% PBST in 4°C. The antibody 

to detect the specific protein was diluted to 1:1000 in SMP/PBST and added to the 

membrane after removal of the blocking solution and incubated for 2 hours. This was 

then washed in PBST before adding a secondary antibody (eg. Dako polyclonal rabbit 

anti-mouse Ig; Agilent, Santa Clara, CA, USA) at a concentration of 1:2000 along with 

streptavidin-horseradish peroxidase (HSP) conjugate at 1:20000 concentration, again 

incubating for 2 hours. The electrochemiluminescence (ECL) reaction was performed 

after washing off the secondary antibody and adding the combined ECL buffers 1 and 2 

and incubating for 1 minute before exposing on the ChemiDoc MP Imaging System (Bio 

Rad).  

 

Antibodies against the HBsAg, HI66 (H166 antibody was kindly donated by Paul 

Coleman, Abbott Laboratories, Abbott Park, IL), and an in-house mouse monoclonal 

antibody ID8 to detect HBcAg were used[71].   For detection of HBcAg, proteins were 

first immunoprecipitated from 1.5 ml of cell lysate with the ID8 antibody using the 

method previously described [217].  

 

2.7.7.1 Actin Probe of western blots 

Actin probe of the western blots was performed to assess intracellular protein as a loading 

control. 10µl of b-Actin Rabbit mAb (Cell Signaling Technology, Danvers, MA, USA) 

in 10ml of 1% SMP in PBST was added to each blot and incubated in the cold room 

overnight shaking. The following day the membrane was washed with PBST and then 

underwent a further three 10-minute washes on the shaker. Goat-anti-rabbit Cy3 Ab IgG 

(Cell Signaling Technology) diluted to 1:1000 in 10ml 1% SMP/PBST was added to each 

blot and wrapped in foil, incubated on the shaker for 2 minutes before a further series of 

PBST washes and then dried with filter paper for up to 2 hours in 37°C, again light-

protected with foil wrapping. Once dry, the blots were exposed using ChemiDoc MP 

Imaging System (Bio Rad) Image Lab program, single channel protocol. 
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2.8 DOWN-REGULATION OF NfkB SIGNALLING BY THE HBV 

p22 PRECORE PROTEIN. 

We wanted to replicate the experiment previously performed in our laboratory 

investigating the suppression of the IL-1b-mediated NfkB innate immune signalling 

pathway [49] using African p22 precore sequences to investigate potential genotype-

specific differences in down-regulation. 

 

2.8.1 Preparation of plasmids encoding the p22 precore sequence. 

To determine the effect of the HBV p22 precore protein on NfKB signaling across African 

genotypes, p22 sequences for genotypes: A1, D2, D6, and E were generated at GenScript 

(USA), as considerable initial attempts at cloning the p22 precore sequence from African 

genotypes A1, D2, D6, and E were unsuccessful.   

 

2.8.2 Luciferase reporter assay 

The following method is as described by Wilson et al. [218] with modifications as 

specified. A 100mm culture dish of PH5CH8 cells was split 1:3 with 2ml trypsin 

incubated for 4 minutes at 370C before adding 8mls of PH5CH8 media (as per section 

2.6.1.3) to remove the cells. The cells were added to 3.7 x 24-well plates (90 wells) at 

0.5ml per well. 250ng per well of a 3:1 mixture of NfkB plasmid and TK renilla (TKR) 

plasmid was then transfected. The pNF-kB-luc plasmid (kind gift of Prof. Michael Gale) 

contains 5 copies of the NfkB response element upstream of a luciferase reporter gene. 

The TKR plasmid (pRL-TK; Promega) was co-transfected to assess transfection 

efficiency. 10ng of each p22-pC1 construct was also added to each well. Transfection 

was performed as described previously, using a ratio of 2:5 for FuGene to DNA 

(NfkB/TKR and p22-pCI). 6 wells per genotype were transfected, 3 wells to be stimulated 

and 3 wells unstimulated. 

 

Stimulation of the transfected PH5CH8 cells with the IL-1 receptor ligand IL-1b (Roche) 

was performed with serum-free media containing 10ng/ml IL-1b, added 24 hours prior to 

harvest. Unstimulated wells had serum-free media only added. Harvest was performed by 

adding 100ul Passive Lysis Buffer (PLB, Promega), after aspirating the media from each 

well and washing with PBS. After incubating shaking for at least 15 minutes, the lysate 

was collected and mixed by pipetting. NfkB promoter activity was then detected using 
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the Dual-Luciferase Reporter Assay System (Promega) on a luminometer as per the 

manufacturer’s instructions, allowing for the TK Renilla transfection control to also be 

measured simultaneously. Fold NfkB activation corrected for TKR was then compared 

to the unstimulated control for each genotype. 

 

2.9 BIOPLEX PROFILING 

The Bioplex platform is a novel multiplex assay developed by Dr Renae Walsh and as 

part of Dr Uma Devi’s PhD program at VIDRL.  It is an immunoassay developed to map 

the antibody binding of the HBsAg ‘a’ determinant using a panel of 19 monoclonal 

antibodies (mAbs) spanning residues 99-226 of the small HBsAg, with binding compared 

to the profile of the HBV vaccine-derived genotype A2 backbone [68]. Briefly, the anti-

HBs mAbs are conjugated to fluorescent beads internally dyed with different ratios of a 

red and infrared fluorophore, which bind the HBsAg, followed by a polyclonal 

phycoerythrin-conjugated detection antibody. The HBsAg epitopes are categorised into 

the following domains; N-terminal (mAb 1), loop1 (mAbs 5,6,10), loop2 (mAbs 

7,8,11,12,16,17,19), loop1/2 combinational (mAbs 13,14,15), C-terminal (mAbs 2,3,4), 

and conformational (mAbs 9,18) (see Figure 2.2). The intensity of fluorescence intensity 

of each bead is then measured, providing a sensitive measure of antibody recognition of 

the specific HBsAg epitope. The assay has been developed using panels of reference sera 

and in vitro cell culture supernatants for different HBV genotypes and variants including 

immune escape mutants (eg. sG145R variant). 

 

We used supernatant from the 1.3mer HBV infectious clone transient transfection 

experiments in Huh7 cells from the day 5 harvest to run on the Bioplex platform. The 

samples were diluted to 1:1000, with HBsAg quantification determined by the by Roche 

Elecsys (Roche).  Samples testing was performed at a standard HBs dilution series (8, 16, 

32 IU/well). The epitope profile of HBsAg for each genotype is expressed as fold change 

in antibody binding or epitope recognition with loss (negative) or gain (positive) or no 

change of binding at each mAb/epitope determined by pairwise comparison to the 

genotype A2 serotype adw reference backbone.  The 95% confidence interval for the 

normal range of variation of epitope recognition from the reference backbone has been 

established as > +/– 0.5-fold change, indicative of variation in HBsAg phenotype. 
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Figure 2.2 The HBsAg ‘a’ determinant with the 19 monoclonal antibodies (mAbs) 

directed against HBsAg and their corresponding interaction sites. This figure was kindly 

provided by Dr. Renee Walsh, who also adapted this figure from Torresi et al [219]. 

 

 

 

2.10 STATISTICAL ANALYSIS 

Statistics were performed using GraphPad Prism Version 8 (GraphPad Software, San 

Diego California USA, www.graphpad.com). Specific analytical methods are outlined 

separately in Chapters 3, 4 and 5.  
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CHAPTER 3 
CHARACTERISATION OF CHRONIC HEPATITIS 

B IN AFRICAN CHILDREN LIVING IN 
AUSTRALIA 

 

3.1 INTRODUCTION 

Chronic hepatitis B in children living in Australia is predominantly observed in patients 

born in countries with high HBV prevalence, with a growing number originating from 

sub-Saharan Africa [200, 201]. This is also reflected by people attending Australian 

refugee health clinics with high rates of HBsAg positivity in the patients of African 

descent [220]. This is not surprising given there are regions of Africa where HBV is still 

highly endemic, with prevalence estimates for the region as a whole being one of the 

highest in the world at 6.1%, despite the availability of an effective preventative vaccine 

[1].  With the rising burden of CHB prevalence in Australia due to immigration of people 

from highly endemic areas including Africa [3], it is imperative that we have greater 

understanding of the natural history of CHB in these important patient groups. With a 

relative paucity of research and understanding of African hepatitis B infection, genotypes 

and their natural history, there is a large knowledge gap for this growing patient cohort 

that needs to be urgently addressed. This is particularly true for CHB in children, which 

is underrepresented in the international literature compared to their adult counterparts. 

 

There is robust evidence that distinct geographic localities of the different HBV 

genotypes and subgenotypes have a major influence on the differences in clinical 

outcomes and treatment response observed around the world [65, 117]. The majority of 

studies investigating the effect of HBV genotype on clinical and therapeutic outcomes 

have originated from Asian and European studies, providing comparisons between 

genotypes B vs C and A vs D, respectively [4]. The Alaskan native population has also 

provided a unique environment to study HBV genotypes to the 5 co-circulating 

demonstrating genotype-specific differences in mode of transmission, HBeAg clearance, 

and HCC risk [117, 221]. There is paucity of data on African (sub)genotypes, with a 

subsequent inability to extrapolate clinical and treatment algorithms from other 

geographic distinct patient groups and genotypes to these patients.    
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Natural history studies incorporating clinical, biochemical, serological, and molecular 

virology with genotype and mutational analysis of chronic HBV infection in children 

from Africa remains notably absent.  Understanding the natural history of HBV in African 

children is of major public health importance as it will inform decision-making in relation 

to the adoption of appropriate monitoring algorithms and treatment strategies. 

 

The objective of this study was to characterise chronic hepatitis B infection in African 

children living in Australia, attending a large tertiary paediatric referral centre in 

Melbourne. We aimed to evaluate clinical and demographic aspects of this unique patient 

group, and their biochemical, serological (including quantitative serological markers) and 

virological profiles. We aimed to characterise the molecular virology of African children 

living in Australia to identify the HBV genotypes and subgenotypes and any clinically-

significant mutations circulating in this cohort and relate this to their phase of chronic 

HBV infection. 
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ABSTRACT 

Background: Migration from Sub-Saharan Africa is contributing to a rising incidence of 

chronic hepatitis B (CHB) infection and its complications in Australia.  African CHB is 

associated with unique genotypes such as E and A1, associated with reduced vaccine 

efficacy and early-onset hepatocellular carcinoma respectively, although the prevalence 

of these genotypes outside Africa is poorly described.   

 

Methods: Treatment naïve children of African origin with CHB were recruited at the 

Royal Children’s Hospital Melbourne.  Population based sequencing of the complete 

HBV genome, or the clinically relevant basal core promotor (BCP)/precore (PC) region, 

was performed, and HBV genotype/subgenotype assigned by phylogenetic analysis.   

 

Results: HBV was characterized in serum from 67 children, median age 12.5 years.  HBV 

genotype E was most frequent (70%); with genotype D (25%; subgenotypes D6 (formerly 

D7)/D3/D2), and subgenotype A1 (5%) also identified.  Despite their young age, over 

50% of children were HBeAg negative and had seroconverted to anti-HBe, the majority 

associated with canonical BCP/PC mutations.   

 

Conclusions:  The profile of HBV in African children living in Australia was 

characterized by early HBeAg seroconversion and infection with HBV variants 

associated with poor clinical outcome, as well as genotypes previously associated with 

reduced vaccine efficacy or rapid progression to liver cancer.  These findings have 

important ramifications for patient monitoring and treatment guidelines in the Australian 

pediatric setting.   

 

Keywords: HBV, African Genotypes, Molecular Virology, children, chronic, HBeAg 

negative, seroconversion 
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Background 

Over 257 million people worldwide are chronically infected with hepatitis B virus (HBV), 

resulting in almost 880,000 deaths per year from complications including cirrhosis and 

liver cancer (Stanaway et al., 2016; WHO, 2017).  The rise in prevalence of chronic 

hepatitis B (CHB) and its complications of cirrhosis and hepatocellular carcinoma (HCC) 

in low prevalence countries including Australia is due in large part to migration from high 

prevalence areas such as sub-Saharan Africa (SSA) (MacLachlan et al., 2013).  Primary 

liver cancer is now the most rapidly increasing cause of cancer mortality in Australia, 

with the majority attributable to chronic viral hepatitis (Law et al., 2000; MacLachlan & 

Cowie, 2012).   

 

HBV infection is highly endemic in SSA with prevalence rates of chronic HBV infection 

of more than 8% of the population, most of whom are infected in early childhood.  This 

region displays one of the highest HBV-related liver cancer rates in the world (Kramvis 

& Kew, 2007a; Schweitzer et al., 2015).   

 

Permanent additions to the Australian resident population in 2009-2010 included over 

20,000 people from SSA (Office of Home Affairs, 2015) (Affairs) (Affairs). Group 

prevalence data of African refugees and immigrants shows 5-8% hepatitis B surface 

antigen (HBsAg) positivity, mirroring similar figures observed in the United States for 

overseas-born people (Martin & Mak, 2006; Rein et al., 2010; Tiong et al., 2006).  A 

recent HBV epidemiological study of children with CHB in England revealed half were 

born overseas, with a large contribution from SSA (Ladhani et al., 2014).  Despite this 

prevalence data, relatively little is known about the natural history of African CHB.  This 

is alarming, particularly in the light of mounting evidence that differences in global 

distribution of HBV genotypes are responsible for heterogeneity in clinical outcomes, 

response to antiviral therapy, and even vaccination efficacy (Croagh et al., 2015; Kim et 

al., 2011).  Nine HBV genotypes have been defined to date (A-I) (Kim et al., 2011) with 

a further distinct strain (J) identified in one subject (Tatematsu et al., 2009).  HBV 

genotypes differ by ≥ 8% of the complete genome sequence, with over 40 subgenotypes 

identified within genotypes that differ by between 4 and 7.9% (Kim et al., 2011; Kramvis, 

2014).  In addition, these genotypes and subgenotypes have specific geographic 

distribution, with distinct African HBV genotypes/subgenotypes described (Kramvis & 

Kew, 2007a).  Importantly, African subgenotype A1 has been identified as having a 
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particularly aggressive phenotype, conferring a relative risk of developing HCC 4.5 times 

higher in black Africans compared to non-A genotypes (Kew et al., 2005).  The 

hepatocarcinogenic potential of the A1 subgenotype has been further demonstrated in 

patients with CHB in Kerala, India (Gopalakrishnan et al., 2013).  The other endemic 

African genotypes (eg.  D2, D6 (formerly D7) and E) are poorly represented in HBV 

research internationally and deserve immediate attention.  Genotype E is found almost 

exclusively in (or imported from) Africa and shows low genetic diversity implying 

relatively recent introduction into the population (Mulders et al., 2004).  There have been 

concerns about the effectiveness of the HBV vaccine on infections with this genotype, 

with breakthrough infections observed (Abushady et al., 2011).  However, information 

on the natural history and clinical outcomes for this genotype is lacking.  Thus, having a 

greater understanding of CHB in the African population is imperative for adequate 

monitoring and management of these patients. 

 

The age of HBV acquisition strongly influences HBV natural history and outcome of 

infection, with an inverse relationship between age and risk of HBV chronicity 

(McMahon, 2005).  CHB infection in childhood has traditionally been associated with a 

long period of “high-replicative, low-inflammatory” viral activity, termed the immune 

tolerant phase and recently reclassified by the European Association of the Study of the 

Liver (EASL) as high replicative HBeAg-positive chronic HBV infection, often 

extending through adolescence into early adulthood (EASL, 2017). However, the 

duration of this HBeAg-positive chronic HBV infection phase varies according to the 

mode and timing of transmission, with significant differences in the natural history of 

perinatally-acquired infection (typical of Asia) and horizontal infection in early childhood 

(most common mode in SSA) (Hadziyannis, 2011).  Despite children representing the 

greatest reservoir of CHB infection worldwide, there have been very few studies of CHB 

in the pediatric setting.   

Due to the error-prone nature of the reverse transcriptase used for HBV viral replication, 

HBV exists as a quasispecies pool of variant viruses from which some may emerge as the 

dominant virus depending on the selection pressure applied.  Immune pressure driven 

selection of viral variants forms an essential element of the persistence observed in 

childhood-acquired CHB.  Clinically-significant immune escape mutations in the basal-

core promotor (BCP, A1762T/G1764A) and pre-core (PC, G1896A) genes associated 

with reduced levels of secreted hepatitis B e antigen (HBeAg) and more aggressive liver 
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disease and HCC in adults have also been documented in children however there is a 

paucity of data regarding the presence of these mutant strains of HBV in African-specific 

genotypes.  New biomarkers of HBV natural history status and treatment response, such 

as quantitative serology (HBeAg and HBsAg) have shown promise in the setting of adult 

CHB, but are yet to be tested in the pediatric CHB setting.  We have recently characterized 

HBV in a small population of adult African immigrants living in Melbourne, showing 

they were predominantly infected with genotype/subgenotypes A1, D2, D6 and E 

(Thurnheer M et al., 2017).  Interestingly, almost all of these patients had seroconverted 

to anti-HBe on therapy, which is currently a recognised treatment end point according to 

all international guidelines (EASL, 2017; Sarin et al., 2016; Terrault et al., 2016). 

However there is a paucity of knowledge regarding the molecular virology of the HBV 

strains in African children.  We have previously reported demographic and clinical 

patterns of HBV in children in Melbourne Australia, showing rising numbers of patients 

from SSA (Jimenez et al., 2013).  We have now performed the first detailed 

characterization of the HBV infecting a large cohort of children of African descent 

residing in Australia in order to identify genotype and subgenotype, as well as viral 

variants associated with disease progression, vaccine escape or antiviral drug resistance 

to guide improved patient management in the pediatric setting. 

 

RESULTS: 

Clinical parameters 

Cross-sectional analysis of the 67 patients with available serum for sequencing analysis 

identified a median age of 12.5 years (range 2.8-18.0 years), with 45 male (67.2%), and 

34/67 (50.7%) HBeAg negative subjects.The median age of males was 12.4 years and 

females was 13.0 years with the median age of HBeAg negative males and females being 

12.5 years and 15.2 years respectively (Table 1). 

 

ALT, viral load, quantitative HBeAg and HBsAg were all higher in HBeAg positive 

patients compared to HBeAg negative patients (p<0.0001; Fig.  1).  No statistically 

significant differences were observed in these parameters across HBV genotypes, 

although there was a trend towards a lower viral load in genotype E and higher ALT in 

genotype A (Fig. 1).  All mean ALT levels were greater than 30 IU/L.  The median ages 

of HBeAg negative status according to genotype were: genotype E 14.2 years (range 2.8-

17.9 years) and genotype D 14.6 years (range 11.7-15.2 years).  The A1 subgenotype was 
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identified in 3 patients all of whom were HBeAg positive with a median age of 13.7 years 

(range 12.7 – 15.6 years). 

 

African HBV Genotypes/subgenotypes and serotypes: 

Subgenotype allocation and the country of origin are shown in Table 2. Of the 67 patients 

involved in the study, 47 (70.1%) of the patients were infected with HBV genotype E, 17 

(25.4%) genotype D and 3 (4.5%) genotype A, based on phylogenetic analsyis of the 

HBV polymerase gene.  HBV/D6 was the most prevalent HBV/D subgenotype, 

representing 71% (12/17) of all the genotype D samples.  INNOLIPA analysis revealed 

3/67 patients had mixed HBV genotype infections with HBV-A/E (one of 3) and HBV-

D/E (two of 3).   

 

The serotypes identified were ayw4 for HBV/E, ayw2 or ayw3 for HBV/D, and adw2 for 

HBV/A1 (Table 3).  The HBV/E recombinant fragment within the genome of HBV/D/E 

did not overlap with the HBsAg ‘a’ determinant region, and therefore these HBV 

recombinants reflected the HBV/D serotype.  For the 3 patients with mixed HBV 

genotype infection, serotype reflected the predominant HBV genotype identified. 

 

Phylogenetic and recombination analysis: 

Full-length HBV genome sequences were generated for 37 of the 67 patients, and the 

majority of them were HBV/E cases (n=23).  Phylogenetic analysis was performed to 

determine the subgenotypes of the HBV/A (n=3) and HBV/D (n=11) cases (Fig. 2).  Of 

the HBV/D cases, the subgenotypes were: D2 (n = 2), D3 (n = 2), D6 (n = 3), and D/E 

recombinant (n = 4).  The three HBV/A cases were of subgenotype A1. 

 

Pairwise analysis showed the full-length genome sequences of the same HBV 

genotype/subgenotype were conserved.  The mean evolutionary divergence estimate for 

each of the groups were (in units of base substitutions per site; bsps): A1 (0.015, n=3), D 

(0.033, n=11) and E (0.010, n=23) (Supplementary Table S1).  Genotype D subtypes were 

highly conserved with mean divergences of 0, 0.005, 0.014 and 0.015 for D2, D3, D6 and 

the D/E recombinants respectively. HBV/E had the highest number of full-length genome 

sequences, and they were highly conserved (mean divergence 0.010). This is consistent 

with previous reports which identified low genetic divergence for this genotype (Mulders 

et al., 2004).   
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The full-length genome sequences from 2 patients identified with HBV/A1 clustered 

predominantly with African A1 sequences, whereas the sequence from the third patient 

clustered with sequences from Somalia, South Africa, Argentina, Haiti and Asia/East 

Asia (Fig 2A).  Despite the low sequence diversity of genotype E, we identified 

geographic clustering within the HBV/E clade (Fig 2C). 

 

The full-length genome sequences of the 4 HBV-D/E isolates identified from patients did 

not cluster with the previously described HBV-D/E (formerly HBV/D8) isolates from 

Niger (Abdou Chekaraou et al., 2010), and formed a sister clade to all the other HBV/D 

subgenotypes (Fig 2B).  Between group evolutionary divergence analysis confirmed 

highest mean divergence was observed between the non recombinant sequences and the 

4 D/E recombinant sequence groups (0.046 bsps, n = 16, Supplementary Table 1). 

 

Simplot analysis confirmed the recombination profiles of the four patient HBV-D/E 

genome sequences (Fig 3) were similar to the previously described HBV-D/E cases 

(Abdou Chekaraou et al., 2010).  Our recombination profiles identified two putative 

HBV/E recombinant fragments, and they were located within the PreS1 and PC/Core 

regions of the HBV/D genome. This result was confirmed by separate phylogenetic 

analyses of the envelope and core ORFs of the viral genomes (Fig 4).  The NJ trees 

showed the envelope ORF of all the HBV-D/E recombinants formed a sister clade with 

the other HBV/D subgenotypes, while their core gene (together with the reference 

HBV/D6 sequences) formed a sister clade with all the HBV/E sequences. 

 

All genomic-length HBV sequences ientified in this study were submitted to GenBank 

and granted accession numbers KU736891-KU736927. 

 

Basal Core Promotor and Precore Mutations: 

The BCP/PC region of the HBV genomes were determined for all 67 patients.  Canonical 

BCP and PC mutations were detected, specifically the BCP variants A1762T and 

G1764A, and the PC variant G1896A (Fig. 5.).  BCP and/or PC variants were identified 

in 28 (41.8%) patients and the majority of these patients had sero-converted to anti-HBe 

positive (Fig. 5). Differences were observed in the frequency of these variants across 

genotypes, although these difference were not statisticaly significant, likely due to the 

small sample size within each genotype (Fig. 5). Most children infected with BCP/PC 
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variants were HBeAg negative (25/30 (83.3%), with the exception of genotype A1, where 

all 3 patients were HBeAg positive even though they harboured BCP variants. HBeAg 

negativity was not always associated with the presence of BCP/PC variants, as 

approximately 20% (9/47) genotype E patients were HBeAg negative with only wild type 

virus detected (Fig. 5).  In contrast, all HBeAg-negative genotype D patients harboured 

BCP/PC variants.  The genotype E group also included one patient with an M1L stop 

codon at start of PC and signature A1 genotype BCP variants were present in all three 

genotype A1 patients: namely G1809T and C1812T (not shown). 

 

DISCUSSION:  

This is the first study of African HBV in a pediatric population in Australia.  We have 

shown that the HBV genotypes/subgenotypes identified in the African children living in 

Australia reflected their country of origin.  This is an important finding, as these 

genotypes are associated with more aggressive liver disease, and in the case of genotype 

E, reduced vaccine efficacy (Abushady et al., 2011); (van der Sande et al., 2007).  This 

has important implications for management of these patients in Australia.  We also 

showed that there was a high proportion of early HBeAg seroconversion in this group of 

African children, which supports our recent study of adult African immigrants, who were 

almost all HBeAg negative at the time of analysis (Thurnheer et al., 2016).  This study 

also identified a similar HBV genotypic profile to our study, including presence of the 

D/E recombinant virus (Thurnheer et al., 2016), suggesting these genotypes are now 

established in the Victorian population.   

 

Despite the availability of a safe and effective preventative HBV vaccine, there is still a 

reservoir of chronically infected people co-existent with a large population of 

unvaccinated and high-risk individuals.  Children from the poorest countries have not 

usually been vaccinated due to economic barriers or geopolitical circumstance.  Around 

70% of African refugee children are not immune to HBV on arrival to Australia (Paxton 

et al., 2011).  This is particularly important given resettlement source countries in our 

region including South Sudan have some of the highest rates of CHB seroprevalence in 

the world (Paxton et al., 2011; Schweitzer et al., 2015). 

 

The likely mode of transmission in these children was horizontal which is consistent with 

the early HBeAg seroconversion observed in the majority of children studied.  This is in 
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keeping with findings of Hadziyannis S et al. (Hadziyannis, 2011), where the HBeAg 

positivity rates in the 15-20 year age group were 5% in the Mediterranean basin where 

horizontal transmission and genotypes A and D predominate, compared to the South 

Asian group with 90% HBeAg positivity where vertical transmission and genotypes B 

and C are present.  However, vertical transmission cannot be ruled out in this setting. 

 

The mean ALT values in our study were all greater than 30 IU/L which is considered 

above the upper limit of normal in adults.  However, these values have not yet been agreed 

upon for pediatric patients by liver disease experts world wide.  The significant difference 

in ALT levels between HBeAg positive and negative patients may reflect those patients 

currently in the immune clearance phase of CHB, with immune-mediated hepatitic 

activity evident of progression to HBeAg-seroconversion.  The trend towards higher viral 

load levels in the genotype A1 patients most likely reflected that these patients were 

HBeAg positive and had not yet seroconverted to HBeAg negative disease.   

 

Phylogenetic analysis showed that genotype E was the predominant genotype in our 

study, with subgenotypes D2/D3/D6 (based on the reclassification of genotype D (Yousif 

& Kramvis, 2013)) and A1 also identified (Fig.  2).  The important finding of the A1 

subgenotype, not previously identified in children in Australia, is particularly relevant 

given the severe clinical phenotype with rapid progression to HCC observed in young 

African males (Kew et al., 2005).  Molecular analysis of HBV genome sequences 

identified characteristic mutations in the PC region including G1862T which are 

associated with altered HBeAg processing and retention (Chen et al., 2008; Kramvis & 

Kew, 2007b). HBV genotypes D and E were the most common, with circulating D/E 

recombinant viruses also identified, which was similar to previous studies in Sudanese 

CHB patients (Mahgoub et al., 2011; Yousif et al., 2013). Surprisingly, subgenotype D6 

was the most prevalent of the genotype D subtypes in the current study, having previously 

only been described (as Genotype D7) in North West Africa (Hannachi et al., 2010). This 

represented 71% (12/17) of all genotype D samples identified.  Since HBV/D6 is also a 

D/E recombinant (Meldal et al., 2009), we have identified seven HBV-D/E recombinants 

cases in this study, representing 64% of the 11 full-length HBV genomes sequenced.  In 

contrast, a previous African study that showed subgenotype D1 was the most prevalent 

strain detected (Yousif et al., 2013).  As we had no information on the patient place of 
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birth and parental origins, transition through refugee camps en route to Australia may 

have influenced the HBV genotype exposure. 

 

Genotype E, the predominant strain in our study, is unique to Africa.  However, it is also 

one of the least studied variants in terms of natural history or response to treatment.  

Mixed infections and recombinant events identified in this study further underlie the need 

to study these variants carefully.  Low genetic divergence of genotype E implies that it is 

a relatively recently introduced virus, supported by the findings in Cuba where this 

genotype is notably absent despite a population largely descendant from the African slave 

trade (Rodriguez Lay et al., 2015).  All of the genotype E viruses were serotype ayw4 

with the HBsAg ‘a’ determinant amino acid signature changes of P127L and A140S.  

These amino acid substitutions induce conformational change in the HBsAg which has 

raised questions about the neutralization ability of the anti-HBs induced from the 

genotype A2-derived (adw) HBV vaccine (Karthigesu et al., 1999).  This has been 

validated by findings of breakthrough infections in vaccinated individuals where 

genotype E has been identified (Abushady et al., 2011), and in the Gambia where 

genotype E is most prevalent (van der Sande et al., 2007).   

 

We observed distinct differences between the HBV genotypes in Sudanese patients in our 

study and those published previously (Mahgoub et al., 2011; Yousif et al., 2013).  

Specifically, Yusif et al. found in their study of Sudanese adults from Khartoum that 

genotype E patients had a higher proportion of HBeAg-positivity and higher viral load 

compared to patients with genotype D.  Our study in Sudanese children demonstrated the 

opposite.  This may be explained by the origin of the patients in Sudan and differences 

between populations in the capital of Khartoum and what is now known as South Sudan, 

where most of our patients originate.  In addtition, many of the patients included in our 

study arrived in Australia as refugees and passed through transit countries or refugee 

camps with mixed African populations where the infection may have been horizontally 

contracted.   

 

We identified a striking number of HBV BCP and PC variants in these children, five of 

whom were in the HBeAg-positive phase. These variants are indicative of an immune 

response against the HBeAg and their detection even during the so-called immune 

tolerant phase is likely indicative of active disease.  Interestingly, we also identified a 
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number of genotype E patients who were HBeAg-negative in the absence of any 

detectable BCP or PC variants. A caveat on this finding is that our study was limited to 

direct sequencing, which only detects variants present at levels of 20% or greater in the 

viral population. We have recently shown that BCP and PC variants can be detected by 

deep sequencing at frequencies as low as 1% of the viral quasispecies pool (Bayliss et al., 

2016), and deep sequencing studies on the current cohort may determine if low 

concentrations of BCP and  variants contribute to HBeAg negativity in the setting of 

genotype E infection. Antiviral drug resistance variants (Zoulim & Locarnini, 2009) were 

not detected, suggesting that these children may respond to nucleos(t)ide analogue (NA) 

antiviral therapy.  While there is a paucity of data on the response of African HBV 

genotypes to antiviral therapy, a recent study by Boglione et al. showed that genotype E 

had poorer response to interferon therapy than all other genotypes (Boglione et al., 2014).  

However, it is important to note that the majority of patients in the study treated were 

HBeAg negative which may have contributed to the poor response.  This is also likely to 

be the case with African pediatric patients due to their early HBeAg seroconversion.  It 

is also well know that patients infected with HBV genotype D respond poorly to 

interferon treatment (Kramvis, 2014), suggesting that interferon is a poor choice for 

treatment of African CHB. At present, interferon is the main therapeutic strategy in 

children with CHB, and therefore treatment response may be lower in the African group.  

It is imperative that studies with new generation NA’s are considered for this neglected 

patient group.  Taken together with our findings of raised ALT in many patients, this 

raises important questions about the management and treatment of CHB in the pediatric 

setting in general, and of African pediatric patients in particular.   

 

In conclusion, immigration from highly endemic countries is changing the epidemiology 

of HBV in Australia with the African HBV under-represented in international literature.  

The emergence of African HBV genotypes in Australia, particularly the E, D6 and A1 

(sub)genotypes, recombinant virus, and mixed HBV infections, has important 

ramifications for patient monitoring and treatment guidelines in our region.  The genotype 

E predominance in the African children with CHB in Australia is of important public 

health significance given the concerns about vaccine protection against this strain from 

the HBV/A2-derived vaccine currently used in the national vaccination program.  This is 

also relevant for the A1 subgenotype given the severe clinical phenotype with rapid 

progression to HCC.  HBV BCP and PC variants associated with more serious liver 



12	
	

disease were also already present in these children, even prior to immune clearance, 

reinforcing the need for natural history studies to monitor the emergence of HBeAg-

negative reactivation disease.  International guidelines for the management and treatment 

of chronic HBV disease should specifically consider HBV in the pediatric setting and 

African HBV needs more attention from the international HBV research community. 

 

METHODS: 

Patient samples: 

Children (up to 18 years of age) of African background with CHB infection, as defined 

by HBsAg positivity for more than 6 months, followed at the Royal Children’s Hospital 

(RCH) in Melbourne, Australia were included in this study.  RCH is a tertiary referral 

center for Paediatric Hepatology and reviews the majority of paediatric patients with viral 

hepatitis in our state.  Historical demographic, clinical, biochemical, serologic and 

virologic information was recorded on an institutional HBV database.  Sera stored after 

routine diagnostic tests at the Victorian Infectious Diseases Reference Laboratory were 

used for retrospective virologic analysis.   

 

Historical information on 90 African children with CHB was available.  Of those, 67 

patients had serum available for HBV genotyping and mutational analysis.  Viral load 

was high enough for genomic-length amplification and sequencing for 37 patients.  

Representative African countries of origin in the patient cohort include: Sudan (including 

South Sudan after 2009), Liberia, Ethiopia, Sierra Leone, Somalia, Tanzania, Ghana, 

Guinea, Kenya, Uganda, Cote d’ivoire, and Egypt.  Some children had transited through 

other African countries en route to Australia through a refugee process.  All of the 

children included in our study were treatment-naïve, and none had viral co-infection with 

Human Immunodeficiency Virus, Hepatitis C virus or Hepatitis Delta virus, as 

determined by standard serological screening for these viruses. 

 

Clinical data: 

Alanine transaminase (ALT) levels and viral load data where available were retrieved 

from hospital records from routine clinical care.  Values (medians) obtained 12 months 

either side of the date of cross-sectional sequencing were included in the analysis. 
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Quantitative assays:  

HBeAg concentrations in sera were measured as previously described (Sozzi et al., 2016) 

by chemiluminescent microparticle immunoassay (CMIA) using the Roche HBeAg assay 

on a Cobas e411 instrument.  A 100 PE IU/ml HBeAg standard, obtained from the Paul 

Ehrlich Institute (Paul–Ehrlich Institute, Bundesamt fur Sera und Impstoffe, Paul–Ehrlich 

Strasse 51-59, D-63225 Langen, Germany) was used to calibrate a set of in house HBeAg 

standards, prepared from a pool of high-titer HBeAg positive sera by diluting with HBsAg 

diluent (which does not react with HBsAg or anti-HBs).  Replicate standards were run to 

validate the assay.  Samples were analyzed by linear regression using the method of Fried 

et al.  (Fried et al., 2008).  HBsAg was similarly quantified on the Cobas e411 instrument 

as previously described (Sozzi et al., 2016).   

 

HBV DNA extraction and sequencing: 

HBV DNA was extracted from 200µl serum using QIAamp DNA Blood Mini Kit 

(QIAGEN, Hilden, Germany) as per the manufacturer’s instructions, and DNA eluted to 

50µl final volume with supplied elution buffer.  Complete genome PCR was carried out 

using the method of Gunther et al. (Gunther et al., 1995) if viral load was adequate.  

Genome length products were direct sequenced as previously described (Bayliss et al., 

2017). For low viral load samples, a region of the polymerase or BCP/PC was amplified 

and sequenced as previously described (Ayres et al., 2004).  Briefly, a 900 bp fragment 

of the reverse transcriptase domains A to E within the HBV polymerase gene was 

amplified using primers Seq2 5′- TTG GCC AAA ATT CGC AGT C -3′(nt 300–318 

[numbering from EcoR1 site]) and 2996 5′- GCG TCA GCA AAC ACT TGG C -3′(nt 

1175–1193).  A 350 bp fragment of the BCP/ PC region was amplified using primers PC5 

5′- TCG CAT GGA GAC CAC CGT GA -3’ (nt 1604–1623) and PC2 5′- GGC AAA 

AAC GAG AGT AAC TC -3′ (nt 1940–1959).  PCR products were purified with either 

the Ultraclean column purification method (MoBio Laboratories, Carlsbad, CA) with 

final elution volume between 30-100µl, or the ExoSAP-IT clean-up kit (Affymetrix, 

Santa Clara, CA) according to the manufacturer’s instructions.   

 

HBV consensus sequence for each of the samples was generated using the DNA sequence 

analysis program SeqScape (Applied Biosystems) and clinically significant mutations 

identified  using the SeqHepB (Yuen et al., 2007) program.  Genotypes in mixed 
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infections were identified using INNO-LiPA (Innogenetics, NV, USA).  Serotypes were 

assigned by analysis of the amino acid sequence in the ‘a’ determinant region of the 

surface protein from amino acid positions 121-149 (Echevarria et al.  2006 JMV 78:S36).   

 

Phylogenetic analysis: 

HBV genotypes for all 67 patients were assigned based on alignment with reference 

sequences downloaded from Genbank (Benson et al., 2005) of either complete genomes 

(n=37) and/or an approximately 600 bp PCR product of the polymerase gene (n=67).  

Subgenotype assignment was made via phylogenetic analysis of polymerase sequence (or 

full genome where available).  Sequences were aligned using BioEdit  (Hall, 1999), and 

Neighbour Joining phylogenetic trees were constructed using the maximum likelihood 

composite (G+I) method in MEGA6 (Tamura et al., 2013).  Robustness of all trees was 

assessed using bootstrap re-sampling of 1000 replicates.  Pair-wise comparison and 

diversity analysis was performed using the Maximum Composite Likelihood model in 

MEGA6. 

 

Recombination analysis: 

Genomic recombination events were identified using SimPlot software (Lole et al., 

1999).  Individual full genome HBV sequences were tested against a panel of GenBank 

reference sequences.  The isolates were compared over greater than genome-length to 

enable analysis of the complete core open reading frame (ORF), using a 300 bp window 

size, 20 bp step size, 100 bootstrap replicates, Kimura (two-parameter model), T/t: 2.0, 

and neighbor-joining analysis. 

 

Ethical considerations: 

The study protocol conformed to the ethical guidelines of the 1975 Declaration of 

Helsinki as reflected in a priori approval by the institution’s human research and ethics 

committee (HREC #31003A). 

 

Statistical analyses: 

Data were summarized by descriptive statistics, including counts and percentages for 

categorical data; and medians, means and ranges for continuous parameters.  Statistical 

differences of medians were evaluated using the Mann Whitney test for non-parametric 
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data using GraphPad Prism™ version 6.0 software (GraphPad Software, USA).  

Differences were considered significant for a P-value less than 0.05. 
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FIGURE LEGENDS: 

 

Figure 1. 

Mean alanine transaminase level (a), viral load (b), quantitative HBsAg level (c) and 

quantitative HBeAg level (d) across genotypes.  Statistical significance (p<0.05) is 

indicated by *. 

 

Figure 2 

Neighbour-joining phylogenetic trees generated using 37 full-length HBV genomic 

sequences of patients and reference HBV subgenotype sequences obtained from 

GenBank, using the maximum composite likelihood method together with gamma and 

invariant modelling.  Bootstrap values (1000 replicates) >50% are shown at the nodes of 

the tree.  Panel A shows genotype A, panel B shows genotype D and panel C shows 

genotype E.  Patient samples are labeled by their identification number followed by their 

country of origin, and are shown in colour.  The reference HBV sequences are labeled by 

GenBank Accession numbers followed by country of detection/origin.  Full-length HBV 

genome sequences deterimined in the current study have been submitted to GenBank, and 

provided with accession numbers KU736891-KU736927. 

 

Figure 3: 

(i) Schematic representation of the partially double-stranded circular HBV genome with 

the 4 overlapping ORFs, (ii) SimPlot recombination profile of the HBV-D/E recombinant 

genome, demonstrating two putative HBV/E recombination sites: (a) approximately 

260bp from 3’-end of terminal protein into the spacer domain of the polymerase ORF 

(partially overlapping Pre-S1), and (b) approximately 900bp from start of the X gene into 

the 3’end of the core gene (partially overlapping the RNaseH domain of the polymerase 

ORF).  Analysis was performed using HBV genome sequences of lengths 1.3mer to 

enable entire genome coverage (the dotted line indicates one full genome).  Simplot 

parameters employed: Window 300bp, Step 20bp, Gap Strip: On, Reps 100, Kimura (2-

parameter), TA:2.0.  Neighbour Joining.  The X-axis of plot represents the nucleotide 

positions of the HBV genome with start of numbering at the EcoR1 site.   
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Figure 4 

Neighbour-joining phylogenetic trees of the HBV (A) envelope and (B) core region from 

the  37 patients used in the full genome analysis, and reference HBV subgenotype 

sequences obtained from GenBank ®, using the maximum composite likelihood method 

together with gamma and invariant modelling.  Bootstrap values (1000 replicates) >50% 

are shown at the nodes of the tree.  Patient HBV-D/E and GenBank reference HBV-D/E 

sequences are labelled in red font, and GenBank reference HBV/D6 are labelled in purple 

font. 

 

Figure 5.  Frequency of BCP and PC variants across genotypes in the setting of HBeAg 

positive and negative chronic hepatitis B. 
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Figure 5. 
	

	
	
	
	 n	 %	

All	patients	(n	=	67)	
WT	
BCP	variant	
PC	variant	
BCP	+	PC	variant	

	
37	
8	
16	
6	

	
55.2	
11.9	
23.9	
9.0	

HBeAg	positive	
WT	
BCP	variant	
PC	variant	
BCP	+	PC	variant	

32	
27	
3	
2	
0	

47.8	
40.3	
4.5	
3.0	
0.0	

HBeAg	negative		
WT	
BCP	variant	
PC	variant	
BCP	+	PC	variant	

35	
10	
5	
14	
6	

52.2	
14.9	
7.5	
20.9	
9.0	

Proportion	of	HBeAg	positive	
subjects	
Genotype	A	
Genotype	D	
Genotype	E	
	

	
3	
9	
21	

	
100	
52.9	
44.7	

HBeAg	negative	in	the	absence	of	
BCP	and	PC	variants	
Genotype	A	
Genotype	D	
Genotype	E	

	
	
0	
0	
9	

	
	
0	
0	
19.1	

	

0
20
40
60
80

WT BCP PC BCP+PC HBeAg	neg
WT

%
	o
f	t
ot
al
	n
u
m
b
er
	in
	

ge
n
ot
yp
e

Variant	present
WT=	wild	type;	BCP	=	basal	core	promotor	variant;	PC	=	precore	variant

BCP	&/or	PC	variant	according	to	
genotype

A	(n=3)
D	(n=17)
E	(n=47)



27	
	

Table 1 – Clinical data 
	
HBV	genotype	 All	

N	(%)	
A	 D	 E	

Total	 67	 3	 17	 47	
Male	sex	 45	(65.7)	 3	 9	 33	
Age	(years,	median)	 12.5	 13.7	 13.35	 11.3	
HBeAg	negative	 35	(52.2)	 0	 8	 27	
ALT	(IU/L)	 46	 68	 37	 48	
Viral	load	(log10	IU/mL)	 8.74	 9.25	 8.90	 8.57	
Quantitative	HBsAg	(log10	IU/mL)	 4.52	 4.67	 4.52	 4.52	
Quantitative	HBeAg	(log10		PE	
IU/mL)	

2.59	 2.60	 2.58	 2.60	
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Table 2 – Subgenotype distribution according to African country of origin 
	

HBV	
(sub)genotype	

All	
N	(%)	

A1	 D2	 D3	 D6	 D/E	
Recom##	

E	

Total	 67	 3	 3	 2	 8	 4	 47	

Country	of	
origin	

	 	 	 	 	 	 	

Sudan#	 32	

(47.7%)	

1	 2	 2	 1	 2	 24	

Liberia	 8	

(11.9%)	

0	 0	 0	 0	 0	 8	

Ethiopia	 8	

(11.9%)	

0	 1	 0	 3	 2	 2	

Kenya	 5	(7.5%)	 0	 0	 0	 2	 0	 3	

(1=mixed	

E&A)	

Sierra	Leone	 3	(4.5%)	 0	 0	 0	 0	 0	 3	

(1=mixed	

E&D)	

Egypt	 2	(3%)	 0	 0	 0	 0	 0	 2	

Somalia	 2	(3%)	 0	 0	 0	 1	 0	 1	

Tanzania	 2	(3%)	 2	 0	 0	 0	 0	 0	

Guinea	 2	(3%)	 0	 0	 0	 0	 0	 2	

(1	=mixed	

E&A)	

Uganda	 2	(3%)	 0	 0	 0	 1	 0	 1	

Cote	d’ivoire	 1	(1.5%)	 0	 0	 0	 0	 0	 1	
#Includes	patients	from	South	Sudan	from	2009	
##Genotype	D/E	recombinant	
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Table 3 – HBV serotypes in the patient group according to amino acids identified in the ‘a’ determinant region. 

 
Genotype	 Amino	acid	position	 Serotype	

	 122	 127	 134	 140	 159	 160	 177	 178	 	
E	 Arg	 Leu	 Phe	 Ser	 Gly	 Lys	 Val	 Pro	 ayw4	

D2	 Arg	 Thr	 Tyr	 Thr	 Gly	 Lys	 Val	 Pro	 ayw3	
D3	 Arg	 Pro	 Tyr	 Thr	 Gly	 Lys	 Val	 Pro	 ayw2	

D6	 Arg	 Pro	 Tyr	 Thr	 Gly	 Lys	 Val	 Pro	 ayw2	

D/E	
recombinant	

Arg	 Pro	 Tyr	 Thr	 Gly	 Lys	 Val	 Pro	 ayw2	

A1	 Lys	 Pro	 Phe	 Thr	 Ala	 Lys	 Val	 Pro	 adw2	
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Table S1. The mean evolutionary divergence estimate for genotypes A1, D and E 
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3.3 RESEARCH IN CONTEXT 

This study comprehensively characterised CHB infection in African children in an 

Australian context. By incorporating clinical, demographic, biochemical, serological, and 

virological aspects alongside the molecular studies, we have been able to examine the 

role of the African HBV genotypes in the natural history of CHB in childhood. An 

affiliated study (E Bannister co-author) in Melbourne, Australia in African adult patients 

with CHB confirmed a similar profile of HBV genotypes circulating in this population 

[222]. 

 

The major findings of the current study for clinical practice were the high proportion of 

HBeAg-negative children, striking number of BCP and PC variants observed, and 

predominance of genotype E in these patients. There is limited information on the natural 

history of genotype E infection, however longitudinal studies in African countries where 

this genotype predominates have shown high rates of HCC development [132], and 

concerns over vaccine escape [150, 151]. This genotype has also demonstrated a poor 

response to interferon therapy [223], although direct comparisons with other genotypes 

is lacking. Subgenotype A1 was also identified in 3 patients and has been associated with 

a 4.5-fold increased risk of HCC development in young males, reinforcing the need for 

vigilance in monitoring for this life-threatening complication in the paediatric clinic.  

 

This cross-sectional study adds important information to our understanding of the natural 

history of African CHB, but also reinforces the need for longitudinal studies to investigate 

the clinical outcomes. The kinetics of quantitative HBeAg and HBsAg serology over time 

in these genotypes may be important indicators of phase of chronic infection and the 

development of long-term disease or eventual HBsAg clearance, deserving further study. 

Investigation of the longitudinal molecular characteristics, in particular the development 

of clinically-significant mutations throughout childhood CHB, to elucidate their role in 

the course of chronic infection will be important to study in these genotypes. This could 

include use of next generation sequencing to examine the dynamic shifts of the HBV 

quasispecies pool, particularly as it relates to the early HBeAg serconversion observed in 

this study. 
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This study adds essential information on African CHB infection in childhood, relevant 

not only to Australian practice, but globally as these HBV genotypes are imported 

throughout the world.
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CHAPTER 4 
IN VITRO REPLICATION PHENOTYPE OF 

AFRICAN HBV GENOTYPES 
 

4.1 INTRODUCTION 

With the identification of HBV genotypes circulating in African children with CHB living 

in Australia outlined in chapter 3, we next proceeded to create replication-competent 

HBV clones to identify differences in replication phenotype and protein expression. 

Previous transient transfection cell culture studies in immortalised hepatocyte cell lines 

using greater-than-genome length HBV plasmids utilising endogenous promotors, have 

been shown to support HBV replication [55]. Studies using this model to compare HBV 

genotypes have mainly focused on comparison of the Asian and European genotypes, 

with variable findings for HBV replication profiles and protein expression.  Differences 

in the design of the HBV constructs used in these studies have made it difficult to make 

direct comparisons between results [70, 71]. One of these studies compared the African 

A1 genotype to A2 and D3 reporting increased replication of genotype A compared D, 

however the low levels of replication observed meant the findings were difficult to 

interpret [71]. 

 

More recently our laboratory has used transient transfection of highly replication 

competent 1.3mer HBV cDNA clones in Huh7 and HepG2 cell lines to evaluate the 

differences between Asian and European [68], and Alaskan [69] genotypes (as well as 

the putative J strain [68]), compared to a well-established highly-replicating 1.3 mer D3 

reference clone. This in vitro system demonstrated effective HBV replication and protein 

expression, facilitating comparison of a large panel of genotypes and subgenotypes in the 

same experiments. We therefore to utilised this model to investigate the African HBV 

(sub)genotypes identified in our clinical samples, using patient-derived sequences to 

create the HBV clones. 
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Analysis of the in vitro replication phenotype of African hepatitis B virus (HBV) 

genotypes and subtypes present in Australia identifies marked differences in DNA 

and protein expression. 

 

Bannister E, Sozzi V, Mason H, Locarnini S, Hardikar W, Revill PA. 

 

Abstract 

Hepatitis B virus infection in Africa is characterised by distinct genotypes with observed 

differences in natural history and clinical outcomes. Replication-competent infectious 

cDNA clones of African genotypes were generated from patient-derived sequences 

identified in African children with chronic hepatitis B infection living in Australia: A1 

(wild-type and BCP mutant), D2, D6, and E, comparing the replication phenotype to an 

established D3 cDNA clone in a transient transfection cell culture model. All clones 

replicated efficiently although less than the European D3 reference clone, and 

demonstrated marked differences in replication capacity, highest for subtypes A1 and D2. 

The BCP mutation increased the replication levels of the A1 subtype compared to wild-

type. Intracellular and secreted surface antigen and HBeAg protein expression also varied 

across genotypes. We observed differences in functional activity in the upstream 

regulatory region across the genotypes that may contribute to the replication and protein 

differences observed in this pediatric population. 

 

Abstract word count: 150 

 

Key words: HBV, African HBV, Genotype, Replication, Transfection 
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Introduction 

Hepatitis B virus (HBV) is an enormous public health problem in Africa, with over 60 

million people chronically infected (1). To date 9 different genotypes have been identified 

globally (A to I), with up to 40 subtypes (2, 3).  Many of these genotypes exhibit marked 

differences in HBV natural history, disease progression and treatment response to 

immunomodulatory (interferon alpha) treatment (2, 3). A number of genotypes are 

endemic to the African continent, namely A1, D2, D6 and E (4).  Genotype A1 differs 

from the North American A2 subtype by only 4% at the nucleotide level, yet is 

characterised by rapid progression to hepatocellular carcinoma (HCC) in young black 

African males without cirrhosis (5, 6).  The reasons for this are unclear, although the A1 

subtype encodes signature mutations in the basal core promoter (BCP) and precore 

sequence, additional to the canonical A1762T / G1764A BCP mutations, that are 

associated with reduced HBeAg expression and early seroconversion (6-8).  Genotype E 

is noted for a high degree of sequence conservation and no subtypes have been identified 

(9, 10).  A high incidence of HCC has been reported in West Africa where HBV genotype 

E is endemic (11). Cases of reduced vaccine efficacy associated with genotype E infection 

have also been described (12-14).   

 

African HBV genotypes A1, D2, D6 and E have been identified in chronically infected 

children (15) and adults (16) in Australia. In children, they are associated with early 

HBeAg seroconversion in the first 2 decades of life (15).  Furthermore, in these genotypes 

there was a high frequency of HBV variants encoding precore or basal core promoter 

(BCP) mutations identified, known to be associated with increased replication phenotype 
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(17).  However very little is known about the replication phenotype of these African 

genotypes compared to other HBV genotypes circulating in Australia.  

In vitro cell culture models have shown that HBV DNA and protein expression differs 

markedly across HBV genotypes from Asia and Europe (18) as well as Alaska (19).  

Functional studies revealed that this was at least in part due to sequence differences in the 

upper regulatory region (URR) of the BCP which directs transcription of the pregenomic 

(pgRNA) and precore RNA molecules (18, 19). We have now used these models to 

compare the replication phenotype of African HBV genotypes A1, D2, D6 and E 

circulating in Australia, identifying marked differences in DNA, RNA and protein 

expression compared to our genotype D3 reference clone. 

 

Methods 

Replication competent cDNA clones.  

Greater than genome length (1.3 mer) HBV clones of African HBV genotypes A1, D2, 

D6 and E were synthesized at Genscript USA using previously described methods (18, 

19). HBV expression utilised endogenous viral promoters, with 1.3 mer HBV sequences 

inserted into the EcoRV site of the vector pUC57. Sequences were based on full length 

genomes previously identified in samples from African paediatric CHB patients; A1 (Acc 

no. KU736919), D2 (Acc no. KU736924), D6 (Acc no. KU736921), and E (Acc no. 

KU736895) (15).  As we had previously shown that chronic HBV infection in patients of 

African descent was associated with a high prevalence of BCP variants (15), the A1762T 

/ G1764A BCP mutations were introduced into the A1 clone, to determine their impact 

on HBV replication and protein expression.  All 1.3 mer sequences were synthesized by 

GenScript USA and sequenced at MicroMon (Monash University) Australia, and 
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subsequently verified using the Editseq and Seqman programs (DNASTAR) following 

Sanger sequencing.  

 

Cell culture and transfection 

Huh7 and HepG2 cells were maintained as described, and for transfection cells were 

seeded to semi confluence in 60mm dishes and allowed to adhere overnight (20). 

Transient transfections were achieved using FuGene 6 transfection reagent (Promega) 

according to the manufacturer’s instructions. Transfection efficiency was determined by 

co-transfection with a plasmid expressing secreted alkaline phosphatase (Roche, USA) as 

per the manufacturers’ instructions. Figures presented in the body of the text were from 

experiments performed using HepG2 cells, with the exception of northern blots which 

were generated following transfection of Huh7 cells. Quantitative serology from cell 

culture supernatant was obtained from the Huh7 experiments performed in triplicate. As 

we have previously shown that DNA and protein expression was generally highest at day 

5 post transfection (18, 19), all results presented were sampled from this time point. 

 

Analysis of intracellular nucleocapsid-associated DNA. 

Cell harvest and extraction of HBV DNA were performed as previously described (18, 

19, 21).  DNA pellets were dissolved in nuclease free water and HBV replicative 

intermediates were detected by electrophoresis and Southern blotting as previously 

described (21).  
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Densitometry of the Southern blots were performed using the Image Lab Software (Bio-

Rad) volume tool, correcting for background. Southern blots were analysed in duplicate, 

with the mean density across 3 separate experiments analysed. 

 

Analysis of secreted virion associated DNA 

For detection of secreted virion associated DNA, virions were immune-precipitated from 

15mls of cell culture supernatant, as previously described using anti-HBs (22). Blots were 

probed with a DIG-labelled (Roche) 2.5 kb DNA probe, generated by PCR using forward 

and reverse primers (forward 5’AAGGTGGGAAACTTTACTGGGC3’; 

reverse:5’GGCAAAAACGAGAGTAACTC), using the genotype D 1.3mer clone as 

template.  This amplicon commenced downstream of the HBV core gene, encompassing 

almost all of HBV Pol as well as the complete envelope and the HBx genes. We have 

previously shown that this probe has equal affinity to all HBV genotypes tested (18, 19).  

 

Total RNA 

Total RNA was isolated from cell lysates using the RNeasy method (Qiagen) as per the 

manufacturer’s instructions, and analysed by northern hybridisation as previously 

described (18, 19).  

 

Western Blot Analysis 

Intracellular HBV envelope and core protein expression was analysed from cell lysates 

using immunoblotting as previously described (22). For detection of the HBsAg, the 
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H166 antibody (kindly donated by Dr. Gavin Cloherty, Abbott Laboratories, Abbott Park, 

IL) was used. For detection of HBcAg, proteins were immune-precipitated (18) from 1.5 

ml of cell lysate using a highly characterised in-house mouse monoclonal antibody (1D8) 

(23, 24).  

 

Quantitative Serology 

HBeAg concentration in cell culture supernatants was measured by chemiluminescent 

microparticle immunoassay (CMIA) using the Roche HBeAg assay on a Cobas e411 

instrument. A 100 PE IU/ml HBeAg standard, obtained from the Paul Ehrlich Institute 

(Paul–Ehrlich Institute, Bundesamt fur Sera und Impstoffe, Paul–Ehrlich Strasse 51-59, 

D-63225 Langen, Germany) was used to calibrate a set of in house HBeAg standards, 

prepared from a pool of high-titre HBeAg positive sera by diluting with HBsAg diluent 

(which does not react with HBsAg or anti-HBs). The assay was validated by analysing 

replicate standards. Samples were analysed according to the method of Fried et al.(25) 

using linear regression. Samples outside the assay linear range were serially diluted and 

re-assayed. HBeAg-negative human serum was used as a negative control. A CMIA 

Roche HBsAg assay was used to quantify HBsAg in the supernatants.  

 

Sequence Variability and Functional analysis 

Variability in the URR was determined by aligning clone sequences using MEGA6 as 

well as using a panel of reference sequences comprising 7 subtype A1 sequences, 3 D2, 

2 D6 and 4 genotype E sequences. Sequence distances in the URR were determined using 

MEGA6 (Gamma 4 distribution, 200 bootstraps). To determine whether sequence 
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differences in the URR affected protein expression, the NRE/CURS/BCP regulatory 

sequence of the 1.3mer clone genotype A1, D2, D6, and E sequences were cloned into 

the pGL3 luciferase vector (Genscript USA) and luciferase expression measured 

following transfection into Huh7 cell lines, compared to the genotype D3 reference clone 

sequence as previously described (18, 19). The genotype D HBx promoter sequence was 

included as a positive control. Cells were harvested 72 hours post transfection and 

luciferase expression was measured with an Optima Luminometer. 

 

Statistical Analysis  

Statistical analyses were performed using GraphPad Prism™ version 8.0 software 

(GraphPad Software, USA). One-way ANOVA test was used to compare differences 

between the constructs, with a Tukey multiple comparisons test used to identify specific 

differences. Differences were considered significant for a P-value less than 0.05.  

 

Results  

HBV replication markers  

HBV DNA 

Intracellular core-associated HBV DNA levels varied markedly across African HBV 

genotypes, although DNA levels were lower for all African clones than the European D3 

reference clone (Figs. 1A, 1B). Among African genotypes, highest levels of DNA were 

observed for genotype D2, with lowest DNA levels observed for genotype A1. 

Introduction of BCP mutations into the genotype A1 markedly increased intracellular 
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HBV DNA levels, such that they were slightly higher than the highest replicating 

genotype D2 clone. These findings were confirmed following correction for transfection 

efficiency and quantification of core associated DNA (Imagelab, Biorad, USA) across 

multiple experiments (Fig. 1B). Genotypes A1 (WT), D6 and E were significantly lower 

than D3 (p=0.0074, p=0.0227, and p=0.291, respectively). In contrast to intracellular 

core-associated DNA, similar levels of secreted virion-associated DNA were observed 

across genotypes, with the exception of genotype E which exhibited markedly reduced 

secreted DNA levels (Fig 1C).    

 

Total RNA 

Analysis of HBV RNA from transfected cells also identified marked differences across 

genotypes (Fig. 2). RNA levels did not mirror intracellular HBV DNA, with 3.5 kb 

pregenomic RNA (pgRNA) and 2.4/2.1 kb envelope mRNAs highest for genotypes A1 

and E, and lowest for D2 and D6. Similar levels of pgRNA were observed for BCP and 

WT strains of genotype A1.  The 0.7 kb HBx mRNA was below the threshold of detection 

for all genotypes tested (not shown). 

 

HBV Protein Expression  

HBsAg. 

Marked differences were observed in levels of intracellular envelope proteins across 

genotypes (Fig. 3). For example, genotype A1 WT replicated at low levels (Fig. 2) yet 

expressed high levels of HBsAg (Fig. 3A), whereas the higher replicating D2 genotype 

exhibited low levels of envelope protein expression.  Levels of 42 kDa large (L) envelope 



 9 

protein also varied across African genotypes, being highest for genotypes A1 and E, and 

lowest for genotypes D2 and D6, although the level of the L protein was discordant in 

genotype E compared to the higher levels seen of the small (S) protein (and its 

glycosylated form) (Fig 3A). 

 

Secreted HBsAg protein expression was similar to intracellular protein expression across 

genotypes, with genotype D6 secreting significantly less HBsAg than genotype A1 BCP 

(Fig. 3B). The only exception here was D2, which had higher levels of HBsAg compared 

to D3 despite reduced intracellular expression (Fig 3.) Highest levels of secreted HBsAg 

expression was observed for the A1 BCP variant and genotype E, reflecting also their 

surface mRNA levels (Fig 2), and both were significantly greater than D6 (p=0.0009 and 

p=0.0209, respectively).  

 

HBeAg and HBcAg. 

Secreted HBeAg levels also varied across African genotypes, with all genotypes except 

D2 producing significantly lower levels of HBeAg than the genotype D3 reference clone 

(p<0.0001; Fig. 4A). Quantitative HBeAg was similar between D2 and D3. Among 

African genotypes, HBeAg expression was highest for genotype D2 and lowest for A1 

WT, D6 and E (Fig. 4A).  

 

Intracellular core protein expression also varied across genotypes, with highest levels 

observed for genotypes D2 and D6, and lower levels of expression for genotype A1 and 

E. Indeed, HBcAg was below the level of detection for A1 WT (Fig. 4B).  However, 



 10 

introduction of the BCP mutations to genotype A1 increased HBcAg expression to levels 

similar to genotype D6. 

 

A summary of the replication and protein differences in the African clones as compared 

to the D3 reference clone is presented in Table 1. 

 

Sequence and functional analysis 

We were next interested to use a luciferase reporter assay to investigate whether 

differences in HBV replication may be due to sequence variability within the upstream 

regulatory region (URR) which drives transcription of pgRNA and pcRNA. It has 

previously been shown that the genotype D3 URR drives higher luciferase expression 

than other HBV genotypes (18, 19).  Similar findings were observed in the current study, 

with promotor activity indicated by luciferase expression significantly higher for 

genotypes D3 compared to all other African genotypes (Fig. 5). Within the African 

genotypes, promotor activity was highest for genotype A1 and D6, and lowest for 

genotype D2, and no differences were observed in luciferase expression for the A1 WT 

and BCP constructs, even though marked differences were observed in viral replication 

for these genotypes (Fig. 1). Sequences within the URR of the African clones only 

differed by a maximum of 4.4% and comparison with reference sequences of the same 

genotypes obtained from Genbank database showed they were representative of publicly 

available sequences, only differing from the reference sequences by a maximum of 1.0% 

over the same region (not shown). 
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Discussion 

This study has identified major differences in the replication and protein expression of 

infectious clones of African HBV genotypes. This work extends previous studies 

evaluating Asian, European and Alaskan genotypes (B/C and A/D and H respectively) as 

well as the putative genotype J, compared to a highly-replicating D3 reference clone (18, 

19).  

 

The highest replicating African genotypes were D2 and E, and the lowest were A1 and 

D6. All clones exhibited lower replication than the European D3 reference clone. As has 

been previously reported (17), introduction of the BCP mutation to the A1 clone markedly 

increased HBV replication. BCP mutations (A1762T/G1764A) result in reduced HBeAg 

expression due to their effect on precore mRNA transcription, however enhanced 

replication efficiency of BCP variants has been demonstrated previously (17). 

Interestingly, reporter studies showed no difference in luciferase expression for the WT 

genotype A1 URR compared to the A1 BCP variant, supporting previous findings that 

the impact of BCP mutations on HBV replication is due mainly to their effect on precore 

mRNA expression (17) rather than directly impacting pgRNA expression. 

   

Differences in the levels of secreted virion DNA in part reflected differences in core-

associated DNA with lowest levels observed for the A1 WT. However, genotype E 

showed markedly reduced secreted virion DNA compared with the intracellular core-

associated DNA. The lower level of HBV DNA observed for the A1 genotype reflects 

findings from case-controlled studies, which have shown that patients infected with the 



 12 

A1 subgenotype have lower HBV DNA levels in both the HBeAg positive and negative 

phases of chronic disease compared with subtypes A2 and D (7). Interestingly, this 

differed from the cohort of A1 subjects from which the clone sequences were derived, 

however may be explained by the impact of the BCP (A1762T/G1764A) mutation in these 

patients, which had been reverted to wild type in this clone (15) .  

  

As reported previously, intracellular DNA and secreted virion DNA levels did not reflect 

HBV RNA levels detected by northern hybridisation for all genotypes.  Genotype E 

replicated modestly yet exhibited higher levels of pgRNA on Northern blot than the 

highly replicating D3 clone. This suggests that factors affecting the packaging and/or 

reverse transcription of pgRNA may have also contributed to the reduced genotype E 

replication phenotype compared to D3. This is supported by the lower HBV core protein 

levels observed for genotype E, which is critical for packaging of HBV pgRNA, however 

this requires experimental confirmation.   

 

Marked differences in intracellular and secreted HBsAg expression were observed 

between the African HBV (sub)genotypes, with levels highest for genotype A1 BCP and 

E, compared to the highly replicating D3. Differences in HBsAg levels observed across 

genotypes generally mirrored intracellular HBsAg expression and surface antigen mRNA 

expression, except for genotype D2 where intracellular HBsAg levels were low. 

Differences were also observed in the ratio of large (L), medium (M) and small (S) surface 

antigen across genotypes, with higher levels of the 42 kDa L protein detected for genotype 

A1 compared to other genotypes. In contrast, proportionally lower L and M proteins were 

observed for genotype E, relative to the abundance of the S envelope protein. We found 
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no evidence of an elongated M protein, proposed by Kramvis et. al. (26), thought possible 

due to a unique start codon (Met83) in the pre-S1 region of genotype E (and encoded by 

the 1.3mer genotype E clone), although this may have been below the threshold of 

detection by western blotting.  The L protein is critical for HBV entry, with the 

myristoylated N-terminal preS1 domain of the L protein binding to the sodium 

taurocholate cotransporting polypeptide (NTCP) HBV receptor (27, 28). While it has 

been shown that over expression of the L protein inhibits release of virions (29, 30), 

increased levels of L protein do not appear to have impacted secretion of the A1 genotype 

in our study, as similar levels of secreted HBV DNA were observed for the A1 BCP 

variant compared to clones such as D2 and D6, which produced lower levels of L protein. 

We have previously observed increased proportions of L protein relative to S protein in 

HBV genotype H (19), however the impact of differences in L protein expression on HBV 

replication and pathogenesis in vivo are yet to be determined.  Certainly, HBV pre-S 

mutant L surface proteins have been implicated in HCC carcinogenesis through 

intracellular accumulation of HBsAg forms and endoplasmic reticulum stress pathways 

(31), and this deserves further investigation in African genotypes to determine genotype-

specific HCC risk.  

 

Differences were also observed in HBeAg expression across genotypes, with significantly 

higher levels detected for genotypes D2 and D3 compared to genotypes A1, D6 and E. 

This variation was not seen in the quantitative HBeAg levels across the African genotypes 

in the patient cohort from which the sequences were derived (15), although direct 

comparisons with our in vitro findings are difficult due to high rates of BCP and PC 

mutations in this paediatric group of which more than 50% of patients were HBeAg-
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negative and had seroconverted to anti-HBe despite their young age. This highlights how 

the immunological host-viral interplay around HBeAg seroconversion cannot be 

replicated in an in vitro transient transfection model.  

 

The findings from this study differ from the only other in vitro study of the South African 

A1 subgenotype (23), which compared A1 to the A2 and D3 subgenotypes in transient 

transfection studies utilising 1.28mer HBV DNA plasmids with endogenous HBV 

promotors. In contrast to findings presented in the current study, they observed that HBV 

genotype D3 replicated at a lower level compared to the A genotypes, including the 

African A1. The reasons for these differences are unclear however may reflect the 

different sequences chosen to represent the A1 and D3 genotypes, or the different plasmid 

constructs used in the experiments. 

 

In summary, the African HBV genotypes exhibited reduced intracellular and secreted 

virion DNA, increased pregenomic RNA, markedly increased intracellular and secreted 

HBsAg, and markedly reduced secreted HBeAg and intracellular HBcAg, compared to 

the highly replicating D3 genotype clone. There are some limitations with this study; most 

notably that findings are based on one clone per genotype/subgenotype (similar to recent 

studies (18, 19)). In turn, our findings are based on transfection studies, and while it is 

not yet possible to routinely infect NTCP-transformed hepatoma cells with different HBV 

genotypes derived from cell culture studies, future studies comparing the replication of 

African genotypes using an in vitro infection model are warranted. Direct experimental 
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comparison of African genotypes alongside the genotypes from other geographically 

distinct regions would also be important.  

 

In conclusion, this study has comprehensively compared viral replication and protein 

expression of replication competent African HBV 1.3mer clones, identifying marked 

differences in viral replication and protein expression across genotypes/subtypes. These 

replication competent clones will facilitate future studies comparing the impact of 

specific HBV mutations and variants, which to date have not been possible in the setting 

of African chronic HBV infection.  
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FIGURE LEGENDS 

 

Figure 1.  

HBV DNA detected by Southern hybridisation following transfection of hepatoma cells 

with 1.3 mer HBV cDNAs showing a representative Southern blot of intracellular core–

associated DNA (A) and (B) quantification following densitometry and correction for 

transfection efficiency with SEAP of 3 independent experiments; error bars represent 

SEM. One-way ANOVA p=0.0069, significant differences as indicated (Tukey multiple 

comparison test; * p<0.05, **p<0.005). (C) virion-associated DNA detected following 

immunoprecipitation with anti-HBs. RC/OC DNA = relaxed circular/open circular, DL 

DNA = double stranded linear, SS DNA = single stranded DNA 

 

Figure 2.  

Northern hybridisation showing a representative blot of total RNA extracted following 

transfection with 1.3 mer HBV cDNAs.  wt = wild-type.  BCP = basal core promoter 

mutant.  

 

Figure 3.  

HBsAg expression. (A) Western blot showing intracellular HBsAg expression across 

genotypes. The sizes of large (L), medium (M) and small (S) envelope proteins are 

indicated. (B) Quantitative serology of secreted HBsAg across genotypes corrected for 

transfection efficiency and normalized to D3. Error bars show SEM from at least 3 

different experiments. One-way ANOVA p 0.0009; Tukey multiple comparisons: * p<0.05, 

*** p < 0.001 
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Figure 4.  

Panel A shows quantitative serology of secreted HBeAg across genotypes corrected for 

transfection efficiency and normalized to D3. Error bars for panel A show SEM from at 

least 3 different experiments. One-way ANOVA p<0.0001; Tukey multiple comparisons: 

significant differences as compared to D3, * p<0.05, ** p<0.005, *** p<0.001; other inter-

genotype differences as indicated: # p<0.05, ## p<0.005, ### p<0.001. Panel B shows 

intracellular expression of the HBcAg across genotypes following immunoprecipitation 

with anti-core antibody (1d8). The actin control for experiment in panel B was as per Fig 

3A, performed prior to pull-down. 

 

Figure 5.  

Luciferase reporter activity comparing URR-mediated expression across African HBV 

genotypes. HBV URR = NRE/CURS/BCP. Error bars show SEM. One-way ANOVA test 

between constructs p <0.0001. Tukey multiple comparison test showed a significant 

difference (<0.0001) between all genotypes and D3. All genotypes were significantly 

different to both the HBx and empty vector (p<0.0001). Other significant differences are as 

indicated; * p<0.05, ** p<0.005. UTC = un-transfected control. 
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Figure 1B 
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Figure 1C. 
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Figure 2. 
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Figure 3A. 
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Figure 3B. 
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Figure 4A. 
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Figure 4B. 
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Figure 5. 
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Table 1.  Comparison of replication and protein levels of each of the clones relative to genotype D3. 

 
# Less large protein seen compared with small and medium protein, at similar levels to D3. 
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4.3 RESEARCH IN CONTEXT 

Despite the immense burden of HBV disease in Africa, there is paucity of research of the 

HBV genotypes endemic in this region, and even fewer studies examining the in vitro 

replication phenotype and differential protein expression of these strains. Our laboratory 

has previously developed an extensive panel of replication-competent 1.3mer cDNA 

clones comparing the major Asian, European and Alaskan genotypes (and minor strain J) 

[68, 69], and now extended this approach to compare replication phenotype of African 

A1 (wild type and BCP mutant), D3, D6, and E 1.3mer cDNA clones to our highly-

replicating D3 reference clone.  

 

The unique aspect of this study was it being the first such study of the replication profile 

of multiple African HBV genotypes, and the use of patient-derived sequences from 

chronically-infected African children studied in chapter 3 to create the HBV clones. 

Although a transient transfection cell culture model can never replicate the host-virus 

interplay of natural infection, important information on viral replication and protein 

expression can be obtained. 

 

The observed differences for Genotype E are particularly relevant given this genotype 

has not previously been studied in this context and was the most prevalent genotype 

identified in our patient group (chapter 3). The higher pgRNA levels for this genotype 

contrasted with reduced intracellular and secreted virion-associated DNA along with the 

lower secreted core protein levels, suggesting differences in packaging and/or reverse 

transcription of pgRNA which warrants further investigation. The reduced secreted large 

(L) and medium (M) surface antigen levels relative to the increased small (S) surface 

antigen was an interesting finding, especially in the context of the novel start codon in 

pre-S1 region (Met83) unique to genotype E which has been suggested to produce an 

elongated M protein [224], however may in fact alter the translation of the other envelope 

proteins, again requiring further experimental confirmation.  Future studies using an HBV 

infection model are warranted. 

 

We have performed the most comprehensive study of the replication phenotype of 

African HBV genotypes to date. This will have broad appeal to the HBV research 

community, providing new insights for our understanding of HBV from this highly 
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endemic region, with global significance due to the movement of these strains throughout 

the world. 
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CHAPTER 5 
GENOTYPE E: THE IMMUNE EVADING HBV 

GENOTYPE? 
 

5.1  INTRODUCTION AND AIMS 

African HBV genotype E is found almost exclusively in West and Central Africa, 

contributing approximately 18% of the global HBV burden [225]. Genotype E shows low 

genetic diversity and a short evolutionary history, with rapid emergence of this genotype 

over the last 200 years to become the predominant strain in West Africa where HBV 

remains hyperendemic [193-195, 226]. The recent introduction of genotype E in sub-

Saharan Africa is supported by the absence of this genotype in countries populated by the 

forced migration of African people during the slave trade of the 19th century, compared 

with genotype A [195, 227, 228]. Genotype E has been isolated in other geographic 

locations around the world, mostly resulting from immigration from Africa, although 

some cases have been identified without history of recent African travel or descent [67, 

152, 229-232].  There have also been reports of genotype E found in isolated indigenous 

African populations such as the Pygmies and Khoi San, with a suggestion that it may have 

been re-introduced into the population, rather than a recent HBV genotype [65, 233].  

 

The genome of genotype E HBV is 3212bp in size with a unique serological subgroup 

ayw4, and a low mean genetic divergence of 1.7-1.8%. Distinct molecular characteristics 

include: in-frame 3 nucleotides deletion in the 5’-pre-S1 region;  signature patterns in pre-

S1 including Met83 which creates a new start codon that possibly results in translation of 

elongated middle HB surface protein or potentially affects translation of the other surface 

proteins [224]. BCP and PC mutations have been described in patients with genotype E 

CHB, at higher frequency in subjects who are HBeAg-negative, however the frequency 

is less than observed in HBV genotype D [190, 226, 234].  

 

Despite the high burden of this HBV genotype, the natural history and biology of 

genotype E has been poorly studied. Intrafamilial horizontal transmission in early 

childhood remains the major route in those chronically infected with HBV genotype E, 

however perinatal transmission also plays a role in HBeAg-positive mothers with high 
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viral load and wild-type at precore position 1896 [234-236]. Indeed, less than 20% of 

HBV-infected young adult blood donors in Ghana where genotype E predominates with 

a high HBsAg prevalence of 15%, had high viral loads [237].  

 

HBV-associated HCC is a major cause of death in regions where HBV genotype E is 

endemic, with risk factors for developing HCC including high HBV DNA levels, and 

possibly perinatal transmission [132, 238]. Response to antiviral treatment in genotype E 

has not been widely studied or compared with other genotypes, although one study of 

pegylated interferon (PEG-IFN) with and without the direct acting antiviral entecavir 

showed a very poor response [157]. The same group recently published data on extended 

duration of PEG-IFN for 96 weeks with an improved yet still modest response, however 

an increased rate of HBsAg loss indicates this deserves further study [239]. Despite a 

paucity of data, nucleot(s)ide analogues including entecavir and tenofovir have been 

shown to be effective against genotype E HBV, although again direct comparisons with 

other Asian and European genotypes are lacking [240].  

 

The most comprehensive studies of genotype E have been from the Gambia, where a 

HBV vaccination program was undertaken in two villages in 1984, showing effectiveness 

in prevention of chronic carriage in children followed to 4 years [241]. This was followed 

by “The Gambia Hepatitis Intervention Study” which evaluated the effectiveness of the 

HBV vaccine following its inclusion in the Gambian national programme for infant 

immunisation, again showing high level protection against HBV infection and chronic 

carriage (93-95% and 95-98% respectively) [150, 242, 243]. However, breakthrough 

infections were also reported in vaccinated individuals [150, 151, 244]. Despite the 

findings of amino acid variants in the antigenic ‘a’ determinant of the HBsAg in 

vaccinated children [245], analysis of surface antigen variants in the vaccinated Gambian 

patients with breakthrough infection revealed predominantly wild-type genotype E HBV 

[246]. There have been other case reports of vaccine escape with genotype E raising major 

public health concern [152, 247], however true vaccine escape is yet to be proven for this 

genotype.    

 

Genotype E was the predominant genotype identified in African children with chronic 

hepatitis B infection studied in this PhD program (see Chapter 3, [205]). We observed 

that more than half of the children with genotype E infection were HBeAg-negative, with 
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a median age of 11.3 year. All genotype E patients were serotype ayw4, and both BCP 

and PC mutations were identified, although less frequently than genotype D. Phylogenetic 

analysis revealed some geographic clustering despite very low genetic divergence on 

pairwise analysis compared with reference sequences. We next investigated the 

replication phenotype based on patient-derived sequences (see Chapter 4), using transient 

transfection of replication-competent HBV clones. This was the first study to characterise 

the replication phenotype of HBV genotype E in a transient transfection model, compared 

to other African genotypes and a well-established highly-replicating European D3 clone. 

This generated important information about the replication and protein expression of this 

genotype, with notable findings including reduced intracellular and secreted virion-

associated DNA levels, increased pregenomic RNA transcription and reduced core 

protein levels relative to D3. Secreted HBsAg levels were increased compared to 

genotype D3, however there was proportionally less large and medium HBsAg, perhaps 

indicative of a role for the additional pre-S1 start codon in altering HBsAg expression. 

 

Since very little is known about the immune response to HBV genotype E, we 

interrogated immune responses to two key HBV proteins, namely the precore/HBeAg and 

the HBsAg, using in vitro models.  The VIDRL laboratory has previously shown that the 

HBeAg can regulate innate immune signalling in a genotype dependent manner, 

demonstrated by differential luciferase expression under the control of an NfKb promoter 

using a transient transfection in vitro model [49, 248]. We were also interested to 

determine the efficacy of vaccine derived antibodies to bind the genotype E HBsAg, using 

a novel Bioplex assay developed at the VIDRL laboratory to map the epitope binding 

phenotype of the antigenic ‘a’ determinant in the secreted HBsAg produced by our 

replication competent genotype E clone. 

 

5.2  THE IMPACT OF GENOTYPE E HBV ON NFKB-

MEDIATED INNATE IMMUNE SIGNALLING  

 

5.2.1 Background and specific aim 

The HBV precore (PC) protein is a non-structural protein that is not essential for viral 

replication, however has been implicated in immune evasion and appears essential for 

establishment of chronic infection [19]. The precore protein overlaps the core protein by 
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around 90%, sharing the central core domain and C-terminal protamine-rich domain, and 

undergoes processing in the ER/golgi complex, producing a 22-kDa protein (p22), which 

can either undergo further processing to form the secreted 17-kDa HBeAg (p17), or traffic 

to the cytosol where it remains localized [41] (see chapter 1, Figure 1.2). 

 

The role of the innate immune system as the frontline of infectious disease defence is 

being increasing recognized, and the importance of Toll-like/IL-1 Receptor (TIR) 

superfamily of Pattern Recognition Receptors has been implicated in HBV pathogenesis. 

The VIDRL group has characterized the innate immunity signalling pathways in 

hepatocyte cell lines, demonstrating the presence of intact pathways in which NFκB 

activation occurs following stimulation with various TIR ligands [249]. In addition, the 

group has shown that the stimulation of TLR2 and IL-1β receptors has an antiviral affect 

in hepatoma cell lines harbouring replicating HBV,  suggesting a TIR-mediated 

mechanism of viral clearance [249]. Further studies of liver tissue or PBMCs from 

patients in either HBeAg-positive or HBeAg-negative phases if CHB infection revealed 

down-regulation and upregulation of TLR2 expression respectively, compared with 

normal controls [47]. 

 

Wilson et al. at VIDRL showed that transfection of PH5CH8 cells with mammalian pCI 

expression vectors encoding variants of the HBV precore protein down regulated NFκB 

following stimulation with IL-1β [49].  The precursor form of the precore protein, p25, 

inhibited NFκB activation by up to 30% and the cytosolic form, p22, inhibited NFκB 

activation by 70% [49]. There are geographic differences in natural history of infection 

that coincide with HBV genotypic variation; with genotypes A and D (characteristic of 

European HBV) associated with later age of infection, compared with Asian genotypes B 

and C, and the increased rates of CHB infection in the latter group. The VIDRL group 

then went on to demonstrate HBV genotype-specific down-regulation of the innate 

immune IL-1 signalling pathway, with increased down-regulation of NFκB-driven 

luciferase reporter assay in p22 from genotypes B and C compared with A and D [248]. 

This may have clinical implications for development of chronicity if the PC protein is 

able to down-regulate important antiviral cytokines. The mechanism driving the 

genotype-specific difference is unknown. There are a number of amino acid differences 

in the precore sequence of the Asian versus the European genotypes, and it is possible 
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that these amino acid differences contribute to the differential regulation of IL-1 

signalling, although this requires experimental confirmation. 

 

We therefore aimed to investigate the role of African HBV genotype HBV precore protein 

in inhibition of IL-1b-mediated NFkB activation. 

 

5.2.2 Methods 

The method is outlined in detail in chapter 2, section 2.8. Briefly, we replicated the 

experiment previously performed in the VIDRL laboratory investigating the suppression 

of the IL-1b-mediated NFkB innate immune signalling pathway [49, 248] using African 

p22 precore patient-derived sequences for A1, D6 and E that were synthesised by 

GenScript USA (GenScript USA Inc. Piscataway NJ, USA) in a pCI vector backbone. 

These African genotypes were compared to p22 constructs from the European A2 and D3 

genotypes, with a genotype D p21 core protein construct used as a positive control 

previously demonstrated to stimulate IL-1b-mediated NFkB activation [49]. The p22 

plasmids were co-transfected in the PH5CH5 cells in 24-well plates (see Chapter 2, 

section 2.6.1.3 for details) with a plasmid encoding an NFkB promoter upstream of a 

luciferase reporter gene and a separate TK renilla plasmid used to correct for transfection 

efficiency. The transfected cells were then stimulated for 24 hours with serum-free media 

containing the IL-1 receptor ligand IL-1b, with unstimulated cells having only serum-free 

media added. NFkB activity was then detected using the Dual-Luciferase Reporter Assay 

System (Promega) using a FLUOstar Optima luminometer (MMG Labtech, Australia), 

as per the manufacturer’s instructions, and then corrected for TK renilla co-measured. 

Fold NFkB activation was then compared to the unstimulated control for each genotype. 

 

Statistical analysis was performed using Graphpad Prism Version 8 (GraphPad Software, 

San Diego California USA, www.graphpad.com). Un-paired t-tests were used to compare 

differences between constructs, with differences considered significant for a p-value less 

than 0.05. 
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5.2.3  Results 

TIR-mediated NFkB activation in hepatocytes was inhibited by the p22 protein, with 

significant differences seen between p22 constructs across different African genotypes 

(Figure 1). Following stimulation with IL-1b the African genotypes A1 and E showed 

significantly more inhibition of NFkB activation compared with genotype A2 (p=0.0116 

and 0.0098, respectively; Fig. 5.1). Greatest inhibition of TIR-mediated NFkB innate 

immune signalling was observed for HBV genotype E.  

 

 
Figure 5.1. Variable inhibition of IL-1b-mediated NFkB activation by the HBV precore 

protein across African genotypes. European A2 and D3 genotypes were used as a 

comparison, with the p21 core protein used as a positive control. * p<0.05, **p<0.001. 

 

5.2.4  Discussion 

We observed stronger inhibition of TIR-mediated NFkB innate immune signalling in the 

African genotypes, particularly genotype E, compared to European genotypes. This was 

particularly the case compared to the European A2 genotype, which is characterised by a 

better clinical outcomes and sustained remission following HBeAg seroconversion 

compared to genotype D, and a higher response to IFNa compared to genotypes B, C and 

D (see Chapter 1, Table 1). 

 

Previous studies from our laboratory have shown that the HBV P22 protein induced 

significantly higher down-regulation of the NFκB-driven luciferase reporter from Asian 

genotypes B and C compared with European genotypes A and D [248]. Our results have 

shown that this suppression is even higher with African genotype E, which has potential 
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implications for the virus’ ability to subvert the host innate immune system and establish 

chronicity. Given the importance  of NFκB signalling in the IFN pathways, perhaps the 

high level of down regulation of NFkB signalling is one contributing factor to the poor 

response of subjects infected with Genotype E to IFN antiviral therapy [157, 239]. Further 

studies are required to determine the impact on IFN production/activity and the exact 

mechanism for the genotype-mediated differences in regulation of TIR signalling, 

particularly the contribution of sequence differences in the precore protein across 

genotypes.  Together these studies suggest a key role for the HBeAg and its precursor 

proteins in the regulation of innate immune signalling, however further studies using 

HBV infection models, rather than transient transfection models are required. 

 

5.3  EPITOPE MAPPING OF GENOTYPE E ‘A’ DETERMINANT 

 

5.3.1 Background and specific aim 

The HBV vaccine is derived from the European genotype A2, serotype adw2, and is 

formed from the HBsAg which has a highly conformational, antigenic structure known 

as the ‘a’ determinant which is the target of the protective host humoral immune response 

producing antibodies that are able to neutralise HBV [250]. Whist the vaccine’s 

availability since the 1980s has resulted in substantial  reduction in chronic carriage rates 

around the world suggesting high cross-protection for the different HBV genotypes, 

breakthrough infections in vaccinated individuals have been reported [251]. Vaccine 

failure has been reported for African Genotype E in particular [150-152, 244, 247]. 

 

Genotype E divergence is greatest from that of the vaccine-derived A genotype in the 

HBsAg ‘a’ determinant, and has been shown to affect specificity of commercial 

immunoassays in detecting HBsAg [197]. This may also contribute to the high frequency 

of reported “occult” hepatitis B infection (HBsAg negative, HBV DNA positive) for this 

genotype [196, 252, 253]. Simultaneous HBsAg and anti-HBs has also been reported [67, 

152].  Amino acid changes in the surface antigen ‘a’ determinant, in particular the P127L 

and AA140 serine characteristic of the ayw4 serotype may confer conformational changes 

that could affect antibody binding [67]. The most intensively studied vaccine escape 

variant is G145R, however other variants in the antigenic region of genotype E envelope 

protein such as L141G have been identified [245]. 
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VIDRL has developed a multiplex immunoassay on the Bioplex platform to map the 

profile of the HBsAg ‘a’ determinant using monoclonal antibodies targeting known 

antigenic epitopes. We aimed to use the Bioplex immunoassay to determine the HBsAg 

epitope antibody binding phenotype of HBV genotype E.  

 

5.3.2 Methods 

The Bioplex platform was a novel immunoassay developed at VIDRL to map the profile 

of the HBsAg epitope antibody binding [68]. The method is described in detail in chapter 

2 section 2.9. Briefly, pooled cell culture supernatant from the patient-derived 1.3mer 

HBV genotype E transient transfection experiments in Huh7 cells was collected at day 5 

post transfection (see chapter 4), for analysis on the Bioplex platform. HBsAg 

quantification was determined by the Roche Elecsys assay (Roche Diagnostics), with 

samples then diluted to 1:1000 and compared to reference genotype E samples (patient 

sera) and genotype A2 representative of the HBV vaccine.  The assay used a panel of 9 

monoclonal antibodies (mAbs) conjugated to fluorescent beads spanning residues 99-226 

of the small HBsAg, and binding affinity was determined by detection of fluorescence 

intensity, providing a sensitive measure of specific HBsAg epitope binding on and 

antigenic ‘a’ determinant. The profile was expressed as a fold change in antibody binding 

at each mAb/epitope compared to the genotype A2 reference backbone, with a 95% 

confidence interval for normal variation representing true change in HBsAg binding 

phenotype defined as greater than +/- 0.5-fold change. 

 

5.3.3  Results 

The binding phenotype of HBsAg from the 1.3 mer genotype E clone was similar to the 

reference genotype E sequence at most mAb epitopes, with the exception of mAbs 5 and 

9 which may indicate some sequence variation (Figure 5.2). Overall there were significant 

differences in the epitope binding profile compared to the vaccine-derived A2. There was 

reduced binding of mAb 6 in Loop 1, mAbs 7, 11, 12 and 19 in Loop 2, and mAb 19 in 

the Loop 1 and 2 combinational area. There was also significantly increased binding in 

mAb 5 of Loop 1, and mAb 8 of Loop 2.  
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Figure 5.2. Phenotypic profile of genotype E HBsAg using monoclonal antibodies to 

assess binding HBsAg ‘a’ determinant epitope normalised to genotype A2 vaccine 

reference strain. The conformational epitope regions are as listed: N-terminal, Nterm; 

Loops 1 and 2; loop 1 and 2 combinational, Combo; C-terminal, Cterm; and 

conformational, Conform. The 95% confidence interval for statistically significant 

differences (p<0.05) in antibody binding (increased or decreased) compared to genotype 

A2 are marked by the red lines (+/- 0.5). E ref = reference genotype E sera, E = genotype 

E supernatant from 1.3mer infectious clones transient transfection studies. 

 

5.3.4  Discussion 

Major differences have been observed in the phenotypic profile of antibody binding to 

the conformational ‘a’ determinant of the HBsAg in genotype E compared to the vaccine-

derived genotype A2 profile. Differences in epitope binding using the Bioplex assay have 

also been observed across HBV genotypes from 1.3 mer HBV clone experiments, with 

the most marked differences seen in genotype C2, D3 and J [68].  This may affect the 

neutralising effect of the antibodies produced in response to vaccination, therefore 

resulting in breakthrough infections, although this requires experimental confirmation. 

The differences in antibody binding may also explain the observation of reduced 

diagnostic assay efficacy and higher rates of occult disease seen with genotype E. 
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These findings need to be extended to a more comprehensive investigation of the Bioplex 

profile of a panel of genotype E patient sera, however this was not  possible in the current 

study due to the unavailability of sufficient quantities of sera. In particular studies should 

be undertaken using sera from patients with known evidence of vaccine escape. Specific 

amino acid changes in the HBsAg that have been detected in patients with vaccine-escape 

HBV infection could also be investigated further by developing a panel of replication-

competent clones encoding the HBsAg mutations and using the supernatant from cell 

culture experiments in Bioplex assays to determine the phenotypic epitope binding 

profile.   

 

5.4  CONCLUSIONS 

Genotype E is a poorly understood HBV genotype with an enormous burden of disease 

throughout West and Central Africa with importation now occurring globally. This 

genotype has a massive public health significance with implications for vaccine escape, 

occult or undetected HBV disease, disease surveillance and potential treatment strategies.  

 

Given genotype E rapid spread throughout Africa, potentially mediated by altered host 

recognition, high rates of occult disease, reduced diagnostic assay efficacy, and reduced 

vaccine protection; understanding more about this genotype is of paramount importance. 

This is further underpinned by the long-term complications of HCC observed in these 

patients, and reduced efficacy of some of the currently available antiviral treatment 

options.  

 

We have shown in this study that genotype E has putative immune-evading properties, 

mediated through (i) down-regulation of innate immune signalling pathways with the 

precore protein potentially enhancing viral persistence and altering important antiviral 

cytokine responses; and (ii) potential immune evasion through altered antibody binding 

of the HBsAg which may affect the efficacy of the HBV vaccine. Neutralisation assays 

using the recently developed NTCP-HepG2 infection model, and vaccine studies using 

murine models, should be undertaken to further interrogate the impact of HBV genotype 

E on immune evasion. 
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CHAPTER 6 
CONCLUSIONS AND FUTURE DIRECTIONS 

 

6.1  THESIS OVERVIEW 

With an estimated 60 million CHB patients living in Africa [1] and the enormous 

associated morbidity and mortality, mostly in individuals infected in childhood, it is 

surprising that there is little information on the natural history of HBV infection in 

African children or the clinical outcomes of the HBV genotypes from this region. With 

the international recognition of the urgency to address the global HBV emergency, 

international collaborations aimed at developing cure and elimination of HBV infection 

are being established [156, 169, 170]. Australia has produced a National Hepatitis B 

Strategy, now in its third edition [254], to coordinate the response in this region, with 

specific focus on priority populations such as culturally and linguistically diverse 

(CALD) people, especially those from countries with high or intermediate HBV 

prevalence in particular refugee and humanitarian entrants. The studies outlined in this 

thesis are directly addressing this call to action and the knowledge gaps in African HBV 

infection. 

 

The overall objectives of this research were to define the clinical and virological 

characteristics of African children with CHB living in Australia; to identify the HBV 

genotypes and viral variants carried by these patients; to develop replication-competent 

HBV clones based on the African genotypes identified and study the in vitro replication 

and protein expression; and to investigate possible mechanisms for evasion of the host 

immunological response by the African HBV variants using available in vitro models.  

 

6.1.1 Chronic hepatitis B infection in African Children living in Australia 

67 treatment-naïve African children with CHB managed at the Royal Children’s Hospital 

in Melbourne, Australia were studied, with a comprehensive cross-sectional profile of 

these patients presented from a demographic, biochemical, serological and virological 

perspective. All patients underwent HBV genomic sequencing and (sub)genotypes were 

assigned, with full-length HBV genomes generated for 37 patients permiting in depth 

interrogation including genomic recombination analysis. Frequency of clinically-
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significant BCP and PC mutations were also reported. The key findings from this aspect 

of the study presented in Chapter 3. We found that genotype E was the dominant genotype 

identified, present in 70% of the children studied. Although only 3 patients had the A1 

subgenotype identified, this genotype is known to have high hepatocarcinogenic potential 

in young patients making it a very important finding for paediatric clinical practice. HBV 

genome recombination events were also discovered in this cohort, along with mixed 

genotype infections, raising questions about appropriate monitoring or treatment.  

 

At a median age of 12.5 years, more than half of the children studied were had undergone 

HBeAg seroconversion. 42% of the children showed of BCP and/or PC mutations, with 

the majority in those who had already HBeAg seroconverted. The role for these variants 

in the course of natural seroconversion is not clear, although it is likely that the immune 

pressure of HBeAg recognition has selected these variants.  These variants were detected 

in some children even prior to immune clearance. Interestingly, 20% of HBeAg-negative 

Genotype E patients showed wild-type virus at the BCP and PC region. Further studies 

using deep sequencing may shed new light on the contribution of HBV variants to HBeAg 

levels in these patients. The high frequency of BCP and PC variants found in this 

population requires close monitoring for HBeAg-negative chronic hepatitis B 

reactivation, and surveillance for more advanced liver disease. 

 

6.1.2 African 1.3mer HBV cDNA clones replicated in vitro 

We then moved from clinical studies to the laboratory, utilising a panel of 1.3mer African 

HBV cDNA clones based on the genotypes discovered in the study outlined in chapter 3 

(genotypes A1, D2, D6 and E) in a transient transfection cell culture model, to determine 

the replication phenotype of the African strains compared to a well characterised highly-

replicating European D3 reference clone. All of the clones successfully replicated (albeit 

less than the reference clone) with marked differences observed across genotypes. The 

findings are reported and discussed in chapter 4.  

 

We have performed the most comprehensive study of viral replication in African HBV 

genotypes in the current literature. Amongst the different replication and protein 

expression profiles observed between the genotypes, the major findings were the 

restoration of detectable replication in the A1 genotype with the introduced BCP 

mutation, the discordance of reduced pgRNA compared to intracellular and extracellular 
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DNA in genotype E, and the reduced M and L HBsAg levels in genotype E compared to 

secreted S HBsAg. The BCP mutation has previously been demonstrated to increased 

viral fitness [255], however the high frequency of BCP mutations seen in the A1 

subgenotype raise concerns regarding potential mechanisms for the high rates of HCC 

development [96, 191]. The higher replication in vitro finding contrasts with known 

clinical characteristics of A1 CHB, such as lower HBV DNA levels [192]. The in vitro 

replication characteristics of genotype E add to the intrigue around this important HBV 

variant, and require further experimental confirmation, especially the role of the novel 

pre-S1 start codon unique to this genotype. 

 

There are some further parallels in this study to the clinical findings identified in the 

patients from which the genotypes and sequences were derived outlined in chapter 3. The 

intracellular DNA profile was similar to the viral load trend in the patient cohort. It is 

important to note that all of the genotype A patients harbored the BCP mutation. Again, 

the secreted HBsAg levels mirrored the quantitative HBsAg levels across genotypes. 

There were limitations in comparing the HBeAg levels in the patient group given the high 

proportion of HBeAg-negative patients and associated high frequency of BCP and PC 

mutations observed. Overall, this body of work advances our understanding of African 

HBV and the role that viral factors play in distinct clinical phenotypes observed.  

 

6.1.3 Genotype E and the viral manipulation of the host immune system 

Finally, we focused on possible mechanisms for immune evasion for HBV genotype E, 

the dominant genotype identified in our patient group. This important genotype has 

limited information on clinical outcomes, however there are concerns in particular about 

its recent yet rapid predominance throughout West and Central Africa, vaccine and 

diagnostic escape, and HCC potential [132, 150, 193, 197, 246]. 

 

As discussed in chapter 5, we performed functional assays to interrogate the immune 

response to genotype E infection of two HBV proteins essential for viral persistence; 

namely the precore/HBeAg and the HBsAg. Genotype-specific down-regulation of IL-Iβ 

mediated NFkβ activation by the HBV precore p22 protein examining Asian and 

European genotypes had already been identified in our laboratory [248], however the 

current study showed that genotype E precore protein resulted in higher suppression 
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compared to European genotype A2. This is an important finding, suggesting a 

mechanism for genotype E to evade the innate immune signalling pathways. This may 

also provide an explanation for failure of interferon therapy in this genotype.  

 

Epitope mapping of the genotype E ‘a’ determinant by a novel multiplex immunoassay 

(the Bioplex platform) was performed to evaluate differences in anti-HBs antibody 

binding compared to the genotype A2 vaccine-derived strain. The binding phenotype 

varied significantly from the A2 genotype in multiple monoclonal antibody domains of 

the epitope, implying a possible conformational change of this antigenic region that may 

affect vaccine protection. This is a significant finding given the reports of vaccine and 

diagnostic escape in this genotype.  

 

6.2 FUTURE DIRECTIONS 

Whilst the cross-sectional characterisation of CHB in African children living in Australia 

has been comprehensively described in this thesis, much could be gained by extending 

this to a longitudinal follow-up study to not only evaluate clinical outcomes for these 

children, but also the quantitative serological and molecular aspects of African HBV 

infection over time. Clinically, prospectively monitoring for the progression of liver 

disease in vivo in the children enrolled in this study could include using non-invasive 

markers such as APRI score, FIB-4 Index and FibroScan.. Sequential longitudinal 

samples in individuals around the time of natural HBeAg seroconversion, or even HBsAg 

loss if this occurs, could evaluate the quantitative HBeAg and HBsAg kinetics to 

investigate predictors of outcome that could be used in clinical practice. This could 

include use of next generation sequencing techniques to examine the dynamic shifts of 

the HBV quasispecies pool and emergence of clinically-significant mutations, 

particularly as it relates to the early HBeAg serconversion observed in this study. 

 

With the recent discovery of the HBV receptor [33], in vitro studies of HBV virology 

have shifted to infection using the recently developed NTCP-HepG2 infection model. 

These studies permit a more thorough analysis of the entire HBV life cycle, and therefore 

comparing the African HBV strains in this setting is a crucial next step.  
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Genotype E HBV is emerging as an important genotype in the changing epidemiology of 

CHB in Australia, and this likely reflects changes happening throughout the world. There 

are major concerns that need to be urgently addressed in future research including a 

greater understanding of long-term natural history and clinical sequelae such as HCC risk, 

response to antiviral therapy, routine diagnostic assay efficacy and vaccine protection. 

Clinical studies need to be undertaken to look for breakthrough infections, with 

vaccinated household contacts of patients chronically-infected with genotype E a logical 

place to start. The Bioplex platform could be utilized to evaluate serum from patients with 

genotype E infection, and in particular establishing the binding profile of any patients 

with known vaccine failure. Vaccine responses in African immigrant children who did 

not receive Hepatitis B vaccine prior to their arrival to Australia could also be studied to 

see if their response is blunted or normal, in order to elucidate potential genetic or 

environmental influences. The question over vaccine protection should be further 

investigated using neutralization assays in the above-mentioned in vitro infection model, 

or even with vaccine studies using murine models.  

 

6.3 CONCLUSIONS 

Immigration from sub-Saharan countries where HBV is highly endemic is changing the 

epidemiology of HBV in Australia with the identification of new HBV genotypes not 

previously described in Australia and verified in an Adult African population from the 

same region [222], reflecting their country of origin. The natural history study of CHB in 

African children has demonstrated early HBeAg seroconversion, high frequency of BCP 

and PC mutations, and HBV genotypes that have been associated with more aggressive 

disease phenotypes. We have shown that it is possible to study these HBV genotypes in 

vitro, and further characterise the biology of these viruses, and demonstrate differences 

in replication, transcription and translation of essential viral proteins, and the intracellular 

and extracellular dynamics of these viral products. The genotype to clinical phenotype 

translation may be possible for these viral variants utilising this important information. 

Finally,  functional studies examining the role of the precore protein and HBsAg in the 

modulation of the host immune system have provided valuable information on HBV 

genotype E and evidence for putative immune-evading properties that may enhance viral 

survival and may account for differences in natural history and treatment response. 
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The findings from this study have added essential information on the changing landscape 

of CHB in Australia, with important ramifications for patient monitoring and treatment 

guidelines in our region. In addition, the information natural history of CHB in African 

children and molecular characterization of African HBV has global relevance and 

significance in our plight to appropriately treat and cure this devastating disease. 

 

This thesis has presented a body of work that comprehensively examines African HBV 

and collectively adds to the HBV research landscape, addressing major knowledge gaps 

in an important patient group with an enormous burden of disease. The contribution from 

this work will also inform the clinical care of these patients. Future research opportunities 

to extend these studies have also been identified. In conclusion, the importance of African 

HBV has been underestimated and ignored for too long.  This study makes an important 

contribution to our understanding of the epidemiology and virology of HBV in this highly 

endemic region, contributing new knowledge to our understanding of African HBV 

genotypes, and will positively impact patient management, particularly in the paediatric 

setting. 
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APPENDIX 
 

Meetings attended to present research arising from this PhD program: 

 

1. Global Virus Network (GVN) meeting, 2017. Melbourne, Australia 

 ‘Chronic hepatitis B infection in African migrant populations living in Australia’ 

 Invited speaker 

 

2.  45th Annual Meeting of European Society of Paediatric Gastroenterology, 

Hepatology and Nutrition (ESPGHAN), 2012. London, UK. 

E. Bannister, L. Yuen, M. Littlejohn, R. Edwards, S. Locarnini, P. Revill, W. 

Hardikar. Unexpected genotypes and novel recombinant HBV in African 

children living in Australia. (2013) Poster presentation.  

 

3.  The Liver Meeting. American Association for the Study of Liver Diseases 

(AASLD), 2012). Boston, USA. 

Elizabeth Bannister, Lilly Yuen, Margaret Littlejohn, Rosalind Edwards, 

Stephen Locarnini, Winita Hardikar, Peter A. Revill. Hepatitis B virus in 

African children living in Australia. (2012), Poster presentation. Hepatology, 

56: 89A–190A. doi: 10.1002/hep.26034 

 

4. International Meeting on Molecular Biology of Hepatitis B Viruses 2012. 

Oxford, UK. 

E. Bannister, L. Yuen, M. Littlejohn, R. Edwards, S. Locarnini, W. Hardikar, 

P. Revill. Molecular characterisation of Hepatitis B virus in African children 

living in Australia. (2012). Poster presentation. abstract P-99.  

 

5.  Asian Pacific Association for the Study of the Liver (APASL) meeting 2012. 

Taipei, Taiwan 

E. Bannister, L. Yuen, M. Littlejohn, R. Edwards, S. Locarnini, W. Hardikar, 

P. Revill Molecular characterisation of hepatitis B virus in children of African 

descent living in Australia. Feb 2012. Poster presentation PP 10-011. 
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