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ABSTRACT

Hepatitis B virus (HBV) can evolve under selection pressure exerted by drugs and host immunity, resulting in
the accumulation of escape mutations that can affect the drug or the immune activity. Hepatitis B virus
polymerase lacks proofreading ability and is, therefore, error prone which results in the incorporation of
mismatch bases causes mutations in the Hepatitis B virus genome. Factors, which might contribute fo a high
Hepatitis B virus mutation rate, are drugs, host immune system and co infection. Hepatitis Delta Virus (HDV)
co-infection is also known to exert selection pressure on Hepatitis B virus. This further leads to selective
amplification of cerfain mutations, especially in genes that are required for hepatitis delta virus
pathogenesis, such as Hepatitis B virus surface anfigen. Some of these mutations affected the generation of
proteasomal sites, binding of Hepatitis B virus surface antigen epitopes to major histocompatibility | and
ligands, and subsequent generation of B- and T-cell epitopes. Information and data from 2010 to 2020 were
retrieved from search engines like PubMed, Medline, Google Scholar and Web of Science through original
papers and reviews. This review focuses on mutations that the Hepatitis B virus selectively amplifies in
presence of Hepatitis D virus co-infection and its effect on epitope generation.
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INTRODUCTION

Hepatitis B virus (HBV) is associated with hepatitis,
cirrhosis and hepatocellular carcinoma, which is the
fifth prominent cause of death worldwide'. Hepatitis
B virus is an enveloped virus with double stranded
Deoxyribonucleic acid (DNA) of 3.2 kilo base pairs.
HBV polymerase and surface genes (HBsAQg) play a
crucial role in HBV genefic variability, drug
resistance and antigen modification?. Hepatitis B
surface antigen (HBsAg) has an important role in
immune response and epitope formation, in occult
blood infection, as well as a detection marker, as a
receptor, and as a mediator of carcinogenesis.
Furthermore, HBsAg has a major hydrophilic region
that lies between amino acids 100-167, which has
an ‘a-determinant’ that contributes to neutralizing
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antibody response. Mutations in ‘a’ determinant
region cause conformational changes that can
affect HBsAg anfigenicity and processing and
presentation of B and T cell epitopes, resulting in
escape from vaccine-induced immunity and
anfi-HBV immunoglobulin therapy leading to failure
in viral clearance.

HBV is found to co-infect with, as Hepatitis D virus
(HDV) is a defective virus that requires HBV surface
anfigen for ifs replication and assembly. Therefore,
HBV and HDV co-infection and super-infection
leads to more severe fulminant hepatitist. HBV
amplifies those mutations in HDV presence that
enables HBV to respond fo the inhibitory effects of
HDV replication and also the immunological
recognifion of HBsAg epitopes. This review mainly
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focuses on the identification of certain mutations in
HBsAg in HBV mono and HBV-HDV co infected
groups and the impact of these mutations on
proteasomal degradation and CD4, CTL and B cell
epitope repertoire.

DISCUSSION

Hepatitis B virus has high mortality and is one of the
major causes of occult blood infection. Hepatitis D
virus is a defective virus that needs Hepatitis B virus
for its replication. Both causes more life-threatening
fulminant hepatitis. This co infection results in
selective amplification of these mutations at certain
strategic locations might not only enable HBV to
counteract the inhibitory effects of HDV on HBV
replication but also facilitate its survival by escaping
the immune response. In occult blood infection
diagnosis and vaccination response of the Hepatitis
B Virus is lost as diagnostic kits and vaccinations
were designed against wild type Hepatitis B Virus.

Hepatitis B Virus Structure

HBV is an enveloped virus with icosahedral
symmetry. Hepatitis B virus has a 3.2 kbp, partially
double stranded DNA genome, enclosed in
nucleocapsid core®. HBV genome shows diversity
due fo overlapping open reading frames. The

genome of HBV is organized in such a way that its
DNA is extremely compact. It leads to highly
evolved organization of regulatory and promoter
region resulfs in the usage of each nucleoftide in the
genome. HBV genome is comprised of four
overlapping open reading frame (ORF) that codes
for seven different proteins as shown in Figure 1A.

The polymerase is 832 amino acid long profein,
coded by the largest ORF and has four domains:
terminal domain has N terminus, spacer domain, RT
domain which houses the polymerase activity,
RNase H domain at C terminal portiont’. The
Pre-core/core ORF codes for the translation of
Pre-core and core protein. Core protein helps in the
formation of a nucleocapsid core that encloses the
polymerase. Pre-core protein, also known as
Hepatitis B virus e antigen (HBeAg), is used for the
assessment of viral proliferation, disease progression
and severity and drug response. X profein of HBV is
encoded by the smallest ORF® which has a
significant role in cell proliferation, the prognosis of
infection and drug response. Several studies have
implicated HBV X proteins in hepatocellular
carcinoma’. The surface ORF is the second largest
ORF that codes for the large, middle and small
surface antigen proteins.
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Figure 1: Structure of HBV and genomic organization of HBsAg. A) HBV is an enveloped virus surrounded by
nucleocapsid core. Nucleocapsid core has partially double stranded DNA, has polymerase at one end. B)
Organization of surface protein. HBV surface antigen has three proteins: large surface antigen has Pre $1, Pre
$2 and S domain, middle surface antigen has Pre $2 and S domain and small surface antigen has only $§

domain.

Hepatitis B Virus Surface Antigen and Mutations

Hepatitis B virus surface anfigen (HBsAg) is an
envelope protein. There are three forms of
envelope proteinsi.e., Large HBsAg, Medium HBsAg
and Small HBsAg. All three forms get transcribed
from the same single ORF, which has three, in frame
initiation sites. These proteins are the translational
product of two sub-genomic mMRNAs. A
Sub-genomic RNA of 2.4kb gives rise to large

surface protein, whereas another 2.1kb gets
franslated into middle and small surface proteins'™®.
Divergence in the manifestation of these surface
proteins is due to sub-genomic RNAs that are
regulated by preS1 and preS2/S promoters'' that
lead to variable initiating amino-terminal. Small
surface protein has 226 amino acids and only has S
domain. Middle surface protein has S domain and
additional 55 amino acids at N terminal in the form
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of preS2. Large surface protein has 400 amino acids
and has preS1, preS2 and S domain with an
addition of 109 amino acids at the amino terminus
(N-terminus) in the form of preS1 as shown in Figure
1B. These proteins help in the formation of HBV
envelop, entry of virus by binding to sodium
taurocholate co-transporting polypeptide
receptors on hepatocytes, viral replication,
formation and secretion'>'4,

From the host perspective, HBsAg is also very critical
as a mutation in this region can alter the virus
infectivity, antigenicity, failure in the detection and
immune response'>'. Small domain of HBsAg has
a-determinant region, comprising of amino acid
124-147 in the major hydrophilic region of amino
acids located between 100-169 amino acid. This
region has a great significance as it resides
dominant epitopes which are the target of
neutralizing B cell response!’. Mutation in HBsAg led
fo an occult blood infection, diagnostic failure,
immune evasion, vaccine escape and drug
resistance, all of these are the hallmark of hepatitis
B virus surface anfigen mutation™. It has been
shown in a study that HBsAg mutations C124R,
C124Y, KI141E and DI144A can reduce the
immunoassay detection, whereas mutations G119R,
S136P, D144A, 1126S, Q129R and G144R result in
reducing S protein and virion secretion. Mutations in
HBsAg at GI145R result in vaccine escape,
diagnostic failure, and reduced binding with
monoclonal anti-HBs. Mutation K122 in HBsAg
affects the interaction of HBV with anti-HBs (anti
Hepatitis B virus surface) antibodies. Furthermore,
mutations Y100S, G119R, T126l, G145R, T140l, M133T
and Y134C have been associated with HBV occult
blood infection'?2. Additionally, various vaccine
escape mutations (K141E, M133L, T116N, P142S, and
G145R) are also observed in HBSAQ.

Hepatitis B Virus Immune
Response

HBV is a hepatotropic, noncytopathic virus that
causes a spectrum of liver diseases. Chronic
progression of HBV infection its persistence and
clinical consequences depend on both host and
viral factors. Direct interaction of HBY and host
immunity causes T cels damage fto the
hepatocytes. A robust immune reaction occurs in
acute HBV infection that results in viral clearance
and self-limited liver inflammation; whereas in
chronic HBV infection, the host is unable to mount
efficient innate and adaptive immune response?324,
HBV evades innate immunity at various steps, such
as it inhibits the activation of Toll-like receptors
(TLRs), natural killer cells and production of various
cytokines and interferon, which are essential to
control HBV infection?>%, HBV also evades innate
immune response by producing various viral
proteins that engage various components of innate
immunity?8,

Pathogenesis and
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Various components of adaptive immunity against
HBV include HBV specific anfibodies, B cells, T, cells
(Helper T cells) and T. cells (Cytotoxic T cells)?.
Numerous studies have shown that there is a great
increase in B cells, IgM, IgG and plasma cells in
chronic HBV infection®3'. Other studies have
reported confradictory findings, for example, few
have reported a decrease in the level of anti-HBs
anfibody and CD80 specific B cell in chronic HBV
infection, while others have reported no difference
in their levels® 32 3 A high level of anti-HBs
anfibodies indicate viral clearance, immunity after
vaccination and are also used as diagnostic
tool?*%. The role of cell mediated immunity; such as
one mediated by CD4 T lymphocytes and CD8 T
lymphocytes have a major role in HBV eradication.
Various reports suggest that early CD4 T cells are
dominant for the initiation of functional HBV specific
CD8 T cell response. HBV specific CD4 T cells start
appearing in circulation simultaneously with CD8 T
cells after a month of infection in response to active
viral replication. CD4 T cells mostly recognized
epitopes of the core protein. Different stages of
chronic HBV infection show variable counts of T
cells, where low CD4 count is observed in the
inactive carrier stage. In the chronic stage,
HBV-specific T cells are unable to proliferate and
produce cytokines®. In acute HBV infection, CD4
and CD8 actively secrete interferon with extensive
epitope recognition as compared to chronic HBV
infection. Prolonged and continuous secretion of
HBV surface antigen in large quantity altersthe
functions of B and T cells.

Human Leukocyte Antigen (HLA) and HBV Infection
The Human Leukocyte Antigen (HLA) system is the
highly polymorphic system, located on chromo-
some 6, and has a great impact on the course of
HBV infection®. HLA-I and HLA-Il present peptides
on the infected cell surface, where they are recog-
nized by the CD8 and CD4 T lymphocytes, respec-
tively. High polymorphism of HLA influences HBV
persistence and clearance, therapeutic regimen
and vaccine efficacy. It has been shown in many
studies that MHC class 1| DRB1*1302, DRB1*1502,
DQB1*0302, DQB1*0609, DR*04 and DR*13 is associ-
ated with HBV clearance. MHC class 1 allele HLA
-A0206, -B35, -B18, -B40, -A03 and -B18 are associat-
ed with chronicity in different global populations.
HLA -AT1,-A2,-A10, -A11, -B7, -B8, -B15, -B40 and -B54
are associated with non-responsiveness to HBV
vaccine in various world populations. HLA -B8, -B35
and -B40 are associated with chronic delta
infection in a Russian population. It has also been
reported that HLA-DR13 is associated with vertical
fransmission of HBV. Hence, diversity in HLAs has
various impacts and associations with the clinical
course of HBV in different ethnicities of the world36%,
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Effect of HBV Surface Antigen Mutations

HBV infected hepatocytes are mostly degraded by
proteasome into epitopes, which are then
presented to the cell surface in conjugation with
MHC-1 molecules that are then recognized by the
cytotoxic Tlymphocytes (CTL). Multiple studies have
shown that proteasome degrades HBsAg into short
length pepftides. Mutation in HBSAg amino acids
leads to the generation of those viral peptides that
disrupt proteasomal degradation process and
abrogates the immune response against the
epitope. Mutations in HBsAg can also lead fo
altered HLA binding, which affects downstream
response by CD8, CD4 and B cell epitope, and is the
known mechanism of immune escape. The most
important and first documented mutation seen in
the ‘a-defterminant’ region is G145R, which is a
vaccine escape mutation. Amino acid mutations in
aregion spanning amino acids 160-207 affect B cell
epitope®. A study has shown that HLA-DRB1*0101
restricted CD4 epitopes assisted in the generation
of CD8 T cell response. It has been demonstrated in
a study that vaccination helps in the induction of
CD4 T cell response against HBV surface antigen.
Two novel HLA-DR1 restricted epitopes S109-134
and S$200-214 were demonstrated in a study, which
is helpful in monitoring the efficacy of CD4 T cell
response in vaccinated individuals. It has been
reported in a study that amino acid sequence in
HBsAg from 298-321 is recognized by HBV
anfi-surface antibodies, whereas the amino acids
298 to 311 and 313 to 321 are recognized by CD4 T
cells. A study identified four epitopes in HBSAg from
amino acids 21-40, 136-155, 156-175 and 211-226
that can produce helper T cell response presented
by HLA-class Il alleles.

HBV Co-infection

Co-infections in viruses influence the disease
pattern that occurs relative to that with mono-
infection. Presence of an extra virus also hinder with
the targeted isolation of a known virus. Viral
interference is a phenomenon in which a virus
competitively suppresses replication of other
co-infecting viruses, which is the most common
outcome of viral co-infections. Co-infections alter
disease severity and epidemiology by modulating
its virulence and cell death. Immune responses to
primary virus infection also regulate immune

responses to subsequent secondary viral infections.
HBV can be found co-infected with HIV, HCV and
HDV¥4. Co-infections were mostly observed when
the viruses share similar fransmission routes. Like HIV,
HCV also transmitted vertically through blood
fransfusion and by organ transplantation.
Moreover, all hepatitis viruses target similar organ,
like HCV and HDV both affect the liver. It assumes
that these viruses might share receptors. In this
review, we focused on HBV-HDV co-infection as
they both are a hepatotropic virus, share similar
modes of tfransmission, affect the same organ. HDV
needs HBsAg for its assembly and completion of its
life cycle. In HBV-HDV co-infection phenomenon of
viral inferference is observed as HDV is a satellite
virus and needs HBsAg for its assembly, packaging
and completion of its life cycle.

Hepatitis D Virus

Hepatitis Delta virus (HDV) was noticed and discov-
ered by Dr. Mario Rizzetto and colleagues in late
1977, during staining of hepatocytes for HBV. HDV is
known as a satellite and defective virus as it needs
HBsAg to complete its life cycle and propagation,
Among 350 million HBV carriers, there are 15 to 20
million (5% of HBV carriers), which are dually infect-
ed with HDV globally®*. Among HBV carriers the
prevalence of HDV in Pakistan is approximately
16.6%. HBV-HDV co-infection leads to liver cirrhosis,
fulminant hepatitis and hepatocellular carcinoma“4.
HDV has a single-stranded negative sense genome
of 1.7kb*. HDV is a unique virus as it contains circular
RNA HDV genome has protein coding region with
only one open reading frame that encodes delta
antigen and viroid like region have ribozyme activi-
ty. Delta antigen exists in two isomeric forms, large
delta anfigen having 214 residues, whereas small
delta anfigen has 195 residues. A ribonucleoprotein
(RNP) complex is formed when delta antigen is
associated with genomic RNA. This ribonucleopro-
tein complex (RNP) is enveloped by endoplasmic
derived HBsAg having large, middle and small
surface protein*. HDV can be contracted in two
ways as shown in Table 1. HDV occurs concurrently
with HBV leads to co-infection like superinfection in
which chronic HBV carrier interacts with new HDV
infection. This chronic HDV infection deteriorates
the routine functions of liver and damages it.

Table 1: The difference between co-infection and superinfection.

Co-infection

Superinfection

Contracted HBV and HDV simultaneously

New HDV infection happeningin a patient with a history of

persistent HBV infection

Acute

Chronic

HBV surface antigen is temporarily posifive
at early stages

HBV surface antigen is positive and persistent
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The hepatitis D virus is the dominant virus in
co-infection and superinfection with HBV since HDV
represses hepatitis B virus replication. Evidence
shows 70 to 90% of co-infected persons are
negative for HBeAg and exhibit low levels of HBV
viral load. One possible mechanism through which
HBV replication is suppressed by HDV is through
small p24 and large p27 proteins encoded by HDV.
These proteins inhibit enhancer regions of HBV.
Additionally, the p27 protein of HDV stimulates
interferon a inducible MxA-gene, which also plays a
role in suppressing HBV replication*4,

Role of HBsAg and HBsAg Mutation in HBV-HDV
Co-infection

Certain studies have shown that HDV influences the
functional properties of HBV*. HDV restricts HBV
replication by encoding p24 and p27 proteins that
impede enhancer activity of HBV. Moreover, p27
from HDV triggers interferon a inducible MxA-gene
production that stops HBV replication. Codons at
position 196 of HBsAg assist HDV in the packaging“.
It is illustrated in many studies that mutations in
HBsAg, mainly in residues 163 to 224 of C terminal
might result in a severe reduction of HDV assembly.
It is documented in few studies that antiviral drugs
also induce mutation that also found in this domain.
It is shown in the study that mutations at the C
terminus positions 204 and 206 of HBSAg can
interrupt the interaction between HBsAg and large
hepatitis delta antigens (L-HDVAgQ) that leads to
improper envelope formation. HDV co-infection
can exert selection pressure on HBsAg leading to its
evolution“,

Several studies have previously shown that
interference between the two viruses in HBV-HDV
co infection setting effect their co-evolution,
dllowing selective amplification of certain
mutations in HBsAg that are specific to either HBV
mono infection or HBY and HDV co-infected
sequences®. Amplification of mutations in HBV in
the backdrop of HDV might be a mechanism by
which HBV counteracts the inhibitory effects of HDV
on its replication. However, it has not been explored
in depth how HBsAg mutations affect the
immunological recognition of HBsAg epitopes®.
Therefore, in this review, we have explored how
HBsAg mutations occurring in the backdrop of HDV
which further affect B and T cell epitope processing.

CONCLUSION

HBV selectively amplifies certain mutations in the
co-infection. Some of the mutatfions are
strategically localized in regions that are vital for
HDV replication or activity of immune cells
(including clearance of HBV by the immune cells).
Selective amplification of these mutations might not
only enable HBV to counteract the inhibitory effects
of HDV on HBV replication but also facilitate its
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survival by escaping the immune response.
However, further studies are required to confirm
these observations. Even so, this analysis might help
in tailor-designing vaccines that are effective in HBV
mono- or HBV-HDV co-infected cases.
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