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Abstract

The HBV genome has a very high mutation rate, which is why it is considered a highly variable virus, being able to
produce different variants or quasi-species in the same host, differentiated by small mutations that favor the oncogenic
potential of the virus, in addition to attenuating the immunogenicity and antigenicity.

There are a large number of epidemiological findings and studies that suggest a relationship between genotypes and
pre-core / core variants of the hepatitis B virus with the clinical course of infection and the response to different antiviral
treatments.
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1. Introduction

Hepatitis B is a life-threatening liver infection caused by the hepatitis B virus (HBV). It is a major health problem
worldwide as it can cause chronic liver disease and carries a high risk of death from cirrhosis and liver cancer. It is
estimated that there are 240 million people suffering from chronic hepatitis B virus infection, with more than 780,000
people dying each year as a result of this infection (WHO, 2015).

Despite the fact that the existence of vaccines and antiviral treatments has caused a notable reduction in cases of acute
liver failure associated with HBV infection, its chronicity is still a major health problem worldwide [1].

HBV is a non-cytotoxic hepatotrope DNA virus belonging to the Hepadnavirus family, genus Orthohepadnavirus. The
structure of HBV is formed by a lipoprotein coating that surrounds an icosahedral nucleocapsid, inside which are mainly
the viral polymerase and the circular DNA formed by a complete and an incomplete DNA strand, which are circularized
thanks to the complementarity between the 5 'ends of both strands [1]. Figure 1 shows the structure of the hepatitis B
virus and figure 2 the genome of the virus.

When this virus is presented to the human immune system, it is capable of producing a humoral response against
different antigens. The external face of the lipid bilayer of the virus presents an antigen known as surface antigen
(HBsAg), against which antibodies are generated in the host. The current definition of chronic hepatitis B according to
WHO is based on the demonstration of the presence of this antigen in the serum of a patient over a period of 6 months.
HBsAg, also known as the Australia antigen, is made up of 3 proteins: S, M and L, in order from shortest to longest amino
acid, encoded by the S gene. In its three-dimensional structure, this antigen reveals at least 5 epitopes conformational
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(HBs1-HBs5), forming the union of at least 3 of them the antigenic determinant "a" comprised between amino acids 121
to 149 of the S region, within the S gene [2].

On the other hand, inside the nucleocapsid is the Core antigen (HBcAg), also with immunogenic capacity. It is a small
protein that forms dimers that assemble and form a Core icosahedral particle [3]. Its arginine-rich C-terminal end,
located on the inside of the particles, is responsible for binding the pregenomic RNA for virus replication [4].

The amino acid chain of the core protein, together with 29 amino acids encoded in the pre-Core region, is processed by
the Golgi apparatus releasing the e antigen (HBeAg) into the bloodstream, whose exact function is not known but it
produces the Stimulation of B lymphocytes for the generation of antibodies, producing an immune response of the
humoral type [5].

In addition to these antigens, there are other proteins and enzymes, such as protein X or polymerase, encoded in viral
DNA. The polymerase of this virus has functions that in other viruses are carried out by independent enzymes. These
activities are DNA polymerase, reverse transcriptase, and ribonuclease activity [6].

Due to the lack of proof-reading function and its reverse transcriptase activity, it presents a high mutation rate, also
influencing in this aspect the overlapping of genes in the viral DNA. The HBV genome has a mutation rate of 1.4-3.2 x
105 substitutions/nucleotide/year, 100 times more than other DNA viruses [7]. This makes it a highly variable virus,
being able to produce different variants or quasi-species in the same host, differentiated by small mutations that favor
the oncogenic potential of the virus in addition to attenuating immunogenicity and antigenicity [8].

At least 10 different genotypes of HBV are currently known, named from A to J. For a variant to be recognized as a
genotype of HBV it must have at least 8% of its nucleotide chain different from any other, being considered a subspecies
if it presents from 4 to 8% different. There is evidence that the different genotypes and subspecies show a characteristic
geographic distribution also related to the clinical progression and prognosis of the disease, in addition to influencing
the response to treatment [9].

2. Mutations in the viral DNA genes of the HBV virus

The genome of the hepatitis B virus is made up of 4 genes that are found overlapping in the partial double-stranded
DNA: gene C, gene S, gene P, and gene X.

HepatitisB e antigen

Partially double-stranded DNA

Figure 1 Structure of the hepatitis B virus. Taken from: Sabri MA. Hepatitis B: The Past, Present and the Future.
Archives of Medicine 2018; 10:4. https://www.archivesofmedicine.com/medicine /hepatitis-b-the-past-present-and-
the-future.pdf

The C gene, precore-core (preC / C), contains the information necessary to form the Core protein and the e antigen.
Mutations that occur in the basal core promoter, ranging from amino acids 1742 to 1849, can suppress the production
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of preC mRNA at the transcriptional level, thus contributing to the defective synthesis of HBeAg [10). Mutations in the
Core and basal promoter regions of the Core are frequently found in patients who do not express the e antigen, are
HBeAg mega-negative but do present active viral replication causing severe damage to liver function [11].

Figure 2 Genome of the hepatitis B virus. Taken from: Duaa W, et al. Hepatitis B Virus Molecular Epidemiology, Host-
Virus Interaction, Coinfection, and Laboratory Diagnosis in the MENA Region: An Update. Pathogens 2019, 8, 63;
doi:10.3390/pathogens8020063

Mutations in the first amino acid of the pre-Core region, such as the A1814C / T, T1815C / A substitutions, are frequently
found in genotype A patients and lead to failure in HBeAg production. Also the substitution of valine for phenylalanine
at residue 17 of the pre-Core region (G1862T), can affect the expression of HBeAg interfering in the elimination of the
peptidase signal [12]. But the most frequent mutation found in the pre-Core region affects the nucleotide located at
position 1896, in which the UGG triplet passes to UAG (G1896A) generating a stop codon, which causes an entry
impediment to the endoplasmic reticulum thus blocking the release of HBeAg.

Most mutations in this region are generated during the seroconversion phase of chronic HBV infection. The Core protein
or antigen is the main target of T lymphocytes, thus causing these mutations, persistent infections [13].

Mutations at the C-terminus of the preC / C region lead to alterations in the synthesis, transport, and secretion of HBeAg.
Thus, there is an accumulation of pro-protein HBeAg (p22) in the hepatocytes, observing a decrease in the active
replication of the virus that causes a decrease in the viral load detected in the patient's serum [10]. A study published
in 2012 found that a total of 5 pre-C/C mutations, G1896A in the preC region and 4 mutations in the C region: E43K,
P50A/H/Y,A131G /N /Pand S181H / P, significantly related to the serological status of HBeAg in patients with chronic
hepatitis B with the C2 sub genotype [13].

Another of the genes that make up the DNA of the hepatitis B virus is the S gene composed of 3 preS1 / preS2 / S regions,
which when translated form the L, M, S proteins. These proteins give rise to the formation of the antigen. surface area,
revealing, upon acquiring its three-dimensional structure, the determinant "a", the target of humoral immunity
generated by HBV infection. Thus, the mutations that affect this epitope originate escape variants, both from natural
immunity and from vaccination [2].

The vertical transmission of these variants was described for the first time in 1990, in an Italian study with children of
carrier mothers who, having been vaccinated, developed the infection. One of the mutations found in this study is now

15



Magna Scientia Advanced Biology and Pharmacy, 2021, 03(01), 013-018

one of the most frequently encountered vaccine escape variants: the change from a glycine to an arginine at amino acid
145 (G145R), belonging to the segment of the highly antigenic determinant of HBsAg [14]. Horizontal transmission has
also been described in the presence of high HBsAc titers [15].

Sensitivity and accuracy in the serum detection of HBsAg is essential to detect hepatitis B virus infection, to reduce the
window period in acute infection, and to detect escape variants and other mutated variants of HBV. In a study, the
detection of mutated antigens according to some cases described in the scientific literature, recombinant and natural,
of different immunoassays available in the diagnostic market was compared. According to the results they obtained,
Abbot's immunoassays on different autoanalyzer’s were the only ones capable of detecting all mutations in the S gene
present in the assay [16].

HBYV antigens and antibodies in the blood
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Figure 3 Serological markers of the Hepatitis B Virus. Taken from: Candotti D, Laperche S. Hepatitis B Virus Blood
Screening: Need for Reappraisal of Blood Safety Measures? Frontiers in Medicine 2018: 5. Available in:
https://www.frontiersin.org/articles/10.3389/fmed.2018.00029 /full

The P gene codes for the formation of HBV polymerase, an enzyme used as a target in different antivirals used to treat
this infection. Thus, mutations in this sequence that affect catalytic domains cause resistance to enzyme inhibitor
treatments using nucleotide/nucleoside analogs. When it cannot be recognized by the polymerase, due to a mutation,
the effect of the treatment is canceled and the virus replicates, thus increasing the viral load. Mutations in the YMDD
region, highly conserved and essential for virus replication, can produce resistance and replication defects. The YVDD
(rtM204V) and YIDD (rtM204I) mutations are related to resistance to L-nucleosides such as lamivudine, telbivudine
and clevudine, and to entecavir [17].

Although the exact function of protein X is unknown, mutations in gene X have been documented in patients with
hepatocellular carcinoma [18]. In these cases, we can find very low HBsAg values, so the diagnosis must be made by
demonstrating the presence of genomic material, although it is an infrequent profile [7].

The recombinant HBV vaccine has been implemented mainly in highly endemic regions for infection against this virus.
92% of the countries in the world have implemented this vaccine with a global coverage of 69%. Antibodies produced
in response to the vaccine are directed against the HBsAg "a" determinant, but despite the availability of an effective
vaccine, hepatitis B remains a global public health problem [19]. Mutant strains are scarcely or non-neutralized by anti-
HBs antibodies, acquiring a clear biological advantage over the wild strain that originated them: they have the possibility
of replicating in the host from which they arise and in presumably immunocompetent vaccinated individuals [2].

There is consensus in considering that mutant strains in the S gene, regardless of their origin, can be transmitted
vertically and horizontally and retain the ability to generate active infections, susceptible to chronification, in
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supposedly immune individuals. This can lead to the emergence and dissemination of these strains, generating an
important public health problem [2].

In addition to the formation of escape variants due to mutations in the S gene by preventive treatment with passive
immunization, there are variants that can confer resistance to a drug, to a family of drugs, even cross-resistance among
several antivirals. These types of variants are more related to mutations in the polymerase gene (P gene). When a patient
with hepatitis B, in whom they host this type of variants, is subjected to antiviral therapy, a positive selective pressure
is exerted on the mutant strains, favoring their replication thanks to the elimination of the wild strain. The incidence of
the appearance varies according to the viral load prior to treatment, the speed of the suppression of viral replication by
the drug, the time of exposure to it and previous exposure to other antivirals [20].

In 2011 a study was published on an Abbott improved sensitivity and mutant detection assay for surface antigen

detection. Compared with two other immunoassays, the detection of 9 mutants for the determinant "a" was evaluated,
noting that this new assay improved the rest, detecting the mutants with the T123A and D144A substitutions and the

“w_n

insertion at position 122, within the region which forms the determinant “a” [21].

Mutations that cause a change in the antigen, whether it is surface antigen or HBeAg, mean that it is not detected in the
patient's serum by commercial methods and this, together with the fact that these changes are capable of eluding the
immune response and therefore Consequently, they complicate the detection of the disease by serological methods. This
aspect is especially relevant in the transmission of the virus in transfusions and transplants, since mutants may not be
detected [21].

3. Conclusion

At least 10 different genotypes of HBV are known, ranging from A to J. For a variant to be recognized as a genotype of
HBV it must have at least 8% of its nucleotide chain different from any other, being considered a subspecies if it presents
different from 4-8%.

There is much evidence that the different genotypes and subspecies show a characteristic geographic distribution, also
related to the clinical progression and prognosis of the disease, in addition to influencing the response to treatment.

The mutations that occur along the 4 genes that make up the genome of the hepatitis B virus and that are found
overlapping in the partial double-stranded DNA have been reviewed: gene C, gene S, gene P and gene X.

Therefore, the study of the different quasi-species of HBV are important for the optimization of therapeutic treatments.
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