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Abstract

Background: The purpose of this investigation was to specify the genotypes and subtypes
of hepatitis B virus (HBV) by phylogenetic analysis and to investigate the mutations in the
S gene region in chronic patients with hepatitis B surface antigen (HBsAg)-positive.
Methods: In the present study, Serum sample of 95 patients with chronic HBV infection
were subjected. Nested polymerase chain reaction was used for detection of HBV DNA.
The S gene region of the DNA isolates was subjected to direct sequencing and phylogenetic
analysis.

Results: Genotype D was present in all isolates, and the predominant subtype was ayw2
(94.7%), followed by three isolates, ayw3 (3.1%), and two isolates, ayw4 (2.1%). There
were totally 169 nucleotide changes. Eighty-one (47.92%) were missense, while 88
(52.07%) were silent. None of the nucleotide or amino acid changes were seen in 31
(32.6%) patients. Eight (8.4%) of the 95 samples had at least one mutation in the HBsAg
“a” determinant region. Fifty-eight (71.6%) of the 81 amino acid changes in the surface
protein occurred in immunological epitopes, with 16 (27.5%) occurring in B cell epitopes,
17 (29.3%) in T helper epitopes, and 25 (43.1%) in internal cytotoxic T lymphocyte
epitopes.

Conclusion: This investigation demonstrated that the genotype D is the prevalent
genotype in Eastern Azerbaijan province, similar to other Iranian areas and Mediterranean
nations. Furthermore, the highest rate of mutation of antigenic epitopes occurred in the T
lymphocyte epitopes of our patients.
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geographic distribution.®

Patients with HBV infection genotype A are

Introduction
Hepatitis B virus (HBV) infection is the cause of one of

the most severe liver diseases in the world and the most
prevalent viral disease in humans.! Currently, HBV
infection is considered as a health problem in the world,
and the virus is the tenth most frequent cause of death
globally and the primary cause of liver cancer.*® The
disease is highly contagious and is transmitted mainly
through blood transfusions, unsafe injection methods,
sexual contact, and mother-to-child transmission.*s HBV
can be associated with various clinical outcomes, from
asymptomatic carriers to liver cirrhosis and hepatocellular
carcinoma.*” HBV is divided into ten genotypes, which
differ by 8% intergenomic sequence divergence in the
whole genome. With the identification of new HBV
genotypes, they were gradually classified into subtypes
using the 4-8% divergence and the four major subgroups,
including ayw, ayr, adw, and adr, which have similar

predominately in North America, Northwestern Europe,
and Africa, whereas genotypes B and C are more typical in
China and Japan. The most common genotype, genotype
D, is widespread, particularly in the Middle East, South
Asia, and the Mediterranean." Genotype C is common in
cirrhotic patients. Genotype A frequently causes chronic
disease, and genotype D is most frequently found among
injecting drug users. Genotype C shows less response
to antiviral drugs.”> HBV genotype diversity appears to
be effective in different clinical patterns of infection,
disease severity, progression, and treatment response.
Knowledge of HBV genotype distribution is critical in the
vaccination, antiviral treatment, diagnosis, and prevention
programs.'>"

High-endemic regions of HBV infection are known
to exist in Southeast Asian and Middle Eastern nations.

*Corresponding Author: Vahdat Poortahmasebi, Email: vahdat2011@gmail.com

© 2022 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.


https://doi.org/10.34172/ia.2022.07
https://ia.tbzmed.ac.ir/
https://orcid.org/0000-0002-3983-4067
https://orcid.org/0000-0001-5409-2121
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.34172/ia.2022.07&domain=pdf&date_stamp=2022-12-25

Ebrahimi et al

However, there is little knowledge of the frequency of
HBYV infection in several of these places.”® Nearly half a
century after the development and implementation of an
effective HBV vaccine worldwide, HBV infection is still
considered a challenging program for the World Health
Organization.” HBV spreads in different geographical and
climatic regions, and analysis of different genotypes and
sub-genotypes can give us a complete understanding of
the original race of the virus and its origin. HBV genotypes
and subtypes have drawn more attention recently because
they influence the course and effects of chronic HBV
infection. Patients with acute hepatitis are more likely
to have genotype D, whereas chronic hepatitis B (CHB)
patients are more likely to have genotype A.'S Several
investigations have been done on the distribution of HBV
genotypes and subgroups in Iran."'”'® The study on 19
patients with chronic HBV in Hormozgan showed that all
patients had genotype D, sub genotype D1, and subtype
ayw2."” Also, in another study conducted in Mazandaran
on 100 patients with HBV infection, it was revealed that
69% of patients with genotype D, 7% were genotype B,
and 24% were co-infections B and D.* The objective of
this research was to offer a thorough understanding of
how HBV changed over time in the Eastern Azerbaijan
region and phylogenetic analysis based on hepatitis B
surface antigen (HBsAg) sequence and genotype and
subtype determination, which was influential in the
public health system to improve prevention and treatment
helps to identify strains that have evaded detection due
to mutations in their HBsAg antigenic epitopes. Surface
protein amplification and sequencing were done using
sera from 95 patients.

Materials and Methods

Patients

Ninety-five patients with HBV infection who were HBsAg
positive and had been sent to the Central Laboratory of
Eastern Azerbaijan province during the year 2021 were
enrolled in a cross-sectional study. HBsAg positivity for at
least six months without any positive hepatitis D virus or
hepatitis C virus results was required to participate in this
study. Informed consent was given by each patient, and
the ethics committee has approved this research design.
Whole blood samples in 5 mL aliquots were taken from
each patient. Serum separation was done by centrifuge
in the virology laboratory of the Tabriz University of
Medical Science (TBZMED) and then frozen at -70°C
until evaluated. Before the time of specimen collection, all
patients signed an informed consent provided by the local

ethics committee.

Serological and biochemical markers

Following sample collection, hepatitis B serological tests
were performed using the ELISA technique to check
serum samples for the existence of HBsAg, HBeAg,
anti-HBe, and anti-HBc (Acon, China). An automated
analyzer was used to assess the alanine aminotransferase
(ALT) and aspartate aminotransferase (AST).

HBYV DNA extraction and quantitative real-time PCR
(qRT-PCR)

Under the directions provided by the manufacturer, HBV
DNA was extracted using a viral nucleic acid extraction
kit (Qiagen, Germany). 200 pL of serum was used to
extract the DNA, as well as 50 pL of elution buffer,
which was utilized to elute the DNA. At -70°C until
required, the extracted DNA was stored. According to the
manufacturer’s recommendations, qRT PCR was carried
out using the Altona kit (Hamburg, Germany) to ascertain
the viral load (IU/mL) of HBV.

Nested polymerase chain reaction

To determine the existence of HBV-DNA in all samples,
the nested PCR method was used due to its high specificity,
and the standard gold method was used worldwide using
the primers mentioned in Table 1. To identify mutations,
genotypes, and subtypes, the full-length sequence (681
bp) of the HBsAg gene was amplified for all samples.
To amplify the HBsAg region of the HBV DNA, two
rounds of nested PCR were purposefully conducted.
Taq activation at 95°C for 5 minutes was followed by 35
cycles of PCR amplification at the following temperatures:
denaturation at 94°C for 30 seconds, annealing at 60°C
for 45 seconds, extension at 72°C for 45 seconds, and a
final extension at 72°C for 10 minutes. Similar to the first
round’s amplification profile, the second round’s cycling
conditions called for initial denaturation at 95°C for 15
minutes and annealing at 58°C for 45 seconds.

HBsAg sequencing and sequence analysis

The products of the second round of nested-PCR were
sequenced by using a DNA sequence analyzer and 0.5 uL
of the relevant primers S6 and S7 (sequencing was done by
Genetic Analyzer ABI-3130 DNA Sequencer). Chromas
(version 2.1.1) and BioEdit (version 7.0.5.3) software were
used to analyze the result. MEGA-X software (version
6.06), along with reference sequences of genotypes (A-
I) and Woodchuck hepatitis virus (WHV), were used to

Table 1. The size and sequence of the primers used to amplify the full-length hepatitis B surface protein

Primers PCR rounds Sequence 5” to 3” of oligonucleotide Tm (C°)
S1 CCTGCTGGTGGCTCCAGTTC 63.4
First round
S2 CCACAATTCKTTGACATACTTTCCA 58.9
S6 GCACACGGAATTCCGAGGACTGGGGACCCTG 74.8
Second round
S7 GACACCAAGCTTGGTTAGGGTTTAAATGTATACC 67.1
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evaluate the phylogenetic tree analysis using the bootstrap
resampling test with 1000 replicates.*'

Results

Demographic and clinical characteristics

Ninety-five patients with CHB participated in this study,
55 females (57.9%) and 40 males (42.1%), with 57.37 +
8.55 (Mean * SD) years old (range 20-71) (Table 2).
The mean ALT levels were 40.21 + 13.19 U/L, and AST
levels were 38.50 + 8.64 U/L. All the patients had HBsAg
positivity for more than six months and were anti-HBc
positive. 20% (n=19) and 80% (n=76) were HBeAg and
anti-HBe positive, respectively. The median viral load of
the patients was 9166 IU/mL. Four patients ranged in age
from 20 to 28. In the “a” determinant region, two patients
had mutations. All four patients have received the vaccine.
70 (73.7%) people have received antiviral drugs, and 25
(26.3%) people have not. Three people did not receive
the vaccine, and seven did not know about receiving the
vaccine.

Phylogenetic and mutational analysis

All HBsAg sequences were compared to the reference
sequence of other HBV genotypes. The findings revealed
that HBV genotype D was present in all samples
(Supplementary file 1). Also, the predominant subtype
was ayw2 (94.7%), followed by three subtypes, ayw3
(3.1%), and two subtypes, ayw4 (2.1%).

There were 40 (40.8%) mutant amino acids in total
among the 95 patients, and silent nucleotide mutations
were present in 24 (25.2%) patients. None of the nucleotide
or amino acid changes were seen in 31 (32.6%) patients.
There were 169 nucleotide changes in total, 81 (47.92%)
of which were missense (changing amino acids), while 88
(52.07%) were silent (no amino acid change). Based on
the average number of mutations per site, all sequences
had an average nucleotide mutation frequency (dN/dS) of

0.92. The HBsAg area showed negative selection pressure
when the ratio was less than “one” 1.7 occurrences per
sample represented the average nucleotide mutations. 14
(14.7%) samples had at least one mutation in the HBsAg
major hydrophilic region (MHR). Also, alteration of
glycine (Gly) to arginine (Arg) at amino acid 145 (G145R)
of HBsAg was found in one patient. The phylogeny tree
(Figure 1) shows that our genotype is D and the hepatitis
B genotype is the same as the reference we compared it to.

Analysis of mutations in immunological epitopes on
surface proteins

Fifty-eight (71.6%) of the 81 amino acid changes in the
surface protein occurred in immunological epitopes, with
16 (27.5%) occurring in B cell epitopes, 17 (29.3%) in T
helper epitopes, and 25 (43.1%) in internal CTL epitopes.
Eight (8.4%) of the 95 samples had at least one mutation in
the HBsAg “a” determinant region (Supplementary file 1).

Discussion

Genotyping for HBV has been widely utilized globally.
However, other areas, especially the Middle East, have
had poor outcomes. Iran has limited knowledge about
HBV genotypes, and this is the initial research to focus
on the region of Tabriz. A phylogenetic study of the
S region in 95 patients revealed that genotype D was
the most common genotype of HBV in Tabriz. Subtype
ayw2 strains predominated, while a minor number of
ayw3 and ayw4 isolates were also found. These findings
are in line with previous studies, which found that 24
of the 26 examined patients belonged to subtype awy2,
whereas the remaining two isolates belonged to subtype
ayw3.” Additionally, in prior research, it was determined
that serotypes ayw3 and ayw4 were 0.2% and 0.4%,
respectively.® Almost 250 million people worldwide have
CHB.* Iran has a 2.2% prevalence of HBV infection,
according to estimates.”> HBV genotype D and subtype

Table 2. The pattern of nucleotide/amino acid distributions within the surface protein in correlation with the HBeAg status of the patients

HBsAg substitution levels All patients (n= 95) HBeAg positive (n= 19) HBeAg negative (n=76) P value
Gender, n (%) 0.603
Male 40 (42.1) 7 (36.8) 33 (43.2)

Female 55 (57.9) 12 (63.2) 43 (56.8)

Age (Mean+SD) 57.37+8.55 54.50+12.61 58.77+7.46 0.174
ALT, (U/L) 40.21+13.19 41.11+11.14 36.79+8.06 0.127
AST, (U/L) 38.50+8.64 34.67+7.31 31.57+6.94 0.110
Viral load (IU/mL) (Median: 9166, (Median: 5643, (Median: 964, <0.001

Range: 554-81437)

Range: 4406-81437)

Range: 554-1379)

Nucleotide mutations 64 (67.4) 12 (63.2) 52 (68.4) 0.661
Amino acid mutation 40 (42.1) 8 (42.1) 32 (42.1) 1

Nucleotide silent mutations 54 (56.8) 10 (52.6) 44 (57.9) 0.678
Immune mutation 48 (50.5) 6(31.6) 42 (55.3) 0.064
B-cell epitopes 14 (14.7) 2 (10.5) 12 (15.8) 0.562
Th epitopes 15 (15.8) 2 (10.5) 13(17.1) 0.481
CTL epitopes 19 (20) 3(15.8) 16 (21.1) 0.608
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Figure 1. Maximum likelihood phylogenetic tree construction based on Clustal W alignment of HBsAg sequences HBV isolates from patients.

ayw2 predominate in the Iranian population, based on
prior research of Iranian HBV chronic patients. Moreover,
these results matched up with a previous study done in
Golestan using 100 HBV-infected patients.”® The survey
of 163 samples in Sistan and Baluchistan also showed that
genotype D in Iran is dominant.*® Another study of 70
patients with Urmia confirmed the relevant findings.” But
different genotypes were reported in specific researches.
In 2012, a study on the serum of 160 people who tested
positive for HBsAg showed that in 93.8% of the cases,
these individuals’ dominant genotype was the D genotype.
While 6.2% of the samples had a mixture of genotypes,
including D (2.9%), F (2.5%), B (0.4%), and A (0.4%).%
Moreover, another investigation identified genotype B,
which may be about adjacent countries.”” Additionally,
HBV genotype D is widespread in nearby countries,
including Pakistan,® Afghanistan,’" and Turkey.”” Despite
being relatively uncommon in northern Europe and
the Americas, HBV genotype D is present worldwide.*®
In our cases, the proportion of missense versus silent
nucleotide variants was approximately 0.92, which means
that the protein sequence has maintained its stability
over time. On the external surface of the MHR, the “a”
determinant domain of the HBsAg, which is a widely
conserved area of the protein, where antibodies (anti-
HBs) against the HBsAg attach. That is responsible for
producing defense-related antibodies in an infected host.
This region is found between amino acid positions 124

and 147.>*% Virion secretion can be affected by mutations
in the S-gene, which codes for HBsAg, particularly those
that affect the “a” determinant in the main hydrophilic
loop. Conformational alterations may result from amino
acid substitutions in the “a” determinant domain. These
mutations can also interfere with the ability to neutralize
antibodies to attach to the viral surface.’®** As a result,
they may have significant clinical implications, such
as evasion of the immunological response induced by
vaccination, evasion of immunoglobulin therapy, babies
born to mothers who are carriers, and clinical failure
of standard serological testing. Nine (11.11%) of the 81
amino acid alterations were found in the “a” determinant
region of HBsAg. G145R (replacing Gly with Arg) is the
highest significant mutation in the “a” determinant of
HBsAg. Also, genotypes B, C, and D are the most common
ones to exhibit G145R mutations.””* Even with significant
quantities of anti-HBs, this mutation is persistent over
time and can be horizontally transmitted.” Previous
research discovered that the secondary structure of the
G145R mutation reveals that this change adds a new
B-strand at the 121-124 region. As a result, the HBsAg’s
“a” determinant can become stiffer and more aggregation-
prone due to the G145R mutation, which changes its
immunogenic function and secretion.** In this study,
G145R mutation was found in only one patient, and our
findings are consistent with previous studies.*"** Contrary
to our results, another study found no G145R mutation in
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Ahvaz.* Considering that since 1993, the hepatitis vaccine
has been officially included in Iran’s children’s vaccination
program,® one of our patients is infected with hepatitis
B despite being under 30 years of age and receiving the
vaccine, which can be due to having a mutation in the
“a” determinant domain and GI145R mutation. Our
investigation revealed that, from 81 amino acid changes,
58 (71.60%) eventuate in the antigenic epitopes of the S
gene, as follows: 25 (43.1%) in CTL epitopes, 17 (29.3%)
in T helper epitopes, 16 (27.5%) in B cell epitopes, and 9
(9.8%) in the “a” determinant region. The latter conclusion
agreed with those of other investigators, particularly in
patients who were infected with genotype D,>** the
highest rate of mutation of antigenic epitopes occurred
in the CTL epitopes of our patients. These findings are
consistent with previously reported results that found that
the majority of mutations were concentrated in the CTL
immune epitope.”**” On the contrary, Shokatpour et al*
and Karami et al** found that the most mutations occurred
(72.0%) in T helper epitope and the B cell epitope (47.82%),
respectively. Escape mutations in HBV immunological
epitopes are an important issue since they can play a role
in how chronic HBV pathogenesis. According to previous
studies, the worldwide prevalence of MHR variants was
21.73%, with the most frequent substitution occurring
at position P127T. This is comparable with our results
showing the overall frequency of 19.75% MHR mutations
with the most frequent one of P127T.* Sayan et al®
identified many HBV vaccine-escape mutations (S143T,
DI144E, G145R, E164D, and 1195M), of which three
(G145R, E164D, and 1195M; one case each for G145R and
E164D, but two instances for 1195M) are shown in the
current investigation.

Conclusion

According to this study, Iranian patients primarily had
HBV genotype D and subtype ayw2 infections. The
genotypes’ frequency and distribution matched those
observed in Irans various geographical areas. This is
fascinating and requires additional research with a bigger
sample size. The findings imply that a local modification
in the “a” determinant region of the HBsAg allows it to
evade detection by the host immune system, vaccination,

and diagnostic tests.
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