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Abstract

Objectives: The present study was conducted to assess the pattern of HBV Core/Pre-Core mutations and HBV genotype in Iraqi
patients with chronic hepatitis B virus (HBV) infection.

Methods: In the current cross-sectional study in an Iraqi province, we evaluated 134 patients diagnosed with HBV hepatitis. We
used PCR and, subsequently, Sanger sequencing to assess HBV Core/Pre-Core mutations. Sanger sequencing reads were further used
for phylogenetic analysis and multiple sequence alignment. A phylogenetic tree was generated according to the neighbor-joining
method.

Results: The current study revealed that 58 (45%) of the patients were male, and 72 (55%) of them were female. The mean age of the
patients was 36 £ 12.7 years, and the mean duration of infection was 5.2 + 4.8 years. The results revealed 21 nucleic acid alterations
in the samples analyzed. The generated phylogenetic tree divided samples into two genotypes. Pre-core/Core mutations were
significantly associated with the treatment received (P = 0.0.001) but not with laboratory parameters. Most samples were matched
with the genotype D clade, while only four samples were positioned adjacent to the genotype E clade. Direct nucleic acid translation
disclosed five nucleic acid variants (73T>G, 347T>G, 364A>G, 365T>C, and 366A>G) on the core protein.

Conclusions: This study has detected 21 nucleotide variants and 5 amino acid alterations within the coding sequences of the C gene.
This study revealed that genotype D represents the primary genotype for the identified viral infections. The current study highlights
the importance of these mutations evaluation for future, more comprehensive studies.
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1. Background host, alteration in exosomes, autophagy (a modulator of
immune responses), and epigenetic changes (5).

Hepatitis B virus (HBV) is a DNA virus that can be

transmitted through body fluids, and epidemiologically,
it is considered the main risk factor for hepatocellular
carcinoma (HCC). Eight genotypes have been identified
for HBV so far (based on > 8% genomic differences in the
whole genome) (1). The HBV infection can progress to
acute or chronic hepatitis (2, 3). During HBV infection,
the viral genome can be integrated into the host’s
genome, an important step toward HCC (4). In fact,
HBV is considered a major risk factor for HCC via a
variety of pathogenic mechanisms, including genomic
integration, which can cause genomic instability in the

Hepatitis B virus infection can adopt a chronic
course known as chronic hepatitis B (CHB), which,
in its progression, HBeAg is considered a critical
marker characterized by long-term HBV replication
and modulation of immune responses (6). This condition
is a global health problem due to its frequent association
with HCC development (7). Although CHB is a notorious
condition, it can be controlled by optimal treatment.
Actually, the main problem is related to undiagnosed
CHB patients who present no clinical manifestation (8).
In recent years, the prevalence of HBV has decreased due
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to vaccination programs, especially in Asia (2). Based
on a recent systematic review, 42% of patients with liver
cirrhosis globally are infected with HBV (9). Also, occult
hepatitis B virus infection (OBI) is another form of CHB
and is estimated to affect 0.82% of the general population
around the world (10). The prevalence of HBV in Iraq is 2 -
5% in the general population (11), with slight differences in
different provinces of the country (11, 12).

Hepatitis B virus displays different genotypes and
mutations. Some HBV genotypes are associated with
specific mutations, which can affect the biology of the
virus and the clinical course of the infection. These
variations can enable the virus to escape immune
responses, causing treatment resistance and inducing HCC
development (13). One of the key determinants of CHB is
the core gene of HBV. This gene encodes HBcAg and HBeAg
and can undergo multiple mutations. The core protein
of HBV is a component of its nucleocapsids, which are
necessary for viral DNA reverse transcriptional replication
and the attachment of the virus to host cells, ensuring
the infection’s protracted course. It is considered that
the C gene-encoded protein of HBV is closely associated
with its infectivity (14). Mutations in the Pre-Core/Core
region can affect the detection of HBeAg and alter the
expression of this antigen (15). These mutations can arise
due to the lack of proofreading during HBV replication,
exaggerating the risk of developing HCC (16) due to
the intensified transactivation of this gene by HBx and
hepatocyte nuclear factor 1 (HNF1) (17). Another important
factor influencing the incidence of Pre-Core mutations
and HCC development seems to be the genotype of HBV
(18,19).

2. Objectives

Due to the importance of core protein in the life
cycle of HBV, this study aimed to assess HBV Core[Pre-Core
mutations and HBV genotypes in patients with chronic
HBVin an Iraqi province.

3. Methods

3.1. Patients and Sampling

In the current cross-sectional study, we screened
samples from 134 CHB patients for mutations in the
Pre-Core/Core gene. All patients who fulfilled our inclusion
criteria during the study period were randomly included.
Inclusion criteria were serological or molecular confirmed
diagnosis of CHB, providing written informed consent,
and age 18 years old. Exclusion criteria were failure to
obtain enough volume of samples and age less than 18

years old. The diagnosis of CHB was based on having more
than 6 months of HBsAg positivity and the presence of
the HBV genome in the patient’s serum. Laboratory and
demographical data were obtained from patients’ files.
The study was conducted after obtaining approval from
the Ethics Committee of the Iran University of Medical
Sciences (ethical code: IR.IUMS.FMD.REC.1401.221). After
obtaining written informed consent, 5 mL of peripheral
blood was withdrawn from each patient, and then the
serum was separated. The serum sample was stored at
-20°C before further analysis for genome extraction. After
extraction, DNA samples were stored at -20°C until being
used in PCR. We tried to eliminate all sources of bias during
the study, including enrollment of patients.

All patients referred to a gastrointestinal and
hepatology specialist at Al-Husain Hospital, Kerbala,
Iraq, from August to December 2022 were included.
The patient’s age, gender, duration of infection, history
of receiving treatment, and serum levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline Phosphatase (ALP), and albumin (ALB) were
recorded by reviewing patient files. Only patients who had
no missing data were included in the study.

3.2. Detecting HBV Pre-Core/Core Mutations

All serum samples were subjected to DNA extraction
using the AddPrep Genomic DNA Extraction kit (Addbio,
South Korea). The extracted DNA was checked using
spectrophotometry by reading the 260/280 ratio. The DNA
extraction step was repeated for the samples that failed
to retrieve adequate amounts of high-quality DNA. Two
specific primers were designed to amplify the C gene (Table
1) (more details and the exact location of the primers
are provided in Appendix 1, providing the position and
length of the retrieved 605 bp and 490 bp amplicons,
covering the upstream and downstream portions of the
C gene, respectively, within HBV genome (GenBank acc.
no. MK693109.1 and LC513656.1). This action could further
validate most of the variants identified. Amplification
was performed using conventional PCR and AddStart Taq
Master (Addbio, South Korea).

The PCR products were then sequenced following
the standard instructions (Macrogen Inc. Geumchen,
Seoul, South Korea) by the ABI (Applied Biosystem). Only
conclusive chromatographs obtained from sequence files
were analyzed. Sequencing results were aligned and
analyzed by the reference database and using BioEdit
sequence alignment editor software version 7.1 (DNASTAR,
Madison, WI, USA). HBV mutations were annotated by
SnapGene Viewer ver. 4.0.4 (https://www.snapgene.com).
The amino acid sequences of the protein encoded by
the target C gene were retrieved from the NCBI server
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Table 1. The Primers’ Sequences Used to Amplify the C Gene of HBV and the Size of PCR Products

Primers Sequences (5’ -3") PCR Annealing Temperature Amplicon Length (Base Pair)
(°Q)
Primer 1 52 605
F AGGAGGCTGTAGGCATAAATTGG
R GTTGTTCTTCTAGGGGACCTGCC
Primer 2 52 490
F TGCCTTCTGACTTCTTTCC
R TGAGGTTCCCGAGAGGGA

(https://www.ncbi.nlm.nih.gov). The ID of the retrieved
core protein with 212 amino acids was QFI36194.1.

3.3. Phylogenetic Analysis

A phylogenetic tree was built to assess the genotypes
of the variants identified and their phylogenetic features.
All the identified viral variations were grouped according
to the pattern of their variations, and specific haplotypes
were created for the viral groups identified. DNaSP
software, ver. 6.12.01 was utilized to group the haplotype
of the variations identified into specific Hap categories
(20). A phylogenetic tree was constructed according
to the Neighbor-joining method (21). The observed
variants were compared with their Neighbor homologous
reference sequences available at NCBI-BLASTn (22),
followed by visualization as rectangular and circular
cladograms by the iTOL suit (23). The sequences of each
phylogenetic group in the comprehensive tree were
colored appropriately.

3.4. Statistical Methods

The Mann-Whitney U test and chi-squared test were
used to analyze the variables, as well as descriptive and
analytic statistics, in SPSS version 22 at P < 0.05 as the
significance threshold.

4. Results

4.1. Demographical and Clinical Data

The results revealed that 58 (45%) of the patients were
male, and 72 (55%) of them were female. The mean
age of the patients was 36 + 12.7 years, and the mean
duration of the infection was 5.2 + 4.8 years. The patients
were divided into two groups based on the presence
or absence of Pre-Core/Core mutations. There was a
significant association between Pre-Core/Core mutations
and receiving treatment (chi-square test, P = 0.001) (Table
2).

Hepat Mon. 2023; 23(1):e137139.

4.2. HBV Pre-Core/Core Mutations

The results demonstrated the presence of 21 nucleic
acid variants in the samples investigated in comparison
with the reference sequence. These alterations included
mT>C, 138C>T, 204A>G, 300C>A, 306T>C>G, 328T-C,
333C>T,347T>G,363A>G,364A>G,365T>C,366A>G,369C>T,
393T>C, 420G>A, 424T>C, 426A~C, 468G>A, 471C>T, and
544T>C (Appendix 2 and 3). Nucleic acid translation
results revealed five amino acid alterations (103G>V,
1091>A, 109I-M, 109I>V, and 110S>A) on the core protein
(Appendix 4). These mutations were found in 20% (27 of
134 patients) of our patients.

The NCBI BLASTn engine showed a high similarity
(98 - 99% sequence similarity) between 130 sequences
evaluated and target sequences with the highest
homology (GenBank acc. MK693109.1 related to genotype
D). By comparing samples with reference sequences, the
accurate position and other details of the PCR fragments
retrieved were also identified (Table 3).

4.3. HBV Genotypes and Phylogenetic Analysis

In the phylogenetic tree obtained, samples were
divided into 2 genotypes. Most samples were suited in
the genotype D clade, and only 4 samples were positioned
adjacent to the genotype E clade. The haplotyping of
all identified clinical variations of HBV in the studied
populations has been investigated. Due to the large
sample sizes of the samples investigated, one haplotype
was generated for each identified nucleic acid variation
to reduce the number of samples incorporated into
the phylogenetic tree.  Accordingly, 51 haplotypes
were generated for all viral samples, 49 of which were
attributed to the main group, and two haplotypes were
attributed to the minor group (Appendix 5). Aside from
the two genotypes reported in this study, six clades were
positioned to represent genotypes A, B, C, G, H, and F,
respectively (Figure 1and Appendix 6).
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Figure 1. The comprehensive rectangular cladogram of the phylogenetic tree of genetic variants in the C gene of 134 hepatitis B virus genomes extracted from infected humans.
All the numbers provided in this image refer to GenBank accession numbers of respective species. The number “0.1” at the top of the tree refers to the degree of the scale range
among comprehensive tree-categorized organisms. The letter “Hap_#" refers to the haplotype of the samples investigated.
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Table 2. The Patients’ Laboratory and Therapeutic Parameters

Pre-Core/Core Mutation, Mean + SD

Variables Mean + SD P-Value a
Yes No

AST 173+ 6.8 169+ 4.6 175+ 7.2 0.6

ALT 16.1% 6.6 163+ 6.2 16.1% 6.7 0.7

ALP 75.4% 25.6 76.8% 20.6 749+ 275 0.8

ALB 3.7+ 11 32+ 15 39+ 0.8 0.1

Treatment (% receiving treatment) 41 28 45 0.001°

* Abbreviations: AST, aspartate aminotransferase (U/L); ALT, alanine aminotransferase (U/L); ALP, Alkaline phosphatase (IU/L); ALB, Albumin (g/dL).
2 All non-significant P-values are based on the Mann-Whitney U test and the chi-square test.
b Statistically significant based on the chi-square test.

Table 3. The Pattern of the Observed Nucleic Acid and Their Respective Amino Acid Variations in the 605 bp and 490 bp Amplicons of the C Gene Against NCBI Reference
Sequences (GenBank acc. MK693109.1 and GenBank acc. LC513656.1).

No. Variant Position in the PCR Fragment Position in the Reference Genome Position in AA Type of Variant Variant Summary
(A) Variations Based on GenBank MK693109.1

1 mT>C 11 1887 24L Silent 24L

2 138C>T 138 1914 33D Silent 33D

3 204A>G 204 1980 55S Silent 55S
4 300A>C 300 2075 87A Silent 87A

5 306T>C>G 306 2082 89L Silent 89L
6 328T>C 328 2104 97L Silent 97L

7 333C>T 333 2109 98A Silent 98A

8 347T>G 347 2123 103G Missense 103G>V
9 363A>G 363 2139 108P Silent 108P
10 364A>G 364 2140 1091 Missense 1091>A
1 365T>C 365 2141 1091 Missense 109I>M
12 366A>G 366 2142 1091 Missense 1091>V
13 369C>T 369 2145 10S Missense 110S>A
14 393T>C 393 2169 18v Silent 18V
15 420G>A 420 2196 127R Silent 127R
16 426A>C 426 2202 129L Silent 129L
17 468G>A 468 2244 143T Silent 143T
18 471C>T 47 2247 144V Silent 144V
19 544T>C 544 2320 169L Silent 169L

(B) Variations Based on GenBank LC513656.1

20 300C>A 300 2074 87A Silent 87A
21 424T>C 424 2198 129L Silent 129L

5. Discussion activation of HBx and HNF1 (16, 17). In the current study, we
evaluated Pre-Core-Core mutations in CHB patients in an
Iraqi province. The results revealed 21 nucleic acid variants
corresponding to five amino acid substitutions (103G>V,
1091>A, 1091>M, 109>V, and 110S>A) in the core protein’s

amino acid sequence. Hussain et al. (24), in a study in Iraq,

As a worldwide health issue, CHB poses a major risk
factor for HCC development. The C gene’s mutations
in HBV due to the lack of proofreading during DNA
replication exaggerate the risk of HCC due to the enhanced

Hepat Mon. 2023; 23(1):e137139. 5
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identified Pre-Core/Core mutations in 50% of CHB patients,
regardless of the HBeAg status, and most of their samples
belonged to genotype D. In a study from Iran, Farshadpour
and colleagues (25) detected Pre-Core/Core mutations in
11 out of 19 diabetic patients carrying HBV DNA, most of
which were also genotype D (subtypes D1and D3). In terms
of more frequent mutations (such as alterations in amino
acid residues 109 and 143 in the Pre-Core/Core protein),
our findings are similar to those of Farshadpour et al. In
addition to genotype D, Pre-Core/Core mutations are also
found in other HBV genotypes as well (26).

None of the mutations identified in our study were
associated with HBeAg negativity (27). Amino acid
substitutions at positions 109 I>A (nucleotide 2140) (28)
and 1091>M (nucleotide 2141) (29) have been reported in a
previous study, which seems to be clinically insignificant.
Meanwhile, a mutation at the nucleotide position 2142 (109
I) (109I-V in our study) was reported to be associated with
HCC development (30). Furthermore, alterations at the
nucleotide position 2145 (110S) (110S>A in our study) seem
to be more frequent in CHB patients. Our study revealed
that 20% of our samples carried Pre-Core/Core mutations.
Differences observed in the prevalence of Pre-Core/Core
mutations can be due to different sample sizes and
geographical distribution of CHB in Iraqi provinces.
The exact amino acid substitutions and corresponding
mutations observed in our study have also been reported
by most previous studies. The low frequency of these
amino acid alterations could be due to the small sample
size of our study.

The phylogenetic tree drawn clustered our samples
into eight clades, indicating that the C gene’s sequences
had closer phylogenetic positions in genotypes D (where
most of our samples were positioned) and E (where
four of our samples were positioned) compared to other
genotypes.

In our phylogenetic tree, genotype E was positioned
next to genotype D. In addition to the major clades of
genotypes D and E, a number of other clades related to
other genotypes were also identified. Next to the genotype
E clade, six clades representing genotypes A, B, C, G, H,
and F were positioned. Our observation confirmed that
genotype C was closest to genotypes E and D, respectively.
However, the sequences of the C gene-based G genotype
have been less frequently deposited in the NCBI database.
It appears that genotype D is the main HBV genotype in
Iraq (24, 25, 31). There are some reports suggesting a role
for HBV genotype in HCC development. However, due to
the complex pathogenesis of HCC, the exact role of the
HBV genotype in tumorigenesis is not clear, but this issue
remains an important topic for future research (18, 19).
Furthermore, it was inferred from the phylogenetic tree

obtained here that the sequences of genotype D occupied
ancestral positions compared with other viral clades
related to genotypes E, A, G, B, C, H, and F, respectively.

We need to mention some limitations of our study,
including the small sample size and unavailability of the
HBeAg status. Further studies with larger sample sizes
and more diversified groups of patients are suggested.
The HBeAg status in CHB patients carrying Pre-Core/Core
mutations can help resolve diagnostic challenges in
these patients. In addition, following up on patients
for complications such as fibrosis, cirrhosis, and HCC is
highly recommended in future studies. Other limitations
include short periods of patient recruitment and
follow-up. Long-term follow-up of patients can provide a
perspective on the clinical significance or outcome related
to Pre-Core/Core mutations in Iraqi HBV patients. It is
noteworthy that this study provides a primary report on
the frequency of Pre-Core/Core mutations in CHB Iraqi
patients and highlights the importance of this issue,
evidenced by the high prevalence of these mutations
in the studied population. Another limitation of this
study was the fact that we did not evaluate other HBV
genes (such as the S or X genes) or even the host’s genes,
whose mutations may be associated with Pre-Core/Core
mutations.

5.1. Conclusions

We detected 21 nucleotide variants and five respective
amino acid substitutions within the C gene of the HBV
genome in Iraqi patients. The mutations detected in
the C gene were more frequent in patients who had not
received treatment. Genotype D was the main genotype
identified, probably highlighting the importance of this
genotype in HBV infectivity in our country. Only four
samples belonged to genotype E. Most of the variants
identified led to noticeable changes in the evolutionary
positioning of HBV. However, all these variations did not
deviate from the main genotype. The identification of
these mutations in the C gene underlies the importance of
pursuing these mutations in CHB patients. Future studies
are advised to investigate C gene mutations in larger
numbers of CHB or HCC patients so that we can draw more
conclusive interpretations of the clinical implications of
these mutations.

Footnotes

Authors’ Contribution: AK], MHR, LM, and MHK
conducted experiments. ME, HAS, and AG prepared the
manuscript and collected patient data. HK, ME, and AK]
contributed to the study design, manuscript editing, and
development of the main idea.

Hepat Mon. 2023; 23(1):e137139.



Uncorrected Proof

Kadhim Jwaziri A et al.

Conflict of Interests: The authors declare no conflict of
interest.

Data Reproducibility: The data presented in this study
were uploaded during submission as a supplementary file
and are openly available for readers upon request.
Ethical Approval: IR.IUMS.FMD.REC.1401.221.

Funding/Support: This study was supported by grant No.
22331 from the Iran University of Medical Sciences.

Informed Consent: Written informed consent was taken
before sampling from each patient, and possible benefits
and harm were explicitly explained to patients before
collecting their blood samples.

References

1.

10.

1.

Tian Q, Jia ]. Hepatitis B virus genotypes: epidemiological
and clinical relevance in Asia. Hepatol Int. 2016;10(6):854-60.
[PubMed ID: 27300749]. https://doi.org/10.1007/s12072-016-9745-2.

. Zhang CH, Cheng Y, Zhang §, Fan |, Gao Q. Changing epidemiology

of hepatocellular carcinoma in Asia. Liver Int. 2022;42(9):2029-41.
[PubMed ID: 35319165). https://doi.org/10.1111/liv.15251.

. Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, et al. Hepatitis

B e antigen and the risk of hepatocellular carcinoma. N Engl
J Med. 2002;347(3):168-74. [PubMed ID: 12124405]. https:[/doi.org/10.
1056/NEJM0a013215.

. Yan H, Yang Y, Zhang L, Tang G, Wang Y, Xue G, et al. Characterization

of the genotype and integration patterns of hepatitis B virus
in early- and late-onset hepatocellular carcinoma. Hepatology.
2015;61(6):1821-31.  [PubMed ID:25627239]. https://doi.org/10.1002/
hep.27722.

. Jiang Y, Han Q, Zhao H, Zhang |J. The Mechanisms of HBV-Induced

Hepatocellular Carcinoma. | Hepatocell Carcinoma. 2021;8:435-50.
[PubMed ID:34046368]. [PubMed Central ID: PMC8147889]. https://
doi.org(10.2147/JHC.S307962.

. Liaw YF, Lau GK, Kao JH, Gane E. Hepatitis B e antigen seroconversion:

a critical event in chronic hepatitis B virus infection. Dig Dis Sci.
2010;55(10):2727-34. [PubMed ID: 20238245]. https://doi.org[10.1007/
$10620-010-1179-4.

. Razavi-Shearer D, Gambkrelidze I, Nguyen MH, Chen D, Van

Damme P, Abbas Z, et al. Global prevalence, treatment, and
prevention of hepatitis B virus infection in 2016: a modelling
study. Lancet Gastroenterol Hepatol. 2018;3(6):383-403. https:
//doi.org[10.1016/s2468-1253(18)30056-6.

. Martin P, Nguyen MH, Dieterich DT, Lau DT, Janssen HLA, Peters

MG, et al. Treatment algorithm for managing chronic hepatitis B
virus infection in the United States: 2021 update. Clin Gastroenterol
Hepatol. 2022;20(8):1766-75. [PubMed ID:34329775]. https://doi.org/
10.1016/j.cgh.2021.07.036.

. Alberts CJ, Clifford GM, Georges D, Negro F, Lesi OA, Hutin Y], et

al. Worldwide prevalence of hepatitis B virus and hepatitis C virus
among patients with cirrhosis at country, region, and global levels:
a systematic review. Lancet Gastroenterol Hepatol. 2022;7(8):724-35.
[PubMed ID: 35576953]. [PubMed Central ID: PMC9259503]. https://
doi.org(10.1016/S2468-1253(22)00050-4.

Ji DZ, Pang XY, Shen DT, Liu SN, Goyal H, Xu HG. Global prevalence
of occult hepatitis B: A systematic review and meta-analysis. J Viral
Hepat. 2022;29(5):317-29. [PubMed ID:35253969]. https://doi.org/10.
1111/jvh.13660.

K.Abdul-alil N, N. Al-Asadi ]. Seroprevalence of viral hepatitis B and
C among pre-surgical patients in Basrah, Iraq. Med ] Basrah Univ.
2016;34(2):86-93. https://doi.org/10.33762/mjbu.2016.117159.

Hepat Mon. 2023; 23(1):e137139.

12.

15.

18.

20.

21

22.

23.

24.

25.

26.

Al-Kaif LA, Al-Charrakh AH, Al-Saadi MA. Frequency distribution of
hepatitis B virus (HBV) genotypes in Iraqi patients. Int | Health Sci.
2022:2656-65. https://doi.org[10.53730/ijhs.v6nS9.13006.

. Araujo NM, Teles SA, Spitz N. Comprehensive analysis of clinically

significant hepatitis B virus mutations in relation to genotype,
subgenotype and geographic region. Front Microbiol. 2020;11:616023.
[PubMed ID: 33381105]. [PubMed Central ID: PMC7767914]. https://doi.
org/10.3389/fmicb.2020.616023.

. Zlotnick A, Venkatakrishnan B, Tan Z, Lewellyn E, Turner W, Francis

S. Core protein: A pleiotropic keystone in the HBV lifecycle. Antiviral
Res. 2015;121:82-93. [PubMed ID: 26129969]. [PubMed Central ID:
PMC4537649]. https://doi.org/10.1016/j.antiviral.2015.06.020.

Chen CH, Lee CM, Lu SN, Changchien CS, Eng HL, Huang CM, et al.
Clinical significance of hepatitis B virus (HBV) genotypes and precore
and core promoter mutations affecting HBV e antigen expression in
Taiwan. J Clin Microbiol. 2005;43(12):6000-6. [PubMed ID:16333089].
[PubMed Central ID: PMCi1317177). https:[/doi.org[10.1128/JCM.43.12.
6000-6006.2005.

. Yan L, Zhang H, Ma H, Liu D, Li W, Kang Y, et al. Deep sequencing

of hepatitis B virus basal core promoter and precore mutants in
HBeAg-positive chronic hepatitis B patients. Sci Rep. 2015;5:17950.
[PubMed ID: 26647737]. [PubMed Central ID: PMC4673698]. https://
doi.org/10.1038/srep17950.

. Seong MS, Hwang HJ, Jang EA, Jang JA, Aung WW, Kyaw YY, et al. Core

promoter mutation of nucleotides A1762T and G1764A of hepatitis B
virus increases core promoter transactivation by hepatocyte nuclear
factor1.] Microbiol.2022;60(10):1039-47. [PubMed ID: 36167927]. https:
[/doi.org(10.1007/s12275-022-1675-1.

McMahon BJ, Nolen LD, Snowball M, Homan C, Negus S, Roik E, et
al. HBV genotype: A significant risk factor in determining which
patients with chronic HBV infection should undergo surveillance
for HCC: The hepatitis B Alaska study. Hepatology. 2021;74(6):2965-73.
[PubMed ID:34292609]. https:|/doi.org[10.1002/hep.32065.

. HuangR, Liu ], Wang], Li ], Wu C. Letter to the Editor: Is HBV genotype

strongly associated with HCC risk in patients with chronic hepatitis
B? Hepatology. 2022;75(1):233-4. [PubMed ID:34519071]. https://doi.
org[10.1002/hep.32155.

Librado P, Rozas J. DnaSP v5: a software for comprehensive analysis
of DNA polymorphism data. Bioinformatics. 2009;25(11):1451-2.
[PubMed ID:19346325]. https://doi.org/10.1093/bioinformatics/
btp187.

Sarhan SR, Hashim HO, Al-Shuhaib MBS. The Gly152val mutation
possibly confers resistance to beta-lactam antibiotics in ovine
Staphylococcus aureus isolates. Open Vet ]. 2020;9(4):339-48.
[PubMed ID:32042657]).  [PubMed Central ID: PMC6971359].
https://doi.org[10.43140ovj.v9i4.12.

Zhang Z, Schwartz S, Wagner L, Miller W. A greedy algorithm
for aligning DNA sequences. | Comput Biol. 2000;7(1-2):203-14.
[PubMed ID:10890397). https:|/doi.org/10.1089/10665270050081478.

Letunic I, Bork P. Interactive Tree Of Life (iTOL) v4: Recent updates
and new developments. Nucleic Acids Res. 2019;47(W1):W256-9.
[PubMed ID:30931475]. [PubMed Central ID: PMC6602468].
https://doi.org/10.1093/nar/gkz239.

Hussain H, Al-Shuwaikh AM, Ahmed A. Hepatitis B virus genotypes
and pre-core and core genes mutations in a sample of iraqi patients
with chronic hepatitis B infection. Iraqi ] Med Sci. 2022;20(2):217-25.
https://doi.org[10.22578/ijms.20.2.8.

Farshadpour F, Taherkhani R, Saberi F. Molecular evaluation of
hepatitis B virus infection and predominant mutations of pre-core,
basal core promoter and Sregions in an Iranian population with type
2 diabetes mellitus: a case-control study. BMC Infect Dis. 2022;22(1):553.
[PubMed ID: 35715756]. [PubMed Central ID: PMC9206294]. https://
doi.org[10.1186/s12879-022-07528-7.

Deng H, Gao H, LiuY, Xu Y, Yang J, Zhao M, et al. Comparative analysis
of HBV basic core promoter/pre-core gene mutations and viral


https://ethics.research.ac.ir/ProposalCertificateEn.php?id=270632
http://www.ncbi.nlm.nih.gov/pubmed/27300749
https://doi.org/10.1007/s12072-016-9745-2
http://www.ncbi.nlm.nih.gov/pubmed/35319165
https://doi.org/10.1111/liv.15251
http://www.ncbi.nlm.nih.gov/pubmed/12124405
https://doi.org/10.1056/NEJMoa013215
https://doi.org/10.1056/NEJMoa013215
http://www.ncbi.nlm.nih.gov/pubmed/25627239
https://doi.org/10.1002/hep.27722
https://doi.org/10.1002/hep.27722
http://www.ncbi.nlm.nih.gov/pubmed/34046368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8147889
https://doi.org/10.2147/JHC.S307962
https://doi.org/10.2147/JHC.S307962
http://www.ncbi.nlm.nih.gov/pubmed/20238245
https://doi.org/10.1007/s10620-010-1179-4
https://doi.org/10.1007/s10620-010-1179-4
https://doi.org/10.1016/s2468-1253(18)30056-6
https://doi.org/10.1016/s2468-1253(18)30056-6
http://www.ncbi.nlm.nih.gov/pubmed/34329775
https://doi.org/10.1016/j.cgh.2021.07.036
https://doi.org/10.1016/j.cgh.2021.07.036
http://www.ncbi.nlm.nih.gov/pubmed/35576953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9259503
https://doi.org/10.1016/S2468-1253(22)00050-4
https://doi.org/10.1016/S2468-1253(22)00050-4
http://www.ncbi.nlm.nih.gov/pubmed/35253969
https://doi.org/10.1111/jvh.13660
https://doi.org/10.1111/jvh.13660
https://doi.org/10.33762/mjbu.2016.117159
https://doi.org/10.53730/ijhs.v6nS9.13006
http://www.ncbi.nlm.nih.gov/pubmed/33381105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7767914
https://doi.org/10.3389/fmicb.2020.616023
https://doi.org/10.3389/fmicb.2020.616023
http://www.ncbi.nlm.nih.gov/pubmed/26129969
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537649
https://doi.org/10.1016/j.antiviral.2015.06.020
http://www.ncbi.nlm.nih.gov/pubmed/16333089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1317177
https://doi.org/10.1128/JCM.43.12.6000-6006.2005
https://doi.org/10.1128/JCM.43.12.6000-6006.2005
http://www.ncbi.nlm.nih.gov/pubmed/26647737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4673698
https://doi.org/10.1038/srep17950
https://doi.org/10.1038/srep17950
http://www.ncbi.nlm.nih.gov/pubmed/36167927
https://doi.org/10.1007/s12275-022-1675-1
https://doi.org/10.1007/s12275-022-1675-1
http://www.ncbi.nlm.nih.gov/pubmed/34292609
https://doi.org/10.1002/hep.32065
http://www.ncbi.nlm.nih.gov/pubmed/34519071
https://doi.org/10.1002/hep.32155
https://doi.org/10.1002/hep.32155
http://www.ncbi.nlm.nih.gov/pubmed/19346325
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1093/bioinformatics/btp187
http://www.ncbi.nlm.nih.gov/pubmed/32042657
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6971359
https://doi.org/10.4314/ovj.v9i4.12
http://www.ncbi.nlm.nih.gov/pubmed/10890397
https://doi.org/10.1089/10665270050081478
http://www.ncbi.nlm.nih.gov/pubmed/30931475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602468
https://doi.org/10.1093/nar/gkz239
https://doi.org/10.22578/ijms.20.2.8
http://www.ncbi.nlm.nih.gov/pubmed/35715756
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9206294
https://doi.org/10.1186/s12879-022-07528-7
https://doi.org/10.1186/s12879-022-07528-7

Uncorrected Proof

Kadhim Jwaziri A et al.

27.

28.

29.

quasispecies diversity in HIV/HBV co-infected and HBV mono-infected
patients. Acta Virol. 2022;66(1):18-26. [PubMed ID: 35380862]. https://
doi.org(10.4149/av_2022.103.

Kumar R. Review on hepatitis B virus precore/core promoter
mutations and their correlation with genotypes and liver disease
severity. World | Hepatol. 2022;14(4):708-18. [PubMed ID:35646275].
[PubMed Central ID: PMC9099108]. https://doi.org/10.4254|wjh.v14.
i4.708.

Sterneck M, Gunther S, Santantonio T, Fischer L, Broelsch CE, Greten H,
et al. Hepatitis B virus genomes of patients with fulminant hepatitis
do not share a specific mutation. Hepatology. 1996;24(2):300-6.
[PubMed ID: 8690396]. https://doi.org/10.1002/hep.510240203.

Zhu Y, Jin Y, Guo X, Bai X, Chen T, Wang ], et al. Comparison

30.

31

study on the complete sequence of hepatitis B virus identifies
new mutations in core gene associated with hepatocellular
carcinoma. Cancer Epidemiol Biomarkers Prev. 2010;19(10):2623-30.
[PubMed ID: 20699378]. https://doi.org/10.1158/1055-9965.EPI-10-
0469.

Sung FY, Jung CM, Wu CF, Lin CL, Liu CJ, Liaw YF, et al.
Hepatitis B virus core variants modify natural course of
viral infection and hepatocellular carcinoma progression.
Gastroenterology.  2009;137(5):1687-97.  [PubMed ID:19664630].
https://doi.org/10.1053/j.gastro.2009.07.063.

Abdulla IM, Goreal AA. Detection of hepatitis -B virus genotypes
among chronic carriers in Duhok - Iraq. ] Fac Med Baghdad.
2016;58(2):170-5. https://doi.org[10.32007/jfacmedbagdad.582234.

Hepat Mon. 2023; 23(1):e137139.


http://www.ncbi.nlm.nih.gov/pubmed/35380862
https://doi.org/10.4149/av_2022_103
https://doi.org/10.4149/av_2022_103
http://www.ncbi.nlm.nih.gov/pubmed/35646275
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9099108
https://doi.org/10.4254/wjh.v14.i4.708
https://doi.org/10.4254/wjh.v14.i4.708
http://www.ncbi.nlm.nih.gov/pubmed/8690396
https://doi.org/10.1002/hep.510240203
http://www.ncbi.nlm.nih.gov/pubmed/20699378
https://doi.org/10.1158/1055-9965.EPI-10-0469
https://doi.org/10.1158/1055-9965.EPI-10-0469
http://www.ncbi.nlm.nih.gov/pubmed/19664630
https://doi.org/10.1053/j.gastro.2009.07.063
https://doi.org/10.32007/jfacmedbagdad.582234

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Patients and Sampling
	3.2. Detecting HBV Pre-Core/Core Mutations
	Table 1

	3.3. Phylogenetic Analysis
	3.4. Statistical Methods

	4. Results
	4.1. Demographical and Clinical Data
	Table 2

	4.2. HBV Pre-Core/Core Mutations
	Table 3

	4.3. HBV Genotypes and Phylogenetic Analysis
	Figure 1


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

