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Abstract. Liver cirrhosis (LC) and hepatocellular carcinoma
(HCC) are life‑threatening conditions frequently associated
with chronic hepatitis B virus (HBV) infection in Asian countries, including Indonesia. HBV genotypes and several specific
mutations are associated with disease progression. To clarify
the geographical variation in viral characteristics, HBV genotypes and gene mutations were investigated in patients with
advanced liver disease (ALD) in Samarinda, East Kalimantan,
Indonesia. Sera were collected from 41 patients with ALD
at Abdul Wahab Sjahranie Hospital and HBV carriers from
Red Cross Center blood bank in Samarinda, and screened for
hepatitis B surface antigen and hepatitis B e‑antigen. Liver
function data were obtained from the medical records from
each patient. HBV genotype and gene mutations were determined by polymerase chain reaction sequencing. Analysis of
HBV isolates indicated that genotype B was the most frequent
genotype, at 85.4 and 97.8%, followed by C, at 14.6 and 2.2%,
in patients with ALD and in HBV carriers, respectively. The
C1505A mutation in X region, T1753V and A1762T/G1764A
mutations in the basal core promoter region and C1858T in
precore (PC) region were frequent and only detected in patients
with ALD (28.9, 40, 73.5 and 17.6%, respectively), whereas the
G1896A mutation in the PC region was frequently detected in
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HBV carriers. The presence of HBV genotype B and certain
HBV gene mutations were characteristic of patients with ALD
in East Kalimantan.
Introduction
Hepatitis B virus (HBV) infection is a major health problem
worldwide. Indonesia is an intermediate‑to‑high HBV endemic
region. Despite a decrease in the incidence of acute HBV
infection in Indonesia resulting from the universal newborn
HBV immunization program, the number of patients with
advanced liver disease (ALD) associated with chronic HBV
infection is increasing (1,2). Chronic HBV infection usually
progresses to ALD, including liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Demographic, environmental, viral
and host‑associated factors may contribute to the risk of LC
and HCC in chronic HBV‑infected patients (3‑5).
HBV is a double‑stranded DNA virus that belongs to the
Hepadnaviridae family. The HBV genome contains 4 partially
overlapping open reading frames (ORFs) encoding the surface,
precore (PC)/core, polymerase and X proteins, which have
diverse mutation patterns (6). Mutations in the 4 ORFs are
associated with liver disease. The A1762T/G1764A, T1753V,
C1766T and T1768A mutations in the basal core promoter
(BCP), C1653T in the enhancer region II and G1896A in the
PC region are responsible for modulating the severity of the
disease presentation. Specific mutations in the HBV genome
were identified as predictors of LC and HCC in patients with
chronic HBV infection (7,8). However, the specific mutations
may differ depending on the HBV genotype (3,9).
A total of 10 HBV (A‑J) genotypes have been identified
worldwide (3,10). Genotypes B and C are predominant in Asia.
HBV genotypes are associated with the clinical characteristics
of patients (11). Genotype B is associated with spontaneous
hepatitis B e‑antigen (HBeAg) seroconversion at a younger age
and a slower progression to cirrhosis with active liver disease
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compared with genotype C. A high viral load and genotype C
are associated with HCC. HBeAg positivity is more frequent
in patients infected with HBV genotype C compared with
those infected with genotype B (12). Furthermore, subgenotypes have been identiﬁed for certain HBV genotypes. HBV
subgenotypes are associated with geographical distribution
and ethnic origin (10).
In Indonesia, genotype B is the predominant HBV genotype,
particularly in the Western region, whereas genotype C is
predominant in the Eastern region (13). Samarinda is the
capital city of the East Kalimantan province. HBV infection
is prevalent in the general population in West Kalimantan
province, and genotype B is predominant among children in
West Kotawaringin, in the Central Kalimantan province (2,14).
However, there are limited data on the characteristics of HBV
infection in Samarinda. The present study investigated the
distribution of HBV genotypes and mutations in patients with
ALD in Samarinda.
Materials and methods
Sample collection. Serum samples were collected from
41 patients with ALD at Abdul Wahab Sjahranie Hospital
(Samarinda, Indonesia) from June 2012 to May 2013. A
total of 23 patients with HCC (17 males and 6 females), with
a mean [± standard deviation (SD)] age of 52.8±9.3 years,
and 18 LC patients (15 male and 3 female, mean [±SD] age,
50.6±12.2 years) were included. Inclusion criteria were as
follows: A diagnosis of HCC or LC, and provision of informed
consent. LC was diagnosed by identification of abnormal
liver morphology using ultrasonography (USG). HCC was
diagnosed by USG indicating the presence of a tumor with
α‑fetoprotein (AFP) levels ≥200 ng/ml. The severity of the
clinical manifestations was determined by the clinicians.
Alanine aminotransferase (ALT), aspartate aminotransferase (AST) and AFP levels were obtained from patient
medical records. Patients were not diagnosed with LC or
HCC as part of the present study. Hepatitis B surface antigen
(HBsAg)‑positive serum samples were obtained from blood
donors screened at the Red Cross Center, Samarinda from
June to July 2012. A total of 46 HBsAg‑positive serum samples
(male 44 and 2 female, mean [±SD] age, 34.3±8.1 yeas) were
randomly included in the present study. The inclusion criteria
for the blood donors were: Positive for HBsAg and provision
of informed consent. A total of ~1.5 ml of serum from each
donor was provided at the Red Cross Center (Samarinda,
Indonesia). The serum samples collected and stored at ‑20˚C
in Abdul Wahab Sjahranie Hospital and the Red Cross Center,
and were then placed in styrofoam boxes with frozen ice packs
during the transportation to the Institute of Tropical Diseases,
Airlangga University (Surabaya, Indonesia). The samples were
stored at ‑80˚C until use in the Institute of Tropical Diseases,
Airlangga University. Ethical approval was obtained from
the Ethics Committees at Airlangga University, Mulawarman
University (Samarinda, Indonesia) and Kobe University (Kobe,
Japan). Informed consent for participation was obtained from
each individual.
Serological assay. All sera from patients with ALD were
screened for HBsAg by reverse passive hemagglutination

(Mycell II HBsAg1AA1; Institute of Immunology, Tokyo,
Japan). Serum samples from blood donors were also confirmed
for HBsAg using the aforementioned kit. HBeAg status was
determined using an enzyme immunoassay method (Immunis
HBeAg EIA kit1A81; Institute of Immunology) for all serum
samples from patients with ALD and blood donors. In this
assay, absorbance of each microwell was measured at a wavelength of 450 nm. The controls for the HBsAg and HBeAg
assays were included according to the manufacturer's protocol.
Viral DNA extraction and PCR amplification. Viral DNA was
extracted from 200 µl serum using a QIAamp DNA Blood
Mini kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer's protocol. The presence of mutations within the
HBV genome was detected using polymerase chain reaction
(PCR) with Taq PCR master mix kit (Qiagen GmbH) targeting
the ORFs of the X gene (nt. 1374‑1896) including the BCP, the
PC (nt. 1814‑1901), and core (nt. 1901‑2045). The primers used
to determine the mutations and genotypes were as follows:
HB5F forward (5'‑CTCTGCCGATCCATACTGCGGAA‑3';
nt. 1256‑1278); HB5R reverse (5'‑TTAACCTAATCTCCT
CCCCCA‑3'; nt. 1761‑1741); HB7F forward (5'‑GAGACCGTG
AACGCCCA‑3'; nt. 1611‑1630); HB7R reverse (5'‑CCTGAG
TGCTGTATGGTGAGG‑3'; nt. 2072‑2048); HB11F forward
(5'‑GGGTCACCATATTCTTGGGAA‑3'; nt. 2814‑2834);
HB11R reverse (5'‑GAACTGGAGCCAGCAGG‑3'; nt. 75‑56).
The thermocycling conditions for each primer pair were as
follows: 94˚C for 5 min, followed by 40 cycles of 94˚C for
1 min, 55˚C for 1 min, and 72˚C for 1 min, followed by a final
extension of 72˚C for 5 min (15).
Direct sequencing and phylogenetic analysis. Nucleotide
sequences of the amplified fragments were determined using
the BigDye Deoxy Terminator v1.1 cycle sequencing kit with an
ABI Prism 310 Genetic Analyzer (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). All sequence
data analyses were performed with Genetyx Windows v9
(Genetyx Corporation, Tokyo, Japan). The sequences obtained
in the present study were aligned with those from the DNA
Data Bank of Japan (DDBJ) (16), European Molecular
Biology Laboratory (EMBL) (http://www.ebi.ac.uk/embl.
html) and GenBank (17) DNA databases, and the variability
of the X, BCP, PC and core sequences was analyzed. HBV
genotypes were determined based on a percentage homology
>96% between the pre‑S gene and HBV isolates from the
DDBJ, EMBL and GenBank databases (18) analyzed using
the program Genetyx Windows v9. A phylogenetic tree was
constructed by the Neighbor‑Joining method to determine
the HBV genotype/subgenotype, and bootstrap resampling
was performed 1,000 times using Molecular Evolutionary
Genetic Analysis software v7 (19). Phylogenetic tree analysis
with the representative samples from patients with ALD and
HBV carriers was performed. The representative 32 strains
from patients with ALD and 9 from the HBV carriers were
included (Fig. 1). The nucleotide sequences presented in Fig. 1
have been deposited in the GenBank database under accession
numbers LC4558895‑LC458926 and LC458927‑LC458935.
Quantification of HBV DNA. Viral load was assessed for all
41 samples from the patients with ALD using a TaqMan
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for continuous variables. P<0.05 was considered to indicate a
statistically significant difference.
Results
Demographic and clinical characteristics of patients with
ALD. The study analyzed 41 patientswith ALD incomparison
with 46 HBV carriers as controls. Demographic and clinical
characteristics in patients with ALD (LC and HCC) are
summarized in Table I, and those of patients with ALD and
HBV carriers are described in Table II. The mean age was
significantly older in patients with ALD (51.9±10.6 years)
compared with that in HBV carriers (34.3±8.1 years). In the
male patients and control subjects, prevalence of HBV infection was significantly increased in HBV carriers compared
with that in the patients with ALD, and HBV infection was
more prevalent in males in the ALD and HBV carrier control
groups compared with females (Table II). The majority of the
patients were natives of Kalimantan (Dayak, Banjar and Kutai
ethnic groups), followed by Javanese and other ethnic groups
(Buton, Sasak and Bugis). AST levels in patients with HCC
(243.7±237.0 U/l) were significantly increased compared with
those in the patients with LC (105.0±55.7 U/l), while ALT levels
in patients with HCC (104.8±99.8 U/l) were also increased
compared with those in patients with LC (73.7±75.2 U/l), but
this difference was not significant (Table I).
Phylogenetic analysis. Phylogenetic analysis in Pre‑S1 gene
of HBV strains was performed. The HBV/B3 (85.4%) and
HBV/C1 (14.6%) subgenotypes were identified in patients with
ALD, and HBV/B3 (97.8%) and HBV/C1 (2.2%) subgenotypes
were identified in HBV carriers. The HBV/C1 subgenotype
was significantly more prevalent in patients with ALD than
that in HBV carriers in East Kalimantan, Indonesia.

Figure 1. Neighbor‑joining phylogenetic tree of nucleotide sequences from
the partial pre‑S gene of HBV isolates from Samarinda. Bold circles represent
patients with advanced liver disease. Bold triangles represent HBV carriers.
Non‑labelled strains denote the reference strains. The genotypes/subgenotypes are indicated on the right. HBV, hepatitis B virus.

quantitative (q)PCR method for absolute quantification using an
ABI 7300 real‑time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Briefly, 2 µl of HBV‑DNA was amplified
using a TaqMan Universal PCR master mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.), primer pairs (SF1 forward,
5'‑CACATCAGGATTCCTAGGACC‑3'; nt. 166‑186; SR1
reverse, 5'‑GGTGAGTGATTGGAGGGTTG‑3'; nt. 339‑321)
covering the surfaceregion of HBV genome, and TaqMan probe
(HBSP1:FAM‑5'‑CAGAGTCTAGACTCGTGGTGGACT
TC‑3'‑TAMRA; nt. 242‑267). The thermocycling conditions
were as follows: Short incubation at 50˚C for 2 min, initial
denaturation at 95˚C for 10 min, then 53 cycles of denaturation
at 95˚C for 20 sec and annealing‑extension at 60˚C for 1 min (20).
Statistical analysis. Statistical analysis was performed using
SPSS v22 (IBM Corp., Armonk, NY, USA) using the χ2 test or
Fisher's exact test for categorical variables. The t‑test was used

Mutations in the X, BCP, PC, and core regions of patients
with ALD. The following mutations were detected in the HBV
isolates from patients with ALD: C1505A, T1631C, C1638T
and C1726A in the X region; T1753V, A1762T/G1764A double
mutation and T1768A in the BCP; C1858T, G1896A and
G1899A in the PC; and G1915T in the core region. Compared
with HBV carriers, patients with ALD exhibited significantly
increased incidence rates of HBV mutation in the BCP region:
double mutation A1762T/G1764A and T1753V, in PC region:
C1858T and in X region: C1505A. The G1896A mutation was
significantly more prevalent in HBV carriers compared with
patients with ALD (Table III).
Association between mutations and HBV genotype in patients
with ALD and HBV carriers. The association between mutations in the X, BCP, PC and core regions and genotypes of
patients with ALD was analyzed (Table IV). Mutations in
the X region were detected only in HBV/B subgenotypes. In
particular, T1631C and C1638T mutations were significantly
more prevalent in the HBV/B genotypes compared with the
HBV/C genotypes. The prevalence of C1858T mutation was
significantly increased in the HBV/C genotypes compared
with the HBV/B genotypes. A1762T/G1764A mutations in the
BCP region were frequently detected in HBV/B (67.8%) and
HBV/C (100%) genotypes.
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Table I. Demographic, virological and clinical characteristics of HBV‑infected patients with HCC and LC.
Characteristics

All

HCC

LC

Age, years
51.9±10.6
52.8±9.3
50.6±12.2
Sex, male/female (%)
32/41 (78.0%)
17/23 (73.9)
15/18 (83.3)
Ethnic group (%)				
Kalimantan (Dayak, Banjar, Kutai)
15.41 (36.6)
9/23 (39.1)
6/18 (33.3)
Java
11/41 (26.8)
6/23 (8.7)
5/18 (27.8)
Others (Buton, Sasak, Bugis)
13/41 (31.7)
6/23 (26.1)
7/18 (38.9)
Unknown
2/41 (4.87)
2/23 (8.7)
0/18 (0.0)
Liver function
ALT (U/l)
90.5±89.5
104.8±99.8
73.7±75.2
AST (U/l)
178.0±189.6
243.7±237.0
105.0±55.7
AFP, ng/ml (%)				
≥200
16/41 (39.0)
11/23 (47.8)
5/18 (27.8)
≤200
10/41 (24.4)
3/23 (13.0)
7/18 (38.9)
Unknown
15/41 (36.6)
9/23 (39.1)
6/18 (33.3)
HBsAg (R‑PHA) (%)				
Positive
33/41 (80.5)
18/23 (78.3)
15/18 (83.3)
Negative
5/41 (12.2)
3/23 (13.0)
2/18 (11.1)
Unknown
3/41 (7.3)
2/23 (8.7)
1/18 (5.5)
HBeAg (EIA) (%)				
Positive
3/41 (7.3)
2/23 (8.7)
1/18 (5.6)
Negative
38/41 (92.7)
21/23 (91.3)
17/18 (94.4)
Quantitative HBV DNA (log copies/ml)
6.1±2.4
5.2±2.6
7.3±1.4
HBV DNA, positive samples (%)
Pre‑S region
41/41 (100.0)
23/23 (100.0)
18/18 (100.0)
X region
38/41 (92.7)
21/23 (91.3)
17/18 (94.4)
Core region
40/41 (97.6)
22/23 (95.6)
18/18 (100.0)
Subgenotype (Pre‑S) (%)				
B3
35/41 (85.4)
21/23 (91.3)
14/18 (77.8)
C1
6/41 (14.6)
2/23 (8.7)
4/18 (22.2)

P‑value
NS
NS
NS

NS
<0.05
NS

NS

NS
NS
NS
NS
NS
NS

Data concerning age, ALT and AST levels are presented as mean ± standard deviation. HBV, hepatitis B virus; HCC, hepatocellular carcinoma;
LC, liver cirrhosis; AFP, α‑fetoprotein; ALT, alanine transferase; AST, aspartate transaminase; HBsAg, Hepatitis B surface antigen; R‑PHA,
reversed passive hemagglutination; HBeAg, hepatitis B e‑antigen; EIA, enzyme immunoassay; NS, not significant. Statistical analysis was
performed using χ2 test or Fisher's exact test for categorical variables. t‑tests were used for continuous variables.

Discussion
The present study enrolled 41 patients from East Kalimantan,
including patients with LC and HCC, and 46 HBV carriers
as controls. The transmigration problem in Indonesia, which
involves the migration of millions of people from the overcrowded islands, primarily Java, to settlement areas (21), has
resulted in a number of transmigrants living in the outer islands,
including Kalimantan. Therefore, among the 41 patients with
ALD and 46 HBV carriers, only 36.6 and 39.1%, respectively, belonged to the native population of Kalimantan. The
remaining patients belonged to other ethnic groups, including
Javanese, Buton, Sasak and Bugis. The average age among
patients with ALD was significantly older compared with the
HBV carriers. This observation is consistent with our previous
study conducted in Yogyakarta, which demonstrated that mean

age among patients with ALD was older (54 years) compared
with patients with chronic HBV infection (38 years) (7). An
additional study in Vietnam also revealed similar results,
in that the average age of patients with HCC (49.5 years)
and LC (50.9 years) was older compared with HBV carriers
(22.3 years). Older age was one of independent risk factor for
the development of HCC (22).
Viral hepatitis infection may account for a marked increase
in aminotransferase levels. The increase in ALT associated
with hepatitis C infection is generally more marked compared
with that associated with hepatitis B (23). Despite the association between elevated ALT levels and hepatocellular disease,
the absolute peak of the ALT increase is not correlated with
the extent of liver cell damage (24). In the present study,
AST levels were high in patients with LC and HCC, and no
significant difference between the two groups of patients was
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Table II. Demographic and virological characteristics of patients with ALD and HBV carriers.
Characteristics

ALD

HBV carriers

Age, years
52.8±9.3
50.6±12.2
Sex, male/female (%)
17/23 (73.9)
15/18 (83.3)
Ethnic group (%)			
Kalimantan (Dayak, Banjar, Kutai)
15/41 (36.6)
18/46 (39.1)
Java
11/41 (26.8)
15/46 (32.6)
Others (Buton, Sasak, Bugis)
13/41 (31.7)
11/46 (23.9)
Unknown
2/41 (4.9)
2/46 (4.3)
HBeAg (EIA) (%)			
Positive
3/41 (7.3)
9/45 (5.6)
Negative
38/41 (92.7)
36/45 (94.4)
HBV DNA, positive samples (%)			
Pre‑S region
41/41 (100.0)
46/46 (100.0)
X region
38/41 (91.3)
46/46 (100.0)
Core region
40/41 (97.6)
46/46 (100.0)
Subgenotype (Pre‑S) (%)			
B3
35/41 (85.4)
45/46 (97.8)
C1
6/41 (14.6)
1/46 (2.2)

P‑value
<0.05
<0.05
NS

NS
NS

<0.05

Data concerning age are presented as mean ± standard deviation. HBV, hepatitis B virus; ALD, advanced liver disease; HBeAg, hepatitis B
e‑antigen; EIA, enzyme immunoassay; NS, not significant; R‑PHA, reversed passive hemagglutination. Statistical analysis was performed
using χ2 test or Fisher's exact test for categorical variables. t‑tests were used for continuous variables.

Table III. HBV mutations in patients with ALD and HBV carriers.
Mutations
X region
C1495T
C1505A
T1631C
C1638T
C1726A
BCP region
T1753V
A1762T/G1764A
T1768A
PC region
C1858T
G1896A
G1899A
Core region
G1915T

ALD (%)

HBV carriers (%)

P‑value

0/38 (0.0)
11/38 (28.9)
21/38 (55.3)
17/38 (44.7)
5/36 (13.9)

0/46 (0.0)
0/46 (0.0)
22/46 (47.8)
13/46 (28.3)
11/46 (23.9)

NS
<0.05
NS
NS
NS

14/35 (40)
25/34 (73.5)
0/34 (0.0)

0/46 (0.0)
0/46 (0.0)
5/46 (10.9)

<0.05
<0.05
NS

6/34 (17.6)
12/34 (35.3)
11/34 (32.3)

0/46 (0.0)
29/46 (63.0)
6/46 (13.0)

<0.05
<0.05
NS

1/33 (3.0)

0/46 (0.0)

NS

NS, not significant; BCP, basal core promoter; PC, precore. Statistical analysis was performed using χ2 test or Fisher's exact test for categorical
variables. Out of 41 patients with advanced liver disease, the total number in each gene region indicates the number of patients whose strains
were successfully sequenced.

observed, whereas AST levels were increased in patients with
HCC compared with patients with LC. AST and ALT are

hepatocyte‑predominant enzymes (25); it has been established
that AST is more abundant in the liver and that increases in
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Table IV. HBV mutations in patients with advanced liver disease according to genotype.
Mutations
X region
C1495T
C1505A
T1631C
C1638T
C1726A
BCP region
T1753CV
A1762T/G1764A
T1768A
PC region
C1858T
G1896A
G1899A
Core region
G1915T

Genotype B (%)

Genotype C (%)

P‑value

0/32 (0.0)
11/32 (34.4)
21/32 (65.6)
17/32 (53.1)
5/30 (16.7)

0/6 (0.0)
0/6 (0.0)
0/6 (0.0)
0/6 (0.0)
0/6 (0.0)

NS
NS
<0.05
<0.05
NS

11/29 (37.9)
19/28 (67.8)
0/28 (0.0)

3/6 (50.0)
6/6 (100.0)
0/6 (0.0)

NS
NS
NS

0/28 (0.0)
10/28 (35.7)
6/28 (21.4)

6/6 (100.0)
2/6 (33.3)
5/6 (83.3)

<0.05
NS
NS

1/27 (3.7)

0/6 (0.0)

NS

HBV, hepatitis B virus; NS, not significant; BCP, basal core promoter; PC, precore. Statistical analysis was performed using χ2 test or Fisher's
exact test for categorical variables. Out of the 35 patients with Genotype B, the total number in each region indicates the number of patients
whose strains were successfully sequenced.

AST levels are more sensitive to rates of enzymatic clearance and mitochondrial injury compared with ALT (26). A
number of previous studies revealed that the AST/ALT ratio
is frequently used for the assessment of hepatic fibrosis and
the detection for HCC recurrence (27‑29), which supports the
results of the present study.
The present study analyzed patients with ALD infected
with HBV and HBV carriers to investigate HBV genotypes
and mutations associated the severity of the liver disease.
Consistent with previous studies (8,22,30,31), mutations in the BCP region, particularly the double mutation
A1762T/G1764A and T1753V, were associated with the risk
of ALD in the present study. Similar results were described
in a previous study in Brazil, in which the 2 mutations in the
BCP region (combination double mutation A1762T/G1764A
and T1753V) exhibited higher frequencies in patients with
HCC compared with patients without HCC, even though
difference was not significant (32). The mutation C1505A in
the X region was more frequently detected in ALD compared
with chronic hepatitis B, even though this comparison was
not significantly different in our study, and as previously
demonstrated (7). In addition, the A1762T/G1764A double
mutation, T1753V, C1505A, and C1858T were not identified
in HBV carriers in the present study. The C1858T mutation
is commonly identified in Asia (9), and more frequent in
patients with HCC than in patients with chronic hepatitis B
in Vietnam (22). However, a previous study conducted in
China indicated that there was no significant difference in
the C1858T mutation between HBV carriers and patients
with HBV liver diseases (22,33). The G1896A mutation
was more frequent in HBV carriers compared with patients
with ALD in the present study, which is consistent with a
previous study conducted in Malaysia (9). A similar result
was also revealed in a study from Korea, in which the rates

of G1896A mutation were not significantly different between
HCC and non‑HCC groups (34). However, a Brazilian study
suggested that the rate of G1896A mutation was identified to
be increased in patients without HCC compared with patients
with HCC, although this difference was not significant (31).
By contrast, the G1896A mutation in the PC region is one of
the most commonly identified mutation in ALD and chronic
HBV infection (7,9,34).
The A1762T/G1764A double mutation in the BCP region,
which is responsible for decreased PC mRNA synthesis,
results in the decreased secretion of HBeAg and serves a
significant role in hepatocarcinogenesis, primarily in patients
with HBeAg‑negative hepatitis (34). Previous studies have
demonstrated that A1762T/G1764A mutations decrease
HBeAg production to ~70% (30,31). The C1858T mutation
decreases the synthesis of HBeAg and is a precursor of
the G1896A mutation. The C1858T and G1896A mutations
stabilize the structure of the epsilon loop, which may result
in increased viral replication (35). In the present study, the
majority of patients with ALD were HBeAg‑negative, which
may be associated with the predominance of double mutations in the BCP region. However, this was not confirmed
as the majority of HBV carriers were also HBeAg‑negative
in the study cohort. The G1896A mutation produces a
premature stop codon and decreases the synthesis of HBeAg.
This mutation serves a role in preventing the translation of
HBeAg and inhibits the production of HBeAg. The presence
of a stop codon mutation maybe a mechanism of immune
evasion (9,23). The predominance of the G1896A mutation
in the PC region observed in the present study may also be
associated with the high prevalence of patients who were
HBeAg‑negative.
In the present study, the two patient groups demonstrated
that the predominant HBV genotype/subgenotype was B3,
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followed by C1, which was consistent with previous studies
from Indonesia revealing that the B and C genotypes are
predominant in this nation (13,18). The G1896A mutation
was more frequent in genotype B compared with genotype C
among patients with asymptomatic chronic HBV infection (9).
A previous study from China indicated that the double mutation in BCP region was detected with ALD in genotypes B
and C (30). The risk of ALD is associated with certain HBV
genotypes, and the prevalence of HBV mutations in certain
HBV genotypes (31).
In conclusion, the analysis of patients from East Kalimantan
demonstrated that the HBV genotype B was predominant,
followed by the genotype C. Several mutations were detected
in patients with ALD, including C1505A in the X region,
T1753V and A1762T/G1764A in the BCP region and C1858T
in the PC region. Mutations in the X gene were only detected
in patients with genotype B, and C1858T mutation in the PC
was only detected in patients with genotype C. A limitation of
the present study was the small number of samples analysed;
additional studies with a larger sample cohort are required
to confirm the results suggesting that viral factors affect the
development of ALD.
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