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Abstract

Current data of hepatitis B virus (HBV) variants associated with treatment outcome identified by next generation sequencing
(NGS) are limited. This study was aimed at determining the role of baseline sequence variations in the enhancer II (Enhll),
basal core promotor (BCP) and pre-core (PC) regions of HBV genotype C in patients treated with pegylated interferon (PEG-
IFN). Patients with HBeAg-positive chronic hepatitis B (CHB) treated with 48-week PEG-IFN were enrolled. Combined
response (CR) at week 96 was defined by HBeAg seroconversion plus HBV DNA <2000 IU/mL and HBsAg < 1000 IU/
mL. Pre-treatment viral mutations were characterized by Sanger sequencing and NGS (Miseq Illumina platform). Among 47
patients (32 male, mean age 32.4 years), CR was achieved in 12 (25.5%) individuals. Overall, NGS was superior to Sanger
sequencing in detecting mutations (61.7% vs. 38.3%, P <0.001). Based on NGS, the prevalence of T1753V (T1753C/A/G)
and A1762T/G1764A variants were significantly lower in responders compared to non-responders (8.3% vs. 51.4%, P =0.009
and 33.3% vs. 68.6%, P=0.032, respectively). No significant difference between groups was found regarding C1653T and
G1896A mutants. The absence of T1753V and A1762T/G1764A mutations were factors associated with CR (OR 11.65,
95%CI 1.36-100.16, P=0.025, and OR 4.36, 95%CI 1.08-17.63, P=0.039, respectively). The existence of pre-treatment
T1753V, A1762T/G1764 A mutations and their combination yielded negative predictive values of 94.7%, 85.7% and 93.8%,
respectively. The presence of HBV mutants in the BCP region determined by NGS at baseline was associated with poor
treatment outcome in patients with HBeAg-positive CHB receiving PEG-IFN.
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Introduction

Currently, approximately 250 million people worldwide are
chronically infected with hepatitis B virus (HBV), which
leads to the development of chronic hepatitis B (CHB), cir-
rhosis and hepatocellular carcinoma (HCC) [1]. HBV, a par-
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replication [2]. Consequently, the viral population in the
host usually consists of remarkable genetic heterogeneity
and persists in the form of quasispecies [2, 3]. Previous data
have shown that HBV genotypes, mutations, and quasispe-
cies are linked to disease progression and antiviral treatment
response [4]. The most common mutations include G to A
mutation in the pre-core (PC) region (G1896A) and double
mutations in the basal core promoter (BCP, A1762T and
G1764A), which result in the impairment of HBeAg produc-
tion [5]. Moreover, other variants including T1753C/A/G
(T1753V) in the BCP and C1653T in the enhancer II (EnhlII)
region have been increasingly recognized as factors associ-
ated with outcome of chronic HBV infection [6]. Previous
study reported that A1762T/G1764A mutations were associ-
ated with treatment outcome of pegylated interferon (PEG-
IFN) [7], suggesting that certain HBV mutations at baseline
might affect therapeutic outcome. Despite these findings,
several minor mutations of less than 20% are usually not
detectable by conventional sequencing methods [8].

Next generation sequencing (NGS) has recently overcome
this technical inadequacy and established reliable quantita-
tive assays to verify minor mutations in HBV genome [9,
10]. For instance, NGS of the whole HBV genome revealed
the distribution of substitution frequencies and their char-
acteristics in quasispecies that correlated with liver disease
progression and severity [8]. In addition, another report
of NGS demonstrated a higher sequence diversity was
observed in patients with HBeAg-negative CHB than those
with HBeAg-positive CHB [11]. Among patients undergo-
ing nucleos(t)ide analogue (NA) therapy, it was recently
shown that baseline PC and BCP mutations were associ-
ated with reduced likelihood of HBsAg clearance in patients
with HBeAg-positive CHB [12]. Moreover, the lack of BCP
and PC variants was associated with increased response to
PEG-IFN-based therapy in patients with HBeAg-negative
CHB [13]. These results indicate that HBV heterogeneity at
baseline could be predictive of treatment outcome in patients
with CHB. Currently, data on the characterization of HBV
quasispecies in patients treated with PEG-IFN are limited.
Thus, this study was aimed at investigating the role of base-
line viral mutations in the EnhII/BCP/PC regions by NGS
in patients receiving PEG-IFN.

Materials and methods
Patients

Between January 2010 and October 2015, 130 patients
with HBeAg-positive CHB were treated and completed a
full course of 48-week PEG-IFN monotherapy at the King
Chulalongkorn Memorial Hospital, Bangkok, Thailand.
The indications for treatment were based on the European

Association for the Study of the Liver (EASL) guideline.
Among them, 47 patients infected with genotype C and had
available pre-treatment stored sera were enrolled in this
study. All these patients exhibited HBsAg positivity and
had elevated serum alanine aminotransferase (ALT) levels
and serum HBV DNA levels > 20,000 IU/mL prior to treat-
ment for at least 6 months. In addition, all patients were not
co-infected with hepatitis C virus and/or human immunode-
ficiency virus. The therapeutic endpoint in this report was
combined response (CR), defined by HBeAg seroconversion
plus HBV DNA <2000 IU/mL and HBsAg < 1000 IU/mL
at week 96. Serum samples collected from each patient at
baseline were stored at — 80 °C until further analysis.

All subjects had provided written informed consent as
approved by the Institutional Review Board of the Faculty
of Medicine, Chulalongkorn University, which followed the
Helsinki Declaration and Good Clinical Practice guidelines.

Serological and virological assays

Qualitative HBsAg, HBeAg, and anti-HBe were measured
by commercially available enzyme-linked immunosorbent
assay kits (Abbott Laboratories, Chicago, IL, USA). HBsAg
titers were quantified by the Elecsys HBsAg II Quant reagent
kits (Roche Diagnostics, Indianapolis, IN, USA). HBV DNA
levels were quantified by the Abbott Real-Time HBV assay
(Abbott Laboratories, Chicago, IL, USA), with the lower
limit of detection of 10 IU/mL.

Sanger sequencing

To identify mutations in the EnhII/BCP/PC regions, 200 pL
of baseline serum samples collected from each patient were
extracted for DNA by phenol/chloroform/isoamyl alcohol
extraction and eluted in 30 pL of distilled water. The muta-
tions were then amplified using specific primers and identi-
fied by direct sequencing [14]. In addition, HBV genotyp-
ing was performed based on sequencing and phylogenetic
analysis of the pre-S region, as described previously [15].

Next generation sequencing

To identify mutations in the EnhII/BCP/PC regions by NGS,
the extracted DNA was amplified by PhusionT™High-Fidelity
DNA Polymerase; F-530 (Thermo Scientific, Waltham, Mas-
sachusetts, USA) with design primer set, located in the con-
served region of EnhII/BCP/PC in HBV genome (genotype
C). Product size was 448 bp (forward primer: nucleotide
position (nt) 1551-1569: GTCTGTGCCTTCTCATCTG
and reverse primer: nt 1980-1998: GTGTCGAGGAGATCT
CGAA). The thermocycling conditions used were: 98 °C
for 30 s and 35 cycles of 98 °C for 10 s, 53 °C for 30 s, and
72 °C for 30 s. Final extension was performed at 72 °C for
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7 min. All fragments were amplified under the same condi-
tions using PCR. The PCR products were then processed
on 2% of agarose gel and purified by HiyieldTM Gel/PCR
DNA fragments extraction kit (RBC Bioscience, New Taipei
City, Taiwan). The concentration of DNA was measured by
Qubit® Fluorometer and reported in term of ng/pL. DNA
library preparation was applied by NEBNext® UltraTM
DNA Library Prep Kit for [llumina® (NEB). The PCR prod-
ucts were processed by dual-index paired-end sequencing
on Miseq Illumina Next Generation Sequencing according
to the manufacture’s procedure and were then analyzed by
CLC genomic workbench 10.1.1 program. The overlapping
pair reads were aligned and merged then low-quality data
(Q score < 30) and the adaptor sequence were trimmed. The
obtained total potential reads (Q score >30) and passed filter
(PF) reads were aligned and mapped with the EnhII/BCP/
PC regions of HBV reference nucleotide sequences (Acces-
sion No. AB981580 in the NCBI database; http://www.ncbi.
nlm.nih.gov/). The sequencing reads within the EnhII/BCP/
PC regions obtained from each sample were clustered into
operational taxonomic units (OTUs) and then analyzed for
the alpha diversity-Shannon entropy by using Microbial
Genomics Module implemented in the CLC Genomics
Workbench version 10.1.1 (http://www.clcbio.com/). The
nucleotide variations were detected and calculated for per-
centage of mutations using basic variance detection [8, 9].
In this study, wild-type (WT) strains were classified based
on the mutation rate < 1.0%.

Statistical analysis

All analyses were conducted using the SPSS version 22 soft-
ware (SPSS, Chicago, IL, USA). The results were expressed
as mean values =+ standard deviation (SD) and percentages.
Categorical variables were calculated for statistical signifi-
cance with the y? test and Fisher’s exact test. Comparisons
between groups (responders and non-responders) were ana-
lyzed by the Mann—Whitney U test for quantitative variables.
The logistic regression analysis was used to calculate odd

ratio (OR) and 95% confident intervals (CI) relating vari-
ables associated with CR. All statistical tests were two-sided
with P values <0.05 considered as statistical significance.

Results
Baseline characteristics of patients

Among 47 patients (32 male, mean age 32.4 years) recruited
in this report, CR and HBsAg clearance were achieved in
12 (25.5%) and 4 (8.5%) patients, respectively. Patients’
baseline characteristics with respect to CR, non-responders
and HBsAg clearance are shown in Table 1. There was no
difference between groups regarding mean age, gender dis-
tribution, white blood cell and platelet count, serum ALT,
HBV DNA, HBsAg levels and liver stiffness measured by
transient elastography (FibroScan) at baseline.

NGS improved the detection of mutants compared
with Sanger sequencing

The frequencies of EnhII/BCP/PC variants identified by
Sanger sequencing and NGS in the same patients were
compared. The variants detected by both methods were
concordant but NGS had significantly increased the sensi-
tivity for detecting mutants compared with Sanger sequenc-
ing (Table 2). An average of 123,591 mapped reads (range
43,441-235,037) and 26,839 coverage (range 8124-118,463)
in the EnhII/BCP/PC region for each subject was obtained
from NGS and summarized in Supplementary Table 1.
Sanger sequencing was able to detect overall mutants in
38.3% (18/47), whereas NGS could identify the overall vari-
ants in 61.7% (29/47) of patients (P <0.001). Specifically,
NGS provided a significant improvement in detecting BCP
variants (T1753V, A1762T, and G1764A) and PC variants
(G1896A and G1899A). For variants in the Enhll region,
NGS also identified higher frequency of C1653T than

Table 1 Baseline characteristics of patients in relation to treatment response

Characteristics Total (n=47) Combined respond- Non-responders (n=35) HBsAg clearance (n=4) P
ers (n=12)

Age, years 324494 334+12.8 32.0+8.1 35.0+22.1 0.842
Gender, % male 32 (68.1) 7(58.3) 25(71.4) 3(75.0) 0.297
WBC count, 10%/ul 6.0+1.6 6.3+1.8 6.0+1.5 6.3+1.2 0.939
Platelet count, 10*/ul 214.7+60.5 214.4+73.2 214.8+56.6 225.0+234.7 0.874
ALT, U/L 92.5+65.5 78.8+48.5 97.2+70.4 108.8+76.9 0.613
Log;, HBV DNA, IU/mL 73+1.1 7.6+0.8 72+1.1 8.1+0.2 0.280
Log,, HBsAg, IU/mL 4.1+0.7 42+0.8 4.0+0.7 4.8+0.1 0.123
Liver stiffness, kPa 7.1+£3.7 6.1+3.1 7.4+39 5.1+2.0 0.499
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Table2 Comparison of NGS and Sanger sequencing for detecting
HBYV mutations

Nucleotide mutation site  NGS (N=47) Direct P value
sequencing
(N=47)
EnhlI
C1653T
Wild type 38 (80.9%) 44 (93.6%) 0.064
Mutant 9 (19.1%) 3 (10.4%)
BCP
T1753C/A/IG
Wild type 28 (59.6) 42 (89.4) 0.001*
Mutant 19 (40.4) 5(10.6)
A1762T
Wild type 19 (40.4) 30 (63.8) 0.023*
Mutant 28 (59.6) 17 (36.2)
G1764A
Wild type 18 (38.3) 31 (66.0) 0.013*
Mutant 29 (61.7) 16 (34.0)
A1762T +G1764A
Wild type 19 (40.4) 30 (63.8) 0.023*
Mutant 28 (59.6) 17 (36.2)
PC
G1896A
Wild type 38 (80.9) 46 (97.9) 0.007*
Mutant 9 (19.1) 1(2.1)
G1899A
Wild type 47 (100%) 47 (100%)
Mutant - -

Detection number; N (%), *P <0.05

Sanger sequencing, although the difference did not reach
statistical significance.

Nucleotide diversity in the Enhll/BCP/PC region

To identify the HBV quasispecies in this region, the nucleo-
tide sequences of responders were compared with those of
non-responders by Shannon’s Entropy. At baseline, respond-
ers and non-responders showed comparable nucleotide
diversity, as there was no statistical difference in Shannon’s
Entropy (3.62 vs. 3.65; P=0.958) (Fig. 1). The Shannon’s
Entropy of each sample is also summarized in Supplemen-
tary Table 1.

Mutation frequencies varied between responders
and non-responders

Based on NGS, there were 19.1% (9/47) patients harboring
C1653T, 40.4% (19/47) with T1753V, 59.6% (28/47) with
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Fig. 1 Scatter plot of Shannon’s entropy in the EnhII/BCP/PC regions
in relation to treatment response

double BCP mutations and 19.1% (9/47) with G1896A
mutant. None of participants had G1899A. Figure 2
demonstrates the distribution of baseline EnhII/BCP/PC
mutations detected by NGS in patients who achieved CR
(responders, Fig. 2a) and non-responders (Fig. 2b). Over-
all, 66.7% (8/12) and 22.9% (8/35) of responders and non-
responders exhibited WT strains (P =0.0006), respectively.
The percentage of EnhII/BCP/PC mutations detected in
each patient is shown in Supplementary Table 2.

Besides the above well-known variants, we examined
other hotspot mutations across the EnhII/BCP/PC regions
(Supplementary Fig. 1). Regarding treatment response, the
frequencies of G1742A, A1752G, G1757A, G1758T, and
T1768A variants were significantly higher detected in non-
responders compared with responders.

We then compared the prevalence of baseline T1753V
and A1762T/G1764A mutations detected in respond-
ers and non-responders. To simplify their distribution,
the percentage of mutation rates were subcategorized
into 4 ranges including 0-0.9% (WT), 1-19%, 20-49%
and > 50%, respectively, as shown in Fig. 3. Notably,
most of responders exhibited WT at T1753V region as
91.7% (11/12) and 8.3% (1/12) harbored 1-19% mutations
(Fig. 3a). For A1762T/G1764A mutations, the majority
of responders (66.7%, 8/12) exhibited WT, while 8.3%
(1/12), 8.3% (1/12) and 16.7% (2/12) harbored 1-19%,
20-49% and > 50% mutations, respectively (Fig. 3b).

Of note, all 4 patients achieving HBsAg clearance dis-
played only pre-treatment WT (4/4, 100%) of T1753V,
while 75% (3/4) and 25% (1/4) of these patients har-
bored WT and 1-19% of A1762T/G1764A mutations,
respectively.

It should be mentioned that there was no statistically
significant in the frequency of T1753V variant between
responders and non-responders [0/12 (0%) vs. 5/35
(14.3%), P=0.191) based on Sanger sequencing. Simi-
larly, the difference in double BCP mutations was not
observed between responders and non-responders [3/12
(25%) vs. 14/35 (40%), P=0.351) according to Sanger
sequencing.
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HBsAg kinetics in relation to viral mutations

The kinetics of HBsAg quantification during and after treat-
ment in relation to baseline T1753V and A1762T/G1764A
mutations identified by NGS were further analyzed. Overall,
patients with WT showed more decline of HBsAg levels from
baseline than patients with mutants (Supplementary Fig. 2).

Baseline predictors of treatment response

Univariate regression analysis was used to identify variables
that might be associated with CR. Among baseline char-
acteristics including age, gender, serum ALT, HBV DNA,
HBsAg level, and HBV mutations, univariate analysis dem-
onstrated that the absence of T1753V and A1762T/G1764A
variants detected by NGS at baseline were associated with
CR (Table 3). The predictive values of these mutations at
baseline are shown in Table 4. Of noted, the presence of
T1753V, A1762T/G1764A variants and their combination
exhibited high negative predictive values (NPV) of 94.7%,
85.7%, and 93.8%, respectively.

Discussion

The optimal outcome of achieving HBsAg clearance with
undetectable viremia is associated with a decreased risk
of developing cirrhosis and HCC [16]. Nonetheless, this
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Table 3 Logistic regression analysis of parameters to predict treatment response
Factors Category Combined response HBsAg clearance
Univariate analysis Univariate analysis
OR (95%CTI) P OR (95%CTI) P
Baseline
Age, years <35vs.>235 2.29 (0.43-12.27) 0.333 0.86 (0.08-9.11) 0.901
Gender (% males) Female vs. male 1.79 (0.46-6.97) 0.404 1.45 (0.14-15.21) 0.758
ALT, U/L < 80vs.>80 1.33 (0.34-5.29) 0.682 1.69 (0.22-13.18) 0.618
Log;, HBV DNA, TU/mL <7.0vs.>27.0 1.77 (0.41-7.75) 0.447 - -
Log,;, HBsAg, TU/mL <4.0vs.>4.0 1.50 (0.38-5.93) 0.563 - -
Liver stiffness, kPa <7.0vs.2>7.0 1.78 (0.40-7.88) 0.449 0.54 (0.05-5.66) 0.609
Mutations detected by NGS
C1653T Wild type vs mutant 3.26 (0.36-29.24) 0.291 - -
T1753C/A/G 11.65 (1.36-100.16) 0.025* - -
A1762T/G1764A 4.36 (1.08-17.63) 0.039* - -
G1896A - - - -
G1899A - - - -
Mutations detected by Sanger
C1653T Wild type vs mutant 0.67 (0.06-8.09) 0.750 N -
T1753C/A/G - - - -
A1762T/G1764A 2.00 (0.46-8.71) 0.356 - -
G1896A - - - -
G1899A - - - -
Table 4 Predictive values Factors Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
of mutations for combined
response Presence of baseline mutations
T1753V 91.7 51.4 39.3 94.7
A1762T/G1764A 66.7 68.6 42.1 85.7
Any T1753V or A1764T/G1764A 66.7 77.1 50.0 87.1
Both T1753V and A1764T/G1764A 91.7 429 355 93.8

PPV positive predictive value, NPV negative predictive value

so-called functional cure could be found in a minority of
patients with HBeAg-positive CHB receiving PEG-IFN [16].
A more realistic therapeutic endpoint is achieving HBeAg
clearance and sustained HBV DNA suppression. However,
long-term prognosis of patients with low viral load is still
variable depending on HBsAg quantification. For instance,
HBsAg < 1000 IU/mL is associated with decreased adverse
outcomes in Asian patients with low viremia [17]. In addi-
tion, the combined use of HBV DNA (<2000 IU/mL) and
HBsAg (< 1000 IU/mL) exhibited high diagnostic accuracy
for predicting inactive carriers with low risk of disease pro-
gression [18, 19]. This observation of low serum HBsAg
levels may reflect declined intrahepatic covalently closed cir-
cular (ccc) DNA and consequently predict a high chance of
HBsAg clearance [20]. In this context, we therefore applied
combined criteria using sustained viral suppression (HBeAg

clearance with HBV DNA <2000 IU/mL) and HBsAg quan-
tification (< 1000 IU/mL) as the therapeutic endpoint (CR)
after 48 weeks of treatment-free follow-up. Based on this
endpoint, our data showed that 25.5% and 8.5% of patients
achieved CR and HBsAg clearance, respectively.

HBYV genotypes B and C are the two most common geno-
types distributed in Asia, including Thailand [14]. Current
evidence has shown that HBV genotype C, compared with
genotype B, is associated with more advanced liver fibrosis
and an increased risk of HCC [5]. Moreover, HBV genotype
C is more frequently found in HBeAg-positive CHB and
displays less favorable response to PEG-IFN [5]. We thus
adopted to select only serum samples of patients infected
with genotypes C in this cohort to minimize the confound-
ing effect of HBV genotype. Moreover, we characterized
HBV quasispecies in the EnhII/BCP/PC regions by NGS.
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Compared with direct sequencing, NGS provided a fast
and more sensitive quantitative platform for detecting HBV
mutational patterns within a detectable range between 1%
and 100. It is thus more suitable for detecting minor variants
that exist with very low frequencies [10].

Previous studies using direct sequencing had generated
conflicting data regarding the predictive role of A1762T/
G1764A mutations in determination of PEG-IFN efficiency.
For example, the presence of A1762T/G1764A variants
before treatment initiation was shown to predict HBeAg
clearance after IFN-based treatment [21-23]. In contrast,
a recent cohort with a larger sample size of diverse HBV
genotypes demonstrated that detectable double BCP mutants
at baseline by direct sequencing limited response to PEG-
IFN therapy [7]. Our results confirmed and extended the
above-mentioned study that BCP variants had a negative
influence on PEG-IFN response. Specifically, the presence
of A1762T/G1764A identified by NGS at baseline signifi-
cantly decreased the likelihood of CR in patients infected
with HBV genotype C. These results were also in agreement
with a recent report of patients receiving NA therapy, which
demonstrated that detectable pre-treatment BCP and/or PC
mutants by NGS analysis was associated with reduced likeli-
hood of HBsAg clearance [12].

Interestingly, our data showed that the presence of
T1753V, another common variant in the BCP region, was
predictive of PEG-IFN therapy, whereas C1653T and
G1896A mutants were not associated with CR. Whether
these mutants might be significantly associated with treat-
ment outcome remain to be evaluated in a higher number of
patients. Regarding T1753V, these variants were previously
linked to severe acute exacerbation and hepatic decompen-
sation [24]. In a recent meta-analysis, patients harboring
T1753V mutations alone and in combination with other vari-
ants were more susceptible to acute-on-chronic liver failure
[25]. Moreover, the mutants were reported to be associated
with progressive liver disease including HCC develop-
ment in HBV genotype C [26-28]. For example, a recent
study from South Korea demonstrated that the presence of
T1753V mutations was an independent risk factor for HCC
development in long-term follow-up of patients with CHB
[28]. Interesting, the occurrence of BCP double mutations
alone was not significantly associated with HCC in that
report. Together, these data indicated that T1753V mutations
might be predictive of developing advanced liver disease in
patients infected with HBV genotype C. To our knowledge,
there is no previous publication indicating the association of
these specific variants with treatment outcome. Of noted, the
majority of patients with detectable T1753V in this cohort
exhibited low mutation rates below the detecting threshold
by direct sequencing (<20%). Such finding might be a pos-
sible explanation that these minor variants existing in the
quasispecies pool could have escaped identification in other
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reports using sequencing methods. Moreover, this observa-
tion highlights the importance of minor viral strains associ-
ated with reduced treatment response to PEG-IFN, even at
frequencies as low as 1% at baseline.

It should be mentioned that the presence of T1753V vari-
ants in this cohort usually coexisted along with the occur-
rence of A1762T/G1764A mutants, but with a relatively
lower frequency rates of detection. This finding has con-
firmed prior data that T1753V variants appear later after the
double BCP mutants in the natural course of HBeAg-posi-
tive CHB [29]. Notably, our data also revealed that T1753V
variants at baseline were more predictive of CR than that of
the double BCP mutants. For instance, the NPVs of T1753V
variants at baseline for subsequent achieving CR and HBsAg
clearance were approximately 95% and 100%, respectively,
compared with 85% and 62.8% of the double BCP mutants.
Together, it seems that T1753V variants might represent a
better biomarker, while A1762T/G1764A mutants also play
an important, albeit lesser, role in predicting response to
PEG-IFN.

There were some limitations in this study. First, the num-
ber of patients was relatively small, particularly those who
achieved CR or HBsAg clearance. Also, there was a lack
of a validated cohort in our report. In this regard, further
large-scale studies are necessary to confirm our observa-
tions. Second, we included only HBV genotypes C; thus, it
remains to be determined if the results demonstrated here
are applicable to other HBV genotypes. Third, whole HBV
genome sequencing was not performed in this study. Thus,
it remains unknown whether variants in other regions might
be associated with treatment outcome. Finally, we identified
HBYV mutations at baseline, but did not evaluate sequential
variants during or after PEG-IFN treatment. Despite this
limitation, recent data based on NGS observed no significant
dynamic change in nucleotide composition during combined
PEG-IFN and NA therapy [13]. As NGS technology has
increasingly become faster and less expensive, it is expected
that the identification of minor viral strains by NGS-based
testing will be applicable in clinical practice. Consequently,
NGS platform will offer an advantage of individualized deci-
sion-making before initiating PEG-IFN therapy in patients
with CHB.

In summary, our results showed that NGS was supe-
rior to Sanger sequencing in detecting minor viral strains
in the EnhII/BCP/PC regions. Moreover, patients with
detectable T1753V and/or A1762T/G1764A variants by
NGS exhibited a lower probability of achieving treatment
response after PEG-IFN therapy. Considering viral muta-
tions occur gradually through time, our findings suggest that
patients with HBeAg-positive CHB should be considered
to receive early antiviral treatment before the emerging of
the BCP mutants. Nonetheless, further validations in other
populations with other HBV genotypes are required.
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