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Abstract: Background: The aim of this study was to investigate prevalent mutations of RT region of hepatitis B
virus (HBV) genome in NA naive Chinese patients with chronic HBV infection. Methods: A total of 217 patients
with chronic HBV infection (172 with chronic hepatitis B and 45 with liver cirrhosis) were enrolled in this study.
Mutations were detected by the direct sequencing of RT region after PCR amplification. Mutations and subsequent
amino acid changes were analyzed for 16 well characterized NAs-resistance mutations (rtL180M, rtA181T/V/S,
rtT184A/G/1/S, rtS202G/I, rtM204V/1/S, rtN236T and rtM250V/L) and 10 secondary or compensatory resistance
mutations (rtV173L, rtV2071/L/G, rtS213T, rtV214A, rtQ215S, rtP237H and rtN/H238T/D). Results: Out of the 217
patients, 151 (69.6%) were male and 67 (30.4%) were female. A total of 166 patients (76.5%) were HBeAg positive.
Mutations in the RT region were found in 28 patients (12.9%) including 34 mutations. Primary resistance mutations
of HBV RT region were found in 8 (3.7%) cases. Of these 8 patients, 6 had rtM2041 including 2 with combination
of rtL180M, 1 had rtA1841T and 1 had rtT184S substitution. While secondary/compensatory resistance mutations
were detected in 20 (9.2%) cases. The most frequent secondary resistance mutation was rtS213T (5.0%), followed
by rtV214A/E/P (2.3%) and rtV207L/M/I1 (1.8%). Multivariate analysis showed that age (P=0.021) and HBeAg status
(P<0.001) were associated with HBV resistance mutations, while sex, ALT, AST, TBIL, HBV DNA level, genotype and
liver disease stages were not statistically significant. Conclusions: Primary resistance mutations can be detected
in treatment naive HBV infected patients, especially in older and HBeAg negative ones. Antivirals with high genetic
barriers should be selected to avoid potential treatment failure.
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Introduction spontaneously occur within HBV RT region in
some NA naive patients, as reported in a few

HBV infection is still a serious world health studies [7, 8]. HBV resistant mutants may pre-

problem which can lead to liver cirrhosis and
hepatocellular carcinoma (HCC) [1, 2]. Recently,
approved HBV therapies include interferon alfa
(IFN-a) and nucleos(t)ide analogues (NAs) in-
cluding Lamivudine (LAM), telbivudine (LdT),
adefovir (ADV), entecavir (ETV), tenofovir (TDF)
and tenofovir alafenamide (TAF) [3-5]. NAs ha-
ve favorable effects and relatively few side
effects, although prolonged NA treatment may
result in drug-resistant HBV mutants [6], espe-
cially for those with low gene barriers such as
lamivudine. Of note, resistance mutations can

exist as minor viral population and gradually
evolve to predominant population resulting in
treatment failure under continuous NA therapy
[9].

However, the clinical features associated with
the pre-existing resistance mutation in endem-
ic areas have not been well evaluated yet. The
aim of the present study was to evaluate the
mutations occurring naturally within HBV RT
region among NAs naive Chinese patients with
chronic HBV infection, and to investigate the
related factors and their clinical implications.
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Methods
Patients

A total of 217 inpatients were recruited from
August 2009 to July 2016 in the Second
Hospital of Shandong University. All the pati-
ents had positive test results for hepatitis B
surface antigen (HBsAg) for more than 6 mon-
ths and elevated liver enzymes, including 172
chronic hepatitis B (CHB) and 45 liver cirrhosis
cases. None of the patients had received NA
treatment prior to the serum samples being col-
lected. Exclusion criteria included hepatitis C
virus or human immunodeficiency virus co-
infection, autoimmune liver disease, and alco-
hol or drug abuse. The study protocol was
approved by the Ethics Committee of the
Second Hospital of Shandong University in
accordance with the Declaration of Helsinki,
and written consent forms were obtained from
every patient enrolled.

Liver biochemistry, HBV serology and HBV DNA
assays

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using
Hitachi Automatic Clinical Analyzer 7170 (Hi-
tachi High-Technologies, Tokyo, Japan). HBV
serological markers were determined by chemi-
luminescent microparticle immunoassay using
the Abbot Architect immunoassay system (Ab-
bott Laboratories, AbbottPark, lllinois, USA).
HBV DNA was measured by real-time PCR using
suitable reagents (Sinomd Gene, Beijing, China)
with the lowest detection limit of 500 copies/
mL.

HBV DNA extraction, amplification and se-
quencing

HBV genomes we extracted from 200 yL serum
samples using Virus DNA/RNA Extracting Kit
(Magnetic beads adsorption) (Sinomd Gene,
Beijing, China) according to the manufacturer’s
instructions. The PCR primers were 5-ACCTC-
TAGGTTTCCCTCTTGTTGC-3’ (forward, nt 545-
568) and 5-CCACAATTCTTTGACATACTTTCC-3’
(reverse, nt 1003-980).

Amplification was performed with Pfu PCR
MasterMix (Tiangen Biotech, Beijing, China), 5
uL HBV DNA template and 0.5 yL primer each
under the following conditions: initial 95°C
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denaturation for 3 min, then 95°C denaturation
for 15 s, 60°C annealing for 45 s and 65°C
extension for 1 min, for a total of 35 cycles.

Then, 5 uL product was mixed with 2 uL of SAP
enzyme for enzymolysis. The conditions for en-
zymolysis were as follows: 37°C for 60 min,
80°C for 15 min. The sequencing PCR was car-
ried out in 6 yL volume, including 31 yL of enzy-
molysis product, 1 uL of Bigdye and buffer and
1 uL of sequencing primer. PCR conditions for
sequencing PCR were as follows: initial dena-
turation at 96°C for 1 min, 30 cycles consisting
of 96°C for 10 sec, 50°C for 5 sec and 60°C
for 2 min, finally 65°C for 1 min. The ultimate
PCR fragment was purified and sequenced with
an ABI 3130 automated sequencer (Applied
Biosystems, Foster City, California, USA) using
primer 5-GCACTTGTATTCCCATCCCATCA-3’).

HBYV genotyping and mutation analysis

In this study, 16 well-characterized mutations
associated with NAs-resistance (rtL180M,
rtA181T/V/S, rtT184A/G/1/S, rtS202G/I, rtM-
204V/1/S, rtN236T and rtM250V/L) and 10
secondary or compensatory resistance muta-
tions associated with reduction of susceptibili-
ty to NAs (rtvai73L, rtv207I/L/G, rtS213T,
rtvV214A, rtQ215S, rtP237H and rtN/H238T/D)
were analyzed [9-13]. Nucleotide and amino
acid variations within RT regions were com-
pared with reference HBV sequences of the
same genotypes from GenBank, the accession
numbers of reference sequences are X02763,
X51970, AF090842, D00329, ABO73846, AB-
602818, X04615, M12906, AB014381, X65-
259, M32138, X85254, X75657, AB032431,
X69798, AB036910, AF223965, AF160501,
AB064310, AF405706, AYO90454, AY090457
and AY090460 [14]. HBV genotypes and nucle-
otide and amino acid variations were analyzed
using the HBVSTAR program online [15].

Statistical analysis

Results were reported as median and range for
continuous variables and percentages for cat-
egorical variables. The student t-test was used
to evaluate normally distributed continuous
variables, and x? test was used to evaluate cat-
egorical variables. The Mann-Whitney U test
was applied to nonparametric variables. A two-
tailed p-value <0.05 was considered statisti-
cally significant. Binary logistic regression was
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Table 1. Baseline characteristics of the study population

HBeAg-positive (n=166) HBeAg-negative (n=51) p value
Gender (male/female) 111/55 40/11 0.127
Age (years), median (range) 34 (17-73) 46 (11-82) <0.001
ALT (IU/L), median (range) 158 (15-2450) 153 (24-1115) 0.233
AST (IU/L), median (range) 107 (25-1852) 132 (33-697) 0.854
TBIL (umol/L), median (range) 20.1 (2.5-418.2) 25 (6.9-450) 0.400
HBV DNA (Log, , copies/mL), median (range) 6.7 (2.4-9) 5.85 (2.4-9.3) <0.001
Genotype (B/C) 3/163 1/50 1.0
Disease stage (Liver cirrhosis/chronic hepatitis B) 26/140 19/32 0.001
Table 2. Observed reverse transcriptase mutations
No. Age HBeAg Mutations Genotype No. Age HBeAg Mutations Genotype
15 37 + S213T C 114 51 + V214A C
31 30 V2071 C 127 66 + M2041 C
40 44 S213T C 135 42 + V214P C
53 40 S213T, Q215S C 146 34 - S213T C
55 32 A181T C 147 60 - M2041 C
62 36 N/H238S C 153 37 - V207L C
69 33 S213T C 154 32 + V207L C
80 49 V214E C 161 60 - L180M, M204I C
82 62 S213T B 162 53 - M2041 C
86 69 + L180M, M204I C 163 45 - S213T, V214A, Q215E C
91 38 S213T C 173 36 + V214A C
95 50 S213T, V207M C 180 41 - S213T C
107 26 + T184S C 193 49 + N/H238T/D C
112 36 + M2041 C 207 26 - S213T C

+: positive, -: negative.

performed to explore the predictor of resis-
tance mutations.

Results
Patient characteristics

A total of 217 NAs naive patients with chronic
HBV infection were enrolled in this study. 151
(69.6%) were male and 67 (30.4%) were female
with a median age of 36 years old (11-82). The
median HBV DNA level was 6.5 log,  copies/
mL (2.4-9.3 log,, copies/mL). A total of 166
patients (76.5%) were HBeAg positive. The
main characteristics of the HBeAg-positive and
HBeAg-negative patients were compared (Table
1). The table indicated that HBeAg-negative
patients were significantly older (P<0.001), and
had significantly lower HBV DNA level (P<0.001),
but had more advanced liver diseases than
HBeAg-positive ones (P=0.001).
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Analysis of potential resistance mutations

Out of the 217 patients, resistance related
mutations in the RT region were found in 28
patients (Table 2; Figure 1) including 34 muta-
tions. Primary resistance mutations of HBV RT
region were found in 8 (3.7%) patients. Of these
8 patients, 6 had rtM204| substitution and 2
of them had rtL180M simultaneously, 1 had
rtA1841T and 1 had rtT184S substitution. Whi-
le secondary/compensatory resistance muta-
tions were detected in 20 (9.2%) patients. The
most frequent secondary resistance mutation
was found at position rtS213T (11/217, 5.0%).
The rtV214 mutations were detected in 5
(2.3%) patients, which included rtV214A muta-
tion in 3 patients, rtV214E mutation in 1 patient
and rtV214P mutation in 1 patient. The rtv207
mutations were detected in 4 (1.8%) patients,
which included rtV207L mutation in 2 patients,
rtvV207M mutation in 1 patient and rtvV207I
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Figure 1. Distribution and frequency of resistance mutation related to nucleos(t)ide analogues in HBV reverse tran-

scriptase region.

mutation in 1 patient. Other common second-
ary resistance mutations included rtQ215S/E
and N/H238T/D/S, which were present in 2
(0.1%) patients each. Of the 28 patients with
mutations, 23 (82.14%) had single mutation
while 5 (17.86%) had multiple mutations,
including 4 with double mutations and 1 with
triple mutations.

Factors associated with HBV mutations

To explore the factors associated with the
emergence of resistance mutation, clinical fea-
tures of patients with mutations were com-
pared with those of patients without mutations
(Table 3). In brief, age and HBeAg status were
statistically different between the two groups
(P=0.019 and <0.001, respectively), indicating
the resistance mutations were detected more
frequently in older and HBeAg-negative pati-
ents. Other parameters, such as ALT, gender,
genotype and HBV DNA level were comparable
between groups. Spearman correlation analy-
sis revealed that mutation was related to age
and HBeAg status (P<0.01). Logistic regression
was performed to investigate the factors relat-
ed to mutation in multivariate setting (Table 4).
HBeAg status and age >30 y were predictors for
pre-existing mutations, (P<0.05).

Discussion

In the present study, HBV RT sequences cover-
ing all well-characterized resistance mutations
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were determined in 217 patients with chronic
HBV infection. Thirty five resistance mutations
were detected in 28 patients (12.9%), among
which primary resistance mutations were found
in 8 patients (3.7%). The most frequent primary
mutation detected was rtM204l, and the most
frequent compensatory mutation detected was
rtS213T. Correlation analysis revealed that
HBeAg status and age were associated with
resistance mutation, and logistic regression
indicated that HBeAg negativity and age >30
years were risk factor for pre-existing resis-
tance mutations.

Owing to a lack of proofreading capacity during
reverse transcription and a high replication
rate, HBV mutations can arise rapidly. Resi-
stance mutations in HBV polymerase associat-
ed with NAs could be classified into primary
and secondary (or compensatory) mutation.
Primary resistance mutations contain an amino
acid substitution that significantly decrease
susceptibility to an antiviral NA, while second-
ary resistance mutations have no direct role
but restore functional defects of HBV mutant
containing primary mutations and enhance
resistance to antiviral agents [11]. In our study,
primary resistance mutations of HBV RT region
were found in 3.7% (8/217) cases. Of these 8
patients, 6 had rtM204l, 1 had rtA181T and 1
had rtT184S substitution. The rtM2041/V sub-
stitutions are primary resistance mutations
associated with antiviral resistance to LAM and
LDT. The rtM2041 substitution has been detect-
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Table 3. Clinical characteristics of the study population with mutation and without mutation

Characteristics

With mutation (n=28) Without mutation (n=189) p value

Gender (male/female)

Age (years), median (range)

ALT (IU/L), median (range)

AST (IU/L), median (range)

TBIL (umol/L), median (range)

HBV DNA (Log, , copies/mL), median (range)
Genotype (B/C)

HBeAg status (+/-)

Disease stage (Liver cirrhosis/chronic hepatitis B)

19/9 131/58 1.000

41 (26-69) 36 (11-82) 0.019
142 (24-822) 159 (15-2450) 0.431
113 (33-656) 116 (25-1852) 0.308
27.5 (6.9-310.5) 20.3 (2.5-450) 0.193
6.3 (2.7-8) 6.6 (2.4-9.3) 0.208
1/27 3/186 0.427
13/15 153/36 <0.001
9/19 36/153 0.111

+: positive, -: negative.

Table 4. Logistic analysis of factors associated with pre-existing muta-

such as the line probe
assay and restriction

fragment length poly-

morphism (RFLP), are

tions
Univariate Multivariate

OR 95% Cl p value OR 95% Cl p value
Gender 1.070 0.457-2.506 0.876
Age >30years 5.244 1.529-17.99 0.008 4.692 1.263-17.428 0.021
ALT 0.999 0.998-1.001 0.469 1.003 1.000-1.007 0.070
AST 0.999 0.996-1.001 0.273 0.994 0.989-1.000 0.057
TBIL 1.007 0.997-1.007 0.457
HBV DNA 0.823 0.608-1.115 0.209
Genotype 0.435 0.044-4.339 0.478

HBeAg status  4.904 2.145-11.209 <0.001 4.429

Disease stage 2.013 0.842-4.816 0.116

1.846-10.627 <0.001

more sensitive than dir-
ect PCR sequencing (5%
vs. 20%), thus the preva-
lence of mutants dete-
cted by more sensitive
methods seems higher
[9, 11]. On the other ha-
nd, the enrollment of pa-
tients played an impor-
tant role since the NA-

ed inisolation, but rtM204V mutation is usually
associated with the compensatory rtL180M
mutation. In our study, only rtM204I substitu-
tion were detected, and most of them are
alone, which was consistent with previous stud-
ies [13, 16].

Many studies have shown that mutations occur
spontaneously in YMDD motif of HBV RT region
among NA untreated patients. The prevalence
of resistance mutation in NA-naive patients
seemed contradictory. Villa et al reported no
YMDD mutant (0%) among LAM-untreated pa-
tients [17], while Wang et al determined 31.7%
for incidence of YMDD motif mutation among
NA naive patients [18]. Also, in a recent meta-
analysis, Tan et al reported that overall inci-
dence of spontaneously occurring YMDD muta-
tion in LAM-untreated patients was up to
12.21%, and China had an incidence of 13.38%
[16]. The various prevalence of YMDD mutant
may partially result from the different methods
adopted to detect the mutation. The methods
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experienced patients ha-
ve a much higher preva-
lence of resistance mutation. Our study show-
ed a lower prevalence in NA naive patients with
chronic HBV infection. The rtM204| had been
detected in only 2.76% (6/217) patients, which
may reflect the prevalence of rtM204 in NA
naive patients in patients with genotype C in
endemic area. This prevalence was similar with
the study performed by Han, et al from China,
which reported that the prevalence of YMDD
mutants was 1.8% [7].

HBeAg negativity was found as risk factor for
pre-existing resistance mutations. HBeAg-ne-
gative CHB represents a later immune reactive
phase in the natural history of chronic HBV
infection, which may follow HBeAg seroconver-
sion during the immune reactive phase or may
develop after years or decades of the inactive
carrier state [3, 5]. HBV exists as quasispecies,
which consists of a spectrum of mutants which
are genetically similar but not identical [19, 20].
HBeAg seroconversion means an extra immune
selective pressure for HBV quasispecies, which

Int J Clin Exp Med 2018;11(12):13729-13735



Risk factors of pre-existing tolerance mutations in HBV patients

can accelerate the HBV quasispecies evolution
and generated more mutations than those
without HBeAg seroconversion. Additionally, pa-
tients with HBeAg-negative CHB harbor a pre-
dominance of HBV virions with mutations in the
precore and/or the basal core promoter re-
gions. Those mutations enable the virons not
to express or express low levels of HBeAg,
although they can enhance the replication ca-
pacity as compensation [21]. Therefore, more
mutations can be generated due to a higher
replication capacity. Finally, patients with HBe-
Ag-negative CHB usually experience periodic
reactivation with fluctuating aminotransferases
levels and active hepatitis; the inflammations
merely reflect the immune activity that means
another kind of selective pressure driving the
HBV evolution.

Age is another risk factor for tolerance muta-
tion. That is, tolerance mutations occur more
frequently in older patients. As most chronic
HBV infection was acquired perinatally in China,
longer infection duration results in more cumu-
lative mutations. Although HBeAg negativity is
more popular in older patients, no interaction
between HBeAg and age was found in multivari-
ate analysis (data not shown). Subgroup analy-
sis showed that age >30 years was predictor of
resistance mutation both in HBeAg-positive
patients and in HBeAg-negative patients.

Although primary resistance mutations related
to lamivudine, telbivudine and adefovir were
detected in our study, the triple mutation relat-
ed to entecavir was not found. Adefovir dipivoxil
and lamivudine are not recommended as the
first-line choice for CHB treatment by the prac-
tice guidelines from EASL, AASLD and APASL,
although they are still widely used in China
because of their good affordability and avail-
ability. Our data showed that the pretreatment
resistance mutation related with adefovir and
lamivudine do exist and may cause treatment
failure in early stage. As pretreatment mutation
may result in treatment failure in CHB patients
[22], lamivudine and adefovir should not be
selected as the initiation antiviral drug, espe-
ciallyin older and HBeAg-negative CHB patients.

Conclusions
Our study showed that primary resistance mu-

tations can be detected in treatment naive HBV
infected patients, and rtM204I is the most fre-
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quent. Age and HBeAg status were associated
with the occurrence of resistance mutations.
Antivirals with high genetic barriers should be
selected to avoid potential treatment failure,
especially in older and HBeAg negative CHB
patients.

Acknowledgements

This work was supported by grant from the
Natural Science Foundation of Shandong Pro-
vince (grant number: ZR2016HB41) and the
National Natural Science Foundation of China
(No. 81702395).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Baohua Yang,
Department of Infectious Diseases and Hepatology,
The Second Hospital of Shandong University, 247
Beiyuan Road, Jinan 250033, Shandong Province,
PR China. Tel: +8615153169097; Fax: +0531-
88962544, E-mail: bhy_sdey@163.com

References

[1] Fattovich G, Bortolotti F and Donato F. Natural
history of chronic hepatitis B: special empha-
sis on disease progression and prognostic fac-
tors. J Hepatol 2008; 48: 335-352.

[2] Lavanchy D. Hepatitis B virus epidemiology,
disease burden, treatment, and current and
emerging prevention and control measures. J
Viral Hepat 2004; 11: 97-107.

[3] Terrault NA, Bzowej NH, Chang KM, Hwang JP,
Jonas MM, Murad MH; American Association
for the Study of Liver Diseases. AASLD guide-
lines for treatment of chronic hepatitis B. Hep-
atology 2016; 63: 261-83.

[4] Liaw YF, Kao JH, Piratvisuth T, Chan HL, Chien
RN, Liu CJ, Gane E, Locarnini S, Lim SG, Han
KH, Amarapurkar D, Cooksley G, Jafri W, Mo-
hamed R, Hou JL, Chuang WL, Lesmana LA,
Sollano JD, Suh DJ and Omata M. Asian-Pacific
consensus statement on the management of
chronic hepatitis B: a 2012 update. Hepatol Int
2012; 6: 531-561.

[5] Lok AS, McMahon BJ, Brown RS Jr, Wong JB,
Ahmed AT, Farah W, Almasri J, Alahdab F,
Benkhadra K, Mouchli MA, Singh S, Mohamed
EA, Abu Dabrh AM, Prokop LJ, Wang Z, Murad
MH and Mohammed K. Antiviral therapy for
chronic hepatitis B viral infection in adults: a
systematic review and meta-analysis. Hepatol-
ogy 2016; 63: 284-306.

Int J Clin Exp Med 2018;11(12):13729-13735



(6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

Risk factors of pre-existing tolerance mutations in HBV patients

Nguyen MH, Keeffe EB. Chronic hepatitis B:
early viral suppression and longterm out-
comes of therapy with oral nucleos(t)ides. J Vi-
ral Hepat 2009; 16: 149-155.

Han Y, Huang LH, Liu CM, Yang S, Li J, Lin ZM,
Kong XF, Yu DM, Zhang DH, Jin GD, Lu ZM,
Gong QM and Zhang XX. Characterization of
hepatitis B virus reverse transcriptase se-
quences in Chinese treatment naive patients. J
Gastroenterol Hepatol 2009; 24: 1417-1423.
Liu BM, Li T, Xu J, Li XG, Dong JP, Yan P, Yang JX,
Yan L, Gao ZY, Li WP, Sun XW, Wang YH, Jiao XJ,
Hou CS and Zhuang H. Characterization of po-
tential antiviral resistance mutations in hepati-
tis B virus reverse transcriptase sequences
in treatment-naive Chinese patients. Antiviral
Res 2010; 85: 512-519.

Zoulim F, Locarnini S. Hepatitis B virus resis-
tance to nucleos(t)ide analogues. Gastroenter-
ology 2009; 137: 1593-1608.

Santantonio T, Fasano M, Durantel S, Barraud
L, Heichen M, Guastadisegni A, Pastore G and
Zoulim F. Adefovir dipivoxil resistance patterns
in patients with lamivudine-resistant chronic
hepatitis B. Antiviral Res 2009; 14: 557-565.
Lok AS, Zoulim F, Locarnini S, Bartholomeusz
A, Ghany MG, Pawlotsky JM, Liaw YF, Mizokami
M and Kuiken C; Hepatitis B Virus Drug Resis-
tance Working Group. Antiviral drug-resistant
HBV: standardization of nomenclature and as-
says and recommendations for management.
Hepatology 2007; 46: 254-265.

He X, Wang F, Huang B, Chen P and Zhong L.
Detection and analysis of resistance muta-
tions of hepatitis B virus. Int J Clin Exp Med
2015; 8: 9630-9639.

Gomes-Gouvea MS, Ferreira AC, Teixeira R, An-
drade JR, Ferreira AS, Barros LM, Rezende RE,
Nastri AC, Leite AG, Piccoli LZ, Galvan J, Conde
SR, Soares MC, Kliemann DA, Bertolini DA, Ku-
nyoshi AS, Lyra AC, Oikawa MK, de Araujo LV,
Carrilho FJ, Mendes-Corréa MC and Pinho JR.
HBV carrying drug-resistance mutations in
chronically infected treatment-naive patients.
Antivir Ther 2015; 20: 387-395.

Rozanov M, Plikat U, Chappey C, Kochergin A
and Tatusova T. A web-based genotyping re-
source for viral sequences. Nucleic Acids Res
2004; 32: W654-9.

13735

(15]

[17]

(18]

(19]

[20]

[21]

[22]

Myers R, Clark C, Khan A, Kellam P and Tedder
R. Genotyping hepatitis B virus from whole-
and sub-genomic fragments using position-
specific scoring matrices in HBV STAR. J Gen
Virol 2006; 87: 1459-1464.

Tan Y, Ding K, Su J, Trinh X, Peng Z, Gong Y,
Chen L, Cui Q, Lei N, Chen X and Yu R. The
naturally occurring YMDD mutation among pa-
tients chronically infected HBV and untreated
with lamivudine: a systematic review and me-
ta-analysis. PLoS One 2012; 7: €32789.

Villa E, Lei B, Taliani G, Graziosi A, Critelli R,
Luongo M, Gennari W, Bianchini M and Ferretti
I. Pretreatment with pegylated interferon pre-
vents emergence of lamivudine mutants in la-
mivudine-naive patients:a pilot study. Antivir
Ther 2009; 14: 1081-1087.

Wang Y, Pu D. Clinical analysis of natural muta-
tion of YMDD in HBV infection patients. China
Tropical Medicine 2009; 9: 652-653.

Liu F, Chen L, Yu DM, Deng L, Chen R, Jiang Y,
Chen L, Huang SY, Yu JL, Gong QM and Zhang
XX. Evolutionary patterns of hepatitis B virus
quasispecies under different selective pres-
sures: correlation with antiviral efficacy. Gut
2011; 60: 1269-1277.

Chen L, Zhang Q, Yu DM, Wan MB and Zhang
XX. Early changes of hepatitis B virus quasi-
species during lamivudine treatment and the
correlation with antiviral efficacy. J Hepatol
2009; 50: 895-905.

Chu CJ, Keeffe EB, Han SH, Perrillo RP, Min AD,
Soldevila-Pico C, Carey W, Brown RS Jr, Luketic
VA, Terrault N and Lok AS; U.S. HBV Epidemiol-
ogy Study Group. Prevalence of HBV precore/
core promoter variants in the United States.
Hepatology 2003; 38: 619-628.

Ma J, Zhang, Chen X, Jin Y, Chen D, Wu Y, Cui
J, Wang H, Liu J, Li N and Gao F. Association of
preexisting drug-resistance mutations and
treatment failure in hepatitis B patients. PLoS
One 2013; 8: e67606.

Int J Clin Exp Med 2018;11(12):13729-13735



