
METHODS: Between June 2008 and August 2010, a 
cross-sectional control study was conducted compris-
ing 79 patients with chronic HBV infection-related liver 
disease who had been administered ADV monotherapy. 
Patients underwent liver imaging. Serum DNA extracts 
were analyzed for HBV DNA levels, genotypes, and 
serology markers, and deep sequencing of the HBV P 
gene was performed. 

RESULTS: ADV-resistant patients were found either 
with a single mutated locus, or with coexisting mu-
tated loci. The most prevalent mutations were rtA181T, 
rtV214A, and rtN236T. Twenty-six patients had more 
than two mutated loci. The mutants were distributed 
among the patients without any significant affinity for 
gender, age, end-stage of liver disease, complications 
of non-alcoholic fatty liver disease, or HBV DNA lev-
els. Patients with the rtA181T mutant were primarily 
infected with genotype C and e-antigen negative HBV, 
while patients with the rtN236T mutant were primar-
ily infected by genotype B HBV (χ 2 = 6.004, 7.159; P  = 
0.023, 0.007). The duration of treatment with ADV was 
shorter in the single mutant group compared with the 
multi-mutant group (t  = 2.426, P  = 0.018).

CONCLUSION: Drug-resistant HBV mutants are com-
plex and diverse. Patients should receive the standard 
and first-line antiviral treatment, strictly comply with 
medication dosage, and avoid short-term withdrawal.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Currently, hepatitis B virus (HBV) resistance 
to adefovir dipivoxil (ADV) has become more preva-
lent. However, it is not known whether drug-resistant 
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Abstract
AIM: To investigate the loci of adefovir dipivoxil (ADV)-
induced resistance in hepatitis B virus (HBV) isolates 
and optimize the management of ADV-treated patients. 
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HBV mutants induced by ADV are related to the clini-
cal features of patients. In this study, we analyzed the 
exhaustive resistant mutants induced by ADV. Of 79 
patients, 26 (32.9%) had more than two loci of drug 
resistance in HBV mutants. Because drug-resistant HBV 
mutants induced by ADV are complicated and diverse, 
we conclude that testing for resistant mutants prior to 
antiviral treatment, administering standard and first-
line antiviral treatment, and personalizing medication 
according to the clinical characteristics of patients is 
important to avoid subsequent noncompliance and the 
need for salvage treatment.

Jiang SW, Yao LP, Hu AR, Hu YR, Chen SX, Xiong T, Gao GS, 
Liang XY, Ding SX, Weng PJ. Resistant mutants induced by ade-
fovir dipivoxil in hepatitis B virus isolates. World J Gastroenterol 
2014; 20(45): 17100-17106  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17100.htm  DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.17100

INTRODUCTION 
Patients with chronic hepatitis B virus (HBV)-related 
liver disease should be treated in a timely manner to pre-
vent progressive HBV recurrence[1-5]. However, treatment 
is limited by the ever-increasing number of  drug-resistant 
HBV mutants resulting from the wide use of  nucleo-
side/nucleotide analogues (NUCs)[6-11]. Adefovir dipivoxil 
(ADV) is an NUC that is relatively effective and often 
used in salvage therapy for HBV-related liver disease. Yet 
the viruses’ resistance rate continues to rise[12] and its five-
year cumulative resistance rate is 29%[1,2]. 

China is an endemic area for HBV infection. In China, 
ADV is routinely applied in initial monotherapy for patients 
with HBV-related liver disease, as well as monotherapy to 
patients with NUC-resistant HBV. As a result, HBV resis-
tance to ADV has become more prevalent[13], and research 
on ADV drug resistance has attracted extensive attention. 
Currently, the HBV mutations rtA181V/T/S and rtN236T 
are considered the primary sites of  ADV-associated drug 
resistance[1,2,5], but others continue to be found[14-16]. 

HBV comprises eight genotypes (A to H). Their dif-
ferentiation is based on a divergence in the entire nucleo-
tide sequence that is greater than 8%[17]. Approximately 
95% of  Chinese HBV patients carry the most common 
genotypes, B and C. There is no consensus on the relat-
edness of  HBV genotype and ADV resistance.

Most current studies focus on ADV drug resistance 
and optimal treatment. However, there has been no 
report concerning the association between the clinical 
features of  patients and drug-resistant HBV mutants in-
duced by ADV. This study analyzed the loci of  mutations 
in HBV strains in which resistance had been induced by 
ADV treatment, in patients with chronic HBV infection-
related liver diseases. The study provides a valuable refer-
ence for standard and optimal treatment of  NUCs.

MATERIALS AND METHODS
Study design and patients
This was a cross-sectional control study of  ADV-resistant 
HBV mutants induced by ADV monotherapy. The study 
included 281 ADV monotherapy patients treated at Ning-
bo No. 2 Hospital between June 2008 and August 2010, 
79 of  these patients had ADV-resistant HBV mutants. 
Patients included 66 men and 13 women, 20 to 68 years 
old, with a median age of  43.2 ± 10 years. These ADV-
resistant patients had been given only ADV monotherapy 
(10 mg, oral and once daily), for 2.7 to 4.5 years, with a 
median duration of  3.4 years. During the course of  ADV 
treatment, the serum creatinine and creatinine clearance 
rate of  all patients were normal.

To explore the association between clinical features 
and loci mutations, we considered patients’ gender, age, 
end-stage of  liver disease, complications of  non-alcoholic 
fatty liver disease (NAFLD), levels of  HBV DNA, HBV 
serum markers, HBV genotypes, and the loci of  muta-
tions. Forty-five cases were e-antigen negative and 34 
cases were e-antigen positive. There were 16 cases with 
genotype B and 63 cases with genotype C.

Through inspection of  medical records and tele-
phone solicitation, patients were confirmed for inclusion 
in the study. Each patient provided informed consent be-
fore the ADV treatment and preparation of  specimens. 
Based on the results of  sequencing drug-resistant HBV 
mutants, patients were stratified into an rtA181T mutant 
group and a not-rtA181T mutant group, a single locus 
mutation group and a multiple loci mutation group, or an 
rtA181T mutant group and an rtN236T mutant group.

Diagnosis criteria
For all patients, the diagnosis and treatment of  their disease 
complied with the established guidelines for chronic HBV-
related diseases[1-5]. The diagnostic criteria for NAFLD met 
the guidelines for NAFLD[18,19]. End-stage liver diseases in-
cluded hepatitis cirrhosis, liver failure, and primary hepato-
cellular carcinoma. Potential patients were excluded if  they 
had undergone combination treatment (that is, combined 
initially or sometime during the treatment process), or had 
infections overlapping HBV, or there were other factors 
leading to abnormal liver function. 

Instruments and reagents
Serum HBV DNA was detected by real-time fluores-
cence-based quantitative PCR[20] (ABI Prism 7500 PCR 
System, Life Technologies, CA, United States) with a 
kit provided by Da An Gene of  Sun Yat-sen University 
(approval number: S20040035, 500 copies/mL). HBV 
serologic markers were analyzed with an Abbott AxSYM 
System immune assay analyzer (United States). ADV-re-
sistant gene sequencing and genotyping were performed 
by an ABI 3130 xl sequencing instrument (United States). 
The fluorescent quantitative nucleic acid amplification 
and sequencing kit was from Shanghai Shenyou Biologi-
cal Technology. 
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Gene sequencing analysis
To perform quantitative PCR, 50 μL of  enriched extrac-
tion liquid was added to 50 μL of  serum, left for 5 min at 
4 ℃ after mixing uniformly, and centrifuged at 20879 ×
g for 10 min. The supernatant was discarded and 40 μL 
lysing buffer liquid was added and briefly centrifuged. 
The result was heated for 10 min at 100 ℃, centrifuged 
at 20879 × g for 5 min, and 4 μL to 25 μL added to a re-
action mixture. The PCR amplification conditions were: 
40 cycles of  94 ℃ for 5 min, 94 ℃ for 7 s, and 60 ℃ 
for 50 s. For enzymatic hydrolysis of  the PCR products, 
3 μL of  PCR product was mxed with 2 μL of  shrimp 
alkaline phosphatase, kept at 37 ℃ for 60 min and 80 ℃ 
for 15 min, and stored at 4 ℃. For the sequencing of  
PCR products, 3 μL of  PCR enzymatic products, 1 μL 
of  sequencing reagents (BigDye) and 2 μL of  sequencing 
primers were amplified through 25 cycles of  96 ℃ for 
1 min, 96 ℃ for 10 s, 50 ℃ for 5 s, and 60 ℃ for 4 min. 
Products were purified and stored at 4 ℃ for sequencing. 

Liver imaging study
The liver imaging study, which included liver ultrasound 
or X-ray computed tomography, was performed to assist 
in the diagnosis of  NAFLD[18,19], hepatitis cirrhosis, and 
primary hepatocellular carcinoma. 

Statistical analysis
All data were statistically analyzed using SPSS 18.0 soft-

ware (SPSS, Chicago, IL, United States). HBV DNA 
levels are expressed as mean ± SD, determined via loga-
rithmic conversion. Continuous normal distribution was 
analyzed through the independent samples t-test, the chi-
squared test, or Fisher’s exact probability method for rate 
comparisons. A P-value ≤ 0.05 was considered statisti-
cally significant.

RESULTS
ADV drug-resistant mutants
The sequencing results revealed that drug-resistant HBV 
mutants induced by ADV could have either a single locus 
of  mutation or multiple coexisting mutated loci (Table 
1). Specifically, the following mutations were found: 
rtL180M, rtM204V, rtV207M/L/I, rtS213T, rtA181T, rt-
V214A, rtQ215S, rtN236T, rtP237H, rtN238T, rtT184L, 
and rtM250L. In these mutations, the drug-resistant 
HBV mutants related to other NUCs such as lamivudine 
(LAM) and entecavir (ETV) were also found though 
patients didn’t receive LAM or ETV treatment. The pri-
mary mutants in which there was a single mutated locus 
were rtA181T (40/79, 50.63%), rtV214A (7/79, 8.86%), 
rtN236T (5/79, 6.33%), and rtP237H (1/79, 1.27%). 
Twenty-six patients (32.91%) had more than two loci of  
mutants. The pattern of  mutations in ADV-associated 
mutants were complex and diverse, most patients had co-
existing mutations (50, 63.29%).
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Table 1  Loci distribution of adefovir dipivoxil -resistant mutants  n  (%)

ADV-resistant mutants Number of patients prevalence of patients 

rtA181T1,2 mutant/coexisting mutants3 40 (50.63)
rtV214A1 mutant/coexisting mutants 7 (8.86)
rtN236T1 mutant/coexisting mutants 5 (6.33)
rtP237H1 mutant 1 (1.27)
rtL180M4 + rtM204V4,5,6 + rtA181T1,2 coexisting mutants 4 (5.06)
rtL180M4 + rtT184L6 coexisting mutants, rtM204V4,5 + rtV207M/L/I4 + rtV214A1 mutant 1 (1.27)
rtL180M4 + rtM204V4,5,6 + rtS213T4 + rtA181T1,2 mutant 1 (1.27)
rtL180M4 + rtM204V4,5,6 + rtS213T4 + rtQ215S1 mutant, rtP237H1 coexisting mutants 1 (1.27)
rtL180M4 + rtM204V4,5,6 + rtQ215S1 + rtT184L6 mutant 1 (1.27)
rtL180M4 mutant, rtQ215S1 coexisting mutants 1 (1.27)
rtA181T1,2 + rtV214A1 coexisting mutants 1 (1.27)
rtA181T1,2 + rtN236T1 coexisting mutants 2 (2.53)
rtA181T1 mutant, rtN236T1 coexisting mutants 1 (1.27)
rtM204V4,5 + rtA181T1,2 coexisting mutants 1 (1.27)
rtM204V4,5 mutant, rtA181T1,2 coexisting mutants 1 (1.27)
rtM204V4,5 + rtV207M/L/I4 + rtQ215S1 mutant 1 (1.27)
rtM204V4,5 + rtV214A1 mutant 1 (1.27)
rtM204V4,5 mutant, rtA181T1,2 + rtQ215S1 coexisting mutants 1 (1.27)
rtM204V4,5 mutant, rtN238T1 coexisting mutants 1 (1.27)
rtV207M/L/I4 + rtA181T1,2 + rtV214A1 + rtN236T1 + rtM250L6 coexisting mutants 1 (1.27)
rtV207M/L/I4 + rtA181T1,2 + rtN236T1 coexisting mutants 1 (1.27)
rtV207M/L/I4 + rtV214A1 coexisting mutants 1 (1.27)
rtV207M/L/I4 + rtA181T1,2 + rtN236T1 coexisting mutants 1 (1.27)
rtS213T4 + rtA181T1,2 coexisting mutants 1 (1.27)
rtS213T4 + rtN236T1 + rtM250L6 mutant 1 (1.27)
rtN236T1 + rtN238T1 coexisting mutants 1 (1.27)

1ADV-associated mutants: rtA181T, rtV214A, rtQ215S, rtN236T, rtP237H, rtN238T; 2Shared mutants of ADV, LAM, LdT: rtA181T[2]; 3Coexisting mutants: 
wild strain and mutant strain coexistence; 4Lamivudine (LAM)-associated mutants: rtL180M, rtM204V, rtV207M/L/I, rtS213T; 5Telbivudine (LdT)-associated 
mutant: rtM204V; 6Entecavir (ETV)-associated mutants: rtT184L, rtM204V, rtM250L. ADV: Adefovir dipivoxil.
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Comparison of clinical features between the rtA181T 
and rtN236T mutant groups
In the current study, there were 50 cases with the 
rtA181T mutant, 7 cases with the rtN236T mutant, and 6 
cases with both the rtA181T and rtN236T mutants (Table 
4). Between the first two of  these groups there was no 
significant difference in patients’ gender or ages, or rate 
of  end-stage liver disease or NAFLD, or HBV serologi-
cal markers or DNA levels. However, patients with the 
rtA181T mutant were infected predominantly by HBV 
of  the C genotype, while patients with rtN236T were in-
fected mainly by HBV of  the B genotype (χ 2 = 5.958, P 
= 0.028).

DISCUSSION 

Currently, rtA181V/T/S and rtN236T have been accept-
ed as the primary mutations induced by ADV[1-5]. Other 
mutations have also been reported, such as I233V[14], 
rtQ215H/S[15], rtE218G[16], rtL217R, rtV84M, rtS85A, 
rtV214A, rtP237H, and rtN/H238T/D[21]. In the present 
study, the ADV-associated mutants rtA181T, rtV214A, 
rtQ215S, rtN236T, rtP237H, and rtN238T were con-
sistent with literature reports. Although the correlation 
between other drug-resistant mutants and ADV treat-
ment remains controversial[22], we found high levels of  
HBV replication in patients who had received ADV. This 
suggests that viral breakthrough or the development of  

Comparison of clinical features between the rtA181T 
and not-rtA181T groups
Based on the results of  sequencing, rtA181T was the 
predominant mutant (56/79, 70.89%). We stratified the 
patients into rtA181T and not-rtA181T mutation groups, 
and found no significant differences in regard to gender, 
age, end-stage liver disease, NAFLD, HBV DNA levels, 
or duration of  treatment with ADV between these two 
groups (Table 2). However, in patients with the rtA181T 
mutant, HBV serologic markers were more e-antigen 
negative and the infective HBV belonged to the C geno-
type. In patients who did not have the rtA181T mutant, 
HBV serologic markers were predominately e-antigen 
positive, and the ratios of  infective HBV B genotype and 
C genotype were higher (χ 2 = 6.004, 7.159; P = 0.023, 
0.007).

Comparison of clinical features between the single- and 
multiple-loci mutation groups
Between the single- and multiple-loci mutation groups, 
there were no statistically significant differences in pa-
tient gender or ages, or rates of  end-stage liver disease, 
or NAFLD (Table 3). There were also no significant dif-
ferences in HBV serological markers, the genotypes of  
HBV infection, or HBV DNA levels. However, the du-
ration of  treatment with ADV was shorter in the single 
mutant group than that in the multi-mutant group (t = 
2.426, P = 0.018).

Table 2  Clinical features of rtA181T mutant and non-mutant rtA181T groups  n  (%)

Clinical features rtA181T
(n  = 56)

Not rtA181T
(n  = 23)

Statistical value P -value

Gender (M/F) 48/8 18/5 χ 2 = 0.659 0.507
Age (yr, mean ± SD) 43.1 ± 9.3 43.4 ± 11.6   t = 0.132 0.896
End-stage liver disease1 21 (37.5) 11 (47.83) χ 2 = 0.721 0.396
NAFLD 21 (37.5)   9 (39.13) χ 2 = 0.018 0.892
E-antigen (+/–) 27/29 18/5a χ 2 = 6.004 0.023
Genotype (B/C)   7/49     9/14b χ 2 = 7.159 0.007
HBV DNA (log10 copy/mL)   5.16 ± 1.23   5.14 ± 1.25   t = 0.086 0.932
Duration of treatment (mo, mean ± SD)   41.2 ± 10.1 40.8 ± 9.7   t = 0.162 0.872

1End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05, status of e-antigen in the rtA181T 
mutant group vs in the not-rtA181T mutant group; bP < 0.01, genotype (B/C) in the rtA181T mutant group vs the not-rtA181T mutant group. NAFLD: Non-
alcoholic fatty liver disease; HBV: Hepatitis B virus.

Table 3  Clinical features of single mutant and multi-mutant groups  n  (%)

Clinical features Single mutant
(n  = 53)

Multi-mutants
(n  = 26)

Statistical value P -value

Gender (M/F) 45/8 21/5 χ 2 = 0.217 0.749
Age (yr, mean ± SD) 42.6 ± 10.5 44.5 ± 8.9   t = 0.806 0.423
End-stage liver disease1 21 (39.62) 11 (42.31) χ 2 = 0.721 0.396
NAFLD 19 (35.85) 11 (42.31) χ 2 = 0.137 0.712
E-antigen (+/–) 24/29 12/14 χ 2 = 0.005 1.000
Genotype (B/C) 10/43   6/20 χ 2 = 0.022 0.883
HBV-DNA (log10 copy/mL)   5.06 ± 1.24 5.35 ± 1.21   t = 0.989 0.326
Duration of treatment (mo, mean ± SD) 38.6 ± 8.2  43.9 ± 10.8a   t = 2.426 0.018

1End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05 duration of treatment in the single 
mutant group vs the multi-mutants group. NAFLD: Non-alcoholic fatty liver disease; HBV: Hepatitis B virus.
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clinical drug resistance and drug-resistant mutants may 
be related to ADV. We also found that the pattern of  
mutations in ADV-associated mutants were complex and 
diverse. Multidrug-resistant mutants (≥ 2 mutated loci) 
induced by ADV were found in 26 patients (32.91%). 
Currently, studies on the incidence of  ADV-associated 
multi-drug-resistant mutants have not been reported. We 
found that rtA181T was the principle mutant in single or 
multi-ADV-resistant mutations. Interestingly, the number 
of  mutants with rtV214A exceeded those with rtN236T, 
which is inconsistent with other literature reports[1,2,12]. 
A study with a large sample size in China is needed to 
further investigate whether rtA181T + rtV214A mutants 
correlate with Chinese patients who are mainly infected 
with genotype C HBV[23-26]. 

In addition to naturally occurring mutations, HBV 
produces a variety of  mutations to adapt to stresses such 
as immune pressure from the host or antiviral drugs[27]. In 
the present study, among 26 patients from whom HBV 
with multidrug-resistant mutations had been isolated, 
there were only 5 in which all mutations were related 
to ADV. Mutations in the isolates from the remaining 
patients were associated with resistance to LAM, telbi-
vudine (LdT), or ETV, or combinations of  these. This 
implies that HBV may produce mutants that are resistant 
to other NUCs after treatment with only ADV, because 
rtA181T/V is a common drug-resistant mutant and may 
lead to cross-resistance[10]. 

Studies have found that an rtA181T/V mutation/
substitution could generate cross-resistance against teno-
fovir disoproxil fumarate (TDF), LAM, and LdT[2]. The 
rtN236T mutation/substitution may have a partial cross-
resistance against TDF[28]. Yet rtA181V + rtN236T mu-
tants are highly resistant to LAM, ADV, LdT, and ETV, 
and with a 10-fold decreased susceptibility to TDF[12]. In 
addition, rtA181T can cause an sW172* mutation/sub-
stitution in the S gene, which allows HBV to escape the 
host’s immune response and increases the risk of  liver 
carcinoma[29,30]. 

HBV genes that encode the polymerase and enve-
lope proteins of  HBV overlap, studies have found that 
an rtA181T mutation could affect HBV replication and 
protein secretion[31], so there was a higher prevalence of  
non-rtA181T in e-antigen positive patients. But it needs 
further basic research into HBV replication and patho-

genic mechanisms.
Most patients in this study had coexisting mutations 

(50, 63.29%). This is an indication of  the heterogeneity 
and complexity of  HBV quasispecies, which will obvi-
ously influence the antiviral effects of  ADV. With more 
complex kinds of  mutations in HBV quasispecies, the 
use of  ADV is more likely to lead to the development of  
HBV strains with greater cross-drug resistance, thus af-
fecting its antiviral efficacy[32].

In the present study we found no statistically signifi-
cant differences among the mutations, the mutation fre-
quency with regard to patients’ gender or ages, the rates 
of  end-stage of  liver diseases or NAFLD, or the levels 
of  HBV DNA. However, the research of  others found 
that chronic HBV male patients with resistant mutations 
had higher ages and rates of  end-stage liver disease and 
NAFLD than those with no mutations, but the e-antigen 
positive rate and HBV DNA levels of  the former were 
lower[33]. This suggests that the longer HBV infection 
persists, the greater the chance that drug resistant muta-
tions will arise as countless passages of  HBV interact 
with the host immune system. Male patients with high 
numbers of  ADV-resistant mutations may correlate with 
high rates of  incidence and chronicity of  HBV infection, 
and high frequency of  HBV activity[34]. 

A consensus has not been reached regarding the as-
sociation between HBV genotype and ADV resistance. 
Some studies suggest that there is no correlation[35,36], 
while others suggest that patients with HBV genotype D 
are prone to develop ADV resistance[37]. In China, most 
HBV genotypes are B or C[24-26]. Other relevant studies 
have found that in Chinese patients, the ratio of  geno-
type C HBV was relatively higher in those with ADV-as-
sociated mutations than in those without ADV-associated 
mutations[33]. This indicates that patients with genotype 
C HBV infection readily have ADV-resistant mutants. 
This may be because the majority of  HBV patients in 
China are infected with genotype C HBV[24-26], genotype 
C HBV readily generates drug-resistant strains[26], or pa-
tients infected with genotype C HBV are more prone to 
advanced liver disease[38]. Patients with the HBV mutant 
rtA181T are predominantly infected by e-antigen nega-
tive and genotype C HBV, while patients with rtN236T 
are predominantly infected by genotype B HBV. This is 
consistent with the increased risk of  liver carcinoma in 

Table 4  Clinical features of the rtA181T mutant and rN236T groups  n  (%)

Clinical features rtA181T mutant 
(n  = 50)

rtN236T mutant 
(n  = 7)

Statistical value P -value

Gender (M/F) 43/7 7/0 χ 2 = 0.069 0.792
Age (yr, mean ± SD) 42.6 ± 9.4 47.3 ± 12.1   t = 1.201 0.235
End-stage liver disease1 19 (38) 3 (42.86) χ 2 = 0.026 1.000
NAFLD 20 (40) 3 (42.86) χ 2 = 0.009 1.000
E-antigen (+/–) 25/25 2/5 χ 2 = 1.131 0.427
Genotype (B/C)   7/43  5/2a χ 2 = 5.958 0.028
HBV-DNA (log10 copy/mL) 5.18 ± 1.23 4.91 ± 1.20   t = 0.544 0.588

1End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05 genotype (B/C) in the rtA181T mutant 
group vs the rtN236T mutant group. NAFLD: Non-alcoholic fatty liver disease; HBV: Hepatitis B virus.
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those with the rtA181T HBV mutant[29,30], and the asso-
ciation of  the genotype C HBV with more advanced liver 
disease[38]. This suggests that for patients with chronic 
HBV infection with both rtA181T and genotype C, dis-
ease progression may be exacerbated. Thus, ADV mono-
therapy should not be used for patients with chronic 
genotype C HBV infection. 

Overall, patients with chronic HBV infection may 
have ADV- or other NUC-resistant HBV mutants prior 
to antiviral therapy. Mutations in ADV-resistant HBV 
strains are complex and diverse, and always accompanied 
by other NUC-resistant mutants. In China, ADV is used 
widely and the public health problems caused by ADV 
resistance and cross resistance are becoming more severe. 
Therefore, testing for resistant mutants is recommended 
prior to antiviral treatment. First-line antiviral treatment 
and customized medication based on the clinical char-
acteristics of  patients is important to avoid subsequent 
improper drug use and the need for salvage treatment. At 
the same time, management of  antiviral therapy should 
be improved by encouraging medication compliance and 
avoiding short-term withdrawal.
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Background
The treatment of liver diseases associated with chronic hepatitis B virus (HBV) 
infection has become a major clinical challenge, partly due to the many drug-
resistant HBV mutants induced by wide application of nucleoside/nucleotide 
analogues (NUCs). In China, adefovir dipivoxil (ADV) is routinely applied in 
initial monotherapy for HBV-related liver disease, as well as monotherapy sub-
sequent to treatment with other NUCs for which the virus developed resistance. 
As a result, HBV resistance to ADV has become more prominent. 
Research frontiers
Currently, rtA181V/T/S and rtN236T have been accepted as the primary drug-
resistant HBV mutations induced by ADV, and other mutations have also been 
reported. An rtA181T/V mutation/substitution could generate cross-resistance 
against tenofovir disoproxil fumarate, lamivudine (LAM), and telbivudine (LdT). 
The rtN236T mutation/substitution may have a partial cross-resistance against 
TDF. Yet rtA181V + rtN236T mutants are highly resistant to LAM, ADV, LdT, 
and entecavir, and with a 10-fold decreased susceptibility to TDF. In addition, 
rtA181T can cause an sW172* mutation/substitution in the S gene, which al-
lows HBV to escape the host’s immune response and increases the risk of liver 
carcinoma. In this study, the authors demonstrate that ADV-resistant patients 
were found either with a single mutated locus, or with coexisting mutated loci, 
and drug-resistant HBV mutants are complex and diverse.
Innovations and breakthroughs
Most current studies focus on ADV drug resistance and optimal treatment. 
This is the first study to report that ADV-resistant HBV mutants are complex 
and diverse, either with a single mutated locus, or with coexisting mutated loci. 
Patients with the rtA181T mutant were primarily infected by genotype C and 
e-antigen negative HBV, while patients with the rtN236T mutant were primarily 
infected by genotype B HBV. The duration of treatment with ADV was shorter in 
the single mutant group than that in the multi-mutant group.
Applications
The investigation of exhaustive resistant mutants induced by ADV will help 
to optimize the management of ADV-treated patients. In China, ADV is used 
widely and the public health problems caused by ADV resistance and cross 
resistance are becoming more severe. Therefore, testing for resistant mutants 

is recommended prior to antiviral treatment. Personalizing medication based on 
the clinical characteristics of patients is important to avoid subsequent improper 
drug use and the need for salvage treatment. At the same time, management 
of antiviral therapy should be improved by encouraging medication compliance 
and avoiding short-term withdrawal.
Terminology
Coexisting mutants and cross resistance are different manifestations of drug re-
sistance. Coexisting mutants refers to wild strain and mutant strain coexistence, 
and cross resistance refers to mutation selected by one antiviral agent that also 
confers resistance to other antiviral agents. End-stage liver disease includes 
hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma.
Peer review
The authors investigated the exhaustive resistant mutants induced by ADV 
and the association between the clinical features of patients and these drug-
resistant HBV mutants induced by ADV. The analysis revealed that ADV-
resistant HBV mutants are complex and diverse, either with a single mutated 
locus, or with coexisting mutated loci. Patients with the rtA181T mutant were 
primarily infected by genotype C and e-antigen negative HBV, while patients 
with the rtN236T mutant were primarily infected by genotype B HBV. The re-
sults are interesting and may help to optimize the management of ADV-treated 
patients. 
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