Jlm ‘ THE JOURNAL OF INFECTION
IN DEVELOPING COUNTRIES
Brief Original Article

Hepatitis B virus pre-existing drug resistant mutation is related to the
genotype and disease progression

Liping Wang'?, Fangzheng Han?, Hualing Duan?, Fang Ji?, Xuebing Yan?, Yuchen Fan', Kai Wang'

" Department of Hepatology, Qilu Hospital of Shandong University, Shandong, China
2 Department of Infectious Diseases, Affiliated Hospital of Xuzhou Medical University, Xuzhou, Jiangsu, China

Abstract

Introduction: Previous studies have indicated that the drug-resistant mutations of hepatitis B virus (HBV) are a major obstacle to antiviral
therapy. However, it is still unclear whether there are pre-existent resistance mutations in patients with HBV infection and the relationship
between drug-resistant mutation, genotypes, and progression of hepatitis B disease.

Methodology: A total of 357 treatment-naive patients with HBV infection were involved in this retrospective study. The drug-resistant
mutations of HBV reverse transcriptase domain were screened by direct gene sequencing.

Results: Lamivudine (LAM) resistance was detected in 8 patients (3.7%) with chronic hepatitis B (CHB), 13 (11.7%) patients with liver
cirrhosis (LC), and 6 (21.4%) patients with hepatocellular carcinoma (HCC). Adefovir(ADV)-resistant mutations were detected in 10 (4.6%)
patients with CHB, 15 (13.5%) patients with LC and 4 (14.5%) patients with HCC. Both LAM and ADV resistant mutations were detected in
2 patients (0.9%) with CHB, 1 patient (0.9%) with LC and 1 patient (3.6%) with HCC. Significant differences (p <0.01) were observed in the
drug-resistance rates among patients with CHB, LC and HCC. Meanwhile, all the drug-resistant mutations were found in patients with HBV
genotype C.

Conclusions: This study demonstrated higher risk of pre-existing drug-resistant mutations in patients with HBV genotype C comparing to
patients with HBV genotype B. Likewise, increasing prevalence of pre-existing drug-resistant mutations was shown, alongside with the

progression of the disease.
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Introduction

Antiviral treatment is an effective way to inhibit
hepatitis B virus (HBV) replication and to delay the
progress of the disease. The nucleos(t)ide analogues
(NAs) are extensively used in clinical work. However,
the efficacy of NAs like including lamivudine (LAM),
adefovir (ADV), telbivudine (LDT) are challenged
during the treatment by drug resistance [1-3]. The
resistance rate of entecavir (ETV) is relatively low,
five-years drug resistance rate is about 1.2% [4].
However, the resistance rate of ETV will be up to 51%
in five years in patients with LDT resistance [5]. And
virologic breakthrough was also reported in patients
with LAM resistance and co-infected with human
immunodeficiency virus (HIV) during treatment with
tenofovir disoproxil fumarate (TDF) [6].

Therefore, the presence of drug resistant strains has
brought great difficulties to the treatment of HBV.
Worldwide guidelines currently recommend TDF-
based monotherapy or combination therapy as the first-

line treatment for patients with antiviral-resistant
chronic hepatitis B (CHB) [7-9] although TDF is not
large-scale used in Northern China because of its
elevated cost. For most patients, LAM or ADV are still
selected. As the NAs are inhibitors of RT domain of
HBYV polymerase, due to the absence of proofreading
activity, the HBV polymerases/RT leads to the
introduction of random mutations into HBV genome.
The error rate of HBV polymerase is approximately of
1 x 10° to 107 base syntheses, as result of the highly
error-prone nature of the HBV reverse transcriptase
(RT) [10,11]. Under the selective pressure by means of
the administration of antiviral agents, quasi species of
HBYV converge on a dominant HBV mutant that escapes
selection pressure, creating a drug-resistant HBV strain.
The question is whether the drug-resistant strains are
preexistent or drug induced. There is also primary non-
response phenomenon in the course of antiviral therapy.
There are doubts on pre-existent resistance mutations in
patients without NAs therapy. Therefore, based on our
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results a HBV resistance mutation detection was
performed and selected effective antiviral drugs were
administered. In the present study, we further
investigated the clinical characteristics of HBV
infection, HBV genotype distribution, and HBV pre-
existent resistance mutations in CHB patients.

Methodology
Patients

In total, 357 patients with CHB (HBV DNA
positive) were included in the study. All patients were
treated in the Department of Infectious Diseases,
Affiliated Hospital of Xuzhou Medical University,
between April 2011 and April 2014. The samples were
collected from patients with positive HBsAg for more
than six months, and with twice more than the normal
level of alanine aminotransferase (ALT). Liver
cirrhosis was diagnosed by liver function tests and
ultrasonography (US) or Computerized Tomography
(CT). The diagnosis of hepatocellular carcinoma (HCC)
was based on US, CT, elevated level of serum
fetoprotein (AFP>200ng/mL), or by needle aspiration
biopsy of liver (for samples with low AFP level). No
patients had anamnestic data about treatment with NAs
or interferon. Exclusion conditions were: overlapping
infection of hepatitis A, C, D or E; Epstein barr virus,
HIV infection; cytomegalovirus infection; combining
with alcoholic liver disease or autoimmune diseases.

The study protocol was approved by the local
Research and Ethics Committee at Affiliated Hospital
of Xuzhou Medical University, in accordance with the
guidelines of the 1975 Declaration of Helsinki. All
participants gave written informed consents.

Instruments and reagents

The used methodology include 7500 real-time PCR
system (Applied Biosystems, Darmstadt, Germany) and
3130 Genetic Analyzer (Applied Biosystems, Foster
City, USA), HBV RT region (covered B domain to E

domain) was amplified using Sc-
GTATGTTGCCCGTTTGTCCTC-3¢(nt459~479); and
a reverse primer Sc-

CCCCAACTTCCAATTACATAT-3¢c(nt882~902). It
covered common mutations from HBV RT region B
domain to E domain. Primers were synthesized by PCR
amplification and sequencing reagents (Shenyou

Biological Engineering Company, Shanghai, China).
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HBV DNA sequencing and analysis of resistant
mutations

HBV DNA template was prepared following the
protocol of extraction kit (HBV and Drug Resistance
Related Mutation Detection Kit (Shenyou Biological
Engineering Company, Shanghai, China.). HBV
genotyping and resistance locus mutations were
performed using the Web-based National Center for
Biotechnology = Information  (NCBI)  retrovirus
genotyping analysis platform
(http://www.ncbi.nlm.nih.gov/projects/genotyping/for
mpage.cgi) (we just performed according to the
instruction on the webside).

Statistical analysis

SPSS16.0 software (SPSS, Chicago, USA) was
used for statistical analysis. One-way ANOV A analysis
was performed in the comparison among different
groups. Ratios difference was compared with the chi-
square test. P value <0.05 was considered statistically
significant difference.

Results
Characteristics of enrolled patients

The general information on 357 patients is shown in
the Table 1. There was no significant difference in the
sex, and ratio of HBV genotype among three groups
divided by clinical status (p > 0.05). However, the
HBeAg positive ratios were different in 3 groups (p <
0.01) (Table 2). HBV genotypes C (336/357; 94.1%)
and B (21/357; 5.9%) are predominant in Xuzhou,
Jiangsu Province, while HBV genotypes A, D, E, F, G,
and H were not detected in this study.

Table 1. Characteristics of enrolled patients.

Items Values n (%)
Age in years (mean + SD) 40.69 + 13.63
Gender

Males 276 (77.3)
Females 81 (22.7)
Genotype

Type B 21 (5.9
Type C 336 (94.1)
No:(%) of HBeAg positive 224 (62.7)
patients

Clinical status

CHB (%) 218 (61.1)
LC (%) 111 (31.1D
HCC (%) 28 (7.8)
Serum HBV DNA

(log1 01U/ml) 6.31£1.35

CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; LC, liver
cirrhosis.
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Table 2: Genotype and HBeAg in different diagnose patients.
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Type B Type C Total
HBeAg + HBeAg - HBeAg + HBeAg - HBeAg + HBeAg -
CHB (n =218) 11 (73.3%) 4 (26.7%) 147 (72.4%) 56 (27.6%) 158 (72.5%) 60 (27.5%)
LC(n=111) 2 (33.3%) 4 (66.7%) 54 (51.4%) 51 (48.6%) 56 (50.5%) 55 (49.5%)

LCC (n=28) 00)

0()

10 (35.7%)

18 (64.3%)

10 (35.7%)

18 (62.7%)

CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; LC, liver cirrhosis; HBeAg positive ratios were analyzed by chi-squared test among three groups,
> =24.763, p <0.001; The distribution of HBV genotype among three groups were analyzed by chi-squared test, x>=1.950, p = 0.377.

Table 3. Pre-existing resistant mutations in different diagnose groups.

Group LAM* ADV* LAM & ADV Total
CHB (n=218) 8 (3.7%) 10 (4.6%) 2 (0.9%) 20 (9.2%)
LC (n=111) 13 (11.7%) 15 (13.5%) 1 (0.9%) 29 (26.1%)
LCC (n=28) 6 (21.4%) 4(14.3%) 1 (3.6%) 11 (39.3%)
Total 27 (7.6%) 29 (8.1%) 4 (1.1%) 60 (16.8%)
2 15.159 9.398 1.648
p-value 0.001 0.009 0.439

CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; LC, liver cirrhosis; * Ratios of different NA related mutations in three group were analyzed by chi-

squared test.

Table 4. Prevalence of hepatitis B virus genotype and resistant mutations in the study cohort.

Genotype
B P mutation type CHB LC HCC Resistant drug
0 2 rtV173L 0 2 0 LAM
0 1 rtL180M 0 0 1 LAM/LDT
0 2 rtA181T/V 0 1 1 ADV
0 1 rtM2041/V/S 0 1 0 LAM/LDT
0 4 rtV2071/L/G 2 1 1 LAM
0 17 rtS213T 6 7 4 LAM
0 13 rtV214A 4 7 2 ADV
0 2 rtQ215S 0 2 0 ADV
0 11 rtN/H238T/D 6 4 1 ADV
0 11 rtL180M+1tS213T 0 1 0 LAM
0 1 rtA181T/V+rtV214A 0 1 0 ADV
0 1 rtV2071/L/G+ rtS213T 0 1 0 LAM
0 1 rtV2071/L/G+ rtV214A 0 0 1 LAM+ADV
0 1 rtV2071/L/G+ rtN/H238T/D 1 0 0 LAM+ADV
0 1 rtS213T+ rtN/H238T/D 1 1 0 LAM+ADV
0 28 191V/1 15 10 3 Unknown
0 10 2241/V 4 3 Unknown
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Pre-existing resistant mutations and the progression of
the disease.

Because LDT has the overlapped mutation sites
with LAM, therefore we only analyzed mutations which
resist against LAM and ADV. The results showed that
the ratios of ADV resistance mutations were different
in different state of the disease,and with the progression
of the disease the ratios of ADV resistance mutations
increased (P < 0.01), The same was found in the ratio
of LAM resistant mutations (p < 0.01). There were 4
cases simultaneously with mutations both against LAM
and ADV (Table 3).

The relationship between HBV genotype and pre-
existing resistant mutations

Out of all patients, 16.8% (60/357) were found with
known resistance mutations in HBV RT domain. All
mutations occurred in patients with HBV genotype C,
and no resistance mutation was found in patients with
genotype B. The resistant mutation modes were
complicated; they included known site such as
rtV173L, rtL180M, rtA181V/T/S, r1tM2041/V/S,
rtV2071/L/G, rtS213T, rtV214A, tQ215S,
rtN/H238T/D and other multi-drug resistance mutation.
We found that main mutations occured at the site were:

S213T (17/357, 4.8%), 1tV214A (13/357, 3.6%),
rtN/H238T/D (11/357,3.1%) and rtL180M+rtS213T

(11/357,3.1%) in NAs therapy naive patients. These

mutations can lead to the resistance to LAM or ADV.
There were two patients who had rtA181T/V mutation,
which meant they are resistant against LAM, ADV and
LDT. There were no ETV and TDF pre-existing
resistance mutation in our study. There were two
unknown mutation sites rtV191/1 (28/337,7.8%) and
rt2241/V (10/357, 2.8%) (Table 4).

Discussion

In the present study, 357 HBV infected patients
without NAs treatment were recruited. Drug resistant
mutations in HBV RT domain were detected by direct
sequencing. Furthermore, we found that there were
LAM and ADV preexisting resistance in patients of
HCC, liver cirrhosis and CHB. The rates of LAM and
ADV resistance became higher with disease progress.
The resistant mutation modes were complicated, they
included known site such as rtV173L, rtL180M,
rtA181V/T/S, rtM2041/V/S, rtV207/L/G, rtS213T,
rtV214A, rtQ215S, rtN/H238T/D and other multi-drug
resistance mutations. We found no ETV and TDF
preexisting resistance mutation. According to our data,
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HBYV genotype B and C were the main strains in this
group. All the pre-existing resistance mutations were
found only in genotype C, but not in genotype B. This
indicated HBV preexisting resistance mutation in
genotype C is more common than genotype B. In this

study, we found mutations as rtS213T (4.8%),
rtV214A (3.6%), rtQ215S (0.6%) , rtN/H238T/D (

3.1%) in NAs therapy naive patients.

Mutations in the RT region of the polymerase gene
at amino acid location rtA181T/V, rtM204V/I/S,
rtN236T, and rtM2501/V were interpreted as primary
resistance mutations, while rtL80V/I, rtI169T,
rtV173L, rtL180M, rtT184A/C/G/S, rtS202C/G/T
rt214, rtQ215S , rtL217P, rtL229M, rtI233V and
rtN238H were considered as secondary or
compensatory mutations [12-14]. Rt214, rt215, rt221
and rt238 mutations could reduce the antiviral efficacy
of ADV, and was considered as “minor mutations” or
“propose mutations” [3,15,16]. From the study, we
found that primary resistance mutations (rtA181T/V,
rtM204V/1/S, 1tN236T, and rtM2501/V) had low
prevalence , while compensatory mutations such as
rtV173L, rtV214A, rtQ215S, and rt N/H238T/D had
high prevalence.

Given the lower prevalence of HBV drug-resistant
in the naive patients, some investigators suggested that
routine testing for resistant mutation before initiating
antiviral therapy is not necessary [13,17] But further
research has revealed that tyrosine-methionine-
aspartate-aspartate (YMDD) mutations also exist in
patients with CHB infection without LAM treatment
[18,19], Zhao Y et al. [20] used INNO-LiPA assay to
detect mutations in HBV DNA polymerase associated
with NAs resistance in 269 treatment-naive patients
with CHB and found 24 patients (8.9%) with detected
mutations in HBV DNA polymerase. In this study we
found 60 patients (16.8%) with pre-existing resistant
mutations in HBV chronically infected patients. Along
with severity of the disease, there was an increasing
tendency of prevalence of resistant mutations. So we
thought it was better to perform a screening of drug
resistance mutations before initiation of the treatment
with NAs, especially for patients with LC or HCC .

In this study, the common mutation sites of LAM or
ADV, such as rtV173L, rtL180M, rtA181V/T/S,
rtM2041/V/S,  rtV207I/L/G, 1tS213T, rtV214A,
rtQ215S, rtN/H238T/D were found, and other two
mutation sites which were rtV191/l (7.8%) and
rt2241/V  (2.8%). AminiBavil-Olyaee [21] in 2009
revealed HBV rtV1911 mutation in HIV-HBV co-
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infected and HBsAg-negative patients, during TDF
therapy, and found it was resistant to LAM, but not
TDF. Therefore, rtV191I mutation may be the new
resistance site to LAM. Since rt2241/V has never been
reported before [13,22-26], further observation of these
patients might address the question whether these
mutations are associated with other nucleoside
analogue resistance or affect the outcome of the disease.

This study has several limitations. First, direct PCR
sequencing is considered to be the gold standard for
detecting genotypic resistance mutations, but it is not
the most senstive. The population-based sequencing
sensitivity often decreases when it is used to detect
mutants less than 20% in ratio. Second, cases with low
HBYV qualification would not be identified.

Conclusions

This study indicated that the pre-existing antiviral
resistance occurs in chronic HBV infected patients. The
results may provide a novel insight into the
relationships between clinical severity, HBV genotype
distribution, and HBV naturally occurring variants in
these Chinese patients. Along with the severity of the
disease, there was an increasing tendency of prevalence
of pre-existing drug-resistant mutations in the chronic
patients, and genotype C is proner to develop resistant
mutations than genotype B. With regard to the high rate
of resistant mutation in LC or HCC patients, ETV or
TDF should be recommended to use ,LAM or ADV
monotherapy or combined use is not the optimal
selection.
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