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Abstract
BACKGROUND
Hepatitis B virus (HBV) DNA polymerase mutations usually occur to long term use of nucleos(t)ide analogues (NAs), but they can occur spontaneously in treatment-naïve chronic hepatitis B (CHB) patients. The naturally occurring HBV DNA polymerase mutations might complicate antiviral therapy with NAs, leading to the generation of drug-resistant viral mutants and disease progression. The most common substitutions are known to be YMDD-motif mutations, but their prevalence and the influence on antiviral therapy is unclear. 

AIM
To investigate prevalence of the naturally occurring rtM204I mutations in treatment-naïve CHB genotype C2 patients and their influence on antiviral therapy.

METHOD
A total of 410 treatment-naïve CHB patients infected with HBV genotype C2 strains were enrolled in this retrospective study. Among the 410 patients, 232 were treated with NAs for at least 12 mo. Significant fibrosis was defined as fibrosis-4 index > 3.25 or aspartate aminotransferase to platelet ratio index > 1.5. Complete viral response (CVR) during NAs was defined as undetectable serum HBV DNA (< 24 IU/mL). The rtM204I variants were analyzed by a newly developed locked nucleotide probe (LNA probe) based real-time PCR (LNA-RT-PCR) method. 

RESULTS
The LNA-RT-PCR could discriminate rtM204I mutant-type (17 patients, 4.2%) from rtM204 wild-type (386 patients, 95.8%) in 403 of 410 patients (98.3% sensitivity). Multivariate analysis showed that naturally occurring rtM204I variants were more frequently detected in patients with significant fibrosis [odd-ratio (OR) 3.397, 95% confidence-interval (CI) 1.119-10.319, P = 0.031]. Of 232 patients receiving NAs, multivariate analysis revealed that achievement of CVR was reversely associated with naturally occurring rtM204I variants prior to NAs treatment (OR 0.014, 95%CI 0.002-0.096, P < 0.001). Almost patients receiving tenofovir achieved CVR at 12 mo of tenofovir, irrespective of pre-existence of naturally occurring rtM204I mutations (CVR rates: patients with rtM204I, 100%; patients without rtM204I, 96.6%), whereas, pre-existence of naturally-occurring rtM204I-mutations prior to NAs significantly affects CVR rates in patients receiving entecavir (at 12 mo: Patients with rtM204I, 16.7%; patients without rtM204I, 95.6%, P < 0.001).

CONCLUSION
The newly developed LNA-RT-PCR method could detect naturally occurring rtM204I mutations with high-sensitivity. Theses mutations were more frequent in patients with liver fibrosis. Tenofovir is a more suitable treatment than entecavir for CHB patients carrying the naturally occurring rtM204I mutations.
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Core tip: Hepatitis B virus (HBV) DNA polymerase mutations have been known to be prevalent in treatment-naïve chronic hepatitis B (CHB) patients infected with HBV genotype C2 strains. The newly developed locked nucleotide probe based real-time PCR method could discriminate the naturally-occurring rtM204I mutations from wild type with high sensitivity in treatment-naïve patients. Multivariate analyses showed that the naturally-occurring rtM204I variants were more frequently pre-existed in patients with liver fibrosis, and the pre-existence of the naturally-occurring rtM204I variants were significantly associated with incomplete viral response to nucleos(t)ide analogues. Tenofovir is a more suitable nucleos(t)ide analogues than entecavir for treatment-naïve CHB patients carrying the naturally occurring rtM204I mutations.
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INTRODUCTION
[bookmark: OLE_LINK189]Hepatitis B virus (HBV) infection is a global health issue because of its worldwide distribution and is a potential leading cause of adverse outcomes, including liver cirrhosis (LC), hepatic decompensation, and hepatocellular carcinoma (HCC)[1,2]. Nucleos(t)ide analogues (NAs) are recommended by international guidelines for suppressing HBV replication and have been shown to decrease the rate of complications[3,4]. While NAs are well tolerated and effective in suppressing viral replication, long-term treatment with oral antiviral drugs can lead to the emergence of drug resistance mutations[5]. For instance, rtM204I is a classic mutation reducing susceptibility to mono-therapy by NAs with low genetic barriers, such as lamivudine (LAM), telbivudine (L-dT) and clevudine (CLV)[6].
HBV is an enveloped, partially double stranded DNA virus containing a genome that is approximately 3.2 kb in length and contains 4 overlapping open reading frames encoding the polymerase, core, surface antigen, and X protein[7]. The polymerase gene includes four domains, the terminal protein, spacer, ribonuclease H, and reverse transcriptase (RT) regions. The RT region replicates the HBV genome through its DNA polymerase activity using RNA intermediates as a template. Since the RT lacks proofreading activity during viral replication, the error rate of HBV genome synthesis has been found to be 10-7 per nucleotide, which is 10-fold higher than those of other DNA viruses[8]. The high rate of mutations in the HBV genome complicates antiviral therapy with NAs, leading to the generation of drug-resistant viral strains and disease progression[9].
Previous studies have reported the existence of HBV DNA polymerase mutations in chronic hepatitis B (CHB) individuals prior to NA treatment; however, the prevalence varies from 0 to 30%[10-13]. This wide range might may be due to several factors including different study designs, regions, ethnicities, mutation detection methods, sample sizes, etc.[9,14,15]. Because of the high replication rate of HBV, viral mutations, including mixed wild-type and mutant populations in a single host, are commonly seen, but a low sensitivity assay could not enable the discrimination between wild and mutant types.
The purpose of this study was to determine the prevalence and clinical characteristics of naturally occurring rtM204I mutations in treatment-naïve patients infected with HBV genotype C2 strains by using a newly developed locked nucleotide probe (LNA probe) based real time PCR (LNA-RT-PCR) method, which can detect subspecies at 5% of the circulating HBV population.

MATERIALS AND METHODS
Primer and LNA probe design and real-time PCR
We designed two different LNA probes for the specific simultaneous detection in a single reaction of wild type (WT) and rtM204I variant of HBV. We used LC PDS (version 2.0) software for the probe design and referred to the design guidelines of LNA manufacturer (Integrated DNA technologies). We attached two different reporter dyes, FAM to probe for rtM204I variant, and Hex to probe for WT, respectively, to differentially identify rtM204I variant and WT HBV DNA. The primer and probe specificity for detection of rtM204I variant was further analyzed using Primer-Blast at NCBI (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) and the Oligo software version 6.5. There were no PCR products formed by Primer-blast with the designed primer sequences in Homo sapiens, bacteria, and viruses other than HBV. Probe sequences were exclusively found in the amplicon sequence analyzed by the Oligo software with an HBV DNA sequence. The sequences of primers and LNA probes are shown in Figure 1 and Table 1. The LNA probes were purchased from Integrated DNA technologies, and primers from Macrogen.
A LightCycler Version 96 system (Roche) was used for LNA probe-based real-time PCR, and two channels were used for the experiment. Optimal reaction mixture was established for the sensitive and specific detection of target sequences. A 10-μL reaction mixture was prepared for each sample as follows: 1 μl PCR reaction buffer for Taq (Bioneer E-3150 buffer), 4.25 mM MgCl2, 0.425 mM deoxynucleoside triphosphate mixture (Takara), 0.3 μM forward primer, 1 μM reverse primer, 0.25 μM LNA FAM probe (rtM204I variant), 0.25 μM LNA Hex probe (rtM204I variant), 0.6 U Hot Start Taq (Bioneer E-3150), 1 mg/mL bovine serum albumin (Ambion, Lifetechnologies), 2 μL template DNA, and PCR-grade water (Roche). The cycling conditions were 300 s at 95 °C and 15 cycles of 10 s at 95 °C, 15 s at 58 °C, and 40 s at 75 °C, followed by 32 cycles of 10 s at 95 °C, 15 s at 47 °C (single acquisition of fluorescence signals), 15 s at 62 °C, and 40 s at 75 °C at a ramping speed of 1.1 °C/s. Melting curve analysis was subsequently continued without any pause by use of cycling for 10 s at 95 °C and 60 s at 43 °C, and the temperature was then increased from 43 °C to 85 °C at a temperature transition rate of 0.17 °C/s, during which the fluorescence signal was continuously acquired by three readings per degrees Celsius. All the following LNA real-time PCR experiments were done in quadruplicate with positive control DNAs and mixtures of WT and rtM204I at a variety of ratios and concentrations as aforementioned. The experiments were all repeated to examine inter-assay reliability.

Application of LNA real-time PCR to clinical samples
DNAs of a total of 410 human sera were tested for the identification of WT and rtM204I variant of HBV RT gene by LNA real-time PCR in duplicate. Tm, melting peak height, and quantification cycle (Cq) produced by WT- and rtM204I -targeting LNA probes with a sample DNA were measured. Identification of WT and rtM204I variant was determined by comparing their Tm s obtained from their specific channel (FAM for rtM204I, HEX for WT) with their diagnostic Tm ranges obtained from standard assays. Positive identification of WT and rtM204I variant was recorded only when distinct melting peak formation with their diagnostic Tm is recognized.
Throughout the real-time PCR assay, two rtM204I positive controls with high copies (2400000) and low copies (2400), two rtM204I positive controls with high copies (2400000) and low copies (2400), and two non-template controls were included in each run to monitor validity of Cqs, Tm s, and cross-contamination for inter-assays. Comparison of LNA real-time PCR and direct sequencing for identification of rtM204I variant and WT DNA.

Study patients
Data were collected retrospectively from a total of 410 treatment-naïve HBV patients who were followed in the Digestive Disease Center of Konkuk University Hospital, Korea, between March 2011 and February 2014. All of the patients were diagnosed with CHB and confirmed to have not taken any NAs or interferon. The inclusion criteria for the CBH patients included hepatitis B surface antigen (HBsAg) positive for more than 6 months and HBV-DNA viral loads were detectable, while the exclusion criteria included hepatitis C virus or human immunodeficiency virus coinfection, autoimmune liver disease, and alcohol or drug abuse. Prior to antiviral treatments, sera were collected from patients for analyses of the pre-existence of antiviral variants prior to NAs. This study was approved by the Institutional Review Board of Konkuk University Hospital.

Clinical and laboratory parameters
In all cases, demographic, clinical, biochemical and virologic data were collected. A diagnosis of LC was made clinically when a patient had at least two of the following three criteria: cirrhotic configuration of the liver (nodular liver surface or caudate lobe hypertrophy) and/or splenomegaly confirmed on imaging studies, thrombocytopenia (< 100000 platelets/mm3), or the presence of varices detected by esophagogastroduodenoscopy. Liver fibrosis was assessed using noninvasive biomarkers to calculate two composite scores The Fibrosis-4 index (FIB-4) score was calculated using age, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and platelet count in the following formula: FIB-4 = [age (years) × AST (IU/L)] / [platelets (109/L) × ALT (IU/L)]. The AST to platelet ratio index (APRI) score was calculated using AST and platelet counts in the following formula: APRI = [AST level (IU/L) / AST upper limit of normal (IU/L) / platelet count (109/L)] × 100. Significant fibrosis of liver was defined as FIB-4 > 3.25 or APRI > 1.5[16]. The diagnosis of HCC was made based on histological evidence or typical radiological findings (the presence of arterial phase enhancement and portal venous phase wash-out of a nodule 1 cm or more in size)[17].
A complete viral response (CVR) was regarded as HBV-DNA levels being lower than detectable levels (24 IU/mL) at 12 mo of antiviral therapy, and incomplete (suboptimal) responders were defined as individuals having detectable HBV-DNA levels after at least 12 mo of treatment[18].

Statistical analysis
Data were mainly expressed as the mean and standard deviation (SD). Fisher's exact test was used to compare categorical variables. One-way ANOVA and Duncan's multiple comparison tests were used to compare continuous variables among the groups, and Student's t-test was for the analysis between the groups. Logistic regression analyses were performed to identify the independent factors for the presence of naturally occurring rtM204I mutations, or antiviral responsiveness. The Statistical Package for Social Science (SPSS Inc., Chicago, IL, United States), version 15.0 was used for all analyses.

RESULTS
Determination of diagnostic Tm range for the identification of WT and rtM204I variants by LNA real-time PCR
Identification of WT and rtM204I variants was performed by LNA real-time PCR melting curve analysis by the observation of melting peak formation and specific Tm measurements in the specified channels (Figure 2, Table 2). LNA real-time PCR with samples of rtM204I positive control DNAs (n = 48) in amounts ranging from 24 to 2400000 copies resulted in a 100% positive detection rate and 100% specificity showing a distinct melting peak formation at the FAM channel in all of the rtM204I control DNA samples with Tms ranging from 51.3 to 52.2 °C (mean, 51.7 ± 0.2 °C) but no significant melting peak formation at the HEX channel (WT detection channel). LNA real-time PCR with samples of WT control DNAs (n = 48) in amounts ranging from 24 to 2400000 copies resulted in a 95.8% positive detection rate and 100% specificity showing a distinct melting peak formation at the HEX channel in all of the WT control DNA samples with Tms ranging from 61.9 to 63.3 °C (mean, 62.6 ± 0.4 °C) but no significant melting peak formation at the FAM channel (rtM204I detection channel). Two WT control DNA samples that had the lowest copy numbers were not detected. This suggests high sensitivity and specificity of our newly developed LNA RT-PCR assay.

Application of LNA real-time PCR to clinical samples
Of 410 clinical samples tested in duplicate by our LNA real-time PCR method, 403 samples (98.3%) were positively identified as WT and/or rtM204I variants, with two samples found to be mixed with presumably unknown variants with non-typable Tms. Of the seven unidentified samples, two samples were amplified but non-typable due to their non-diagnostic melting temperatures (50.4 °C, 57.9 °C) at the HEX channel and five samples did not show any positive signals. Thus, only four samples among all clinical samples tested carried non-typable Tms in this study. 
Among the positively identified samples, all of the samples produced a distinct melting peak or peaks with a Tm or Tms being in the diagnostic Tm range for WT or rtM204I. Among all clinical samples, seventeen samples (4.1%) were identified as carrying rtM204I variants and among these samples, nine samples were rtM204I variant exclusively and eight samples were rtM204I variant coexistent with WT. Among these, in four samples, rtM204I was dominant over WT; in one sample, codominant; in three samples, WT was dominant over rtM204I (Table 3). Overall, thirteen samples carried the rtM204I variant predominantly and one sample co-dominantly with WT. The majority of the clinical samples were WT. 
Three of the four samples that showed Tms out of the WT-diagnostic Tm range were sequenced by direct sequencing of their PCR products. The one sample with a Tm of 50.4 °C was identified as a YVDD variant with a GTG codon and the other sample with a Tm of 57.9 °C was YMDD but had a TAC codon for the Y amino acid. The third sample that showed three melting peaks was revealed to have an additional codon for isoleucine of rtM204I. The results of direct PCR sequencing of thirty clinical samples randomly chosen among positively identified samples by LNA real-time PCR had results identical to those of our LNA real-time PCR assay, proving its reliability for screening for pre-existing rtM204I variants from treatment naïve CHB patients (Figure 3).

Baseline characteristics of enrolled 403 CHB patients typed by LNA real-time PCR
Four hundred and three treatment-naïve patients with chronic HBV infection that could be typed by LNA real-time PCR comprising 244 men and 159 women with a mean age of 43.9 ± 12.5 years were included. Baseline characteristics were shown in Table 4. Two hundred thirty-eight (59.1%) patients had HBeAg-positive CHB and 165 (40.9%) patients had HBeAg-negative CHB. Eighty-seven patients had LC, and fifty-one patients had HCC. One hundred fifty-seven had significant fibrosis (defined as FIB-4 score > 3.25, or APRI score > 1.5). Of the 403 treatment-naïve patients, 232 patients were treated with NAs over a period of 1 year. One-hundred ninety-two patients were treated with agents that had a high genetic barrier to resistance (95 patients were treated with tenofovir, and 97 patients were tread with entecavir), and 40 patients were treated with low genetic barrier agents [9, 19, and 12 patients were treated with LAM, adefovir (ADV), and LAM-ADV combination, respectively]. As it is well known that HBV genotype C is the universal type in almost all Korean chronic carriers, HBV genotyping is not routinely carried out in Korea. In our study, HBV genotyping was performed for 40 patients and all (100%) had genotype C2 strains.

Association between pre-existence of rtM204I variants and patient characteristics 
The pre-existing rtM204I variants prior to NAs were detected in 17 of 403 treatment-naïve CHB patients (4.2%). The pre-existing rtM204I variants were more frequently detected in subjects with higher FIB-4 scores. These variants were more often detected in subjects with significant fibrosis, LC, and HCC (Table 4). Among the clinical factors (age, sex, HBeAg status, HBV-DNA titers, HBsAg quantitative levels, AST, ALT, total bilirubin, albumin, prothrombin time, platelet counts, presence of significant fibrosis, LC or HCC), univariate analysis showed that pre-existing rtM204I variants were more frequently detected in patients with significant fibrosis, or patients with HCC. Logistic multivariate analysis showed that pre-existing rtM204I variants were significantly more frequent in patients with significant fibrosis (odd ratio 3.397, 95% confidence interval 1.119-10.319, P = 0.031) (Table 5). 

Association between the pre-existence of rtM204I variants and antiviral responsiveness 
Two hundred and thirty-two patients were treated with oral NAs over a period of 12 mo, and their antiviral responsiveness to NAS was evaluated. One hundred and ninety-nine patients achieved a CVR at 12 months of anti-HBV therapy, whereas thirty-three patients had suboptimal (incomplete) responses. Logistic multivariate regression analysis revealed that achievement of CVR was reversely associated with higher HBV-DNA titers, treatment with low genetic barrier drugs, and, infection with pre-existing rtM204I variants prior to NAs (odds ratio 0.014, 95% confidence interval 0.002-0.096, P < 0.001; Table 6). Figure 4 shows the mean changes in the HBV-DNA level at each point. The decrease in HBV-DNA was significantly less prominent in patients infected with pre-existing rtM204I variants than in patients infected without pre-existing rtM204I variants, at 3, 6, 9, and 12 mo of antiviral treatments (all P < 0.05). 
Among 95 patients treated with tenofovir, all seven patients with pre-existing rtM204I variants (7/7, 100%) as well as almost patients without pre-existing rtM204I variants (85/88, 96.6%) achieved CVR at 12 mo of tenofovir. Among 97 patients treated with entecavir, only one of six patients with pre-existing rtM204I variants (1/6, 16.7%) achieved CVR at 12 mo of entecavir, whereas almost patients without pre-existing rtM204I variants (87/91, 95.6%) achieved CVR at 12 mo entecavir (87/91, 95.6%). Among 40 patients treated with low genetic barriers, one of four patients with pre-existing rtM204I variants (1/4, 25.0%) and half of patients without pre-existing rtM204I variants (18/36, 50.0%) achieved CVR at 12 mo of low genetic barriers.
Table 7 shows the mean changes in the HBV-DNA levels and cumulative probabilities of CVR in 17 patients with pre-existing rtM204I variants. The cumulative probability of CVR at 12 mo of tenofovir was significantly higher than those of entecavir and low genetic barriers (the Fisher’s exact test: tenofovir vs entecavir, P = 0.005; tenofovir vs low genetic barrier, P = 0.024). 

DISCUSSION
Although antiviral resistance mutations occur secondarily to long term use of NAs, they can occur spontaneously in NAs-naïve patients. Since the HBV genome lacks a proofreading function on the RT region of the DNA polymerase, mutations can naturally occur due to random incorrect substitution of nucleos(t)ides. The most common substitutions are methionine at amino acid position 204 to either isoleucine (rtM204I, YIDD mutations) or valine (rtM204V, YVDD mutations)[19,20]. Many studies have revealed that YMDD-motif mutations can emerge naturally in treatment-naïve CHB patients, but their reported prevalence vary greatly (0% to approximately 30%) or are even contradictory[10-13].
Our group recently analyzed the RT region of the HBV polymerase by full-length HBV RT sequences in NAs-naive CHB patients, and we found that approximately 60% of them had antiviral resistant variants with substitutions at T184, M204, L180, or L80 prior to NAs therapy[14]. Among these variants, spontaneous rtM204I/V variants were detected in approximately 1.5% of NAs-native patients, and the rtM204I variant was the dominant type. Additionally, they were more frequently detected in patients with HCC than in patients without HCC. Thus, in this research, we focused on the spontaneous rtM204I variants, and they were evaluated using an LNA-RT-PCR method, which is a more sensitive method than sequence analysis. We also tripled the sample number of NAs-naïve patients with various phases of CHB genotype C infection.
In this study, we have confirmed that spontaneous rtM204I mutations exist in NAs-naïve patients with CHB genotype C infection, and their prevalence is approximately 4%. Spontaneous M204I mutations were more frequently detected in patients with higher scores on the FIB-4 index, which is considered to be a noninvasive marker of liver fibrosis, and multivariate analysis showed that pre-existing M204I mutations were more frequently detected in patients with significant fibrosis[21]. These data suggest that spontaneous rtM204I variants might be risk factors for the progression of liver fibrosis. Although the mechanism is unclear, a possible reason for the significant association between spontaneous rtM204I variants and liver fibrosis might also be related to HBV genotype C. Many studies have demonstrated that naturally occurring mutations, such as variants in the pre-S region, are associated with LC and HCC development in CHB patients, especially those infected with genotype C[22,23]. Hence, this study suggested that progression of fibrosis might be related to spontaneous occurrence of rtM204I mutations prior to NAs, as well as infection with naturally occurring pre-S variants, in treatment-naïve patients infected with HBV genotype C2 strains.
Another finding of this study is that spontaneous rtM204I variants could affect antiviral responsiveness in treatment-naïve patients when they are treated with NAs. Our data showed that CVR rate to antiviral therapy was significantly lower in patients infected with spontaneous rtM204I variants. Indeed, rtM204I variants are the predominant mutations causing resistance to NAs with low genetic barriers, such as LAM, L-dT, and CLV[6,24]. These variants can also reduce the susceptibility to entecavir therapy and induce entecavir resistance[25]. This study also revealed that all seven patients carrying pre-existing rtM204I mutations achieved CVR to tenofovir, which can effectively suppress not only WT HBV strains but also rtM204I variants. In contrast, only one of six patients carrying pre-existing rtM204I mutations achieved CVR at 12 mo of entecavir treatment, and one of four patients achieved CVR at 12 mo of low genetic barrier agents. Therefore, tenofovir is the preferred treatment since its higher barrier to resistance provides the best chance for successful long-term therapy in treatment-naïve patients carrying spontaneous rtM204I variants. 
Recently, a Korean population-based cohort study demonstrated that tenofovir treatment was associated with a significantly lower risk of HCC compared with entecavir treatment[26]. This result might be related to the fact that tenofovir therapy can more effectively suppress HBV-DNA compared to entecavir therapy and consequently decrease the risk of LC progression or HCC development in Korean patients infected with HBV genotype C strains, some of whom have spontaneous rtM204I variants. 
In conclusion, the LNA-RT-PCR method can detect pre-existing rtM204I variants with high sensitivity in NAs-naïve CHB patients. rtM204I mutations can occur spontaneously with a rate of approximately 4% in treatment-naïve patients infected with HBV genotype C2. The rtM204I variants more frequently pre-existed in patients with significant fibrosis, and the pre-existence of rtM204I variants was associated with incomplete responses to NAs. Therefore, the detection of pre-existing rtM204I variants with the newly developed LNA-RT-PCR method could play a relevant role in the clinical management of NA-naïve patients with CHB genotype C2 infection.
[bookmark: OLE_LINK151][bookmark: OLE_LINK259]
ARTICLE HIGHLIGHTS 
Research background
Hepatitis B virus (HBV) DNA polymerase mutations usually occur to long term use of nucleos(t)ide analogues (NAs), but they can occur spontaneously in treatment-naïve chronic hepatitis B (CHB) patients. The naturally occurring HBV-DNA polymerase mutations might complicate antiviral therapy with NAs, leading to the generation of drug-resistant viral mutants and disease progression. The most common substitutions are known to be YMDD-motif mutations, but their prevalence and the influence on antiviral therapy is unclear. 

Research motivation
HBV DNA polymerase mutations have been known to be prevalent in treatment-naïve CHB patients infected with HBV genotype C2 strains. But there is still controversy regarding prevalence of the naturally occurring rtM204I mutations prior to antiviral treatments. Moreover, the clinical characteristics of the naturally occurring rtM204I mutations have not been fully elucidated. 

Research objectives
The objective of this study was to determine the prevalence and clinical characteristics of naturally occurring rtM204I mutations in treatment-naïve patients infected with HBV genotype C2 strains by using a newly developed locked nucleotide probe (LNA probe) based real time PCR (LNA-RT-PCR) method, which can detect subspecies at 5% of the circulating HBV population.

Research methods
The retrospective study enrolled a total of 410 treatment-naïve CHB patients infected with HBV genotype C2 strains. Among the 410 patients, 232 were treated with NAs for at least 12 mo. Significant fibrosis was defined as fibrosis-4 index > 3.25 or aspartate aminotransferase to platelet ratio index > 1.5. Complete viral response (CVR) during NAs was defined as undetectable serum HBV DNA (< 24 IU/mL). The rtM204I variants were analyzed by a newly developed LNA RT-PCR method. 

Research results
The LNA-RT-PCR could discriminate rtM204I mutant-type (17 patients, 4.2%) from rtM204 wild-type (386 patients, 95.8%) in 403 of 410 patients (98.3% sensitivity). Multivariate analysis showed that naturally occurring rtM204I variants were more frequently detected in patients with significant fibrosis [odd-ratio (OR) 3.397, 95% confidence-interval (CI) 1.119-10.319, P = 0.031]. Of 232 patients receiving NAs, multivariate analysis revealed that achievement of CVR was reversely associated with naturally occurring rtM204I variants prior to NAs treatment (OR 0.014, 95%CI 0.002-0.096, P < 0.001). Almost patients receiving tenofovir achieved CVR at 12 mo of tenofovir, irrespective of pre-existence of naturally occurring rtM204I mutations (CVR rates: patients with rtM204I, 100%; patients without rtM204I, 96.6%), whereas, pre-existence of naturally-occurring rtM204I-mutations prior to NAs significantly affects CVR rates in patients receiving entecavir (at 12 mo: Patients with rtM204I, 16.7%; patients without rtM204I, 95.6%, P < 0.001).

Research conclusions
The newly developed LNA-RT-PCR method can detect pre-existing rtM204I variants with high sensitivity in NAs-naïve CHB patients. rtM204I mutations can occur spontaneously with a rate of approximately 4% in treatment-naïve patients infected with HBV genotype C2. The rtM204I variants more frequently pre-existed in patients with significant fibrosis, and the pre-existence of rtM204I variants was associated with incomplete responses to NAs. Tenofovir is a more suitable treatment than entecavir for CHB patients carrying the naturally occurring rtM204I mutations. 

Research perspectives
The detection of pre-existing rtM204I variants with the newly developed LNA-RT-PCR method could play a relevant role in the clinical management of NA-naïve patients with CHB genotype C2 infection. Further prospective studies should be performed to verify our conclusions. 
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Table 1 Primers and LNA probes developed for identification of hepatitis B virus wild type (YMDD) and rtM204I variants (YIDD) by real-time PCR
	
Primer/Probe
	Sequence (5'-3') 1
	Tm (°C)2
	Target 
	Channel

	Primers (product: 127 bp)
	
	
	

	Forward
	TGGGCCTCAGTCCGTTTCT
	65.4 
	HBV RT gene
	

	Reverse
	TGTACAGACTTGGCCCCCAAWAC
	65.2-66.1
	HBV RT gene
	

	LNA Probes
	
	
	
	

	YMDD
	5' HEX-TAT+A+T+G+G+AT+GAT- 3' IB®FQ
	58
	YMDD (wild type)
	HEX

	YIDD
	5' 6-FAM-TAT+A+T+T+G+AT+GAT- 3' IB®FQ
	53
	YIDD
	FAM


1LNA nucleotides are written +A, +C, +T or +G; 2Primer melting temperature was calculated by using LC PDS software V 2.0 and probe melting temperature by https://www.exiqon.com/ls/pages/exiqontmpredictiontool.aspx. Tm: Melting temperature; RT: Reverse transcriptase; HBV: Hepatitis B virus.



Table 2 Measurement of melting temperatures of hepatitis B virus wild type (YMDD) and rtM204I variants (YIDD) by LNA real-time PCR
	Sample (copies, number of samples n)
	Measured Tm (°C) at channel
	
	

	
	FAM
	
	HEX

	
	Min
	Max
	Mean ± SD 
(number of positives) 
	
	Min
	Max
	Mean ± SD 
(number of positives)

	YIDD positive control DNA (24-2400000, n = 48)
	51.3
	52.2
	51.7 ± 0.2 (48, 100%)
	
	(-)
	(-)
	(-)

	WT positive control DNA (24-2400000, n = 48)
	(-)
	(-)
	(-)
	
	61.9
	63.3
	62.6 ± 0.4 (46, 95.8%)

	YIDD and WT standard mixtures (24-2400000, n = 280)
	50.1
	52.6
	51.5 ± 0.3 (280, 100%)
	
	61.9
	64.0
	63.0 ± 0.4 (280, 100%) 

	YIDD and WT standard mixtures (24, n = 56)
	49.9
	51.9
	51.2 ± 0.5 (45, 80.3%)
	
	60.9
	63.8
	63.0 ± 0.5 (44, 78.6%)

	YIDD of clinical samples in duplicate (82-180000, n = 17)
	49.6
	51.9
	51.3 ± 0.5
	
	(-)
	(-)
	(-)

	YMDD of clinical samples in duplicate (65-13000000, n = 397)
	(-)
	(-)
	(-)
	
	61.1
	64.0
	62.8 ± 0.3

	YMDD and unidentified mixture of clinical sample
		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



	
	
	
	62.9 ± 0.1
49.3 ± 0.1

	YVDD1
		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



	
	
	
	50.4 ± 0.0

	YMDD and YIDD with ATT/A codon1
	
	
	51.4 ± 0.0
	
	
	
	62.4 ± 0.2,
50.6 ± 0.0

	YMDD with Y of TAC codon1
		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



		(-)
	(-)
	(-)



	
	
	
	57.9 ± 0.2


1The variants were identified by direct sequencing of PCR products. (-) indicates no significant melting temperature; SD: standard deviation; Tm: Melting temperature.




Table 3 Rates of positive detection of hepatitis B virus wild type (YMDD) and rtM204I variant (YIDD) in 410 samples by LNA real-time PCR
	Type of detection
	No. of samples 
	Percentage

	Clinical samples
	410
	100%

	Identified
	403
	98.3%

	YIDD 
	17
	4.1%

	   YIDD exclusively
	9
	2.2%

	   YIDD + YMDD 
	3
	0.7%

	   YIDD + YMDD + YIDD with ATA codon1
	1
	0.2%

	   YIDD + YMDD
	1
	0.5%

	   YIDD + YMDD 
	3
	0.7%

	   YMDD 
	394
	96.3%

	   YMDD exclusively
	385
	93.9%

	YMDD + unknown variant
	1
	0.2%

	Unidentified
	7
	1.7%

	   Non-target Tm
	2
	0.5%

	      HEX 50.4 °C; YVDD1
	1
	0.2%

	      HEX 57.9 °C; YMDD with Y of TAC codon1
	1
	0.2%

	   No positive signal
	5
	1.2%


Bold type indicates dominant form. 1The variants were identified by direct sequencing of PCR products. Tm: Melting temperature.


Table 4 Baseline characteristics of 403 treatment-naïve patients with chronic hepatitis B
	Characteristics
	Pre-existing rtM204I n = 17
	Wild type rtM204
n = 386
	P value

	Gender (M/F)
	14/3
	230/156
	0.060

	Age (yr)
	48.8 ± 9.3
	43.7 ± 12.6
	0.101

	HBeAg (positive/negative)
	10/7
	228/158
	0.984

	HBV-DNA (log10 IU/mL)
	6.33 ± 0.66
	6.06 ± 1.77
	0.519

	qHBsAg (log 10 IU/mL)
	3.43 ± 0.30
	3.59 ± 0.70
	0.334

	AST (IU/L)
	104.7 ± 40.9
	78.7 ± 65.2
	0.103

	ALT (IU/L)
	77.8 ± 29.4
	85.4 ± 84.1
	0.709

	Total bilirubin (mg/dL)
	0.93 ± 0.33
	0.88 ± 0.60
	0.743

	Albumin (g/dL)
	4.02 ± 0.43
	4.14 ± 0.52
	0.338

	Prothrombin time (INR)
	1.07 ± 0.10
	1.02 ± 0.16
	0.246

	Platelet count (× 103/mm3)
	155.7 ± 55.6
	181.4 ± 64.4
	0.106

	FIB-4
	4.38 ± 2.33
	2.91 ± 2.92
	0.041

	APRI
	1.94 ± 0.98
	1.34 ± 1.35
	0.068

	Significant fibrosis1 (presence/absence)
	12/5
	145/241
	0.006

	Liver cirrhosis (presence/absence)
	7/10
	80 / 306
	0.045

	HCC (presence/absence)
	5/12
	46 / 340
	0.034


1Significant fibrosis was defined as aspartate aminotransferase to platelet ratio index > 1.5 or fibrosis-4 index > 3.25. ALT: Alanine aminotransferase; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4 Index; HCC: Hepatocellular carcinoma; INR: International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen levels; HBV: Hepatitis B virus. 




Table 5 Independent factors for pre-existing rtM204I variants in treatment-naïve chronic hepatitis B patients 
	
	Pre-existing rtM204I (n = 17)
	Wild type rtM204 
(n = 386)
	Univariate
	Multivariate

	
	
	
	OR
	95%CI
	P value
	OR
	95%CI
	P value

	Gender (male)
	14 (82.4%)
	230 (59.6%)
	3.165
	(0.895-11.197)
	0.074
	
	
	

	Age, yr
	48.8 ± 9.3
	43.7 ± 12.6
	1.033
	(0.993-1.074)
	0.105
	
	
	

	HBeAg status (positive)
	10 (58.8%)
	228 (59.1%)
	0.990
	(0.369-2.656)
	0.984
	
	
	

	HBV-DNA, log10 IU/mL
	6.33 ± 0.66
	6.06 ± 1.77
	1.098
	(0.827-1.458)
	0.519
	
	
	

	qHBsAg, log10 IU/mL
	3.43 ± 0.30
	3.59 ± 0.70
	0.555
	(0.336-0.916)
	0.021
	
	
	

	AST, IU/L
	104.7 ± 40.9
	78.7 ± 65.2
	1.005
	(0.999-1.011)
	0.109
	
	
	

	ALT, IU/L
	77.8 ± 29.4
	85.4 ± 84.1
	0.999
	(0.992-1.005)
	0.709
	
	
	

	Total bilirubin, mg/dL
	0.93 ± 0.33
	0.88 ± 0.60
	1.140
	(0.522-2.487)
	0.742
	
	
	

	Albumin, g/dL
	4.02 ± 0.43
	4.14 ± 0.52
	0.655
	(0.275-1.559)
	0.339
	
	
	

	Prothrombin time, INR
	1.07 ± 0.10
	1.02 ± 0.16
	4.625
	(0.339-63.020)
	0.250
	
	
	

	Platelet count, × 103/mm3
	155.7 ± 55.6
	181.4 ± 64.4
	0.993
	(0.985-1.001)
	0.108
	
	
	

	Significant fibrosis1
	12 (70.6%)
	145 (37.6%)
	3.989
	(1.377-11.553)
	0.011
	3.397
	(1.119-10.319)
	0.031

	Liver cirrhosis
	7 (41.2%)
	80 (20.7%)
	2.677
	(0.988-7.255)
	0.053
	
	
	

	HCC
	5 (29.4%)
	46 (11.9%)
	3.080
	(1.038-9.139)
	0.043
	1.961
	(0.626-6.143)
	0.248


1Significant fibrosis was defined as aspartate aminotransferase to platelet ratio index > 1.5 or fibrosis-4 index > 3.25. ALT: Alanine aminotransferase; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4 Index; HCC: Hepatocellular carcinoma; INR: International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen levels; HBV: Hepatitis B virus. 


Table 6 Independent factors for complete response at 12 mo of antiviral therapy in 232 patients who were treated with nucleos(t)ide analogues
	
	Complete response (n = 199)
	Incomplete response
(n = 33)
	Univariate
	Multivariate

	
	
	
	OR
	95%CI
	P value
	OR
	95%CI
	P value

	Gender (male)
	130 (65.3%)
	20 (60.6%)
	1.225
	(0.575-2.610)
	0.600
	
	
	

	Age, yr
	47.3 ± 11.9
	43.6 ± 10.9
	1.028
	(0.996-1.062)
	0.087
	
	
	

	HBeAg status (positive)
	106 (53.3%)
	30 (90.9%)
	0.114
	(0.034-0.386)
	< 0.001
	0.438
	(0.086-2.226)
	0.320

	HBV-DNA, log10 IU/mL
	5.97 ± 1.40
	7.69 ± 1.13
	0.402
	(0.290-0.559)
	< 0.001
	0.185
	(0.083-0.412)
	< 0.001

	qHBsAg, log10 IU/mL
	3.46 ± 0.57
	3.89 ± 0.74
	0.270
	(0.134-0.544)
	< 0.001
	1.492
	(0.501-4.447)
	0.473

	AST, IU/L
	94.6 ± 69.5
	83.0 ± 47.2
	1.003
	(0.997-1.009)
	0.361
	
	
	

	ALT, IU/L
	103.5 ± 92.7
	91.6 ± 57.5
	1.002
	(0.997-1.006)
	0.474
	
	
	

	Total bilirubin, mg/dL
	0.95 ± 0.57
	0.76 ± 0.30
	2.201
	(0.964-5.024)
	0.061
	
	
	

	Albumin, g/dL
	4.06 ± 0.53
	4.14 ± 0.44
	0.743
	(0.351-1.573)
	0.438
	
	
	

	Prothrombin time, INR
	1.05 ± 0.16
	1.01 ± 0.10
	8.323
	(0.444-155.931)
	0.156
	
	
	

	Platelet count, × 103/mm3
	164.6 ± 63.8
	182.6 ± 53.0
	0.995
	(0.990-1.001)
	0.128
	
	
	

	Significant fibrosis
	105 (52.8%)
	13 (39.4%)
	1.718
	(0.810-3.644)
	0.158
	
	
	

	Liver cirrhosis
	58 (29.1%)
	6 (18.2%)
	1.851
	(0.726-4.720)
	0.197
	
	
	

	HCC
	33 (16.6%)
	3 (9.1%)
	1.988
	(0.573-6.899)
	0.279
	
	
	

	High genetic barrier 
	180 (90.5%)
	12 (36.4%)
	16.579
	(7.069-38.882)
	< 0.001
	82.076
	(14.945-450.760)
	< 0.001

	Pre-existing rtM204I
	9 (4.5%)
	8 (24.2%)
	0.148
	(0.052-0.419)
	< 0.001
	0.014
	(0.002-0.096)
	< 0.001


ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen levels; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma. 


Table 7 Treatment responses during nucleos(t)ide analogues in patients with pre-existing rtM204I variants
	Outcome
	Tenofovir
(n = 7)
	Entecavir
(n = 6)
	Low genetic barriers1
(n = 4)
	P value

	Reduction of HBV-DNA (log10 IU/mL), mean ± SD

	Mo 3
	-3.22 ± 0.74
	-2.12 ± 0.532
	-2.22 ± 0.402
	0.011

	Mo 6
	-3.97 ± 0.75
	-2.71 ± 0.432
	-2.92 ± 0.512
	0.005

	Mo 9
	-4.44 ± 0.70
	-3.33 ± 0.482
	-3.28 ± 0.352
	0.004

	Mo 12
	-4.75 ± 0.59
	-3.65 ± 0.432
	-3.52 ± 0.602
	0.003

	Complete virologic response, cumulative incidence

	Mo 12
	100%
	16.7%2
	25%2
	0.021


1The low genetic barriers include lamivudine, adefovir, or combination of lamivudine and adefovir; 2The same number of superscripted indicates non-specific difference between groups. The continuous variables were tested by one-way ANOVA among groups, and categorical variables were tested by Fisher’s exact test. SD: standard deviation; HBV: Hepatitis B virus.
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Figure 1 Primer and LNA-probe positions designed for the detection of hepatitis B virus rtM204I (YIDD) variant and rtM204 (YMDD) wild type. Arrows indicate the primer positions. Underlines indicate the probe positions. The numbers designate the nucleotide position on the hepatitis B virus reverse transcriptase gene sequence. Boldface bases denote the different bases. The box represents the codon and amino acid sequences of the rtM204 (YMDD) wild type and rtM204I (YIDD) variant. This single nucleotide difference is the basis of their discriminative identification by LNA probes in this study. The amino acid sequence is shown as the one-letter amino acid symbols. WT: Wild type.
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Figure 2 LNA real-time PCR for identification of hepatitis B virus rtM204I (YIDD) variant and rtM204 (YMDD) wild type. Amplification curves were shown on the left, melting peaks on the right. With YIDD variant DNA templates (A), YIDD specific signals at FAM channel (solid) were detected showing their dominant amplifications with minimal cross signals of amplification generated by a weak YMDD probe cross hybridization and distinct melting temperatures different from those of YMDD DNA with no significant cross signals on melting. For WT DNA templates (B), YMDD specific signals at HEX 6 channel (dashed) were detected showing their exclusive amplifications and distinct Tms different from those of YIDD with no cross signals. WT: Wild type.
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Figure 3 Confirmation of LNA real-time PCR identification results of hepatitis B virus rtM204I (YIDD) variant and rtM204 (YMDD) wild type by direct sequencing. Nucleotide bases are shown in the parenthesis. Lower case letters represent the base in a lower amount relative to the dominant variant. Bold indicates the target amino acid and bases.
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Figure 4 Changes in mean log values of the serum hepatitis B virus DNA levels from baseline during nucleos(t)ide analogues treatment. A: The decrease in hepatitis B virus (HBV) DNA was significantly less prominent in patients infected with naturally occurring rtM204I variants than in patients without pre-existing rtM204I variants at 3, 6, 9, 12, 15 mo of nucleos(t)ide analogues (all P < 0.05); B: There was no differences in HBV-DNA declines during tenofovir therapy between patients with and without naturally occurring rtM204I variants; C: The decrease in HBV DNA was significantly less prominent in patients infected with naturally occurring rtM204I variants than in patients without pre-existing rtM204I variants at 3, 6, 9, 12, 15 mo of entecavir (all P < 0.05); D: The decrease in HBV DNA was significantly less prominent in patients infected with naturally occurring rtM204I variants than in patients without pre-existing rtM204I variants at 3, 6, 9, 12, 15 mo of low genetic barriers (all P < 0.05). Student's t-test was used for the statistical analysis at each time point. HBV: Hepatitis B virus.
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