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Abstract 
Introduction: The impact of mutations in the reverse transcriptase region of HBV on serum HBsAg titer and its correlation with HBV DNA is 

largely unknown.  

Methodology: A total of 644 patients, with a history of lamivudine or adefovir dipivoxil resistance who underwent genotypic resistance tests, 

were enrolled in this study. Serum HBsAg, hepatitis B e antigen and HBV DNA were quantified, and the HBV RT region was sequenced and 

analyzed. Then, the patients were divided into five sub-groups, including M204I/V, L180M+M204I/V, A181T/V, N236T and 

A181T/V+N236T according to the mutation spectra.  

Results: HBsAg was lower in the wild-type and A181T/V+N236T groups as compared to the M204I/V, L180M+M204I/V and N236T groups. 

HBsAg was positively correlated with HBV DNA levels in the wild-type group (r = 0.322, p < 0.01), as well as in the M204I/V, 

L180M+M204I/V, A181T/V, and N236T subgroups, while no correlation was found in the A181T/V+N236T subgroup (r = 0.159, p = 0.217). 

Moreover, for patients with N236T mutation, HBsAg was positively correlated with HBV DNA level in the HBeAg negative group (r = 0.435, 

p = 0.016), but not in the HBeAg positive group (r = 0.105, p = 0.594). For patients with A181T/V or N236T mutation, HBsAg was positively 

correlated with HBV DNA in older patients (≥ 40 years), but not in younger patients (< 40 years). 

Conclusions: Serum HBsAg titer and its correlation with HBV DNA may be affected by mutations in the reverse transcriptase region of HBV, 

that should be re-evaluated in patients with antiviral resistance. 
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Introduction 
Hepatitis B virus (HBV) infection remains a 

challenging public health problem worldwide, and the 

number of HBV-related deaths increased by 33% 

during the past few decades [1,2]. Due to the limited 

chances of achieving functional cure, long-term or 

indefinite treatment with nucleos(t)ide analogs (NAs) is 

usually recommended in clinical practice [3,4]. 

HBsAg quantification, which is a valuable 

parameter to evaluate HBV replication, immune control 

and disease progression, has improved the management 

of chronic hepatitis B (CHB) [2,5]. However, HBsAg 

titers vary significantly with HBV genotypes, age of the 

patient, as well as different phases of HBV infection 

[6,7]. A study reported that serum HBsAg could predict 

HBV DNA levels in HBV e antigen (HBeAg) negative 

CHB patients [8], while another study showed a poor 

correlation between HBsAg and HBV DNA in treated 

and untreated patients [9]. Recently, Yang et al. 

reported significant positive correlation between 

HBsAg and HBV DNA in HBeAg positive patients, but 

not in younger (< 40 years old) HBeAg negative 

patients. Thus, the relationship between HBsAg and 

HBV DNA remains controversial [6-10]. 

NAs with low genetic barrier to induce resistance, 

including lamivudine (LAM) and adefovir dipivoxil 

(ADV), are being widely used in the last decade, and 

have resulted in prevalence of drug-resistant mutants. 

Theoretically, the open reading frames of HBV 

genomes overlap, and mutations in the reverse 

transcriptase (RT) region may affect HBsAg levels, 

infectivity as well as virion production. It has been 

reported that rtA181T mutation leads to sW172* 

substitution in the S domain, which is a stop codon and 

has a negative effect on HBsAg production [11,12]. 

Drug-resistance mutation rtM204I/sW196* was also 
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reported to be a stop codon in S gene [13]. HBV wild-

type strains coexist with drug-resistant strains, and can 

rescue the production of HBV virions during LAM 

treatment [12]. The wild-type and drug-resistant strains 

may complement each other, and generate synergistic 

or complementary effects [12,14]. However, the impact 

of mutations in the RT region on HBsAg level is largely 

unknown. 

In the present study, we analyzed the HBsAg level 

and its correlation with HBV DNA in a large cohort of 

CHB patients with different mutations in the RT region. 

These findings may extend our understanding of the 

relationship between HBsAg and HBV DNA, and re-

evaluation of HBsAg levels may be necessary in 

patients with mutant HBV infection. 

 

Methodology 
Patients 

A total of 644 patients with CHB were 

retrospectively recruited between June 2013 and May 

2018 at the Third People’s Hospital of Changzhou, 

China. Patients with chronic necroinflammatory liver 

disease caused by HBV infection were diagnosed with 

CHB according to the Chinese guidelines for 

prevention and treatment of CHB (2015 version) [15]. 

Patients with CHB, who had a history of LAM or ADV 

treatment for more than one year, and were confirmed 

as drug-resistant by genotypic resistance test, were 

recruited. Patients with autoimmune diseases, alcoholic 

liver disease, liver cirrhosis or cancer, 

immunodeficiency diseases, or co-infection with other 

hepatitis virus, were excluded. Among those patients, 

239 were HBeAg negative while 405 were HBeAg 

positive. Another 644 treatment-naïve CHB patients 

infected with wild-type HBV strains were enrolled as 

controls (wild-type). The two groups were paired 

according to the HBeAg and age, with insignificant 

differences in the two parameters between the mutant 

and wild-type groups. The study was approved by the 

Ethics Committee of the Third People’s Hospital of 

Changzhou according to the Declaration of Helsinki, 

1975. 

 

Laboratory tests 

Demographic and clinical data, including HBsAg, 

HBeAg and HBV DNA, were collected within a week 

after the RT mutations were confirmed. Serum HBsAg 

and HBeAg levels were quantified using 

chemiluminescent immunoassay (Abbott Laboratories, 

Abbott Park, IL, USA), and HBV DNA was tested with 

Cobas Taqman HBV test (Roche Diagnostic, Basel, 

Switzerland). Serum HBV DNA was extracted using 

the QIAamp blood mini-kit (Qiagen, Hilden, Germany) 

according to the manufacturer’s instructions. The HBV 

RT region, spanning amino acids 110-288, was 

amplified by nested PCR, and the HBV strains were 

detected by direct Sanger sequencing. The details were 

described in our previous paper [16]. 

 

Statistical analysis 

Continuous variables were expressed as mean ± 

standard deviation, and the differences were analyzed 

using one-way ANOVA (for normally distributed data). 

Pearson’s correlation analysis was used to evaluate the 

correlation between quantitative HBsAg and HBV 

DNA levels. All analyses were performed using SPSS 

17.0 software (Chicago, IL, USA). A two-sided p < 0.05 

was considered as statistically significant. 

 

Results 
Comparison of HBsAg titers and HBV DNA levels 

between different groups 

Of the 644 patients, 420 (65.2%) patients had a 

history of lamivudine (LAM) resistance, while the 

remaining 224 (34.8%) patients had adefovir dipivoxil 

(ADV) resistance. These patients were divided into five 

sub-groups, including M204I/V (n = 138), 

L180M+M204I/V (n = 282), A181T/V (n = 104), 

N236T (n = 58) and A181T/V+N236T (n = 62), 

according to the mutation spectra. Moreover, there was 

no significant difference in the frequencies of mutations 

among genotypes B and C (p > 0.05). 

As shown in Figure 1A, HBsAg was lower in the 

wild-type and A181T/V+N236T groups as compared to 

the M204I/V, L180M+M204I/V and N236T groups. 

The HBV DNA levels had no significant difference 

between the wild-type group and mutant sub-groups 

(Figure 1B).  

The patients were further divided according to their 

age and HBeAg levels. For the wild-type or M204I/V 

groups, HBsAg was higher in younger patients (< 40 

years) as compared to the older patients (≥ 40 years) 

(Figure 2A). HBsAg level was higher in HBeAg (+) 

patients than in HBeAg (-) patients, except for the 

M204I/V and A181T/V+N236T groups (Figure 2B). 
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Figure 1. Comparison of HBsAg levels in patients with wild-

type and drug-resistant mutations. Differences were analyzed 

using one-way ANOVA, followed by post hoc tests to compare 

the differences between the six groups. Line segment referred to 

the comparison between two groups. (a) HBsAg was lower in 

the wild-type group and A181T/V+N236T groups as compared 

to the M204I/V, L180M+M204I/V and N236T groups. (b) The 

HBV DNA levels had no significant difference between the 

wild-type group and mutant sub-groups. *, p < 0.05; **, p < 0.01, 

ns, no significance. 

Figure 2. Comparison of HBsAg titers and HBV DNA levels in 

patients with different age and HBeAg status. (a) For the wild-

type or M204I/V groups, HBsAg was higher in younger patients 

(< 40 years) as compared to the older patients (≥ 40 years). (b) 

HBsAg level was higher in HBeAg (+) patients than in HBeAg 

(-) patients, except for the M204I/V and A181T/V+N236T 

groups. Data are expressed as mean ± standard deviation. *, p < 

0.05, **, p < 0.01. 
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Correlation between HBsAg and HBV DNA levels in the 

wild-type and mutant groups 

HBsAg was positively correlated with HBV DNA 

levels in the wild-type group (r = 0.322, p < 0.001) 

(Figure 3a), as well as in the M204I/V (r = 0.380, p < 

0.001) (Figure 3b), L180M+M204I/V (r = 0.284, p < 

0.001) (Figure 3c), A181T/V (r = 0.258, p = 0.008) 

(Figure 3d), and N236T subgroups (r = 0.369, p = 

0.004) (Figure 3e), but not in the A181T/V+N236T 

subgroup (r = 0.159, p = 0.217) (Figure 3f). 

 

Correlation between HBsAg and HBV DNA levels in 

HBeAg positive and negative groups 

For the wild-type group, there was a positive 

correlation between HBsAg and HBV DNA level in the 

HBeAg positive group (r = 0.202, p < 0.001), but not in 

the HBeAg negative group (r = -0.011, p = 0.868) 

(Table 1). For the M204I/V and L180+204I/V groups, 

HBsAg was positively correlated with HBV DNA 

levels in the HBeAg positive and negative groups (both 

p < 0.05). Moreover, no significant correlation was 

found in the A181T/V and A181T/V+N236T groups for 

both HBeAg positive and negative patients (all p > 

0.05). For patients with N236T mutation, there was a 

positive correlation between HBsAg and HBV DNA 

level in the HBeAg negative group (r = 0.435, p = 

0.016), but not in the HBeAg positive group (r = 0.105, 

p = 0.594). 

 

Correlation between HBsAg and HBV DNA levels in 

patients aged < 40 and ≥ 40 years 

As shown in Table 2, HBsAg was positively 

correlated with HBV DNA level in the wild-type, 

M204I/V and L180M+M204I/V groups, regardless of 

the age of patients (all p < 0.05). For patients with 

A181T/V or N236T mutation, there was a positive 

correlation between HBsAg and HBV DNA in older 

patients (≥ 40 years), but not in younger patients (< 40 

years). Furthermore, the correlation between HBsAg 

and HBV DNA was not significant in the 

A181T/V+N236T group, regardless of the age (both p 

> 0.05). 

 

Discussion 
In the present study, HBsAg titers, and the 

correlation between HBsAg and HBV DNA were 

analyzed in CHB patients with different drug-resistant 

mutations. HBsAg was higher in the M204I/V, 

L180M+M204I/V and N236T groups than in the wild-

type group. Moreover, HBsAg titers were positively 

correlated with HBV DNA levels in the wild-type and 

mutation groups, except for the A181T/V+N236T 

group.  

HBsAg titers can be affected by mutations in the 

HBV genome, including preS, precore, and basal core 

promotor region [17-19]. A strong relationship between 

HBsAg and basal core promotor 1762/1764 mutations 

was previously reported [18]. Recently, G1896A 

Figure 3. Correlation between HBsAg and HBV DNA levels in the wild-type and drug-resistant mutation groups. HBsAg was positively 

correlated with HBV DNA levels in the wild-type group (a), as well as in the M204I/V (b), L180M+M204I/V (c), A181T/V (d), and 

N236T subgroups (e), but not in the A181T/V+N236T subgroup (f). 
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mutation in the precore region of HBV was reported to 

be associated with HBsAg clearance in HBV and HIV 

co-infected patients [19]. Although NA-resistance has 

become a manageable issue, persistent NA treatment is 

needed because covalently closed circular DNA 

(cccDNA) in the nucleus cannot be eliminated. 

Mutations in the RT region can impact HBV reverse 

transcript, and affect the relaxed circular DNA (rcDNA) 

formation and its conversion to cccDNA [14]. RtA181T 

and rtM204I mutations resulting in sW172* and 

sW196* substitutions in the S domain, serve as stop 

codons and have negative effects on HBsAg secretion 

[11-13]. In addition, HBV exists as quasispecies. Wild-

type strains coexist with drug-resistant strains and 

rescue virion production of the mutants under NA 

treatment [12]. Therefore, the effects of drug-resistant 

mutations on HBsAg during long-term therapy remain 

a concern. 

Consistent with previous studies [10], serum 

HBsAg level was higher in HBeAg positive patients as 

compared to HBeAg negative patients, and was 

positively correlated with HBV DNA level in the 

mutation groups, except for the A181T/V+N236T 

group. Su et al. reported that hotspot mutations in HBV 

RT/S overlapping sequence were correlated with lower 

serum HBsAg levels in HBeAg (+) CHB patients [20]. 

Our data showed that HBsAg titers may be affected by 

drug-resistant mutations in the RT region, which 

extends our understanding of HBsAg evaluation during 

antiviral treatment. Moreover, these data also suggested 

that the correlation between HBsAg and HBV DNA 

may be affected by the HBeAg status and age of 

patients. 

A limitation to the present study is that mutations in 

HBV S region are not performed. Moreover, mutations 

in the HBV RT region may affect the HBsAg titers and 

its correlations with HBV DNA, while the mechanisms 

remain unknown. 

 

Conclusion 
Serum HBsAg titer and its correlation with HBV 

DNA may be affected by mutations in the RT region in 

HBV genome. The correlation between HBsAg and 

Table 1. Correlation between HBsAg and HBV DNA in HBeAg (-) and (+) patients. 

HBV DNA (Log10IU/mL) 
HBsAg (IU/mL) 

r P 

Wild type 
HBeAg- (n = 239) -0.011 0.868 

HBeAg+ (n = 405) 0.202 0.000 

M204I/V 
HBeAg- (n = 53) 0.465 0.000 

HBeAg+ (n = 85) 0.275 0.011 

L180M+M204I/V 
HBeAg- (n = 104) 0.414 0.000 

HBeAg+ (n = 178) 0.169 0.024 

A181T/V 
HBeAg- (n = 30) 0.225 0.231 

HBeAg+ (n = 74) 0.161 0.172 

N236T 
HBeAg- (n = 30) 0.435 0.016 

HBeAg+ (n = 28) 0.105 0.594 

A181T/V+N236T 
HBeAg- (n = 22) 0.357 0.103 

HBeAg+ (n = 40) 0.036 0.825 

 

Table 2. Correlation between HBsAg and HBV DNA in CHB patients (< 40 and ≥ 40 years old). 

HBV DNA (Log10IU/mL) 
HBsAg (IU/mL) 

r P 

Wild type 
< 40 (n = 239) 0.202 0.002 

≥ 40 (n = 405) 0.326 0.000 

M204I/V 
< 40 (n = 58) 0.405 0.002 

≥ 40 (n = 80) 0.399 0.000 

L180M+M204I/V 
< 40 (n = 60) 0.256 0.048 

≥ 40 (n = 222) 0.292 0.000 

A181T/V 
< 40 (n = 28) 0.228 0.244 

≥ 40 (n = 76) 0.275 0.016 

N236T 
< 40 (n = 8) 0.255 0.542 

≥ 40 (n = 50) 0.398 0.004 

A181T/V+N236T 
< 40 (n = 12) 0.408 0.188 

≥ 40 (n = 50) 0.104 0.472 
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HBV DNA should be re-evaluated during NA 

treatment, especially for patients with NA-resistance. 
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