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Abstract  64 

Background and aims:  65 

The prevalence of coexistence of HBsAg and anti-HBs in chronic HBV-infected 66 

patients is different between studies. The mutations on the S gene were proved as the 67 

cause of this coexistence. This study determined the frequency and factors associated 68 

with coexistence of HBsAg and anti-HBs in chronic HBV-infected patients. 69 

Methods:  70 

This cross-sectional study was conducted at University Medical Center at Ho Chi Minh 71 

City, Vietnam, from 4/2014 to 12/2020. HBeAg, HBsAg, and anti-HBs were measured 72 

by chemiluminescent immunoassay. Mutations on the HBV small S gene from amino 73 

acids 1 to 227 were detected using Sanger sequencing on 177 patients. 74 

Results:  75 

A total of 521 chronic HBV-infected patients were enrolled, including 350 males 76 

(62.7%), 17.1% with hepatic fibrosis of  ≥F3 and 9.8% with HCC. The coexistence of 77 

HBsAg and anti-HBs was detected in 9.8%, with 17.9% among genotype C compared 78 

to 7.4% in genotype B, p=0.001. The coexistence group had lower levels of HBsAg 79 

titers (p=0.052). There were significantly higher rates of coexistence in the group with 80 

HCC (19.6% vs. 8.7%, p=0.013). The existence of point mutations on the major 81 

hydrophilic region and the “a” determinant region of HBV was more frequently 82 

detected in the HBsAg and anti-HBs coexistence group (p=0.043, p=0.008, 83 

respectively). 84 

Conclusions: The coexistence of HBsAg and anti-HBs was detected more frequently 85 

in the HBV genotype C group. The coexistence status was related to lower HBsAg 86 
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titers, mutations on the MHR, and/or the “a” determinant and exposed significant 87 

relation with HCC.   88 

Keywords: Hepatitis B virus; Hepatitis B surface antigen; anti-hepatitis B surface, 89 

Hepatocellular carcinoma; Major hydrophilic region 90 

91 
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Introduction  92 

Acute viral hepatitis B (HBV) infection often results in HBsAg loss and anti-HBs 93 

seroconversion exhibiting complete viral clearance and immune protection for further 94 

exposure. In contrast, in chronic infection, HBV is not eradicated, leading to prolonging 95 

the existence of HBsAg, and the mutually exclusive anti-HBs is not detected [1, 2]. In 96 

chronic HBV-infected people, HBsAg clearance appears less than 2% per year, but the 97 

progression to anti-HBs seroconversion slowly occurs months or years afterward or 98 

never be observed [3]. 99 

The coexistence of HBsAg and anti-HBs in chronic hepatitis B (CHB) patients is an 100 

entity and has been of interest since 1970s’. In the coexistence patients, anti-HBs had 101 

been recorded with a low affinity to HBsAg. The underlying causes of the coexistence 102 

of anti-HBs in CHB patients remained unclear for decades. However, in CHB with anti-103 

HBs coexistence patients who had been HBV vaccinated or immunoglobulin treated, 104 

mutations in S genes were detected. This finding suggested that the selection of mutated 105 

S variants (known as “vaccine escape mutants”) helps those variants escape the 106 

neutralizing activity of anti-HBs [4].  107 

HBsAg contains several antigenic epitopes in which the “a” determinant spans the 108 

amino acids 124-147 in the S gene [5]. Mutations in the “a” determinant region result 109 

in the antigenicity alteration of the HBsAg. Some common mutations that escape 110 

immunity by amino acid replacements are G145R, sD144A, sP142S, sQ129H, 111 

sI/T126N/A, and sM133L. Experiments have confirmed that the amino acids at 112 

positions 141 to 145 are crucial for binding vaccine-induced anti-HBs [6].  113 

Jo
urn

al 
Pre-

pro
of



8 

The rate of coexistence of anti-HBs and HBsAg in people infected with HBV varies 114 

depending on the disease's chronicity and severity [7-9]. This coexistence rate of anti-115 

HBs and HBsAg was reported as 2.5% in people presenting for health-checkup. 116 

Remarkably, the anti-HBs coexistence rate was exceptionally high, up to 30%, 117 

especially in patients with active CHB [8]. Moreover, higher detection rates of anti-HBs 118 

coexistence were present in people with S region mutations or hepatocellular carcinoma 119 

(HCC) [7, 10]. In this study, we aimed to describe the coexistence rate of HBsAg and 120 

anti-HBs, examine any related factors, and investigate the relationship between anti-121 

HBs coexistence and HCC in Vietnamese CHB patients. 122 

Methods  123 

Study design 124 

This investigation recruited 521 outpatients with chronic HBV infection, who were 125 

followed up at the Liver Clinic of the University Medical Center (UMC) at Ho Chi 126 

Minh (HCM) City from April 2014 to December 2020. The enrolment criteria included 127 

patients ≥16 years of age, with a positive HBsAg presenting for more than 6 months, 128 

had HBV-DNA ≥5 log copies/mL (or ≥3 log copies/mL if HBeAg negative), had never 129 

been treated or discontinued nucleot(s)ides for at least 6 months before collecting 130 

samples, whether they had been diagnosed or presented with HCC or not [11].  131 

Data collection, variables, and measurements  132 

The data on quantitative HBsAg, HBV-DNA, HBV genotype, HCC, and cirrhotic status 133 

were extracted from the electronic database of UMC. Additional anti-HBs tests were 134 

done using the stored serum samples. The coexistence of HBsAg and anti-HBs status 135 

was defined in this study for patients who had positive HBsAg (>0.05 IU/mL, using the 136 
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quantitative by electrochemical immunochemistry assay, Elecsys HBsAg II Quant 137 

reagent, Roche, at the UMC lab) and of positive anti-HBs (≥10 mIU/mL, using the 138 

quantitative fluorescence electrochemical immunoassay, Cobas reagent, Roche on 139 

Elecsys and Cobas e systems at the Medical Diagnostic Center at Ho Chi Minh City). 140 

The HBV-DNA levels were measured by the in-house real-time PCR at the UMC 141 

laboratory (Limit of detection (LOD)=300 copies/mL).  142 

Genotyping of HBV was determined based on sequences of gene S under Sanger 143 

sequencing, compared to the referenced sequences specified by genotypes B and C. 144 

HCC was defined in those with tumor lesions observed on abdominal ultrasound and 145 

was confirmed by an abdominal CT scan that detected focal lesions with enhancement 146 

pattern as early arterial enhancement and early "washout" with serum alpha-fetoprotein 147 

(AFP) > 20 ng/mL [12]. 148 

S mutation was analyzed by Sanger sequencing 149 

The mutations on the S (small S) gene analysis were done selectively on 177 non-HCC 150 

patients. Primer sequences for amplifying S region were described in our previous study 151 

[13]. Briefly, HBV DNA were extracted from serum using GeneJetTM Viral DNA and 152 

RNA Purification kit (Thermo Fisher Scientific, Waltham, MA, USA). The small S 153 

region was amplified by PCR with Takara TaqTM HotStart Polymerase (Takara Bio, 154 

Shiga, and Japan) and its PCR product was checked on 1.5% agarose gel. PCR products 155 

were purified enzymatically using ExoSAP-ITTM PCR Product Cleanup Reagent 156 

(Thermo Scientific, Waltham, MA) to the removal of excess primers and dNTPs before 157 

Sanger sequencing using a BigDye Terminator v3.1 Kit and ABI 3500 Genetic Analyzer 158 

(Applied Biosystems, Foster City, CA, USA). PCR fragments were sequenced and 159 
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analyzed in both directions. Sequences were aligned by using the CLC Main 160 

Workbench software (Qiagen, Germany). HBV genotypes were determined based on 161 

the conserved nature of nucleotide sequences in regions of the S gene. Reference 162 

sequences, including genotype B (Genbank_AB073846) and genotype C 163 

(GenBank_X04615), were used for identifying mutations on S gene. 164 

Statistical analysis 165 

The statistical analysis and data visualizations were done using IBM SPSS software, 166 

version 25.0. Summary statistics were done using substantial numbers of events 167 

accompanied by percentages. Comparing different groups was done using the Mann-168 

Whitney U test to compare the medians, interquartile ranges, and ranges of non-169 

normally distributed continuous variables. Categorical variables were compared using 170 

Fisher’s Exact test or Chi-Square test. Multivariable logistic regression was conducted 171 

to investigate the factors associated with the coexistence of anti-HBs. Also, the 172 

coexistence of anti-HBs and their correlation with HCC were assessed using univariable 173 

and multivariable analyses. Statistically significant difference was defined when the p-174 

value was <0.05. 175 

Ethical statement 176 

This study was conducted per the principles of the Declaration of Helsinki and was 177 

approved by the ethical board of the University of Medicine and Pharmacy at Ho Chi 178 

Minh City (ID: 136/DHYD-HD) on April 17th, 2014. All stored serum samples and 179 

variables used for the analysis in this study were shared from a former investigation. 180 

Results 181 

Population  characteristics  182 
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A total of 521 patients diagnosed as chronic HBV patients were included in this study. 183 

Of those, 350 patients were male (62.7%). The median age was 41 (IQR 32-52) years. 184 

89 patients (17.1%) had hepatic fibrosis (≥F3), and 51 patients (9.8%) had HCC (Table 185 

1). Furthermore, half  the patients (51.1%) had negative HBeAg. HBV genotype C or 186 

B&C occupied 28.6%. The median level of HBV-DNA was 6.57 log cps/mL, and the 187 

median HBsAg was 3.4 log IU/mL (Table 1). 188 

The rate of HBsAg and anti-HBs coexistence  189 

51 patients had coexistence HBsAg and anti-HBs, which accounted for 9.8% of the 190 

study population (Table 1). There were no differences in rates of coexistence of anti-191 

HBs according to HBeAg, sex, levels of HBV-DNA groups, and liver fibrosis status. 192 

However, significantly higher rates of coexistence anti-HBs were observed in patients 193 

infected with genotype C (compared to genotype B, 17.9% vs. 7.4%, p=0.001) and in 194 

those with HCC (compared to the non-HCC group, 19.6% vs. 8.7%, p=0.013) (Table 195 

2). The median (IQR) levels of HBsAg in the group with coexistence was 3.2 (95% CI: 196 

2.6-3.8) log IU/mL, slightly lower than that in those without coexistence anti-HBs (3.4, 197 

95% CI: 2.96-4.2) log IU/mL, with borderline p-value (0.052) (Table 2). 198 

Using correlation visualization, the values of HBsAg were widely distributed with a 199 

density from 2.5 to 5 log IU/mL. The anti-HBs values were distributed in two manners. 200 

One group with low values of anti-HBs (<100 IU/mL) but a wide variety of HBsAg 201 

values. The other group with a high or very high anti-HBs value (>100 IU/mL, included 202 

4 cases of >500 IU/mL) in accordance with high HBsAg values (>3 log IU/mL) (Figure 203 

1). 204 

Factors associated with the coexistence status in our study population 205 
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According to univariable analysis, three characteristics found to be related to the 206 

coexistence of HBsAg and anti-HBs status with p<0.1 were genotype C (p<0.001), low 207 

HBsAg level (<3 log IU/mL) (p=0.068), and the presence of HCC (p=0.013) (Table 2). 208 

The multivariable analysis that included the three above factors was processed on 409 209 

patients and identified genotype C and low HBsAg level (<3 log IU/mL) as the two 210 

factors associated with the anti-HBs coexistence in CHB patients (OR=3.93, 95% CI 211 

2.1-7.38, p<0.001, and OR=1.03, 95% CI 1.07-3.88, p=0.031, respectively) (Table 3).  212 

Mutation characteristics on the S gene in non-HCC groups with and without anti-213 

HBs 214 

The sequences of HBV S gene of 177 non-HCC patients were selectively analyzed to 215 

investigate mutations. Among those, 42 patients had anti-HBs coexistence and the 216 

remaining 135 patients had anti-HBs negative. Table 4 presented higher rates of anti-217 

HBs coexistence in the group of patients with at least one point mutation on the major 218 

hydrophilic region (MHR) compared to the MHR wild-type group (29% vs. 15.7%, 219 

p=0.043); and predominately higher in the group with at least one point mutation on the 220 

“a” determinant  sequence compared to the group without any point mutation in the 221 

same region (34.3% vs. 16.8%, p=0.008). Related to individual point mutation 222 

characteristics, the rate of anti-HBs coexistence was also higher in the group of patients 223 

with at least one of these S point mutations: L42P/R (75% vs. 22.5%, p=0.042), 224 

T/V47E/K/A (43.8% vs. 21.7%, p=0.048), and T/I126N/I/S/A (35% vs. 20.4%, 225 

p=0.057) (Table 4).  226 

People at risk of developing HCC 227 
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Table 5 presented the univariable and multivariable analysis that included five factors 228 

associated with HCC (such as sex, age group, liver fibrosis, anti-HBs coexistence, and 229 

HBV genotype) to investigate the correlation between anti-HBs coexistence and HCC. 230 

There were four factors that have an increased risk of HCC: being male (OR=2.53, 95% 231 

CI: 1.2-5.36, p=0.015), being 40 years or older (OR=3.32, 95% CI: 1.56-7.06, p=0.002), 232 

presenting with liver fibrosis (OR=2.78, 95% CI: 1.44-5.38, p=0.002), and having anti-233 

HBs (OR=2.94, 95% CI: 1.56-7.06, p=0.009).  234 

Discussion 235 

Our study population included 521 CHB patients, with 61.6% infected with HBV 236 

genotype B, 51.1% negative with HBeAg and the median (IQR) of HBV DNA = 6.57 237 

(5.0-8.0) log copies/mL, were similar to the general HBV populations in Vietnam. 238 

However, at such a tertiary care level hospital like UMC in HCM city, where many 239 

patients with complicated diseases tend to present or be referred to, therefore more 240 

patients with cirrhosis (17.1% of them were at F3) and hepatocellular carcinoma (9.8% 241 

HCC) had been enrolled in this study. All patients with stored serum got the anti-HBs 242 

test, not at the same time as the HBsAg test, confirming actual coexistence with antiHBs 243 

>10 mIU/mL by specificity electrochemical immunochemistry test. The overall 244 

detection rate of anti-HBs coexistence on 521 patients who were HBV diagnosed in the 245 

study was 9.8%, and in our non-HCC group should be 8.7% (41/470 cases). Although 246 

the study had included HCC cases (9.8%, 51/521 patients), our overall anti-HBs 247 

coexistence detection rate was much higher than that of other published papers such as 248 

that from Colson P et al. (2.8%, n=459) [5], Xiang Y et al. (0.3%, n=24,856) [14], Lee 249 

BS et al. (2.9%, n=290,212 on Korean HBV on health check-ups detected population) 250 
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[15] and Pancher M et al. (5%, n=2578) [16]. Especially, higher rates of anti-HBs 251 

coexistence were reported by Jang JS et al. (6.4%, n=755) in a study whose sample was 252 

8.9% HCC patients [7] comparingly to ours (9.8%). Regarding the cohort study of Seo 253 

SI et al. (2014) on 1042 non-HCC CHB patients, 7.0% of them detected HBsAg and 254 

anti-HBs coexistence after a median follow-up time of 4.3 years (from 1.0–22 years) 255 

[10]. The reported paper from Seo SI et al. proved that coexistence was an actual and 256 

progressing status in CHB populations. Hayashi et al. found chronic HBV carriers with 257 

anti-HBs and HBsAg coexistence had HBsAg and anti-HBs of different serotypes [17]. 258 

Chronic Hepatitis B patients could be reinfected with second subtypes [18]. And in 259 

patients with mixed infection of different HBV serotypes, anti-HBs composed 260 

incomplete cross-immunity [19]. Many different patterns of anti-HBs are produced in 261 

chronic Hepatitis B patients to immunity responses, and the patterns of surface 262 

antibodies may reflect the prediction for surface antigen clearance and the timing of 263 

clearance HBsAg [20], [21]. 264 

Regarding the distribution of anti-HBs by HBsAg values from 51 cases with anti-HBs 265 

coexistence from our study, we found only 10 patients with exceptionally high values 266 

of both HBsAg and anti-HBs (real anti-HBs coexistence). Most HBsAg values were 267 

accompanied by low levels of anti-HBs (Figure 1). This low anti-HBs might relate to 268 

the processing of anti-HBs during HBsAg seroconversion (false positive anti-HBs),  the 269 

non-dominant and suppressed serotype in multiple serotypes infection; or the anti-HBs 270 

that was linked to the HBsAg mutated strain among the wild and mutated mixture HBV 271 

population. Especially, these low levels HBsAg might originate from the integrated 272 

HBV viral genome on the host DNA [20], from the truncated cccDNA in the hepatic 273 
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nucleus, or from the HBsAg-antiHBs immune complexes [22]. A cohort observation 274 

with a similar design as Seo SI et al. study could better differentiate the real anti-HBs 275 

coexistence or the progression of HBsAg seroconversion in this low HBsAg and anti-276 

HBs coexistence group [10].  277 

Among HBeAg positive group, our detected rate of anti-HBs coexistence (10.6%) was 278 

far higher than the rate of 4.9% that was reported by Zhang JM et al. on 411 HBeAg 279 

positive and non-advanced liver injury CHB patients [23]. Regarding, the anti-HBs 280 

coexistence rates were not different among the under and the over-30 age groups (12.2% 281 

vs. 10.3%)  (Table 2). This similarity of anti-HBs coexistence rates between these age 282 

groups on the HBeAg positive subpopulation disclosed that the coexistence status might 283 

arise early during chronic infection. It might be inconsiderably accumulative after 284 

HBeAg seroconversion. The distribution of coexistence was not different according to 285 

gender, HBV DNA, and HBsAg level. These findings had not given evidence of 286 

whether the coexistence status happened during the progression of HBV infection. 287 

These 51 patients had active HBV infections with a median viral load of 6.71 log 288 

cps/mL compared to patients without coexistence of 6.54 log cps/mL with no significant 289 

difference. 290 

As for the association between genotype C and anti-HBs coexistence in our study (OR= 291 

3.93 (95% CI 2.1-7.38, p<0.001) (Table 2), the different sequence of the S gene that 292 

was used to define the genotype in the study revealed indirect evidence for the genetic 293 

cause of HBsAg and anti-HBs coexistence. Basal core promoter mutation and mutations 294 

on the S gene have also been stated to explain the higher rates of HCC among genotype 295 

Jo
urn

al 
Pre-

pro
of



16 

C [24, 25]. The association of coexistence with genotype C needs to be considered for 296 

the higher genotype C HCC risk. Moreover, we also found the association of lower 297 

HBsAg levels with anti-HBs coexistence on multivariable analysis. This finding was 298 

similar to Liu J et al. [26]. 299 

In occult HBV infection patients whose HBV was reactivated by immuno-suppression 300 

therapy, viral replication would produce a large amount of HBsAg in a short time, 301 

leading to the coexistence situation [27]. Kim HS et al. reported  237 distinct (including 302 

25 novels) mutations on the MHR region in HBV-infected East- and Southeast Asian 303 

patients. The Elecsys® HBsAg II Qualitative assay can reliably detect HBV-positive 304 

samples with a sensitivity of 100% (95% CI: 99.59–100.0) for all 898 samples with and 305 

without mutations [28]. Mutations in the “a” determinant region (vaccine escaping 306 

mutants) caused a decrease in the affinity for anti-HBs, and the G145R was discovered 307 

as the most common immune-escape mutation . 308 

Additionally, the cut-off value of HBsAg <3 log IU /mL is advocated and applied for 309 

the HBV inactive state. In this study, the anti-HBs coexistence status was found 310 

prominent among our low HBsAg (<3 log IU/mL) group (14.7% vs... 9%). Therefore, 311 

in the region with a notable rate of anti-HBs coexistence, the above advocacy for mother 312 

to child prevention based on HBsAg level of <3 log IU/mL might be cautious, especially 313 

in these abnormally low HBsAg population. 314 

Related to HBV progression and patient management, the truncated and low HBsAg 315 

strain has been considered related to HCC progression. More studies are needed to 316 

recognize possible abnormal low HBsAg for further sequencing diagnosis, and to define 317 

Jo
urn

al 
Pre-

pro
of



17 

the appropriate strategy on diagnosis, treatment, and morbidity prevention for those 318 

patients with unusually low levels of HBsAg. Related to this aim, there were no age 319 

groups, gender, or HBeAg that could help, but screening for anti-HBs coexistence and 320 

periodic HBV DNA quantification for the low HBsAg level might be of value, 321 

especially in personalized or precision medicine. 322 

Related to the morbidity role of anti-HBs coexistence, Heijtink RA et al. (1982) (n=89) 323 

found lower anti-HBs coexistence rates in asymptomatic HBV carriers compared to the 324 

active CHB group (3/23 vs. 20/40, included five cirrhosis patients). They had concluded 325 

about the pathological relation between anti-HBs coexistence status and advance of 326 

liver disease [24]. Although liver cirrhosis was not declared in our study, our analysis 327 

also indicated a significant prevalence of the coexistence of anti-HBs in the HCC group 328 

(19.6% vs. 8.7%, p=0.013) compared to the non-HCC group (Table 2). These findings 329 

on the higher prevalence of anti-HBs and HBsAg coexistence in the advanced liver 330 

group and the HCC group revealed any possible pathogenic role of this anti-HBs 331 

coexistence. 332 

Only a few studies related to the association of S mutations with the coexistence of anti-333 

HBs and with HCC until now. In our study, we found high rates of cases that possessed 334 

point mutation(s) on the MHR (60.5%) and “a” determinant (39.5%) region, and the 335 

association of the mutations on the MHR and “a” determinant regions with antiHBs 336 

coexistence. Other studies had detected much lower rates than our study on the “a” 337 

determinant (2.4% vs. 9.5%,  p=0.009, Lada O et al. (2006) [6] and 2.01% vs. 7.14%, p 338 

<0.001, Wang J et al. (2010) [29];  on the MHR (1.38% vs. 2.20%, p <0.001); Moreover, 339 

Ding F et al. reported common mutation as sI126S/T (40%) and other mutations as 340 

Jo
urn

al 
Pre-

pro
of



18 

sQ129R, sG130N, sF134I and sG145R on 15 anti-HBs positive genotype C CHB 341 

patients [30]. Differently, we found lower rates of sT/I126/N/I/S/A (22.6%) and did not 342 

find their association with coexistence. Specifically, we detected another two point 343 

mutations associated with anti-HBs coexistence as sL42P/R and sT/V47E/K/A.  344 

The mutations on the MHR and “a” determinant regions that activate the immunological 345 

response were explained for the higher risk of advanced liver diseases and HCC in anti-346 

HBs coexistence CHB patients [19, 29, 31]. This study found  the association between 347 

anti-HBs coexistence and HCC (OR=2.55; 95% CI 1.19-5.47) and its higher OR for  348 

HCC (OR=2.94; 95% CI 1.31-6.62) were also proven on the multivariable analysis. 349 

Other widely accepted cofactors such as male, older than 40 years, and liver fibrosis 350 

have also been found in ours and other studies [7, 10]. The higher HCC rate in the group 351 

with the coexistence of anti-HBs had also been stated in other studies (22.9% (11/48) 352 

vs. 7.9% (56/707), p= 0.002, Jang JS et al. (2009) [7]. Anti-HBs coexistence and three 353 

remaining factors had also been proven by Seo SI et al. (2014) [10]. These related 354 

factors proved that chronic HBV infection in patients is associated with longer infection 355 

and that immunity-activated inflammation with or without advanced liver fibrosis leads 356 

to liver regeneration with neogenesis formation. More research would be needed to 357 

determine the role of HBsAg and anti-HBs coexistence in HCC occurrence, especially 358 

in patients with advanced liver diseases.   359 

Conclusion 360 

The coexistence of anti-HBs with HBsAg was at a higher rate in HBV genotype C and 361 

low HBsAg groups. Mutations on the MHR and “a” determinant regions (especially 362 

Jo
urn

al 
Pre-

pro
of



19 

sL42P/R, sT/V47E/K/A, and sT/I126N/I/S/A point mutations) were associated with the 363 

status of anti-HBs coexistence. We have also found an association between the 364 

coexistence status and HCC in this cross-sectional study. More studies need to be 365 

established to determine the pathological role(s) of anti-HBs coexistence and its 366 

relations with S gene mutations in chronic HBV infection.  367 

  368 
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Tables and figures legends 369 

Table 1. Baseline characteristics and HBV markers characteristics of study population 370 

(n=521). 371 

Table 2. The distribution of the coexistence status among population and viral 372 

characteristic groups (n=521).  373 

Table 3. Factors associated with the coexistence of anti-HBs in multivariable analysis 374 

(n=409). 375 

Table 4. Distribution of the mutations on the S region among the groups with anti-376 

HBs coexistence (n=177).  377 

Table 5. The coexistence of anti-HBs and factors correlation with HCC using 378 

univariable and multivariable analyses (n=521). 379 

Figure 1. Levels of HBsAg and anti-HBs in CHB patients with coexistence of HBsAg 380 

and anti-HBs (n=51).  381 

 382 
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1 

Table 1. Baseline characteristics and HBV markers characteristics of study population 1 

(n=521). 2 

Characteristics n (%) 

Gender (male) 350 (67.2) 

Age group (years) <30  98 (18.8) 

30-50  272 (52.2) 

>50  151 (29) 

Hepatic fibrosis (≥F3) (yes) 89 (17.1) 

 Hepatocellular carcinoma (yes) 51 (9.8) 

HBV Genotype B 321 (61.6) 

B/C and C (grouped) 149 (28.6) 

Unspecified 51 (9.8) 

HBeAg negative (yes) 266 (51.1) 

HBV-DNA (log copies/mL) 

median (IQR) = 6.57 (5-8.0) 

<5  130 (25.0) 

5-8  256 (49.1) 

>8  135 (25.9) 

HBsAg (log IU/mL) (n=460) 

median (IQR) = 3.4 (2.9-4.1) 

≤3 136 (26.1) 

>3 324 (62.2) 

Anti-HBs >10 mIU/mL (yes) 51 (9.8) 

 3 

  4 
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2 

Table 2. The distribution of the coexistence status among the population and viral 5 

characteristic groups (n=521).  6 

Characteristics Coexistence, n (%) p-

valuea Yes (n=51) No (n=470) 

Gender Male 34 (9.7) 316 (90.3) 0.940 

Female 17 (9.9) 154 (90.1) 

Age group <30 12 (12.2) 86 (87.8) 0.430 

30-50  28 (10.3) 244 (89.7) 

>50 11 (7.3) 140 (92.7) 

HBeAg Positive 27 (10.6) 228 (89.4) 0.550 

Negative 24 (9) 242 (91) 

Genotype (n=470) B 24 (7.4) 301 (92.6) 0.001 

C 26 (17.9) 119 (82.1) 

HBV-DNA (log 

cps/mL) 

<5  14 (10.8) 116 (89.2) 0.660 

5  37 (9.5) 354 (90.5) 

HBsAg (log 

IU/mL) (n=460) 

<3  20 (14.7) 116 (85.3) 0.068 

3  29 (9) (91) 

Median (IQR) 3.2 (2.6-3.8) 3.4 (2.96-4.2) 0.052b 

HCC Present 10 (19.6) 41 (80.4) 0.013 

Absent 41 (8.7) 429 (91.3) 

Liver fibrosis F3 Present 10 (9.6) 79 (16.8) 0.610 

Absent 41 (80.4) 391 (83.2) 

All percentages are calculated per row, a Chi square test, b Mann-Whitney U test  7 
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Table 3. Factors associated with the coexistence of anti-HBs in multivariable analysis 8 

(n=409). 9 

Variables OR 95% CI p-value 

Genotype  B 1   

C 3.93 2.10-7.38 <0.001 

HBsAg (log 

IU/mL) 

3  1   

<3 2.03 1.07-3.88 0.031 

  10 
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Table 4. Distribution of the mutations on the S region among the groups of anti-HBs 11 

coexistence (n=177) 12 

Mutation Sample 

(n=177) 

Anti-HBs coexistence, n (%) p-

valuea Yes (n=42) No (n=135) 

By region (at least one point mutation) 

MHR  

 

Yes 

(>=1) 

107 (60.5) 31 (29) 76 (71) 0.043 

No 70  (39.5) 11 (15.7) 59 (84.3) 

The “a” 

determinant 

region 

Yes 

(>=1) 

70 (39.5) 24 (34.3) 46 (65.7) 0.008 

No 107 (60.5) 18 (16.8) 89 (83.2) 

Point-mutations 

L42P/R Yes 4 (2.3) 3 (75) 1 (25) 0.042 

No 173 (97.7) 33 (22.5) 134 (77.5) 

T/V47E/K/A Yes 16 (9) 7 (43.8) 9 (56.3) 0.048 

No 161 (91) 35 (21.7) 126 (78.3) 

T/I126N/I/S/A Yes 40 (22.6) 14 (35) 26 (65) 0.057 

No 137 (77.4) 28 (20.4) 109 (79.6) 

All percentages are calculated per row, , a Chi square test   13 
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Table 5. The coexistence of anti-HBs and factors correlation with HCC in univariable 14 

and multivariable analyses (n=521). 15 

Variables Univariable Multivariable 

OR  95% CI  p OR  95% CI  p 

Sex female 1  0.038 1  0.015 

male 2.14 1.04-4.38 2.53 1.2-5.36 

Age group <40 1  <0.001 1  0.002 

40 3.96 1.94-8.1 3.32 1.56-7.06 

Liver fibrosis no  1  <0.001 1  0.002 

yes 3.75 2.02-6.95  2.78 1.44-5.38  

Anti HBs 

coexistence 

no 1  0.016 1  0.009 

yes 2.55 1.19-5.47 2.94 1.31-6.62 

HBeAg  positive 1  0.146    

negative 0.65 0.36-1.16   

Genotype B 1  0.004    

C 2.42 1.34-4.37   

 16 

 17 
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