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Objective: We detected the serum HBsAg immune complex (HBsAg-CIC)

and sequenced the HBV S gene in these patients to reveal the association

between sustained low-level expression of HBsAg and mutated S gene

sequence characteristics, protein function changes, and HBsAg immune

complex formation.

Methods: A total of 204 samples were collected and divided into high-

level (n = 60, HBsAg level >10 IU/ml) and low-level (n = 144, HBsAg level

≤10 IU/ml) HBsAg groups. The clinical and epidemiological data of the two

groups were statistically compared. According to di�erent serological patterns

and genotypes, the HBsAg-CIC results of the high-level and low-level HBsAg

groupswere divided into di�erent subgroups, and then the HBsAg-CIC positive

rates among di�erent subgroups were compared. We sequenced the S gene of

HBV from the two groups and identified the relevant mutations in the MHR of

the S gene. In addition, we compared the changes in HBsAg protein properties

and functions after hot spot mutation in the MHR of the S gene.

Results: Comparing the positive rates of HBsAg-CIC under di�erent

serological patterns and genotypes in the two groups, the HBsAg-CIC

positive rate was higher in the low-level HBsAg group. Moreover, there

was weak correlation between HBsAg-CIC and HBsAg or HBV DNA in

both groups (r = 0.32, 0.27, 0.41, 0.48; P < 0.05). Sequencing of S

gene in the two groups, showed that the hot-spot mutations were T126A,

M133L/T/S, and F134L/T/I in MHR of S gene of genotype B, and hot-

spot mutations were Q101R and I126S/T in MHR of S gene of genotype

C. Additionally, the positive rate of MHR mutation in the S gene from

HBsAg-CIC positive patients was higher in the low-level HBsAg group.
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Conclusion: The host immune process of clearing HBV seems to havemultiple

site mutations in MHR, which changes the physicochemical properties and

functions of HBsAg and intensifies the formation of HBsAg-CIC, thus avoiding

the e�ective recognition of HBsAg by the host and resulting in immune

tolerance between the host and HBV, which may be one of the formation

mechanisms of sustained low-level expression of HBsAg in the serum of

HBV-infected persons.
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Introduction

Hepatitis B virus (HBV) infection is one of the most serious

problems endangering human health. At present, approximately

240 million people in the world are infected with HBV (1, 2).

HBV is mainly prevalent in Asia, the Pacific Islands, Africa,

southern Europe and Latin America, and there are more

than 100 million HBV carriers in China (3–5). Based on the

interaction between the virus and host immunity, HBV infection

presents a variety of clinical manifestations, including acute

hepatitis, chronic hepatitis, liver dysfunction, liver cirrhosis

and hepatocellular carcinoma (6). Some asymptomatic HBV-

infected people have persistent low-level expression of HBsAg,

and the literature reports show that the proportion is as high

as 15.03–21.1% (7, 8). However, some patients with low-levels

expression of HBsAg often miss detection in the process of

clinical detection, which undoubtedly does not increase the risk

of HBV transmission and poses a serious threat to the safety of

clinical blood transfusion.

HBsAg is typically used in the clinical diagnosis and

screening of HBV-infected persons as an important serological

marker. In addition, it was reported that the level of HBsAg

was closely related to the disease stage, disease progression and

prognosis of HBV-infected patients (9, 10). The level of HBsAg

in the serum of HBV-infected patients depends not only on the

process of virus replication but also on the expression of the

corresponding coding mRNA and the complex balance of the

interaction between HBV and the host immune system (8, 11,

12). HBV-infected people with persistent low-level expression

of HBsAg often have low replication of HBV DNA, and most

of these people are asymptomatic HBV-infected people (13–

19). Unlike occult hepatitis infection, the mechanism of chronic

HBV infection with persistent low-level HBsAg expression and

occult hepatitis infection partially intersect, but the low-level

HBsAg population can detect the low concentration of HBsAg

in the host serum, accompanied by low or no replication of

HBV DNA, while the occult hepatitis infected people show

negative HBsAg detection and positive HBV DNA (20). So far,

the mechanism of sustained low-level expression of HBsAg in

HBV-infected patients has not been fully clarified, but it is closely

related to host and virus factors and virus gene mutation is an

important factor (8, 12, 21, 22). HBsAg is composed of 226

amino acid (aa) residues encoded by the HBV S gene. The region

from aa 99 to aa 169 is called the major hydrophilic region

(MHR) and is an important antigen epitope to stimulate B cells

to produce neutralizing antibodies (23, 24). Mutation of the

HBV S gene, especially the MHR region, can cause immune

escape by changing the antigenicity of HBsAg and reducing

the binding force of neutralizing antibodies or affecting the

secretion of HBsAg (25, 26). The existence of HBV-infected

people with persistent low-level expression of HBsAg poses a

new challenge to the prevention and treatment of HBV and

has attracted extensive attention from experts in the field of

infectious diseases (27–30). At present, there are few reports

on the distribution of HBsAg-CIC in the serum of HBV-

infected persons with sustained low-level expression of HBsAg.

Moreover, we investigated whether the S gene mutation causes a

change in HBsAg protein properties and whether the change in

HBsAg protein properties will increase the formation of HBsAg-

CIC in the serum of HBV-infected persons with sustained low-

level expression of HBsAg. With these problems, we carried out

the following research.

Materials and methods

Study design and samples

A randomized controlled study was conducted from

February 2014 to December 2015 at the Clinical Laboratory

Center at the 903rd Hospital of the PLA (Hangzhou, China).

In total 244 serum samples of chronic asymptomatic HBV

carriers (ASCs) from the 903rd Hospital of the PLA, the First

Affiliated Hospital of the Medical College of Zhejiang University

and Hangzhou Xixi Hospital were collected. The patients were

all from the physical examination center of the hospital, and

were found during the normal physical examination. Definition

of chronic ASC is characterized by the presence of positive
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serum HBsAg for more than 6 months, normal serum amino

transferase levels and no evidence of liver cirrhosis (LC) or

hepatocellular carcinoma (HCC) based on the clinical criteria

and ultrasound examination (31). The study was carried out in

accordance with the principles of the Declaration of Helsinki. All

patients signed informed consent, and the project was approved

by the medical ethics committee of the 903rd Hospital of the

PLA service support force.

Based on laboratory test results, as well as more than 1

year of follow-up of the patients, their clinical data and their

history of infection or natural history the exclusion criteria were

established (32, 33).

A total of 204 samples (40 cases were excluded) were

collected and divided into high-level (n = 60, HBsAg level

>10 IU/ml) and low-level (n = 144, HBsAg level ≤10 IU/ml)

HBsAg groups. The clinical testing center of the National Health

Commission of China has provided a serum standard with a

low-level fixed value, the CMIA method replaced the traditional

ELISA method for quantitative detection of serum HBsAg,

low-level HBsAg was defined as serum HBsAg <5.0 ng/ml or

≤10.0 IU/ml (34). According to HBV serum markers, HBV-

infected patients were divided into three serological patterns:

HBsAg/HBeAg/anti-HBc positive, HBsAg/anti-HBe/anti-HBc

positive, and HBsAg/anti-HBc positive. Blood samples (5ml)

were collected with a sampling tube without coagulant, and 3ml

serum samples were centrifuged at 3,000 rpm. One milliliter of

serum sample was placed in three 1.5ml EP tubes and frozen at

−70◦C until use.

Experimental reagents and instruments

The following clinical and laboratory data of the included

patients were recorded: age, sex, Hepatitis B surface antigen

(HBsAg), Hepatitis B surface antibody (anti-HBs), Hepatitis

B e antigen (HBeAg), Hepatitis B e antibody (anti-HBe),

Hepatitis B core antibody (anti-HBc), HBV DNA, among

other markers. Architect i2000 automatic chemiluminescence

immunoanalyzer based on chemiluminescence immunoassay

(CLIA) (Abbott Laboratories, USA) were used. HBV DNA

fluorescence quantitative detection kit was purchased from

ACON Biotechnology Co., Ltd (Hangzhou, China). HBV DNA

was detected using ABI 7300plus real-time fluorescent PCR

system (ABI Applied System, USA) and Np968 nucleic acid

extraction system (Tianlong, China).

Circulating immune complex (CIC)
detection

In this study, HBsAg-CIC was detected (HBsAg-CIC related

detection results in this study were completed when the samples

were collected) based on the self-developed patented immune

complex dissociation Technology (which has the advantages of

high efficiency, versatility, strong specificity and high sensitivity;

protocol no. ZL201410034039.5 and ZL201410033277.4). The

CIC detection method used in this study consists of the

following steps: separation, washing, redissolution, detection,

result judgment. HBsAg-CIC dissociation was performed in the

serum of HBV-infected patients according to the literature and

patented technology, and presence of HBsAg-CIC was judged

according to the result judgement standard (35). The samples

of the high-level and low-level HBsAg groups were grouped

according to different serological models and genotypes. The

positive rates of HBsAg-CIC were compared, and the correlation

between the content of dissociated HBsAg in HBsAg-CIC and

the content of free HBsAg in serum was evaluated.

Comparison and analysis of HBV gene
mutations

Gene sequencing was performed on serum samples from 144

asymptomatic infected persons in the low-level group and 60

asymptomatic infected persons in the high-level group. Nested

PCR was used to amplify HBV nucleic acids in high- and

low-level HBsAg groups, and product recovery sequencing was

performed (8, 12). Seqman, a subroutine of Laser gene software,

was used to splice the sequencing results, and MEGA software

was used to compare the spliced S genes with S genes of different

genotypes to identify genotypes with different sequencing results

(36). Based on the reference sequence of the S gene reported

in the literature, the frequency of mutation at different sites of

the S gene in the high and low HBsAg groups was counted, and

the frequency of mutation at the same location between the two

groups was compared and verified. In addition, the mutation of

the HBV S gene in HBsAg-CIC samples between the two groups

was statistically analyzed. A mutation rate >10% is defined as a

hot spot mutation (8, 12, 37).

Functional analysis of HBsAg

Protean of Lasergene software (DNAstar, Inc., Madison,

WI, USA) was applied to predict the effect of amino acid

mutations in the MHR region in individuals in the low-level

HBsAg group with genotype B on the following parameters: the

HBsAg hydrophilicity using a Kyte-Doolittle hydropathy plot;

the HBsAg antigenic index using the Karplus-Schultz method;

and the HBsAg surface probability using the Jameson-Wolf and

Emini method. Functional changes in HBV MHR (“a” antigenic

determinant as a major detection site) of individuals in the

low HBsAg group with genotype B were analyzed based on the

reference sequences from individuals in the high-level HBsAg

group with genotype B.
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TABLE 1 Clinical data and virological characteristics of the low- and

high-level HBsAg chronicASC groups.

Parameter Low-level

HBsAg group

(n = 144)

High-level

HBsAg group

(n = 60)

P

Gender

Male 92 39 >0.05

Female 52 21

Age (years) 54.88± 14.93 42.67± 12.19 <0.05

Laboratory results

HBsAg (IU/ml) 4.08± 3.56 5406.49± 12885.12 <0.05

HBV DNA-positive

rate (%)

47.92 (69/144) 95.00 (57/60) <0.05

HBV genotype

B genotype (%) 36.11 (52/144) 40.00 (24/60) <0.05

C genotype (%) 7.64 (11/144) 38.33 (23/60)

Statistical analysis

For statistical analysis of the data used, SPSS 19 software

was used, and the data were imported into Graph Pad Prism5

software to complete the drawing of the bar graph. Canvas

11 image editing software was used to draw a Venn diagram.

The continuous variables and categorical variables between the

two groups were statistically analyzed by t-test, chi square test

or Fisher exact test. Correlation analysis was performed using

Pearson Product-Moment Correlation. All P-values were double

tailed. When P < 0.05, the difference between two or more

groups was considered statistically significant.

Results

Comparison of routine laboratory data
between the two groups

In Table 1, the results showed that there were significant

differences in HBV genotype (B genotype was themain genotype

in the low-level HBsAg group), HBV DNA positive rate (was

lower in the low-level HBsAg group) and age (was higher in the

low-level HBsAg group) between the two groups (P < 0.05), but

there was no significant difference in sex between the two groups

(P > 0.05).

Distribution of HBsAg-CIC among
asymptomatic HBV infections

Comparing the HBsAg-CIC positive rates in different

genotypes and serological patterns of the two groups (Table 2),

the results showed that the HBsAg-CIC positive rate between

TABLE 2 Results of HBsAg-CIC positive rate between di�erent

serological patterns and genotypes in the two groups.

Parameter Low-level

HBsAg group

(n = 144)

High-level

HBsAg group

(n = 60)

P

HBsAg/HBeAg/anti-

HBc

positive

/ 15 (21)a /

HBsAg/anti-

HBe/anti-HBc

positive

105 (144) 7 (21)a <0.05

HBsAg/anti-HBc

positive

/ 9 (21)a /

Total 105 (144) 31 (60) <0.05

Genotype B 32 (52b)d 8 (24c)e <0.05

Genotype C 10 (11b)d 18 (23c)e >0.05

“/”: No relevant data; “a”: In the high-level group, the difference in the HBsAg-

CIC positive rate between different HBV serological modes was statistically significant

(χ2 =6.94, P<0.05); “b”: The samples of 144 patients in the low-level group were

successfully classified into 52 cases of B genotype and 11 cases of C genotype by HBV

gene sequencing; “c”: The samples of 60 patients in the high-level group were successfully

classified into 24 cases of B genotype and 23 cases of C genotype byHBV gene sequencing;

“d”: There was no significant difference in the HBsAg-CIC positive rate between genotype

B and genotype C in low-level group (χ2 =3.52, P>0.05); “e”: There was significant

difference in the HBsAg-CIC positive rate between genotype B and genotype C in

high-level group (χ2 =11.37, P<0.05).

the two groups was statistically significant (P < 0.05), and in

the low-level HBsAg group, the HBsAg-CIC positive rate was

higher than in the high-level HBsAg group. Under the condition

of the same B genotype, the HBsAg-CIC positive rates between

the two groups were statistically significant (the HBsAg-CIC

positive rate was higher in the low HBsAg group, P < 0.05).

In addition, the difference in the HBsAg-CIC positive rate

in different serological patterns was statistically significant in

the high-level HBsAg group (P < 0.05), and the HBsAg-CIC

positive rate was the highest among the serological patterns of

HBsAg/HBeAg/anti-HBC positivity. In the high-level HBsAg

group, the difference in the HBsAg-CIC positive rate in different

genotypes was statistically significant (P < 0.05), and in the C

genotype, the HBsAg-CIC positive rate was higher.

Evaluation of the correlation between
HBsAg CIC and HBsAg or HBV DNA
between the two groups

The correlation between HBsAg-CIC and HBsAg or HBV

DNA between the two groups was evaluated as shown in

Figure 1. In the low-level HBsAg group, HBsAg-CIC has a weak

correlation with HBsAg and lg(HBV DNA) (r = 0.32, 0.27; P <

0.05). In the high-level HBsAg group, lg(HBsAg-CIC) had also
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FIGURE 1

Evaluation of the correlation between HBsAg-CIC and HBsAg or HBV DNA between the two groups. (A) Linear regression model of HBsAg-CIC

and HBsAg in patients with low-level HBsAg. (B) Linear regression model of HBsAg-CIC and lg(HBV DNA) in patients with low-level HBsAg. (C)

Linear regression model of lg(HBsAg-CIC) and lg(HBsAg) in patients with high-level HBsAg. (D) Linear regression model of lg(HBsAg-CIC) and

lg(HBV DNA) in patients with low-level HBsAg.

weak correlation with lg(HBsAg) and lg(HBV DNA) (r = 0.41,

0.48; P < 0.05).

Evaluation of the relationship between
mutation in the MHR of the S gene and
the HBsAg-CIC positive rate

The S gene sequencing results of the two groups were

compared with the reference sequences of corresponding

genotypes (8, 12), as shown in Figure 2. The results

showed that the hot spot mutations in the S gene MHR

of HBV genotype B patients were T126A, M133L/T/S,

and F134L/T/I. Hotspot mutations in the MHR of the S

gene of HBV genotype C in the two groups were Q101R

and I126S/T.

In addition, 32 patients with genotype B in the low-level

HBsAg group were found to be HBsAg-CIC positive, and 18

had MHR mutations of the S gene. Among the patients in the

high-level HBsAg group, 8 cases were HBsAg-CIC positive for

genotype B, and 1 case had an MHR mutation of the S gene.

The positive rate ofMHRmutation in the S gene in HBsAg-CIC-

positive patients with the B genotype was significantly different

between the two groups (χ2 = 4.91, P < 0.05). Ten cases were

HBsAg-CIC positive for genotype C in the low-level HBsAg

group, and 7 cases had MHRmutations. In the low-level HBsAg

group, 18 cases were HBsAg-CIC positive for genotype C, and 6

cases had MHR mutations (Figure 3).

Functional analysis of HBsAg

In this study, the hydrophilicity, antigenic index, and surface

probability of mutational sites and surrounding amino acid sites

in the MHR region of individuals with HBV genotype B in the

low-level HBsAg group were analyzed to predict the functions of

these MHR sites (Genotype B: T126A, M133L/T/S, F134L/T/I,

Genotype C: Q101R, I126S/T). Compared with the reference

sequence, we found that in the low-level HBsAg group, the

changes in multiple sites and multiple areas were related to

hydrophilicity, the antigenic index and surface probability. It

will not only affect the binding betweenHBsAg and the detection

Frontiers inMedicine 05 frontiersin.org

https://doi.org/10.3389/fmed.2022.948842
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Yu et al. 10.3389/fmed.2022.948842

FIGURE 2

Distribution and rate of mutations within MHR in S gene of

genotype B and C between the two groups. (A) Distribution and

rate of mutations within MHR in S gene of genotype B between

the two groups. (B) Distribution and rate of mutations within

MHR in S gene of genotype C between the two groups.

antibody, resulting in the deviation of the detection results, but

also affect the host’s effective recognition of HBsAg, resulting in

immune escape and continuous immune tolerance (Figure 4).

Discussion

At present, the preferred serological marker for the diagnosis

of HBV infection is hepatitis B surface antigen (HBsAg) (38,

39). It is the earliest serological marker after HBV infection

and can be detected 4–10 weeks after HBV infection. HBsAg

mainly consists of large (L), medium (M) and small (S) surface

antigens. The smallest surface antigen, S protein (24 kDa), is

226 amino acids in length. HBsAg is very important to monitor

the natural process, evaluate the treatment response and predict

stages of disease progression (40, 41). Previous studies have

shown that some patients with HBV infection continue to

express HBsAg at low levels, and this population has unique

clinical manifestations and epidemiological characteristics. In

this study, we grouped and compared the results of routine

laboratory examinations of patients. It was found that HBV-

infected patients with persistent low-level expression of HBsAg

had the characteristics of older age, B genotype, HBsAg/anti-

HBe/anti-HBC positivity, and HBVDNA low replication, which

was consistent with previously reported studies (8, 12).

Based on immune complex dissociation technology

independently established by our project team (the technology

has the advantages of high efficiency, generality, strong

specificity, and high sensitivity), HBsAg-CIC of high- and

low-level HBsAg groups was detected in this study. The

results showed that HBsAg/HBeAg/anti-HBC positive had a

higher HBsAg-CIC positive rate than the other two serological

patterns, which was consistent with Tsai et al. (42). The reason

is that there is a positive correlation between the HBsAg-CIC

positive rate and HBeAg. In other words, it is closely related

to virus replication. In different genotypes of the high-level

HBsAg group, the difference in the HBsAg-CIC positive rate

was statistically significant, and the HBsAg-CIC positive rate

of genotype C was higher than that of genotype B. In different

genotypes of the low-level HBsAg group, the difference in

the HBsAg-CIC positive rate was not statistically significant.

This may be related to the fact that in the low-level HBsAg

group, the number of samples of the C genotype was low.

After reviewing many studies, no investigation report on

different HBV genotypes of HBsAg-CIC has been found, but the

literature clearly indicates that the proportion of HBV genotype

C is significantly higher than that of HBV genotype B in HBeAg-

positive patients. Consistent with this study, 70% (14/20) of

HBV infections with serological pattern HBsAg/HBeAg/anti-

HBc positive were C genotype. This indirectly indicates that

investigating the HBsAg-CIC positive rate among HBV patients

with different genotypes is reliable.

In addition, this study also evaluated the correlation between

HBsAg-CIC and HBsAg or HBV DNA between the two groups.

The results showed that in the low-level group and high-level

group, the content of HBsAg-CIC was weak positively correlated

with the content of serum HBsAg and HBV DNA, suggesting

that the formation of HBsAg-CIC was closely related to virus

replication and the effective recognition of antigen epitopes of

serum HBsAg. However, this study also found that when the

serological pattern was the same, the positive rate of HBsAg-CIC

in the low-level HBsAg group was higher than that in the high-

level HBsAg group. HBV infected persons with HBeAg positive

and genotype C have active viral replication and high content

of free HBsAg, which in turn stimulates the body to produce

HBsAg-CIC in a higher level than other serological patterns

and B genotypes. The elimination of HBV referred to in this

discussion actually referred to the elimination of HBsAg-CIC. In

other words, compared with the high-level HBsAg group, why

is the HBsAg-CIC positive rate higher in the low-level HBsAg

group than in the high-level HBsAg group under the condition

of low replication. We think that in the high-level group,

especially those with HBeAg positive and genotype C HBV

infection, the body may play the role of HBsAg-CIC clearance

normally, but its clearance capacity is insufficient compared with

the amount of HBsAg-CIC formation. However, although the

formation of HBsAg-CIC was low in the low-level HBsAg group,

the body did not exert the function of clearing HBsAg CIC or the
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FIGURE 3

Mutation in MHR of S gene and distribution of HBsAg-CIC in patients with di�erent genotypes between the two groups. (A) Mutation in MHR of

S gene and distribution of HBsAg-CIC positive of genotype B in patients with low-level HBsAg. (B) Mutation in MHR of S gene and distribution of

HBsAg-CIC positive of genotype B in patients with high-level HBsAg. (C) Mutation in MHR of S gene and distribution of HBsAg-CIC positive of

genotype C in patients with low-level HBsAg. (D) Mutation in MHR of S gene and distribution of HBsAg-CIC positive of genotype C in patients

with high-level HBsAg.

ability of effectively clearing HBsAg CIC decreased which led to

the accumulation of HBsAg-CIC, resulting in a higher positive

rate of HBsAg-CIC in the low-level group (43). This conclusion

needs further experimental verification.

Relevant studies show (13, 17) that there is unexplained

immune tolerance between HBV and the host, or the application

of immunosuppressants enhances the immune tolerance of the

body, so that HBsAg cannot be completely cleared, resulting

in the expression of low-level HBsAg. In addition, S gene

methylation, pre-core region (PC) and basal core promoter

(BCP) mutations regulate the secretion of HBsAg, resulting in

lower HBsAg levels in patients. To this end, we carried out

further research, obtained the distribution of hotspot mutations

in MHR by sequencing the S genes of the two groups, and

then counted the number of HBsAg-CIC-positive patients with

S gene MHRmutations in different genotypes in the two groups.

After statistical comparison, we found that in the low-level

HBsAg group, the frequency of MHR in-mutation in HBsAg-

CIC-positive patients of the B genotype was higher than that

in the high-level HBsAg group, while the difference in the

frequency of MHR in-mutation in HBsAg-CIC-positive patients

of the C genotype between the two groups was not significant.

This may be related to fewer HBV infection cases of genotype

C. In addition, based on the immune interaction between the

virus and the host (immune surveillance and immune escape),

we believe that the gene mutation in the low-level HBsAg group

is higher than that in the high-level group in the S gene, may be

that the formation of the low-level HBsAg is more conducive to

the long-term coexistence between the virus and the host, which

needs to be further demonstrated (7, 44).

From the above results, we can indirectly conclude that the

HBsAg-CIC positive rate in the low-level HBsAg group was

higher, which may be related to the mutation in the MHR of the

HBV S gene. We evaluated the antigenicity, hydrophilicity and

other related parameters of HBV genotypes B and C with hot

spot mutations in the MHR of the S gene. The study found that

mutations occurring within the MHR hotspot may change the

antigenicity and hydrophilicity of HBsAg in the corresponding

position, which increases the antigenicity and hydrophobicity

of the HBsAg part locus mutation. There were also mutations

that reduced antigenicity and hydrophobicity at some HBsAg

sites. Combined with our previous studies, the low expression

level of HBsAg in HBV-infected persons may be a dynamic

balance between the host and HBV, thus limiting the further

effective elimination of HBV by the host. In addition, it has been

reported that mutation of the S gene in MHR may be related to

HBV immune escape (45). We speculated that the formation of

HBsAg-CIC may be the process of active elimination of HBV
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FIGURE 4

Related functional changes induced by amino acid mutations in MHR region. (A) E�ects of hotspot mutations (T126A, M133L/T/S, and

F134L/T/I) in the genotype B with low-level HBsAg group on HBsAg antigen index. (B) E�ects of hotspot mutations (T126A, M133L/T/S, and

F134L/T/I) in the genotype B with low-level HBsAg group on HBsAg hydrophilicity. (C) E�ects of hotspot mutations (T126A, M133L/T/S, and

F134L/T/I) in the genotype B with low-level HBsAg group on HBsAg surface probability. (D) E�ects of hotspot mutations (Q101R and I126S/T) in

the genotype B with low-level HBsAg group on HBsAg antigen index. (E) E�ects of hotspot mutations (Q101R and I126S/T) in the genotype B

with low-level HBsAg group on HBsAg hydrophilicity. (F) E�ects of hotspot mutations (Q101R and I126S/T) in the genotype B with low-level

HBsAg group on HBsAg surface probability.

by the host, but the virus escaped from the MHR mutation and

was further cleared by the host. Multiple factors lead to a higher

proportion of HBsAg-CIC in HBV-infected patients with low

levels of HBsAg, which further promotes the continuous low

level of HBsAg expression. Therefore, whether the HBsAg-CIC

positive rate in the low-level HBsAg group was higher than that

in the high-level HBsAg group may be related to the change

in HBsAg protein properties caused by mutations in MHR.

Whether the formation of HBsAg-CIC is an influential factor for

HBV-infected patients with continuously low levels of HBsAg

expression needs to be verified by subsequent experiments.

Although a large number of samples were collected and

grouped in this study, we speculated that the sustained low-

level expression of HBsAg may be related to the mutation of

multiple sites in the MHR region of S gene and the formation

of HBsAg-CIC, but this study still has some limitations. For

example, (1) there are few samples of HBsAg-CIC positive

patients with different genotypes in patients with continuous

low-level expression of HBsAg, which cannot fully confirm

the correlation between multi-site mutation in MHR region

of S gene and the formation of HBsAg-CIC in patients with

different genotypes of HBV, which needs to be verified by further

experiments. (2) Part of this study is based on bioinformatics,

which cannot be fully and truly reflect the changes of HBsAg

related characteristics caused by S gene mutation, which needs

to be verified by further experiments.

In conclusion, a large-scale grouping study was conducted

on 204 patients with ASC. The results of these analyses

show that the potential mechanism of sustained low levels of

HBsAg expression, which is the process of host clearance of
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HBV immunity, seems to involve multiple site mutations in

MHR, which changes the physical and chemical properties and

functions of HBsAg, intensifies the formation of HBsAg-CIC,

avoids the effective recognition of HBsAg, and leads to immune

tolerance between the host and HBV.
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