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The aim of this study was to investigate the clinical characteristics of individuals with chronic hepatitis B vi-
rus (HBV) infection with persistent low levels of hepatitis B surface antigen (HBsAg) and to undertake a corre-
lation analysis of the clinical characteristics.

The study included 1,204 subjects with chronic HBV infection. Serum HBsAg, HBV envelope antigen (HBeAg),
and HBV core antigen (HBcAg) levels were measured using the chemiluminescent microparticle immunoassay
(CMIA) and the neutralization test. HBV DNA was measured using real-time fluorescence quantitative poly-
merase chain reaction (RT-FQ-PCR).

There were 1,023 subjects in the high-level HBsAg group (HBsAg level >10 IU/mL) and 181 subjects in the low-
level HBsAg group (HBsAg level <10 [U/mL). In the low-level HBsAg group, the main serological pattern (93.37%)
was HBsAg and HBeAg and HBcAg-positive (HBV-M2), and the asymptomatic carrier (ASC) status was 98.34%.
The low-level HBsAg group had a lower HBV DNA-positive rate compared with the high-level HBsAg group
(40.33% vs. 75.07%), with a normal distribution across all age groups (P>0.05). The low-level HBsAg group in-
cluded an older age group. A low-level of HBsAg was positively correlated with a low level of replication of HBV
DNA (r=0.452).

The findings of this study showed that individuals with chronic HBV infection and sustained low-levels of HBsAg
were an older population and had a lower level of replicating HBV DNA when compared with individuals with
high levels of HBsAg, and the majority (93.7%) were also HBsAg and HBeAg and HBcAg-positive.
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Background

Hepatitis B virus (HBV) infection is one the most widespread
and severe forms of viral hepatitis. The presence of hepatitis
B surface antigen (HBsAg) is one of the earliest serum pro-
teins found in HBV infection, and because it persists, HBsAg
is an important diagnostic marker of HBV infection. Other se-
rum markers of HBV infection include HBV envelope antigen
(HBeAg), and HBV core antigen (HBcAg). It is now known that
during the process of HBV infection, some individuals will have
persistent low serum levels of HBsAg, and it is important to
test for the presence of HBsAg in the diagnosis of HBV infec-
tion. However, the clinical and epidemiological factors asso-
ciated with low levels of HBsAg compared with high levels of
HBsAg are unclear.

Therefore, serum testing for low levels of HBsAg in the serum
may be important, as sustained low-level HBsAg [1-5], and rep-
lication of HBV nucleic acid [6-8] have been reported in some
subjects with chronic HBV infection. Because these serologi-
cal findings may be of relevance for the prevention and treat-
ment of HBV, the study of serum HBsAg has attracted the at-
tention of general physicians, hepatologists, epidemiologists,
virologists, and molecular biologists [9-15].

Currently, correlations between replication of HBV DNA, and
serological markers of HBV, including HBsAg, HBeAg, and
HBcAg, have been reported in patients with chronic HBV infec-
tion [12,16-18]. However, little is known about the relationship
between replication of HBV DNA, clinical associations, and as-
sociations with levels of other serological markers for HBV in-
fection and the presence of persistent serum low-level HBsAg.

The aim of this study was to investigate the clinical charac-
teristics of individuals with chronic HBV infection with persis-
tent low levels of HBsAg and to undertake a correlation anal-
ysis of the clinical characteristics.

Material and Methods

Ethical approval, patients studied, and serum samples

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Wenzhou Medical University, Wenzhou, China.

A total of 21,217 adults, »>18 years-of-age, who received rou-
tine health examinations were sequentially registered and re-
cruited during 2015. There were 13,520 men and 7,697 women.

Blood samples were taken from the participants, and serum sam-
ples were analyzed for hepatitis B surface antigen (HBsAg), hep-
atitis B envelope antigen (HBeAg) and hepatitis B core antigen
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(HBcAg) levels using the chemiluminescent microparticle im-
munoassay (CMIA). Positive HBsAg sera underwent a further
confirmatory neutralization test. Also, the medical records and
laboratory findings were reviewed for all individuals who were
HBsAg-positive. Clinical follow-up was performed in 1,204 subjects
with chronic HBV infection as follows: re-examination was done
once every three months during a 12-month period, to exclude
transient low levels of HBsAg in the early or acute phase of HBV
infection, or in the HBsAg/anti-HBsAg transition recovery phase.

A sustained low-level of HBsAg was defined as the level of se-
rum HBsAg persistently lower than 10 IU/mL in HBsAg-positive
subjects during the follow-up period. Individuals were exclud-
ed from the study if they had undergone medical treatments
including immunomodulatory or anti-viral therapies within six
months before the study commenced. All subjects who were
positive for HBsAg received common chronic viral infection
screening test including anti-HIV-Ag/Ab, anti-HCV-IgG, and an-
ti-HDV-Ag/Ab. Among the study participants, there were five
subjects with positive serum anti-HCV-IgG levels, one subject
with a positive anti-HIV-Ag/Ab. Also, three subjects with com-
bined infections with hepatitis C virus (HCV) and HBV, and five
subjects with HBV infection and chronic active hepatitis (CAH)
were excluded due to liver-protecting, enzyme-lowering, and
anti-viral therapies. Finally, 1,204 subjects were enrolled in
the study including two HCV infected subjects and one sub-
ject with combined infection with human immunodeficien-
cy virus (HIV) and HBV. Serum samples were stored at —70°C.

Reagents and equipment

Architect i2000 automated chemiluminescence immunoassay
instrument (Abbott Core Laboratory, USA), kits for the detec-
tion of HBsAg, anti-HBsAg, HBeAg, anti-HBeAg, HBcAg and an-
ti-HBcAg (Abbott, USA), the StepOnePlus real-time polymerase
chain reaction (PCR) system (ABI Applied Systems, USA), NP968
nucleic acid extraction system, nucleic acid extraction kit (Tian
Long, China), anti-HBsAg (1000 IU/mL) for HBsAg detection,
HBV DNA Fluorescence Quantitative Detection Kit (ACON,
China), alanine aminotransferase (ALT) kit (Leadman, China)
and Architect C8000 automatic biochemical analyzer (Abbott
Diagnostics, USA) were used in this study.

Measurement of HBV markers and confirmation of serum
HBsAg levels

CMIA was used to detect the anti-HBsAg, HBeAg, anti-HBeAg,
HBcAg, and anti-HBcAg in HBsAg-positive serum using the
Architect i2000 automated chemiluminescence immunoassay in-
strument (Abbott Core Laboratory, USA), according to the manu-
facturer’s instructions. Positive results were determined if HBsAg
was >0.05 IU/mL, anti-HBs was >10 IU/mL, HBeAg was >1.0 miU,
anti-HBe was <1.0 mIU and anti-HBc was >1.0 miU. If the levels
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of HBsAg in the sample was >250 IU/mL, the sample was di-
luted with normal saline to ensure that the HBsAg was <250
IU/mL. To ensure that the HBsAg test results were reliable, the
HBsAg level was further validated using a neutralization assay.

Extraction of HBV DNA with immune beads and real-time
fluorescence quantitative polymerase chain reaction (PCR)

The Np968 nucleic acid extraction system and nucleic acid ex-
traction kit (Tian Long, China) were used to extract HBV DNA
from serum samples, using a slight modification from the rou-
tine method and the enrichment method. In the routine meth-
od, serum samples (200 pl/well) and trypsin (20 pl/well) were
used in the low-level HBsAg group and high-level HBsAg group
of individuals. Also, in the low-level HBsAg group, an enrich-
ment method was also used for the extraction of HBV DNA
in 500 pl of serum samples with 50 pl of trypsin; other pro-
cedures were the same as those used in the routine method.

Grouping of individuals

Grouping was done according to the cut-off serum HBsAg lev-
el of 10 IU/mL [1,6,7]. There were 1,023 subjects in the high-
level HBsAg group (HBsAg level >10 IU/mL) and 181 subjects
in the low-level HBsAg group (HBsAg level <10 IU/mL).

On the basis of HBV markers (HBsAg, anti-HBs, HBeAg, anti-
HBe, HBcAg, and anti-HBc), subjects with chronic HBV infec-
tion were divided into six serological patterns that included:
HBV-M1 (HBsAg/HBeAg/anti-HBc positive);

HBV-M2 (HBsAg/anti-HBe/anti-HBc positive);

HBV-M3 (HBsAg/anti-HBc positive);

HBV-M4 (HBsAg/HBeAg/anti-HBe/anti-HBc positive);
HBV-M5 (HBsAg/anti-HBs/HBeAg/anti-HBc positive); and
HBV-M6 (HBsAg/anti-HBs/anti-HBe/anti-HBc positive).

According to serum ALT and clinical diagnostic criteria [19],
subjects with chronic HBV infection were divided into asymp-
tomatic carrier (ASC) with HBV, characterized by HBsAg that
remained positive for more than six months, with low or un-
detectable serum HBV DNA levels and normal serum amino-
transferases and chronic hepatitis B (CHB) characterized by
positive serum HBsAg levels that remained positive for more
than six months or an uncertain date of onset, periodic reac-
tivation with a pattern of fluctuating levels of HBV DNA and
aminotransferases and active hepatitis. On the basis of age,
subjects were divided into the following age groups: <30 years;
>30-40 years; >40-50 years; >50-60 years; and >60 years.

Correlations between HBV DNA with HBV markers and age

The logarithm of HBV DNA (log,, IU/mL) was used as a depen-
dent variable (logarithm HBV DNA was 0 when HBV DNA was
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<30 IU/mL), and age, HBV markers (HBsAg, anti-HBs, HBeAg,
anti-HBe, anti-HBc) as independent variables for correlation
analysis. The correlation between HBV DNA with HBV mark-
ers (HBsAg, anti-HBs, HBeAg, anti-HBe, anti-HBc) and age were
evaluated in subjects with HBV-M1, HBV-M2 or HBV-M3 in the
high-level HBsAg group and in those with the HBV-M2 profile
of the low-level HBsAg group.

Statistical analysis

Quantitative data were expressed as the mean + standard
deviation (SD) or median (range). Qualitative data were ex-
pressed as frequencies or rates. Comparisons of the HBsAg-
positive rate, HBV DNA-positive rate, and composition ratio
were made using the Chi-squared test among different groups.
The means were compared among different groups using a t-
test for equal variances assumed and not assumed. A Mann-
Whitney U test for nonparametric data was used. The correla-
tions of HBV DNA with age and HBV markers were evaluated
with linear regression analysis. Figures were prepared with
GraphPad Prism 6 for Windows, and statistical analysis was
done using SPSS version 12.01 for Windows. A value of P<0.05
was considered statistically significant.

Results

Hepatitis B virus (HBV) markers and HBV DNA in 1,204
individuals with chronic HBV infection

In 21,217 adults who received routine health examination,
chronic HBV infection with HBsAg-positive serology was found
in 1,204 subjects (1,204/21217 or 5.67%), of whom there were
780 men (780/13,520 or 5.77%) and 424 women (424/7697
or 5.51%). There were no statistically significant differences
between men and women in the HBsAg positive rate and the
HBV DNA positive rate (P>0.05). However, the logarithm HBV
DNA in males was significantly greater in men than in women
(P<0.05). Also, no significant differences were observed in age,
serum HBsAg, anti-HBsAg, anti-HBeAg and logarithm HBV DNA
between women and men (P>0.05). In particular, the HBeAg
level in men was significantly lower than in women (P<0.05)
and the anti-HBcAg level in men was significantly greater than
in females (P<0.05) (Table 1).

Serological patterns and clinical types in 1,204 subjects
with chronic HBV infection

In the low-level HBsAg group, the main serological pattern was
HBsAg and HBeAg and HBcAg-positive (HBV-M2) (169/181,
93.37%) and the major clinical type was the asymptomat-
ic carrier (ASC) (178/181, 98.34%). In the high-level HBsAg
group, the major serological patterns were HBV-M2 (725/103,
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Table 1. Markers of hepatitis B virus (HBV) infection and HBV DNA in 1,204 HBsAg- positive subjects with chronic HBV infection.

Parameters Male Female P-value

HBsAg positive rate (%) 5.77 (780/13520) 551 (424/7697) 0.430°
"""" Age(years) 44831235 463211307 0051
"""" HBsAg(U/ml) 67728 (0.05-497000) 101840 (0.05-1278018) 0268
"""" AntiHBs miu/m) 022 (0-1530) 018  (0-1373) 0213
"""" HBeAg(SN) 040 (019-193304) 038 (0.17-212412) 0000
"""" AntiHBe(SN) 001 (001~7890) 001  (001-8880) 0885
"""" AntiHBCSAN) 12774222 12231295 0001
"""" HBVDNApositive rate (%) 6949 (542/780) 6439 (273/424) 0071
"""" HBVDNA (log, IW/m) 310  (0977) 284 (0974 0025

2 Chi-square test; ° t-test for equal variances assumed; ¢ Mann-Whitney U test for nonparametric; ¢ t-test for equal variances not

assumed. %, mean +SD, or median (range).

70.87%) and HBV-M1 (169/1023, 23.95%), and the major clin-
ical types were ASC (909/1023, 88.86%) and chronic hepatitis
B (CHB) (114/1023, 11.14%) (Table 2).

Compared with the high-level HBsAg group, the mean age of
the subjects with major serological patterns and major clinical
types and the overall mean age in the low-level HBsAg group
were significantly greater than in the high-level HBsAg group
(P<0.05); the HBsAg positive rate and the HBV DNA positive
rate (by the routine method and the enrichment method) in
low-level HBsAg group were lower than in the high-level HBsAg
group (P<0.05). In the HBsAg-positive or HBV DNA-positive sub-
jects, there was no significant difference in the proportions
of men and women between the low-level HBsAg group and
the high-level HBsAg group (P>0.05) (Table 2). In the low-level
HBsAg group, the proportion of subjects with the HBV-M2 or
ASC status was significantly greater than in high-level HBsAg
group (P<0.05) (Figure 1). In the high-level HBsAg group, sub-
jects with the HBV-M1 pattern were younger than those with
the HBV-M2, HBV-M3 or ASC clinical pattern (P<0.05).

Distribution of HBsAg-positive subjects and HBV DNA-
positive rate in different age groups

Subjects were grouped according to their age. The results
showed that the high-level HBsAg group showed a normal
distribution among the different age groups (Figure 2A), but a
skewed distribution was observed in the low-level HBsAg group
(Figure 2B). The HBV DNA positive rate of the high-level HBsAg
group was significantly different among different age groups
(P<0.05) and was positively associated with age (Figure 2C)
(r=—0.981, P<0.05). However, the HBV DNA-positive rate in the
low-level HBsAg group (by the routine method and the enrich-
ment method) was comparable among age groups (Figure 2D)

(P»0.05). Furthermore, the positive rate of HBV DNA by the rou-
tine method was less than that using the enrichment method
in the low-level HBsAg group (P<0.05).

HBV DNA, HBV markers and correlation analysis for major
serological patterns and clinical types in the high-level
HBsAg group and the low-level HBsAg group

The major serological patterns and clinical types were com-
pared, using the statistical t-test or the Mann-Whitney U test,
between the high-level HBsAg group and low-level HBsAg
group. In the high-level HBsAg group, the median logarithm of
HBV DNA and mean levels of HBV markers (HBsAg, anti-HBs,
HBeAg, anti-HBe and anti-HBc) in the HBV-M1 subjects were
significantly different from the HBV-M2 and HBV-M3 subjects
(P<0.05), and the logarithm of HBV DNA, HBsAg, and anti-HBs
in CHB subjects were also significantly different from those in
the ASC subjects (P<0.05). In the low-level HBsAg group, the
major serological pattern and clinical types were HBV-M2 and
ASC, respectively. The mean levels of HBV markers (HBsAg, an-
ti-HBs, HBeAg, anti-HBe and anti-HBc) were comparable be-
tween the HBV-M2 subjects and the ASC subjects (P>0.05),
but significant difference was observed in the median loga-
rithm values of HBV DNA between the HBV-M2 subjects and
the ASC subjects (P<0.05). The median logarithm of HBV DNA,
HBsAg, HBeAg and anti-HBc of HBV-M2 subjects in the low-
level HBsAg group were significantly lower than those in high-
level HBsAg group (P<0.05), but anti-HBsAg and anti-HBeAg
were significantly greater (P<0.05) (Table 3).

The correlations between HBV DNA with age and HBV markers
for major serological patterns were further analyzed in both
the high-level HBsAg group and the low-level HBsAg group.
The results showed that the HBV DNA levels of subjects with
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Table 2. Distribution of serological patterns and clinical subtypes in 1,204 subjects with chronic hepatitis B virus (HBV) infection.

Age (years)
Parameters

Male

HBV DNA positive (n)

HBsAg positive (n)

Female Total

Serological patterns

HBV-M1 39.70+10.38 169 76 245 169* 76 245
HBV-M2 44.86+10.97¢ 465 260 725 323 174 497
HBV-M3 44.92+9.82¢ 29 17 46 12 8 20
. HBV-M4 43.33+£14.05 3 0 3 3 0 3
High-level
HBsAg group HBV-M5 42, 47 2 0 2 2 0 2
(N=1,023)
HBV-M6 48, 62 1 1 2 1 0 1
Clinical types
ASC 43.84+10.87¢ 585 324 909 426 228 654
CHB 41.82+11.49¢ 84 30 114 84 30 114
Total 43.63+£10.95 669 354 1023 510 258 768
Serological patterns
HBV-M1 63, 67 2 0 2 2% (2)* 0 2(2)
HBV-M2 54.99+16.76° 102 67 169 © 27 (43) 15 (22) 42 (65)¢
HBV-M3 58.86+9.77 4 3 7 23) 0(1) 24
HBV-M4 0 0 0 0 0 0
Low-level
HBsAg group HBV-M5 25 1 0 1 1(1) 0 1(1)
(N=181)
HBV-M6 48, 53 2 0 2 0(1) 0 0(1)
Clinical types
ASC 55.09+16.452 108 70 178¢ 29 (47) 15 (23) 44 (70)¢
CHB 51.67+23.18 3 0 3 3(3) 0 3(3)
Total 55.09+16.452 e 70" 181 ¢ 32 (50)° 15 (23)> 47 (73)¢

# Routine method was used to detect HBV DNA in the low-level HBsAg group and the high-level HBsAg group. * The results in
parentheses are detected by enrichment method in the low-level HBsAg group. @ P<0.05: Compared with HBV-M2 (44.8+10.91),
clinical type of asymptomatic carrier (ASC) (43.8+10.87) and overall mean age (43.6+10.95) in high-level HBsAg group. The other
serological patterns and clinical types were not compared due to small number of subjects; ® P>0.05: Compared with HBsAg positive
subjects and HBV DNA positive subjects (routine method and enrichment method) in gender distribution of high-level HBsAg group;
¢ P<0.05: Compared with HBV-M1 subjects in high-level HBsAg group in mean age; ¢ P>0.05: Compared with subjects with HBV-M1
or asymptomatic carrier (ASC) in the high-level HBsAg group in mean age; ¢ P<0.05: Compared with high-level HBsAg group in HBsAg
positive rate (181/21217) and HBV DNA positive rate (47/181, 73/181) (routine method and enrichment method).

major serological patterns were positively related to HBsAg in
both groups (r=0.207-0.452), and the correlation coefficient
was greater in the low-level HBsAg group (0.452). The HBV DNA
level was positively related to the serum HBsAg in the low-lev-
el HBsAg group. In the high-level HBsAg group, HBV DNA in
subjects with the three major serological patterns was relat-
ed to HBV markers, but to different extents. Furthermore, the
HBV DNA levels of subjects with the HBV-M1 or HBV-M3 pat-
tern was negatively related to age (P<0.05) (Table 4).

Discussion

China is one of the major countries with high prevalence of hep-
atitis B virus (HBV) infection, which is mainly caused by peri-
natal or early childhood transmission [20]. Since the initiation
of a nationwide HBV vaccination program for neonates was
launched by National Health and Family Planning Commission
of the Peoples’ Republic of China in 1992, the prevalence of
serum HBsAg was reduced to 2.1% among all children, and to
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Low-level HBsAg group
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1M (HB:1.66%

Total=181

Figure 1. The proportion of hepatitis B virus (HBV) serological patterns and clinical types of HBV infection in high-level HBsAg group
and low-level HBsAg group. The proportion of subjects with HBV-M2 or asymptomatic carrier (ASC) status: P<0.05 between
the low-level HBsAg group vs. the high-level HBsAg group. HBV-M3, x?=0.145, P>0.05. The other serological patterns and
clinical types were not compared due to a small number of subjects.

1.0% among children born after 1999. Also, administration of
universal HBV vaccination in infants has led to a dramatic de-
crease in HBV infection, with the prevalence of HBsAg declining
from 9.75% in 1992 to 7.18% in 2006 [21]. The serum HBsAg
positive rate in adults in China was 5.67% in 2006, and this
low prevalence was due to universal HBV vaccination [21], wide
application of clinical anti-viral therapy [22] and use of HBV
infection detection methods with high sensitivity [1,23-25].

In the present study, we investigated 181 subjects with chron-
ic HBV infection with a low level of serum HBsAg (HBsAg level
<10 IU/ml) and their characteristics were compared with those
from 1,023 subjects with chronic HBV infection with a high lev-
el of serum HBsAg (HBsAg level 210 IU/ml) in the same period.
Subjects in the low-level HBsAg group accounted for 15.03%
of HBsAg positive subjects (181/1204) and the male to female
ratio was about 1.59: 1 (111: 70) which was similar to 1.89:
1 (669: 354) found in subjects in the high-level HBsAg group
(P>0.05) (Tables 1, 2), However, the mean age (55.09+16.45
years) in the low-level HBsAg group was higher than in the
high-level HBsAg group (43.63+10.95 years) (Table 2). The ma-
jor serological pattern and clinical types were HBV-M2 (HBsAg

and HBeAg and HBcAg-positive) (93.37%) and asymptomatic
carriers (ASC) (98.34%), respectively, in the low-level HBsAg
group unlike the high-level HBsAg group (Figure 1).

In subjects with low-level serum HBsAg showed a low replica-
tion of HBV DNA (Table 3) using the enrichment method, the
median logarithm HBV DNA (0~4.86 IU/mL), with an HBV DNA
positive rate of 40.33% (enrichment method, 73/181), which
was lower than that in the high-level HBsAg group (P<0.05),
and the detection rate of HBV DNA was comparable among dif-
ferent age groups in low-level HBsAg group (P>0.05) (Table 2,
Figure 2D). However, the HBV DNA positive rate was negatively
correlated with age in the high-level HBsAg group (r=—0.981,
P<0.05) (Table 4, Figure 2C). In the low-level HBsAg subjects,
the number of subjects in the advanced age group was great-
er (Figure 2B), while the number of subjects presented nor-
mal distribution in the high-level HBsAg group (Figure 2A).
Correlation analysis showed that low serum HBsAg was pos-
itively correlated with low replication of HBV DNA (r=0.452)
(Table 4). However, in the high-level HBsAg group, multiple
clinical markers including age, HBsAg, HBeAg, Anti-HBe, Anti-
HBc were related with HBV DNA level (Table 4).
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Figure 2. Distribution of HBsAg-positive subjects and hepatitis B virus (HBV) DNA positive rate in different age groups of high-level
HBsAg subjects and low-level HBsAg subjects. In the high-level HBsAg group, the number of HBsAg positive subjects was
greatest in the >40-50 year age group and a normal distribution was observed.(A); in the low-level HBsAg group, the number
of HBsAg positive subjects was greatest in the >60 years group, and skewed distribution was found (B); In high-level HBsAg
group, the number of HBV DNA positive subjects was significantly different among different age groups (P<0.05) and was
negatively related to age (C), r=—0.981, P<0.05); in low-level HBsAg group, the number of HBV DNA positive subjects (routine
method and enrichment method) was similar among different age groups (D), P>0.05), and the number of HBV DNA positive
subjects determined with the routine method was less than that determined with enrichment method (P<0.05).

A previously reported study by our group showed that low-
level HBsAg was not correlated with a low replication of HBV
DNA [6], a finding that may be explained by the previous use
of an immunoassay method with low sensitivity that was pre-
viously used for the detection of HBsAg, and a polymerase
chain reaction (PCR) with a lower sensitivity to low HBV DNA
levels (<1000 copies/ml) [26]. With the development of detec-
tion techniques for HBV markers and HBV DNA, the detection
and precise quantification become feasible for serum samples
with low-levels of HBsAg (<0.05 IU/mL) and low replication
of HBV DNA (extraction of nucleic acids with immune beads:
<301U/mL) [17,18,27,28]. In the present study, a routine meth-
od and an enrichment method were employed to extract and
detect HBV DNA in the low-level HBsAg group, and the pos-
itive rate was 25.97 (47/181) and 40.33% (73/181), respec-
tively, which was greater than previously reported by the use

of the direct method (10.3%) and the concentration method
(34.6%). Constantly improving methods to evaluate subjects
with low serum levels of HBsAg will reveal more clinical, epi-
demiological, and information.

Subjects with low-level HBsAg can be classified into HBsAg/
anti-HBe/anti-HBc positive subjects (HBV-M2) according to the
serological pattern, or to the asymptomatic carrier (ASC) status
group, which may represent a non-active phase of HBV infec-
tion [19]. This study investigated the HBsAg level, serological
pattern of HBV infection, clinical type of HBV infection, gen-
der and age of the subjects with a low serum level of HBsAg:
the male: female ratio of the ASC group was 1.54: 1 (108: 70)
and 1.81 (585: 324) in the high-level HBsAg group and the low-
level HBsAg group, respectively. There was no significant dif-
ference for gender (P>0.05). However, there was a significant
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Table 3. The results of hepatitis B virus (HBV) DNA and HBV markers for major serological patterns and clinical types in the low-level
HBsAg group and the high-level HBsAg group.

HBV DNA HBsAg Anti-HBs HBeAg Anti-HBe Anti-HBc

(Log,, 1U/mL) (Iu/mL) (miu/mL) (S/N) (S/N) (S/N)
High-level HBsAg 3.21 1302.00 0.20 0.41 0.01 12.80 £2.51
(n=1,023)* (0-9.77) (10.93-497000)  (0-14.13) (0.17-2124.12)  (0.01-88.80) 80 £2.
HBV-M1 5598.20 0.06
ey 6726202 )0 o000 (0ooogy  C128259101 321652386 11.5142.35
HBV-M2 2.81 738.00 027 0.01
(n=725)° (0.00-891)  (9.03-57775.00)  (0.00~7.94) bl Lozl
HBV-M3 0.00 621.00 0.00

65+0.24

(n=46)° (0.00-3.68)  (12.14-6505.05)  (0.00-2.05) CERReY
ASC 3.05 1064.88 021 0.41

(10.93-497000) (0-13.73)

CHB 3957.50 0.06 0.47 0.15
(n=114)2 6.232217  (931457240.00) (0.00-1413)  (0.19-1812.14)  (0.01-78.90) LAY
Low-level HBsAg 0 1.47 0.24 0.33 0.01 11.3242.17
(n=181)* (0~6.38) (0.05-9.99) (0-15.30) (0.21~200.66)  (0.01~10.80) SeEs
HBV-M2 0.00 137 0.23 0.01

.33+0. 49+1.
(n=169)" (0.00~4.81) (0.05~9.99) (0-8.90) B (0.01~9.92) LR
ASC 0 1.44 0.24 0.01

3340.04 11.33£2.1
(n=178)" (0~4.86) (0.05~9.99) (0-15.30) OhEy (0.01~2.17) SEELI

2 Results from all serum samples with hepatitis B virus (HBV) DNA >30 IU/mL; ® Results from serum samples with HBV DNA <30 IU/mL
and those with HBV DNA >30 IU/mL (0 IU/mL was used when HBV DNA was <30 IU/mL; the actual HBV DNA was used when HBV
DNA was >30 IU/mL); * Detection of HBV DNA with routine method, other serological patterns (HBV-M4, HBV-M5, HBV-M6) were

not analyzed due to small case numbers; * Detection of HBV DNA with an enrichment method, other serological patterns (HBV-M1,
HBV-M3, HBV-M4, HBV-M5, HBV-M6) and chronic hepatitis B (CHB) were not analyzed due to small case numbers.

Table 4. Comparisons between the low-level HBsAg group and the high-level HBsAg group for the finding of hepatitis B virus (HBV)
DNA with age and HBV markers for major serological patterns (r, P).

Age (yrs) Anti-HBs Anti-HBe Anti-HBc

High-level HBsAg*

HBV-M2 (n=169) 0.111, 0.150 0.452, 0.000 0.081, 0.298 0.012, 0.872 0.024, 0.760 0.096, 0.213

# HBV-M4, HBV-M5, HBV-M6 were not analyzed due to small case numbers. * Detection of HBV DNA with enrichment method,
HBV-M1, HBV-M3, HBV-M4, HBV-M5, HBV-M6 were not analyzed due to small case numbers.

difference for age (43.84 + 10.87 vs. 55.09+16.45, P<0.05). in the serum mode distribution, HBsAg level, HBsAg frequen-
Among 178 subjects in the low-level HBsAg group, the main cy distribution in different age subgroups, HBV DNA positive
serum mode was HBV-M2 (94.4%, 168/178), while among the rate, and HBV DNA positive rate distribution in different age
909 subjects in high-level HBsAg group, the main serum modes subgroups, HBV DNA load, and correlation of HBV DNA with
were HBV-M1 (22.6%, 205/909), HBV-M2 (72.8%, 662/909), age and some HBV markers (P<0.05).

and HBV-M3 (4.6%, 42/909). There were significant differences
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There is evidence showing that low serum levels of HBsAg
are related to the natural clearance of HBV in subjects with
chronic HBV infection [29,30]. The findings of this study com-
bined with those of our previous studies have shown other
potential reasons for the low serum level of HBsAg. Most sub-
jects with HBV infection, in the non-active phase, or subjects
with asymptomatic HBV infection, have a low serum level of
HBsAg [6,7], which may be attributed to the HBV S-gene mu-
tations or variation. The alteration of the whole genome in
HBV affects HBsAg expression, leading to low serum levels of
HBsAg, possible due to an altered immune response that is
unable to remove completely HBsAg and its immune complex
after HBV infection, leading to a sustained low-level HBsAg,
which induces a certain degree of immune tolerance to HBsAg.

Conclusions

The findings of this study showed that individuals with chron-
ic hepatitis B virus (HBV) infection and sustained low-levels
of HBsAg were an older population and had a lower level of
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replicating HBV DNA when compared with individuals with high
levels of HBsAg, and the majority (93.7%) were also HBsAg and
HBeAg and HBcAg-positive. The findings of this study have
shown that individuals with chronic HBV infection with sus-
tained low serum levels of HBsAg have special clinical charac-
teristics, having mainly asymptomatic carrier (ASC) status, with
HBV DNA that was slowly replicating and positively related to
the serum HBsAg level. Although further studies are required
to confirm these findings, the results of this study are clinical-
ly and epidemiologically important and suggest that improv-
ing immune tolerance in cases of chronic HBV infection may
prevent HBV transmission.
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