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Abstract
Background and aim: Low-level HBsAg has brought new challenges to clinical laboratory and the treatment of HBV infectious diseases.
The study was to analyze the quantitative differences between hepatitis B virus markers (HBV M) and HBV DNA in population with high-level or
low-level HBsAg and to reveal the characteristics of HBV DNA and HBV M in population with low-level HBsAg.
Methods: A total of 264 chronic HBV-infected patients were enrolled in our study, and were divided into low-level HBsAg group (147 cases)
and high-level HBsAg group(117 cases) based on the HBsAg level or were divided into immune tolerance stage, immune clearance stage and nonactive stage based on the natural history. Real-time PCR and microparticle enzyme immunoassay (MEIA) were used to determine the content of
HBV DNA and HBV M in serum samples of high-level and low-level HBsAg patients, and then the quantitative results were compared.
Results: There were statistically significant differences between HBV DNA and HBV M( anti-HBs, HBeAg and anti-HBe) of low-level HBsAg
patients in immune tolerance stage(7 cases) and immune clearance stage(4 cases)(t=2.531~9.181, P<0.01~0.05 ). HBV DNA lower than
105copies/L was found in 94.1%(128/136) of serum samples in non-active stage, and the detection rates of direct PCR and enriching PCR
were 10.3%(14/136) and 10.3%(47/136) in low-level HBsAg group, respectively, and there were no correlations between HBV DNA and each
of HBV M(P>0.05). In high-level HBsAg group, HBV DNA was positively correlated with HBeAg and anti-HBe in 25 cases of immune tolerance
stage(r=0.744~0.772, tr=3.858~4.207, P<0.01), and was only negatively correlated with anti-HBs in 46 cases of immune clearance stage and 46
cases of non-active stage(r=-0.693~-0.598, tr=- 4.616~-3.936, P<0.01~0.05).
Conclusion: Population with low-level HBsAg has specific serological characteristics, which may be correlated with organic immune
tolerance and individualized immune responses.
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Introduction
It has been demonstrated that the proportion of population
with low-level HBsAg accounted for 6.68%-23.16% among HBsAg
positive population [1-4]. The detection and reporting of lowlevel HBsAg have brought new challenges to clinical laboratory
and new thinking to the diagnosis and treatment of infectious
diseases, so it has attracted the concern of domestic and foreign
experts [5-11]. Currently, some quantitative assessments about
HBV DNA and HBV M in population with high-level HBsAg
have been reported [12], so, the relationship between the
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quantitative results of HBV DNA and HBV M in population with
low-level HBsAg is worth to be discussed and studied. Therefore,
we divided the patients into different groups based on the
HBsAg level and the natural history [13,14] of chronic HBVinfected patients, then, real-time PCR and microparticle enzyme
immunoassay (MEIA) were used to quantitatively determine the
content of HBV DNA and HBV M in serum samples of low-level
HBsAg patients, in order to understand the relationship between
HBV DNA and HBV M in population with low-level HBsAg.
001
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Materials and Methods
Serum samples
A total of 147 serum samples with low-level HBsAg were
collected from outpatients, inpatients and medical examination
population with chronic HBV-infection as low-level HBsAg
group(According to the standard of Clinical Laboratory
Center, Ministry of Public Health, the content of HBsAg<5μg/L
was considered as low-level. Low-level HBsAg was less than
72±6.8S/N detected by Abbott Axsym immune analyzer after
ELISA screening, and 4 cases of positive HBsAg/HBeAg/antiHBc, 137 cases of positive HBsAg/anti-HBe/anti-HBc and 6 cases
of positive HBsAg/anti-HBc were confirmed by neutralization
test). Low-level HBsAg samples emerged in early stage of HBV
infection and HBsAg/anti-HBs conversion stage of recovery
stage, and long-term concurrent HBsAg/anti-HBs positive
samples were eliminated. Samples were divided into 4 cases of
immune tolerance stage, 7 cases of active stage, and 136 cases
of non-active or low/non-replicative stage (non-active stage)
based on the natural history [6].

There were no liver-protection therapy, enzyme reduction
therapy and application history of immunomodulators and
antiviral drugs before sample collection. In addition, 117
serum samples with high-level HBsAg of chronic HBV infection
were collected as high-level HBsAg group (the content of
HBsAg>79S/N), including 25 cases of immune tolerance stage,
46 cases of active stage and 46 cases of non-active stage; 31 cases
of positive HBsAg/HBeAg/anti-HBc and 86 cases of positive
HBsAg/anti-HBe/anti-HBc. Serum samples were sub-packaged
and stored at -70Reagents and instrumentsoABI 7000 fluorescent quantitative PCR

machine (ABI, USA); nucleic acid concentrated solution, reagents
for HBV DNA fluorescent quantitative PCR (Shanghai Shenyou
Bioengineering Co., Ltd.); AXSYM autoimmunal analyzer and
reagents for HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc
detection (Abbott, USA).

Methods

a.
Real-time fluorescent quantitative PCR was adopted to
determine the content of HBV DNA in serum samples of these
two groups. Enriching method was used in low-level HBsAg
group without detected HBV DNA and high-level HBsAg group:
500ul serum was mixed with 500ul nucleic acid concentrated
solution (The procedures of critical control, negative control and
positive control were same to serum samples and the reference
Table 1: Quantitative Results
Group.

materials were not necessary to deal with). The mixture was
mixed well by shaking, and then stood at 400c for 5min, then
centrifuged at 15000rpm for 5min. The supernatant was
discarded, and 50ul lysis buffer was added into the pellet (Direct
method: 500ul serum was mixed with 500ul lysis buffer, and the
following steps were same to enriching method). The mixture
was vibrated severely or broken by tip until no sediment. Then
the sample was centrifuged briefly, and incubated in boiling
water for 10min, then centrifuged at 15000rpm for 5min. The
supernatant was stored at -700c for detection within one month.
b.
MELA was used to determine HBV M in serum samples
of these two groups. The detail experiments were performed
according to the manufacturer’s protocol of reagents.

c.
The quantitative results of HBV DNA and HBV M in
serum samples of these two groups were collected and divided
according to the copy number of HBV DNA: HBV DNA less than
105copies/L was included in Group A, and HBV DNA less than
106copies/L was included in Group B. In the same way, HBV DNA
more than 1011copies/L was included in Group G.

Statistical Analyses

HBV DNA was expressed with logarithmic mean of copy
number. The logarithm of samples without detected HBV DNA
was calculated as 0. HBsAg(S/N), anti-HBs (IU/L), HBeAg (S/N),
anti-HBe (S/CO) and anti-HBc (S/CO) were expressed by mean
± standard deviation. Different means were compared by T test,
and χ2 test was used to compare the detection rates of HBV DNA
between two groups of non-active stage. Correlation analysis
between HBV DNA and HBV M was carried out. Statistical
analyses of all data were performed with SPSS12.01 software
package.

Results

From the quantitative results of HBV DNA and HBV M in
serum samples of 4 cases in immune tolerance stage and 7
cases in immune clearance stage in low-level HBsAg group, we
observed that HBV DNA in immune tolerance stage was found
in Group D and E, and HBV DNA in immune clearance stage was
found in Group B-D. According to the comparison of means of
parameters, we found that there were statistically significant
differences among logarithmic means of HBV DNA (t=3.708,
P=0.005), anti-HBs (t=2.531, P=0.032), HBeAg (t=9.181,
P=0.002), and anti-HBe (t=7.943, P=0.004) between two groups.
The results were shown in Table 1.

( ) of HBV DNA and HBV M in Immune Tolerance Stage and Immune Clearance Stage of Low-Level HBsAg
x± s

Groups n

n

Logarithmic Mean of HBV
DNA

HBsAg (S/N)

Anti-HBs (IU/L)

HBeAg (S/N)

Anti-HBe (S/
CO)

Anti-HBc (S/
CO)

A

0

-

-

-

-

-

-

B

002

1

6.33

21.2

0.5

0.19

0.09

0.06
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C*

4

7.32±0.23

29.8±24.1

0.22±0.15

0.21±0.11

0.08±0.01

0.07±0.01

D

2

8.36±0.18

36.7±10.20

0.0±0.0

2.38±0.22

1.53±0.36

0.07±0.01

-

-

D*

2

E

8.27±0.11

2

F

9.46±0.22

0

G

0

-

*Determination results of immune clearance stage.

46.3±12.7
58.3±7.07

0.10±0.08
0.0±0.0
-

-

From the quantitative results of HBV DNA and HBV M in
136 serum samples in non-active stage in low-level HBsAg
group, we observed that HBV DNA lower than 105copies/L was
found in 94.1% (128/136) of samples. Only a detection rate of

0.16±0.06
2.98±0.45
-

-

0.07±0.01
1.75±0.28
-

-

-

0.07±0.02
0.07±0.01
-

10.3%14/136) for HBV DNA was obtained by direct PCR and
the detection rate for HBV DNA in non-detection samples could
be increased to 34.6% (47/136) by enriching PCR. Correlation
analysis showed no correlations between HBV DNA and each

parameter of HBV M in low-level HBsAg group (P>0.05). The results were shown in Table 2.

Table 2 : Quantitative Results of HBV DNA and HBV M in non-active stage of low-level HBsAg group

( ).
x ±s

Groups

n

Logarithmic
Mean of HBV
DNA

HBsAg (S/N)

Anti-HBs
(IU/L)

HBeAg (S/N)

Anti-HBe (S/
CO)

Anti-HBc (S/
CO)

A

128*

1.73±2.61

27.1±25.9

0.03±0.17

0.20±0.19

0.06±0.03

0.07±0.01

C

2

7.25±0.16

26.4±17.4

0.0±0.0

0.17±0.01

0.08±0.02

0.07±0.02

B

D
E

4

6.12±0.18

1

8.18

1

F

0

G

0

31.8±34.5
31.9

9.35

78.5

-

-

-

-

0.0±0.0
0

0.19±0.09
0.12

0

0.17

-

-

-

-

0.07±0.02
0.031
0.045
-

*HBV DNA was detected in 6 of 128 cases by direct method and in 33 cases by enriching method.

From the quantitative results of HBV DNA and HBV M of each
stage in high-level HBsAg group, we observed that HBV DNA was
positively correlated with HBeAg (r=0.744, tr=3.858, P=0.002)
and anti-HBe (r=0.772, tr=4.207, P=0.001) in immune tolerance

0.06±0.01
0.073
0.069
-

stage, and was only negatively correlated with anti-HBs (r=0.693/-0.598, tr=-4.616/-3.936,P=0.000/0.017) in immune
clearance stage and non-active stage. The results were shown in
Tables 3-5.

Table 3: Quantitative Results of HBV DNA and HBV M in immune tolerance stage of high-level HBsAg group

( ).
x ±s

Groups

n

Logarithmic
Mean of HBV
DNA

HBsAg (S/N)

Anti-HBs
(IU/L)

HBeAg (S/N)

Anti-HBe (S/
CO)

Anti-HBc (S/
CO)

A

0

-

-

-

-

-

-

C

2

7.78±0.28

267±76

0.09±0.15

8.9±3.8

3.6±1.7

0.07±0.06

5

9.39±0.13

234±83

0.0±0.0

13.6±5.2

8.8±3.2

0.05±0.05

B

D

3

F

8

E

G

003

0

7

-

8.42±0.17
10.40±0.20
11.52±0.15

-

278±93
269±103
282±91

-

-

0.0±0.0

10.7±5.2

0.0±0.0

18.5±8.6

0.0±0.0

23.1±6.2

-

5.9±3.6
14.1±3.1
19.8±3.8

-

0.06±0.04
0.05±0.03
0.05±0.02
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Table 4: Quantitative Results

( )
x ±s

of HBV DNA and HBV M in immune clearance stage of high-level HBsAg group.

Groups

n

Logarithmic
Mean of HBV
DNA

HBsAg (S/N)

Anti-HBs
(IU/L)

HBeAg (S/N)

Anti-HBe (S/
CO)

Anti-HBc (S/
CO)

A

0

-

-

-

-

-

-

C

4

B

3

6.76±0.21

229±114

0.31±0.12

0.18±0.07

0.09±0.04

0.08±0.02

D

16

8.36±0.27

223±94

0.10±0.25

0.63±0.93

0.46±0.62

0.06±0.01

F

7

E

7.23±0.19

11

G

5

9.52±0.28

265±101

11.13±0.29

278±72

10.44±0.20

Table 5: Quantitative Results

254±79

273±81

0.24±0.21
0.03±0.09
0.0±0.0
0.0±0.0

0.22±0.11
0.60±0.92
0.53±0.91
0.66±1.08

( ) of HBV DNA and HBV M in non-active stage of high-level HBsAg group.
x ±s

0.09±0.03
0.58±0.72
0.34±0.43
0.40±0.51

0.07±0.02
0.06±0.02
0.05±0.01
0.05±0.01

Groups

n

Logarithmic Mean of HBV
DNA

HBsAg (S/N)

Anti-HBs (IU/L)

HBeAg (S/N)

Anti-Hbe (S/
CO)

Anti-HBc
(S/CO)

A

18*

3.35±2.77

201±98

0.18±0.50

0.21±0.15

0.08±0.05

0.07±0.03

C

7

7.43±0.19

257±121

0.04±0.10

0.24±0.19

0.08±0.03

0.06±0.02

B

15

D

2

E

3

F

1

G

0

6.38±0.20

219±134

8.49±0.25

234±107

9.33±0.21
10.35
-

268±109
362
-

0.08±0.11
0.0±0.0
0.0±0.0
0
-

*HBV DNA was detected in 2 of 18 cases by direct method and in 9 cases by enriching method.

Discussion
HBV DNA and HBV M were quantitatively determined
in a total of 264 serum samples of immune tolerance stage,
immune active stage and non-active stage in two groups with
different concentrations of HBsAg. The results indicated that
the HBV DNA of immune tolerance stage and clearance stage in
low-level HBsAg group were distributed at 108-9copies/L and
106-8copies/L, respectively. However, they were distributed at
107-11copies/L and 106-11copies/L in high-level HBsAg group.
There were significant differences between these two groups in
both the number of observation cases and distribution ranges
of HBV DNA. HBV DNA and HBV M in 128 serum samples of
non-active stage in low-level HBsAg group were quantitatively
determined. The detection rates were 10.3% and 34.6% by direct
PCR and enriching PCR, respectively. There were statistically
significant differences as compared with the high-level HBsAg
group (65.2% by direct method, 84.8% by enriching method)
(P<0.01).
Correlation analysis showed no correlations between HBV
DNA and each parameter of HBV M in low-level HBsAg group
(P>0.05, Correlation analysis was not performed in immune
tolerance stage and immune clearance stage due to the few
groups). However, HBV DNA of immune tolerance stage in
high-level HBsAg group was correlated with HBeAg and anti004

0.25±0.11
0.27±0.14
0.31±0.26
0.51
-

0.07±0.03
0.06±0.02
0.06±0.03
0.08
-

0.05±0.03
0.06±0.01
0.05±0.02
0.05
-

HBe (r=0.744-0.772, tr=3.858-4.207, P<0.01), which was not
absolutely same as the pervious literatures [12]. The main
reason was the difference caused by grouping. The grouping
in some literatures was according to model of HBsAg/HBeAg/
anti-HBc for acute hepatitis B. HBV DNA in immune clearance
stage and non-active stage was only negatively correlated with
anti-HBs (r=-0.693~-0.598,tr=-4.616~-3.936, P<0.001~0.05),
which was probably due to the multiple transformation between
immune clearance stage and non-active stage. However, HBV
DNA in non-active stage in low-level HBsAg was not correlated
with anti-HBs (P>0.05). According to the literatures [15], it was
considered to be relevant to the immune tolerance caused by its
low dose and the less transformation to the active stage due to
the long-term tolerance status.
The results in Table 1 also indicated that there were
statistically significant differences between HBV DNA of immune
tolerance stage and immune clearance stage in low-level HBsAg
group and the mean value of HBsAg quantitative determination
(P<0.05). However, there were no differences among either
two stages in high-level HBsAg group. Because of the small
sample size, it still needs to be further confirmed whether there
exists such kind of differences. From the clinical diagnosis and
typing, patients with low-level HBsAg (The low-level HBsAg
emerged in the early stage of HBV infection or HBsAg/anti-HBs
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transformation stage of recovery stage were eliminated, and the
very few cases with low-level HBsAg [16-19] existing as a longterm HBsAg/anti-HBs positive model caused by S genovariation
were also eliminated) should belong to patients with chronic
HBV infection. 90% of them belong to asymptomatic carriers
(ASC), and only about 5% belong to chronic active hepatitis B
(CHB). Chronic HBV infection is the most complicated problem
in clinical medicine and epidemiology. Grouping and studying
population with chronic HBV infection based on the HBsAg
level and natural history of chronic HBV-infected persons could
eliminate other factors besides different HBsAg levels and reveal
some valuable information.

In our study, while dividing 147 cases with low-level HBsAg
and 117 cases with low-level HBsAg based on the natural history,
we found that HBV DNA was lower than the staging standard
of “Guidelines for Prevention and Cure of Chronic Hepatitis B”
(hereinafter referred as “the Guidelines”) in 2 cases of immune
tolerance stage and 7 cases of immune clearance stage in highlevel HBsAg group, however, HBV DNA was higher than the
staging standard of “the Guide” in 28 cases of non-active stage
(The performance model of HBV M, ALT and liver histology were
in accordance with the standard) [13,14]. Similarly, HBV DNA
was lower than the staging standard of “the Guidelines” in 5 cases
of immune clearance stage in low-level HBsAg group, and HBV
DNA was higher than the staging standard of “the Guidelines”
in 8 cases of non-active stage in low-level HBsAg group. These
cases could not be classified as other stages.
Therefore, we considered that while dividing the chronic
HBV infected persons based on the natural history, it should
take issue with the determination of HBV DNA level. Otherwise,
a small percentage of cases were difficult to divide according to
the natural history. In addition, “HBV DNA of non-active stage
was less than the lower limit” in “the Guidelines” is also worth to
be discussed. With the enhancement of PCR sensitivity, HBV DNA
can be detected by routine PCR in quite a few of serum samples
of non-active stage actually (In our study, the detection rate
were 10.3% and 34.6% in low-level HBsAg by direct method and
enriching method, respectively, and 65.2% and 84.4% in highlevel HBsAg respectively.), so, we suggested to revise the part of
“natural history” in “the Guidelines”.
In summary, chronic HBV infected population with lowlevel HBsAg is a special group formed during the HBV infection,
dissemination and natural clearance with the increasing ages.
Most of them are in non-active stage with the phenomenon of
immune tolerance (The capability of immunocomplex formation
and clearance is decreased with complete or incomplete T, B
lymphocyte tolerance [15]). The non-active stage switches
alternately and repeatedly with immune clearance stage in
high-level HBsAg group. There exists immune response but not
immune tolerance, and it has essential difference with immune
tolerance stage in high-level HBsAg group (difference in age
and high-dose tolerance [15]). Therefore, systemic studies for
005

population with low-level HBsAg including the distribution
in natural population, clinical features, performance model of
serologic HBV marker, serotype, genotype, humoral and cellular
immune function, S gene sequence, and even the molecular
biological mechanism and epidemiologic feature of whole
genome and so on, contributes to clarify the mechanism of
immune tolerance of population with low-level HBsAg, and there
may be important clinical and epidemiological significances in
clearing chronic HBV infection and preventing the dissemination
of HBV through breaking immune tolerance.
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