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Abstract
AIM: To investigate the dynamic changes of serum 
hepatitis B surface antigen (HBsAg) levels apportioned 
by the same hepatic parenchyma cell volume (HPCV), 
namely, hepatic cell quantities.

METHODS: Serum HBsAg levels were detected by 
electrochemiluminescence and serum HBsAg levels 
apportioned by the same HPCV were figured out 
according to the theory of sphere geometry. HBsAg 
levels were compared among different liver inflammation 
grades, as well as different hepatic fibrosis stages.

RESULTS: In hepatitis B e antigen-negative chronic 
hepatitis B, serum HBsAg levels in liver histological 
inflammation grades 1-4 were 3.66 ± 0.40, 3.74 ± 0.35, 
3.74 ± 0.26 and 3.71 ± 0.34 log10 COI (cut off index), 
respectively, and there were no differences before 
apportion (P  = 0.640). Serum HBsAg levels apportioned by 
the same HPCV were 5.57 ± 0.62, 5.98 ± 0.65, 6.59 ± 0.50 
and 6.81 ± 0.84 log10 COI, respectively, and there were 
significant differences after apportion (P  < 0.001). Serum 
HBsAg levels in hepatic fibrosis stages Ⅰ-Ⅳ were 3.66 
± 0.43, 3.75 ± 0.33, 3.71 ± 0.28 and 3.75 ± 0.26 log10 
COI, respectively, and there were no differences before 
apportion (P  = 0.513). Serum HBsAg levels apportioned 
by the same HPCV were 5.53 ± 0.66, 5.98 ± 0.53, 6.29 
± 0.46 and 7.06 ± 0.48 log10 COI, respectively, and there 
were significant differences after apportion (P  < 0.001).

CONCLUSION: Serum HBsAg levels apportioned by 
the same HPCV (hepatic cell quantities), rather than 
serum HBsAg levels, increase with liver inflammation 
grades and hepatic fibrosis stages.
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Core tip: Hepatitis B surface antigen (HBsAg)-negative 
chronic hepatitis B patients always feature increasing 
liver fibrosis and decreasing hepatic parenchyma cells. 
Does it influence the circulating HBsAg released into the 
serum? It requires research on the condition that the 
impact of fibrous volume on hepatic cell quantities should 
be deducted. It turns out that there were significant 
differences in serum HBsAg levels apportioned by 
the same hepatic cell quantities among different liver 
histological inflammation grades, as well as different 
hepatic fibrosis stages. In conclusion, although hepatitis 
B virus replication place - hepatic cell quantities - were 
shrinking while fibrosis progresses, its replication and 
expression became more active rather than declined or 
silenced.
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INTRODUCTION
According to global advances in the chronic hepatitis B 
(CHB) research at present, testing for serum hepatitis 
B surface antigen (HBsAg) is still very important 
in diagnosis of hepatitis B virus (HBV) infection[1]. 
HBsAg clearance is the desired end point of clinical 
treatment for CHB[2]. In the natural course of CHB, 
as many researches demonstrated, serum HBsAg 
titers usually rise up again in hepatitis B e antigen 
(HBeAg) negative hepatitis patients except the 
immune tolerance phase[3]. Thus, HBsAg monitoring 
can be used as a sign of HBV reactivation to determine 
the risk of disease activity[4,5]. In HBeAg-negative 
patients who have HBV DNA levels < 2000 IU/mL, 
HBsAg level < 10 IU/mL is the strongest predictor of 
HBsAg loss[6]. During the antiviral therapy, monitoring 
serum HBsAg levels dynamically may have high value 
for prediction of sustained virological response and 
HBsAg clearance[7-10]. Patients with HBeAg-negative 
CHB are older and have more advanced liver disease 
since these patients represent a later stage in the 
natural course of chronic HBV infection[11,12]. With the 
continually increasing liver fibrosis and decreasing 
hepatic parenchyma cells, less and less place - 
the amount of hepatic parenchyma cells - can be 
provided to HBV replication. Does it influence the 
circulating HBsAg released into the serum? Therefore, 
it is necessary to figure out the dynamic expression 
pattern of serum HBsAg levels, and the serum HBsAg 

levels apportioned by the same hepatic parenchyma 
cell volume (HPCV), namely hepatic cell quantities, in 
different liver histological inflammation grades (1-4) as 
well as different hepatic fibrosis stages (Ⅰ-Ⅳ). This will 
help clarify the pathogenesis of HBeAg-negative CHB, 
monitor the progression of the disease and provide a 
theoretic basis for optimization of antiviral therapy.

MATERIALS AND METHODS
Patients
One hundred and sixty patients with HBeAg-negative 
CHB recruited from January 2008 to October 2012 in 
the admission office, Third Affiliated Hospital of Sun 
Yat-sen University, Guangzhou, China, were studied. 
There were 131 males and 29 females with a median 
age of 38.7 years (range: 13-67 years). All patients 
received no antiviral therapy such as nucleosides, 
interferon or thymosin during the study. None of the 
individuals included had hepatitis C virus, hepatitis D 
virus, hepatitis E virus or human immunodeficiency 
virus co-infection. Further exclusion criteria were 
end-stage liver insufficiency, autoimmune disorders, 
immunosuppressive treatment and malignancies.

Ethics statement
All the 160 HBeAg-negative CHB patients in our 
retrospective investigation had been informed of 
possible complications with liver biopsies clearly before 
the invasive operation, such as local tissue injury, bile 
duct injury, bleeding, postoperative pain, anesthesia 
accident and other unexpected possible situations. 
The liver biopsies, which were not done for the study, 
were part of standard diagnosis and treatment for 
these patients. All patients had gave informed consent 
for every diagnosis and treatment, including the 
liver biopsies to be performed. All patients’ data we 
used were fully anonymized. None of the authors 
of this study had any involvement with the patients 
or performed any liver biopsies. Because this is a 
retrospective study to collect existing data of our own 
department, we did not seek approval by any ethics 
committee.

Serum HBsAg quantitation
Quantitative detection were performed with Elecsys 
(Roche Diagnostics GmbH, Mannheim). The judgment 
standards are stated as follows: reference ranges of 
HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc are < 
1.0 (cut off index, COI), 0-10 IU/L, < 1.0 COI, > 1.0 
COI and > 1.0 COI, respectively. The test results of 
COI values read positive within the reference ranges 
while negative without it.

Liver histopathological diagnosis and measurements of 
hepatic fibrosis proportion
Liver biopsies in 160 HBeAg-negative CHB patients 
were performed with an automatic gun mating 16G 
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needle guided by an Esaote AU4 color Doppler system 
(Esaote, United States). The obtained section of 
each sample was about 20 mm in length. The biopsy 
specimens were fixed with Bouin’s solution, embedded 
in paraffin, and stained with hematoxylin-eosin and 
Masson’s trichrome. Liver histological inflammation 
grades and hepatic fibrosis stages were diagnosed 
according to the Desmet VJ chronic hepatitis classification 
by liver pathologists at our hospital[13].

Using JVC-KY-F30B3-CCD lens (Japan) and Zeiss 
Axiotron microscope (Carl Zeiss Inc, Germany), the 
measurements of hepatic fibrosis proportion were 
performed with an automatic imaging analysis system 
(KONTRON IBAS 2.5, Germany). Five fields of each 
microscopic view were randomly selected at four 
corners and the center of hepatic tissue section for 
calculation of average fibrous percentages in different 
fibrosis stages. This means that totally 200, 245, 120 
and 155 microscopic views were averaged to calculate 
the fibrous percentages in hepatic fibrosis stages Ⅰ-
Ⅳ, respectively[14]. The images were magnified 400 
times by a microscope. The average fibrosis proportion 
percents in different fibrosis stages were exactly the 
average fibrous percentages of section at those four 
fibrosis stages.

Calculation of HPCV by the fibrosis proportion in 
different hepatic fibrosis stages
The liver consists of a majority of hepatic parenchyma 
cells, a minority of sinusoidal endothelial cells, Kupffer 
cells and mesenchymal cells. Therefore, the HPCV 
can almost represent the quantities of hepatocytes. 
According to the basic principles of microscope, the 
100% circle area of microscopic view under the 
microscope in hepatic fibrosis stages Ⅰ, Ⅱ, Ⅲ or Ⅳ was 
mainly made up of two parts: the proportion of hepatic 
parenchyma cell area and corresponding proportion 
of hepatic fibrosis area. Based on automatic imaging 
analysis in our previous research, the area proportions 
of hepatic fibrosis were 8.31% ± 2.90%, 11.43% ± 
2.76%, 14.97% ± 5.88% and 20.73% ± 4.44% in 
hepatic fibrosis stages Ⅰ-Ⅳ, respectively[14], while the 
corresponding proportions of hepatic parenchyma cell 
area were 91.69%, 88.57%, 85.03%, and 79.27%, 
respectively.

According to the principles of liver histopathological 
section and the circle view of microscope, each 
circular image of hepatic parenchyma cells and hepatic 
fibrous tissues under the microscope was classified 
into internal smaller circle hepatic parenchyma cell 
area and peripheric lunular fibrous tissues area. What 
means that the 100% circle area of microscopic view 
= 91.67%, 88.57%, 85.03% and 79.27% of internal 
smaller rotundity hepatic parenchyma cell area + 
8.31%, 11.43%, 14.97% and 20.73% of peripheric 
lunular fibrous tissues area in hepatic fibrosis stages Ⅰ-
Ⅳ, respectively.

Because the rotundity area formula is A = πR2, the 
radius (R) of internal smaller circle hepatic parenchyma 

cell area is equal to root of the ratio of internal smaller 
circle hepatic parenchyma cell area (A) to pi (π), 
namely R = (A/π)2/1. The radii of the rotundity hepatic 
parenchyma cell area in hepatic fibrosis stages Ⅰ-
Ⅳ are (91.69%/3.14)2/1 = 0.5404, (88.57%/3.14)2/1 
= 0.5311, (85.03%/3.14)2/1 = 0.5204 and 
(79.27%/3.14)2/1 = 0.5023, respectively. Further, 
as the formula of sphere volume (V) is V = 4/3πR3, 
the three-dimensional sphere HPCV values are V1 

= 4/3πR1
3 = 4/3 × 3.14 × 0.54043 = 66.07%, V2 

= 4/3πR2
3 = 4/3 × 3.14 × 0.53113 = 62.72%, V3 = 

4/3πR3
3 = 4/3 × 3.14 × 0.52043 = 59.00% and V4 = 

4/3πR4
3 = 4/3 × 3.14 × 0.50233 = 53.06% in hepatic 

fibrosis stages Ⅰ-Ⅳ, respectively. Accordingly, the 
crescent hepatic fibrosis volumes in hepatic fibrosis 
stages Ⅰ-Ⅳ are 100% - 66.07% = 33.93%, 100% 
- 62.72% = 37.28%, 100% - 59.00% = 41.00% 
and 100% - 53.06% = 46.94%, respectively. The 
reasoning and computational processes are shown in 
Figure 1.

Calculation of serum HBsAg levels apportioned by the 
same HPCV in different liver inflammation grades and 
hepatic fibrosis stages
By dividing the logarithms of HBsAg by the percentage 
of HPCV in each hepatic fibrosis stage that they 
located, we got the logarithm values of serum HBsAg 
apportioned by the same HPCV (hepatic cell quantities).

Statistical analysis
Statistical analyses were performed using SPSS 13.0 
software. Serum HBsAg levels were logarithmically 
transformed for analysis. Correlation analysis between 
liver inflammation grades and hepatic fibrosis stages 
was done using χ 2 test. The comparisons among more 
than two groups in serum HBsAg levels and HBsAg 
levels apportioned by the same HPCV in hepatic fibrosis 
stages Ⅰ-Ⅳ were done using ANOVA test. P values < 
0.008 (0.05/6) were considered significant.

RESULTS
Characteristics of pathologic distribution in 160 HBeAg-
negative CHB patients
Overall, the distribution of liver inflammation grades 
was similar to that of the corresponding hepatic fibrosis 
stages in HBeAg-negative CHB patients in pathologic 
diagnosis (Figure 2). The milder the liver inflammation 
grades, the milder the hepatic fibrosis stages. Likewise, 
the severer the liver inflammation grades, the severer 
the hepatic fibrosis stages. Liver inflammation grades 
correlated well with hepatic fibrosis stages (χ 2 = 187.635, 
P < 0.001).

Dynamic changes of serum HBsAg levels and serum 
HBsAg apportioned by the same HPCV in different 
inflammation grades and fibrosis stages
In HBeAg-negative CHB, there was no obvious rule for 
dynamic changes of serum HBsAg levels no matter 
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among different liver inflammation grades or hepatic 
fibrosis stages. However, serum HBsAg levels apportioned 
by the same HPCV (hepatic cell quantities) elevated with 
the increasing inflammation grades and fibrosis stages 
(Table 1). There was no differences in serum HBsAg levels 

no matter among different liver inflammation grades or 
hepatic fibrosis stages (F = 0.564, P = 0.640 and F = 0.768, 
P = 0.513, respectively; Table 2). However, there were 
significant differences in serum HBsAg levels apportioned 
by the same HPCV among inflammation grades 1-4 and 
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Fibrosis stage Ⅰ:

Fibrosis stage Ⅱ:

Fibrosis stage Ⅲ:

Fibrosis stage Ⅳ:

91.69% hepatic 
parenchyma cell 

area

8.31% hepatic 
fibrosis area

66.07% hepatic 
parenchyma cell 

volume

33.93% hepatic 
fibrosis volume

88.57% hepatic 
parenchyma cell 

area

11.43% hepatic 
fibrosis area

62.72% hepatic 
parenchyma cell 

volume

37.28% hepatic 
fibrosis volume

85.03% hepatic 
parenchyma cell 

area

14.97% hepatic 
fibrosis area

59.00% hepatic 
parenchyma cell 

volume

41.00% hepatic 
fibrosis volume

79.27% hepatic 
parenchyma cell 

area

20.73% hepatic 
fibrosis area

53.06% hepatic 
parenchyma cell 

volume

46.94% hepatic 
fibrosis volume

∵A1 = πR1
2;

∴R1 = (A1/π)1/2 = (91.69%/3.14)1/2 = 0.5404; V1 = 4/3πR1
3 = 4/3 × 3.14 × 0.54043 = 0.6607 = 66.07%.

∵A2 = πR2
2;

∴R2 = (A2/π)1/2 = (88.57%/3.14)1/2 = 0.5311; V2 = 4/3πR2
3 = 4/3 × 3.14 × 0.53113 = 0.6272 = 62.72%.

∵A3 = πR3
2;

∴R3 = (A3/π)1/2 = (85.03%/3.14)1/2 = 0.5204; V3 = 4/3πR3
3 = 4/3 × 3.14 × 0.52043 = 0.5900 = 59.00%.

∵A4 = πR4
2;

∴R4 = (A4/π)1/2 = (79.27%/3.14)1/2 = 0.5023; V4 = 4/3πR4
3 = 4/3 × 3.14 × 0.50233 = 0.5306 = 53.06%.

Figure 1  Sketch map of calculation of hepatic parenchyma cell volume.
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fibrosis stages Ⅰ-Ⅳ (F = 27.354, P < 0.000 and F = 
57.077, P < 0.000, respectively; Table 2).

DISCUSSION
So far serum HBsAg is still the most main and classic 
marker in the diagnosis of active infection with HBV[1]. 
HBsAg clearance is the desired end point of clinical 
treatment for CHB[15]. Baseline serum HBsAg level is the 
most effective predictor of HBsAg clearance[16]. As some 
studies showed[17,18], there is a good correlation among 
intrahepatic cccDNA levels, HBV DNA and HBsAg levels 
released into peripheral blood. Serum HBsAg can not 
only reflect the activity of virus replication indirectly, but 
also evaluate the damage of hepatocytes in CHB[19,20]. 
Owing to the fact that a rapid on-treatment decline of 
serum HBsAg levels predicts the effects of anti-HBV 
therapy[21], such as HBeAg serological conversion and 
HBsAg clearance, the dynamic monitoring of HBsAg is 

absolutely an indispensible indicator during the process 
of individualized therapy and follow-up[22].

HBeAg-negative CHB patients are older and have 
more advanced liver disease since these patients 
represent a later stage in the natural course of chronic 
HBV infection[11,12]. With the continually increasing liver 
fibrosis and decreasing hepatic parenchyma cells, less 
and less place - HPCV (hepatic cell quantities) - can be 
provided to HBV replication. It influences the circulating 
HBsAg released into serum probably. Therefore, it 
is necessary to figure out the dynamic expression 
pattern of serum HBsAg levels, and the serum HBsAg 
levels apportioned by the same HPCV (hepatic cell 
quantities) on the condition that the impact of fibrous 
volume on HPCV (hepatic cell quantities) should be 
deducted in liver inflammation grades 1-4, as well as 
hepatic fibrosis stages Ⅰ-Ⅳ, respectively.

The liver consists of a majority of hepatic parenchyma 
cells, a minority of sinusoidal endothelial cells, Kupffer 
cells and mesenchymal cells. Therefore, the HPCV can 
almost represent the quantities of hepatocytes. We 
obtained the area proportions of hepatic fibrosis Ⅰ-Ⅳ 
based on automatic imaging analysis in our previous 
research. Furthermore, according to the principles of 
liver histopathological section and the rotundity view of 
microscope, each circular image of hepatic parenchyma 
cells and hepatic fibrous tissues under the microscope 
was classified into internal smaller rotundity hepatic 
parenchyma cell area and peripheric lunular fibrous 
tissues area. The percentages of HPCV in hepatic fibrosis 
stages Ⅰ-Ⅳ were calculated exactly on the basis of 
conversion from rotundity area to three-dimensional 
sphere volume. The reasoning and computational 
processes are shown in Figure 1.

As this study indicated, in patients with HBeAg-
negative CHB, there was no differences in serum HBsAg 
levels, but significant differences in serum HBsAg levels 
apportioned by the same HPCV among inflammation 
grades 1-4 and fibrosis stages Ⅰ-Ⅳ (P < 0.000 for both, 
Table 2). A study by Ke et al[23] has shown that the 
serum HBV DNA levels apportioned by the same HPCV 
increased along with the advanced liver inflammation 
grades when deducting the impact of fibrous volume on 
HPCV (hepatic cell quantities) in different fibrosis stages 
in both HBeAg-positive and negative CHB. Their finding 
corresponds well with this study. This may suggest that 
escalation of HBV replication in hepatocytes promotes 
the expression of serum HBsAg, aggravates the T cell 
mediated specific immune injury to the liver and results 
in more serious inflammation activities.

This study also showed that liver inflammation 
grades correlated well with hepatic fibrosis stages in 
HBeAg-negative hepatitis B (P < 0.000, Figure 2). 
While the liver inflammation grade was G1 or G2, the 
hepatic fibrosis stage was almost the milder S1 or S2. 
While the liver inflammation grade was G3 or G4, the 
hepatic fibrosis stage was almost the severer S3 or S4 

as well. Because serious liver inflammation grades are 
often accompanied by accumulated serious hepatic 
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Figure 2  Distribution of liver inflammation grades and hepatic fibrosis 
stages in 160 hepatitis B e antigen-negative chronic hepatitis B patients. 
χ 2 = 187.635, P < 0.000.

Table 1  Dynamic changes of serum hepatitis B surface antigen 
and serum hepatitis B surface antigen apportioned by the same 
hepatic parenchyma cell volume in different inflammation 
grades and fibrosis stages

Case, n Serum HBsAg Serum HBsAg apportioned by

(log10 COI) the same HPCV (log10 COI)
G1 44 3.66 ± 0.40 5.57 ± 0.62
G2 54 3.74 ± 0.35 5.98 ± 0.65
G3 35 3.74 ± 0.26 6.59 ± 0.50
G4 27 3.71 ± 0.34 6.81 ± 0.84
S1 53 3.66 ± 0.43 5.53 ± 0.66
S2 40 3.75 ± 0.33 5.98 ± 0.53
S3 30 3.71 ± 0.28 6.29 ± 0.46
S4 37 3.75 ± 0.26 7.06 ± 0.48

Data are shown as mean ± SD. HBsAg: Hepatitis B surface antigen; HPCV: 
Hepatic parenchyma cell volume; G: Liver inflammation grade; S: Hepatic 
fibrosis stage; COI: Cut off index.
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Table 2  Statistical analysis of dynamic changes of serum hepatitis B surface antigen and serum hepatitis B surface antigen 
apportioned by the same hepatic parenchyma cell volume in different inflammation grades and fibrosis stages

fibrosis, the serum HBsAg levels apportioned by 
the same HPCV increased as the severity of hepatic 
fibrosis stages developed though the HPCV (hepatic 
cell quantities) shrank from hepatic fibrosis stage Ⅰ to 
Ⅳ.

In conclusion, serum HBsAg levels apportioned by 
the same HPCV (hepatic cell quantities), rather than 
serum HBsAg levels, increased with the advance of 
liver inflammation grades and hepatic fibrosis stages 
on the condition that the impact of fibrous volume on 
HBV replication place – HPCV - was deducted in HBeAg-
negative hepatitis B. Although HBV replication place 
- HPCV - was shrinking while HBeAg-negative CHB 
progresses, its replication and expression became more 
active rather than declined or silenced. Understanding 
the dynamic changes of HBsAg apportioned by the 
same HPCV throughout the natural history of CHB 
represents a step forward in further investigation of HBV 
viral lifecycle and the influence of host immune response. 
Compared to HBV DNA, quantitative HBsAg assays are 
easy to perform and relatively inexpensive[24]. Monitoring 
the dynamic changes of serum HBsAg apportioned by 
the same HPCV may predict HBsAg clearance more 
accurately and effectively. Maybe we should consider the 
liver inflammation grades and hepatic fibrosis stages 
in patients with HBeAg-negative CHB which represents 
a later stage in the natural course of chronic HBV 
infection when comes to anti-HBV therapy. It seems 
that only applying effective and low-resistant antiviral 
drugs to HBeAg-negative CHB patients with advanced 
liver inflammation and fibrosis, regardless of serum 
HBsAg levels, can control liver inflammation activity and 
reverse the formation of liver fibrosis suitably.

COMMENTS
Background
Serum hepatitis B surface antigen (HBsAg) is the most main and classic marker 
in diagnosis of hepatitis B virus (HBV) infection. HBsAg clearance is the desired 
end point of clinical treatment for chronic hepatitis B (CHB). Baseline serum 
HBsAg level is the most effective predictor of HBsAg clearance. Serum HBsAg 
level is the hotspot in CHB research field recently.
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The global advances in CHB research suggest that dynamic monitoring of 
HBsAg titers may have high value for prediction of HBV reactivation, sustained 

virological response and HBsAg clearance.
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This study brings hepatic parenchyma cell volume (HPCV) - the HBsAg 
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dynamic expression pattern of serum HBsAg levels, and the serum HBsAg 
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Monitoring the dynamic changes of serum HBsAg apportioned by the same 
HPCV may help predict HBsAg clearance and supply antiviral therapy more 
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G1 + G2 0.233 0.002 S1 + S2 0.186 0.000
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