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Abstract

AIM: To determine the baseline hepatitis B surface
antigen (HBsAg) levels during the different phases of
chronic hepatitis B (CHB) patients in China.

METHODS: Six hundred and twenty-three hepatitis
B virus or un-infected patients not receiving antiviral
therapy were analyzed in a cross-sectional study. The
CHB patients were classified into five phases: immune-
tolerant (IT, » = 108), immune-clearance (IC, n =
161), hepatitis B e antigen negative hepatitis (ENH, »
= 149), low-replicative (LR, 7 = 135), and liver cirrho-
sis (LC, n = 70). HBsAg was quantified (Abbott ARCHI-
TECT assay) and correlated with hepatitis B virus (HBV)
DNA, and serum alanine aminotransferase/aspartate
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aminotransferase (ALT/AST) in each phase of CHB was
also determined.

RESULTS: Median HBsAg titers were different in each
phase of CHB (P < 0.001): IT (4.85 logiw IU/mL), IC
(4.36 log:o IU/mL), ENH (2.95 log:o IU/mL), LR (3.18
logi IU/mL) and LC (2.69 logiw IU/mL). HBsAg titers
were highest in the IT phase and lowest in the LC
phase. Serum HBsAg titers showed a strong correla-
tion with HBV viral load in the IC phase (» = 0.683, P <
0.001). No correlation between serum HBsAg level and
ALT/AST was observed.

CONCLUSION: The mean baseline HBsAg levels differ
significantly during the five phases of CHB, providing
evidence on the natural history of HBV infection. HB-
sAg quantification may predict the effects of immune-
modulator or oral nucleos(t)ide analogue therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B surface antigen quantification;
Chronic hepatitis B; Natural history; Perspective

Core tip: The quantification of serum hepatitis B sur-
face antigen (HBsAg) has been recently advocated
as a favorable marker of disease activity in chronic
hepatitis B (CHB). Knowledge of HBsAg in the natu-
ral history of chronic hepatitis B is important for the
management of the disease, but there is a lack of
corresponding data on the base level of HBsAg in the
natural history of CHB in China. Hence, the aim of
this cross-sectional study was to evaluate the levels
of HBsAg in consecutive phases of the natural history
of hepatitis B virus-infection without the influence of
antiviral treatment before, including the patients’ pro-
gression to liver cirrhosis.

Zeng LY, Lian JS, Chen JY, Jia HY, Zhang YM, Xiang DR, Yu
L, HuJH, Lu YF, Zheng L, Li LJ, Yang YD. Hepatitis B sur-
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INTRODUCTION

The liver and petipheral blood of patients with chronic
hepatitis B (CHB) contains large amounts of viral pro-
teins, especially hepatitis B virus (HBV) surface anti-
gensm. Detection of hepatitis B surface antigen (HBsAg)
in serum is a fundamental diagnostic marker of HBV
infection. During the natural history of HBV infection
and during antiviral therapy, the level of HBsAg in CHB
changes over time, and the loss of HBsAg and the devel-
opment of anti-HBs antibodies (HBsAg-seroconversion)
are the ultimate goals of anti-HBV therapy, as they are
believed to represent successful immunological control
of active HBV replication[}()l

The quantification of serum HBsAg has recently
been advocated as a reliable marker of disease activity in
CHB"™"Y, Knowledge of HBsAg in the natural history of
CHB is important for disease management. The natural
history of CHB has five phases: immune-tolerant (IT),
immune-clearance (IC), non/low-replicative (LR), hepa-
titis B e antigen negative hepatitis (ENH) and liver cit-
rhosis (LC). These phases may not occur in all patients
or sequentially’™. As the natural course of HBV infection
proceeds, liver histology may progressively worsen and
some patients with CHB develop liver failure or hepato-
cellular carcinoma (HCC)"",

Despite the usefulness of HBsAg quantification as
a predictor for CHB, there is a lack of corresponding
data on the baseline level of HBsAg during the natural
history of CHB in China. Hence, the aim of this cross-
sectional study was to evaluate the levels of HBsAg in
the consecutive phases of HBV infection in patients not
receiving antiviral therapy, and the patients’ progress to
liver cirrhosis.

MATERIALS AND METHODS

Patients
Six hundred and twenty-three patients with HBV in-
fection, not receiving antiviral therapy, from the First
Affiliated Hospital of Zhejiang University School of
Medicine (Hangzhou, China) were included in this cross-
sectional study. Two hundred and seventy-nine patients
were hepatitis B e antigen (HBeAg)(+) and 344 were
HBeAg(-). There were 456 males and 167 females with a
median age of 34 years (range: 18-65 years).

None of the patients were co-infected with hepatitis
A virus, hepatitis C virus, hepatitis delta virus, hepatitis
E virus or human immunodeficiency virus. Markers

such as ceruloplasmin, anti-nuclear antibodies and anti-
mitochondrial antibodies for possible co-existing auto-
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Table 1 Definitions of phases of persistent hepatitis B virus

infection

Phase HBV-DNA (IU/mL) HBeAg status ALT (U/L) Liver imaging

IT >10 + <ULN  No cirrhosis
(@ > 2000 + = 2ULN  No cirrhosis
ENH > 2000 - =2ULN  No cirrhosis
LR <2000 - < ULN No cirrhosis
LC Any +/- Any Cirrhosis

IT: Immune tolerance phase; IC: Immune clearance phase; ENH: HBeAg(-)
hepatitis; LR: Low-replicative; LC: Liver cirrhosis induced by hepatitis B
virus; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ULN: Upper
limit of normal; “+”: Positive; “-”: Negative.

immune disorders and metabolic liver disease wetre nega-
tive. Patients with HCC and end-stage liver diseases were
excluded. All useful indicators including patient age, bio-
chemical parameters, and serum HBsAg and HBeAg lev-
els were determined. HBV DNA levels in these patients
were obtained when the serum samples were collected.

The patients were categorized into the five phases of
CHB: immune-tolerant (IT, » = 108), immune-clearance
(IC, n = 161), HBeAg negative hepatitis (ENH, » = 149),
low-replicative (LR, # = 135), and liver cirrhosis (LC, # =
70), which were diagnosed based on clinical manifesta-
tions or pathology. The classification of these patients
was based on the 2012 European Association for the
Study of the Liver (EASL), Clinical Practice Guidelines-
management of chronic hepatitis B in Asia-Pacific and
the 2010 Chinese Clinical Practice Guidelines of chronic
hepatitis B> (Table 1).

The study protocol, which conformed to the guide-
lines of the Declaration of Helsinki, was approved by
the Ethics Review Committee of the First Affiliated
Hospital of Zhejiang University School of Medicine.

Serum HBsAg quantification

Serum HBsAg levels were quantified using the Abbott
ARCHITECT assay (Abbott Diagnostics, Germany)
following the manufacturers’ instructions. The dynamic
range was 0.05-250 TU/mL. Samples were diluted 1:500
or 1:1000 using ARCHITECT HBsAg Manual Diluent
(Abbott Diagnostics) if > 250 IU/mL.

HBV DNA measurement

Serum HBV DNA was quantified by the Determination
Kit for hepatitis B virus DNA (Life River, China) with a
detection range of 5 X 10* TU/mL-10° TU/mL. for sam-
ples with HBV DNA > 10° TU/mL, and the HBV DNA
assay was repeated after a dilution of 1:1000.

HBYV genotyping

The HBV genotypes were determined using sequence
detection »ia PCR. All products were directly sequenced
with a HBV Genotype Real Time PCR Kit (Z] Bio-Tech,
Shanghai, China) and run on a MegaBACE 500 accord-
ing to the manufacturer’s instructions. HBV genome se-
quence analysis software was used to analyze the results.
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Table 2 Baseline population characteristics

Immune tolerant Immune clearance HBeAg negative hepatitis Low replicative Liver cirrhosis P value
HBeAg status Positive Positive Negative Negative Positive/negative
Sex M/F 60/48 127/34 124/25 95/40 50/20 <0.001
Age (yr) 26 (18-44) 29 (18-45) 41 (22-60) 39 (22-65) 49 (26-65) <0.001
ALT (U/L) 25 (9-40) 188 (80-1322) 40 (80-3755) 23 (17-39) 45 (9-341) <0.001
AST (U/L) 20 (6-36) 100 (7-1063) 228 (20-2136) 14 (9-38) 49 (10-302) <0.001
HBsAg (logwo IU/mL) 4.85 (3.97-5.15) 4.36 (3.08-5.25) 2.95 (0.82-4.89) 3.18 (2.53-3.60) 2.69 (2.20-4.04) <0.001
HBV DNA (logw IU/mL) 8.50 (7.12-9.49) 7.93 (3.93-9.23) 5.73 (3.3-9.28) 2.64 (2.18-3.30) 4.68 (3.28-8.75) <0.001
Genotype
B/C 60/48 83/78 86/62 74/61 37/33 0.006

HBsAg: Hepatitis B s antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ALT: Alanine transaminase; AST: Aspartate aminotransferase.

Statistical analysis

Variables were compared between groups, using the
Mann-Whitney U and Fisher’s exact tests for univariate
comparisons, and the Kruskall-Wallis test and ANOVA
for multivariate comparisons. Pearson’s correlation coef-
ficient (r) was used to describe the correlation between
two variables. Statistical analysis was performed using

SPSS 16.0 software.

RESULTS

All patients with HBV infection were enrolled in the
study from January 2012 to January 2013 and were clas-
sified into the five phases of CHB: IT (» = 108), IC (»
= 161), ENH (# = 149), LR (# = 135) and LC (» = 70).
More male patients (73.2%) than female patients were
enrolled into this cohort study. HBeAg(+) patients were
significantly younger than HBeAg(-) patients (P < 0.001),
and the patients in the IT phase were younger than
those in the IC phase (P = 0.035), while the patients in
the I.C phase were older than those in the LR and ENH
phases (P < 0.001). There were no significant differences
between the LR and ENH phase with regard to patient
age (P = 0.584). A detailed description of the patients is
shown in Table 2.

Distribution of serum HBsAg levels

Serum HBsAg levels were widely distributed, and there
were significant differences in serum HBsAg levels be-
tween the HBV infected patients in the different phases.
The highest HBsAg level among the five phases was
found in the IT group (median 4.85 logio IU/mL), fol-
lowed by the IC group with a median HBsAg level of
4.36 logio IU/mL, a moderate HBsAg level was found in
the ENH (2.95 logio IU/mL) and LR groups (3.18 logio
IU/mL), and the lowest level was observed in the L.C
group (2.69 logio IU/mlL) (Table 2 and Figure 1A). The
median HBsAg level in HBeAg(+) patients was signifi-
cantly higher than that in HBeAg(-) patients.

Correlation between HBsAg titers and HBV DNA

The correlations between serum HBsAg titers and se-
rum HBV DNA in each phase of CHB are shown in
Figure 1B-F. There was a strong correlation in the IC
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phase (»r = 0.683, P < 0.0001), a modest correlation in
the ENH (r = 0.342, P = 0.001) and IT (r = 0.287, P
= 0.003) phases, but a poor correlation between serum
HBsAg titers and serum HBV DNA in the LR (= 0.156,
P =0.071) and LC (= 0.177, P = 0.143) phases.

The ratio of HBsAg (logio IU/mL) to HBV DNA in
each phase of CHB was also determined (Figure 2). The
HBsAg/HBV DNA ratio was significantly higher in the
LR phase compared to the IT, IC, ENH and L.C phases
(1.17 »5 0.56, 0.56, 0.54 and 0.57, respectively, P < 0.001).

All patients were genotype B or C. In both viral gen-
otypes, median HBsAg titers were also different among
the five phases of CHB, however, there was no differ-
ence in the median HBsAg titers between genotype B
and C in all five phases.

Correlation between HBsAg titers and clinical
parameters

Serum HBsAg was not associated with ALT and AST
levels in any of the phases of persistent CHB (Table 3).
No significant correlations between serum HBsAg levels
and gender, INR, serum bilirubin, albumin, sodium or
cholinesterase levels were observed. Quantification of
serum HBsAg was not associated with age (Table 3).

DISCUSSION

This study aimed to determine baseline HBsAg levels
during the different phases of CHB infection in a Chi-
nese cohort. Both serum HBsAg levels and HBsAg/HBV
DNA ratios were obviously different during the five
phases of CHB. This finding was previously clearly dem-
onstrated by Jaroszewicz ef al'® in a European cohort, by
Nguyen ef 4l in an Asian cohort and by Ramachandran
et al™ in an Indian cohort. However, the present study is
the largest to characterize HBsAg levels in the different
phases of CHB infection.

Our results showed that median HBsAg titer was
highest in the IT phase (4.85 logio IU/mlL) followed
by the IC phase (4.36 logio IU/mL), and both of these
phases were HBeAg positive. As indicated in Table 3,
HBsAg titers were higher in the HBeAg positive phase
compared with the HBeAg negative phase, including the
ENH (2.95 logio IU/mL) and LR (3.18 logio 1U/mL)
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Figure 1 Distribution of hepatitis B surface antigen titers during natural history of chronic hepatitis B and correlation between serum hepatitis B surface
antigen titers and hepatitis B virus DNA in different phases of chronic hepatitis B. A: Median values with 95% confidence interval; B-D: The ratio of serum hepa-
titis B surface antigen (HBsAg) to hepatitis B virus (HBV) DNA levels in the five phases of chronic hepatitis B (CHB). Dots represent individual values, bars 95%Cl of

median, and numbers are median values.

phases. The lowest HBsAg titers wete observed in the
LC phase (2.69 logio IU/mL). All patients were genotype
B or C. In both viral genotypes, the median HBsAg titers
were also different among the five phases of CHB; how-
ever, there were no differences in median HBsAg titers
between genotype B and C in all five phases.
Quantification of HBsAg was introduced more than
20 years ago, but has only recently been significantly
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improved by new automated quantitative assays. Several
studies have suggested that quantitative HBsAg is an ef-
fective tool for identifying patients who are candidates
for therapy, and for monitoring response to pegylated
interferon (Peg-IFN), telbivudine and entecavir treat-
ment, and HBV DNA levels®"” ", Our results demon-
strated that there was a positive correlation between
serum HBsAg and serum HBV DNA levels in the IC
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Table 3 Correlation between hepatitis B s antigen and laboratory parameters in different phases

IT (m = 108) IC(n = 161) ENH (7 = 149) LR (7 = 135) LC (n = 70)

r P value r P value r P value r P value r P value
Age 0.153 0.144 0.025 0.757 -0.053 0.519 -0.102 0.319 0.254 0.134
HBV-DNA (logwo IU/mL) 0.287 0.003 0.683 <0.001 0.342 <0.001 0.156 0.071 0.177 0.143
ALT (U/L) -0.119 0.107 -0.102 0.198 0.102 0.215 -0.057 0.422 -0.093 0.445
AST (U/L) 0.060 0.535 -0.072 0.161 0.034 0.681 -0.011 0.880 -0.082 0.499

HBV: Hepatitis B virus; IT: Immune tolerance phase; IC: Immune clearance phase; ENH: Hepatitis B e antigen negative hepatitis; LR: Low-replicative; LC:

Liver cirrhosis induced by HBV.
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Figure 2 Ratio of hepatitis B surface antigen and hepatitis B virus DNA in
each phase of chronic hepatitis B. Median values with 95% confidence inter-
val (of median) are shown. IT: Inmune-tolerant; IC: Immune-clearance; ENH:
Hepatitis B e antigen negative hepatitis; LR: Low-replicative; LC: Liver cirrhosis;
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

phase, a modest correlation in the ENH and IT phases,
and a poor correlation between serum HBsAg titers and
serum HBV DNA in the LR and LC phases. In a recent
study by Nguyen ez a/'"!, Asian patients with HBV infec-
tion also showed a strong correlation between HBsAg
levels and HBV DNA during the IC phase. In agree-
ment with the results of Nguyen e /', our study also
indicated that the serum HBsAg/HBV DNA ratio was
significantly higher in the LR phase compared with the
IT, IC, ENH and LC phases (1.17 »5 0.56, 0.56, 0.54 and
0.57, respectively, P < 0.001). The reason why HBsAg
levels and HBV DNA titers appear unrelated in different
stages of HBV infection is unclear. A possible explana-
tion may be that HBsAg production far exceeds that
required for the production of virions and is secreted
in the form of noninfectious particles. Commercially
available HBsAg quantification methods may detect all
forms of HBsAg; however, the clinical significance of
the different HBsAg forms and their ratios is unknown.
Another possible explanation is that the S gene of HBV
may integrate into host genome in CHB patients.
Several studies have suggested that there is a rela-
tionship between serum HBsAg titers and intrahepatic
markers of HBV infection, such as covalently closed cit-
cular DNA (cccDNA) and intrahepatic HBV DNA®?,
Compared to both serum HBV DNA and intrahepatic
cccDNA, the costs for determining serum HBsAg are
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less. This is very important in a developing country, such
as China. However, the usefulness of serum HBsAg
levels as a substitute for both cccDNA and serum HBV
DNA needs to be further elucidated, as studies have
indicated a poor correlation with cccDNA®, and only a
positive correlation with HBV DNA in HBeAg positive
CHB".

Our results also indicated that the levels of HBsAg
were lowest in the LC phase, representing long-term
immune clearance of HBV infection. A possible mecha-
nism for this may be long-term vigorous immune action,
but not complete clearance of HBV in the LC phase.
Another possible explanation is a reduction in healthy
hepatocytes which can synthesize HBsAg, due to liver
fibrosis.

This was a cross-sectional study. A longitudinal study
designed to follow the different phases of HBV infection
is requited. However, HBV infection is a progressive dis-
ease in most phases, such as the IC, ENH and LC phases.
On the other hand, according to recent guidelines, CHB
patients in the IC, ENH and LC phases should receive
antiviral treatment. Therefore, it is very difficult to design
a longitudinal follow-up study to evaluate HBsAg levels
in different phases of HBV infection.

In conclusion, this Chinese cohort study demonstrat-
ed that (1) HBsAg titers are different in the five phases
of HBYV infection; HBsAg levels are highest in the IT
phase and lowest in the LC phase; HBsAg shows a
strong correlation with HBV DNA in the IC phase; and
there were no differences in the median HBsAg titers
between genotype B and C in all five phases. Our find-
ings have provided evidence of the pathophysiology and
natural history of hepatitis B infection. Future longitudi-
nal studies should be conducted to confirm these results.

COMMENTS

Background

The quantification of serum hepatitis B surface antigen (HBsAg) has recently
been advocated as a reliable marker of disease activity in chronic hepatitis
B (CHB). Knowledge of HBsAg in the natural history of chronic hepatitis B is
important for disease management. Despite the usefulness of HBsAg quan-
tification as a predictor for CHB, there is a lack of corresponding data on the
baseline level of HBsAg during the nature history of CHB in China.
Research frontiers

As the natural course of hepatitis B virus (HBV) infection proceeds, liver histol-
ogy may progressively worsen and some patients with CHB may develop liver
failure or hepatocellular carcinoma. Furthermore, serum HBsAg levels are
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strongly correlated with intrahepatic HBV DNA and covalently closed circular
DNA (cccDNA); cccDNA is superior to serum HBV DNA as a predictor of the
sustained response to antiviral therapy.

Innovations and breakthroughs

Quantification of serum HBsAg helps in the management of patients with chron-
ic HBV infection. Median HBsAg levels differ significantly during the natural
history of HBV infection, progressively declining from immune tolerance to the
inactive phase. The combination of HBsAg < 1000 IU/mL and HBV DNA < 2000
IU/mL at a single time point accurately identifies true inactive carriers. During
antiviral treatment, HBsAg levels decline more rapidly in patients treated with
pegylated interferon (Peg-IFN) than in those treated with nucleos(t)ide ana-
logues, and in responders to Peg-IFN compared to non-responders, suggesting
that a response-guided therapy in both HBeAg-positive and -negative patients
treated with Peg-IFN could improve the cost-effectiveness of this therapeutic
approach. This is the first study to determine the baseline HBsAg levels during
each phase of the natural history of chronic hepatitis B.

Applications

As the population of hepatitis B carriers and CHB patients in China is approxi-
mately 1/3 to 1/2 of patients worldwide, baseline HBsAg quantification data
could be used for further cohort studies in China.

Peer review

This is a good clinical study in which the authors, for the first time, determine
the baseline HBsAg levels during each phase of the natural history of chronic
hepatitis B. The results of this study help further understand the pathophysiol-
ogy and the natural history of hepatitis B infection.
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