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Abstract

AIM: To investigate hepatitis B surface antigen (HBsAg)
levels in patients with HBeAg-positive chronic hepatitis
B (CHB) and different immune conditions.

METHODS: HBeAg-positive CHB patients with different
immune conditions were enrolled in this cross-sectional
study. These patients were grouped according to the
following criteria: immune-tolerant patients, IT group;
patients with a mild immune response in the immune
clearance phase, IC-Mild group; and patients with a dra-
matic immune response in the immune clearance phase
and exhibiting acute on chronic liver failure (ACLF), ACLF
group. All these patients had not previously received an-
tiviral therapy and were enrolled at a pre-settled ratio of
2:2:1. Serum HBsAg levels and the correlation between
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serum HBsAg level and serum hepatitis B virus (HBV)
DNA level were evaluated in these groups.

RESULTS: In total, 180 HBeAg-positive CHB patients
[IT group (n = 72), IC-Mild group (7 = 72), and ACLF
group (7 = 36)] were enrolled in this study. The me-
dian serum HBsAg levels varied among the groups (P <
0.001): IT, 4.86 logio IU/mL; IC-Mild, 3.97 log:o IU/mL;
and ACLF, 3.57 logio IU/mL. Serum HBsAg level showed
a moderate positive correlation with serum HBV-DNA
level in the IC-Mild group (» = 0.60, 2 < 0.001), but
exhibited a weaker correlation in the IT (r = 0.52, P
< 0.001) and ACLF groups (r = 0.51, # = 0.001). The
ratio of HBsAg/HBV DNA did not differ significantly
among the IT, IC-Mild, and ACLF groups (medians: 0.56,
0.55, and 0.56, respectively; P = 0.179).

CONCLUSION: Serum HBsAg levels varied signifi-
cantly in HBeAg-positive patients with different immune
conditions. These findings may have important implica-
tions for understanding the immune clearance of HBV
in HBeAg-positive CHB patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This study showed that a dramatic immune
response demonstrated that acute on chronic liver fail-
ure results in lower serum hepatitis B surface antigen
levels compared with a mild immune response in pa-
tients in the immune clearance phase. These findings
may have important implications for understanding the
immune clearance of hepatitis B virus in these patients.
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INTRODUCTION

Hepatitis B surface antigen (HBsAg) is considered a mile-
stone in the research history of hepatitis B virus (HBV)
and has been used for more than 40 years to confirm
HBYV infections". With the second generation of stan-
dard HBsAg samples introduced by the World Health
Organization, quantitative HBsAg tests have been per-
formed™”,

Studies have shown the potential application of HB-
sAg quantification in predicting responses to interferon-
based therapy and nucleos(t)ide therapy"”. In addition,
the quantified serum HBsAg level has been used as a po-
tential surrogate or supplemental marker of HBYV DNA
to identify the phase of the natural history of the disease
and to predict seroconversion in CHB"™”.

In the HBeAg-positive condition, the natural course
of CHB patients is divided into the immune tolerance
and immune clearance phases. The serum HBsAg level is
higher in the immune tolerance phase and declines in the
immune clearance phase[m'lz], indicating different immune
conditions associated with various HBsAg levels.

In addition to the different immune conditions be-
tween the immune tolerance and immune clearance
phases, the degree of host immune response is different
when immune clearance begins'>'". In general, patients
show moderately increased alanine aminotransferase
(ALT) levels without hepatic decompensation, indicating
a mild immune response. However, when a dramatic im-
mune response occurs in the immune clearance phase,
liver function decompensates or detetriorates to acute on
chronic liver failure (ACLF), which is usually described
as acute hepatic injury manifested as jaundice and coagu-
lopathy*'?. Although all patients in the IC phase have
been evaluated as a whole, the serum HBsAg levels in
these patients with different immune responses in the
immune clearance phase have not been evaluated indi-
vidually. Lee ez al'”" showed that baseline serum HBsAg
levels can be used as a prognostic factor of the anti-HBV
treatment response in HBeAg-positive CHB patients
during the immune clearance phase. Thus, studies should
be conducted to investigate whether a dramatic immune
response exhibiting ACLF will yield different HBsAg
levels compared with a mild immune response in patients
in the immune clearance phase, which may indicate anti-
viral therapy results. In addition, the HBsAg levels should
be compared with those in immune-tolerant patients to
determine whether different characteristics are observed
when patients in the immune clearance phase are sub-
divided according to different immune clearance condi-
tions.

Therefore, three groups of HBeAg-positive CHB
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patients were enrolled in this study: immune-tolerant pa-
tients, I'T group; patients with a mild immune response in
the immune clearance phase, IC-Mild group; and patients
with a dramatic immune response in the immune clear-
ance phase and exhibiting ACLE, ACLF group. The HB-
sAg levels were compared among these three groups.

In different phases of the HBV infection, the connec-
tion between HBsAg production and HBV replication is
not stable™. This study also aimed to evaluate the correla-
tion between serum HBsAg levels and serum HBV DNA
levels among these three groups.

MATERIALS AND METHODS

Patients and study design

Three groups of HBeAg-positive CHB patients with dif-
ferent immune conditions were recruited into this cross-
sectional study. Each group was classified as follows: IT
group, high HBV DNA levels and ALT < upper limit
of normal (ULN); IC-Mild group, increased HBV DNA
levels, 2 ULN < ALT < 10 ULN, total bilirubin (TB) < 2
ULN (42 pmol/L), international normalized ratio (INR)
(a laboratory test representing coagulopathy) < 1.27, and
approximate prothrombin time activity percentage (PTA)
> 60%; ACLF group, increased HBV DNA levels, ALT
> 2 ULN, extreme fatigue with severe digestive symp-
toms, serum TB level > 171 umol/L, INR > 1.50, and
approximate PTA < 40%.

Patient history showed that all patients had not re-
ceived antiviral therapy and were HBsAg positive for
longer than six months. The patients had no clinical
or ultrasonographic findings of cirrhosis. The patients
were recruited from the First Affiliated Hospital, Col-
lege of Medicine, Zhejiang University with a pre-settled
ratio of 2:2:1 in the IT, IC-Mild, and ACLF groups,
respectively, from October 2011 to May 2013. The tar-
get number of patients in each group was estimated
according to the serum HBsAg levels of the first 50 pa-
tients enrolled (data not shown). In this study, the ULN
of ALT was 40 U/L, whereas the ULN of TB was 21
umol/L.

Patients in the IT group met the criteria of the IT
phase according to the Asian-Pacific Consensus State-
ment on the Management of Chronic Hepatitis B: A
2008 Update'!. Patients in the IC-Mild group repre-
sented patients without liver function decompensation
in the IC phase, and this definition is consistent with the
same consensus statement regarding CHB. Patients in
the ACLF group met the criteria according to the ACLF
consensus recommendations of the Asian Pacific Asso-
ciation for the Study of the Liver'.

None of the enrolled patients suffered from co-
infection with viruses, such as hepatitis A, hepatitis C,
hepatitis D, hepatitis E, or human immunodeficiency
viruses. Patients with cirrhosis, drug-induced liver injury,
autoimmune hepatitis, alcoholic liver diseases, genetic and
other liver diseases, chemo/immunotherapy, or cancer
were excluded. All pediatric patients were also excluded.
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Table 1 Baseline characteristics of three groups of hepatitis B e antigen -positive chronic hepatitis B patients

Variables IT group (n = 72) 1C-Mild group (7 = 72) ACLF group (m = 36)  Kruskal-Wallis test P value
Age (yr) 25 (22-29) 30 (24-37) 34 (28-41) <0.001
Gender (male/female) 44/28 55/17 32/4 0.006
HBV DNA (logi IU/mL) 8.39 (8.15-8.65) 7.58 (7.11-8.79) 6.33 (4.67-7.17) <0.001
HBsAg (logio IU/mL) 4.86 (4.54-4.97) 3.97 (3.67-4.43) 3.57 (2.74-4.03) <0.001
ALT (IU/mL) 25 (19-32) 220 (118-282) 468 (244-779) <0.001
TB (umol/L) 11 (9-15) 16 (10-29) 314 (248-443) <0.001
INR 1.01 (0.81-1.07) 1.08 (0.85-1.17) 224 (1.74-2.71) <0.001
PLT (10°/L) 210 (187-273) 172 (152-298) 124 (103-167) <0.001

Data are expressed as the median (interquartile range) or as a ratio. CHB: Chronic hepatitis B; IT: Immune-tolerant patients; IC-Mild: Patients with a mild
immune response in the immune clearance phase; ACLF: Patients with a dramatic immune response in the immune clearance phase and exhibiting acute
on chronic liver failure; ALT: Alanine aminotransferase; WBC: White blood cell; PLT: Platelet; TB: Total bilirubin; INR: International normalized ratio.

For the IT and ACLF patients, serum HBsAg and HBV
DNA levels were determined once at the time of enroll-
ment. IC-Mild patients had a median follow-up of three
weeks (minimum 2 wk, maximum 8 wk); serum HBsAg
and HBV DNA levels were determined once at the time
of enrollment and repeated at least once during the fol-
low-up petiod. Serum samples for the HBsAg and HBV
DNA tests were collected at the same time points during
enrollment or follow-up. The patients who experienced
liver function decompensation, but did not meet the cri-
teria of the IC-Mild group were excluded.

Serum HBsAg levels were compared among the three
groups in this study. The correlation between serum HB-
sAg level and serum HBV DNA level was determined.

This study was conducted according to the guidelines
of the Declaration of Helsinki and was approved by
the Review Board of the Ethics Committee of the First
Affiliated Hospital, College of Medicine, Zhejiang Uni-
versity. Written informed consent was obtained from the
patients or their relatives.

Laboratory tests

Biochemical parameters were analyzed by routine auto-
mated methods (Hitachi 7600, Japan). HBeAg was quali-
tatively analyzed, and HBsAg levels were quantitatively
analyzed using the Abbott ARCHITECT assay (Abbott
Diagnostics, Germany) according to the manufacturer’
s instructions. The dynamic range of HBsAg levels was
0.05-250 TU/mL. The samples were diluted to 1:500 or
1:1000 using ARCHITECT HBsAg Manual Diluent (Ab-
bott Diagnostics) if the HBsAg levels were greater than
250 TU/mL. Serum HBV DNA was quantified using
a determination kit for HBV DNA (Life River, China)
at a detection range of 5 X 10*1 X 10° TU/ml; for the
samples with > 10° TU/mI. HBV DNA levels, the HBV
DNA assay was repeated after dilution to 1:1000.

Statistical analysis

The data are presented as medians (interquartile range),
except when stated otherwise. The Kruskal-Wallis test
was performed for multivariate comparisons. The Mann-
Whitney test and Fisher’s exact test were performed for
univariate comparisons, as appropriate. The Spearman
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rank test was conducted for correlation analyses. Multi-
variate linear regression with the HBsAg concentration as
an independent factor was performed. Statistical calcula-
tions were performed using GraphPad Prism (Version 5.0,
GraphPad Software, San Diego, United States). A P value
of 0.05 (two-tailed) was considered significant.

RESULTS

Patient characteristics

In total, 180 HBeAg-positive CHB patients were enrolled
in this cross-sectional study (72 in the I'T group, 72 in the
IC-Mild group, and 36 in the ACLF group). A predomi-
nance of males (131/180, 72.8%) was observed in the
study population. The patient characteristics, including
age, gender, serum HBV DNA levels, serum HBsAg lev-
els, ALT, TB, INR, and platelets, are described in detail in
Table 1. All these parameters were significantly different
among the IT, IC-Mild, and ACLF groups.

Distribution of serum HBsAg levels

The distribution of serum HBsAg levels in the three
groups was evaluated as described in Figure 1. The me-
dian serum HBsAg levels in each group wete as follows:
IT group, 4.86 logio IU/mlL; IC-Mild group, 3.97 logio
1U/mlL; and ACLF group, 3.57 logio IU/ml.. The serum
HBsAg levels were significantly different in each group
(IT »s IC-Mild, P < 0.001; IT »s ACLFE, P < 0.001; IC-
Mild »s ACLE, P = 0.001).

Correlation between serum HBsAg levels and serum
HBYV DNA levels

The HBsAg/HBV DNA ratio was evaluated (Figute 2).
The median levels of the HBsAg/HBV DNA ratio in the
IT, IC-Mild, and ACLF groups were 0.56, 0.55, and 0.56,
respectively. The results showed no significant differences
among these three groups (P = 0.179).

The correlations between serum HBsAg levels and
HBYV DNA levels in each group are shown in Figure 3. A
modest correlation was found between HBsAg and HBV
DNA in the IC-Mild group (r = 0.60, P < 0.001). Serum
HBsAg level was weakly correlated with HBV DNA in
the IT group (»= 0.52, P < 0.001) and the ACLF group (r
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Figure 1 Distribution of serum hepatitis B surface antigen levels in the
three groups of hepatitis B e antigen-positive chronic hepatitis B patients.
Median values are presented. There was a significant difference between these
three groups (IT vs IC-Mild, P < 0.001; IC-Mild vs ACLF P = 0.001; IT vs ACLF,
P < 0.001). CHB: Chronic hepatitis B; IT: Immune-tolerant patients; 1C-Mild:
Patients with a mild immune response in the immune clearance phase; ACLF:
Patients with a dramatic immune response in the immune clearance phase and
exhibiting acute on chronic liver failure; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus.
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Figure 2 Ratio of hepatitis B surface antigen/hepatitis B virus DNA in the
three groups of hepatitis B e antigen-positive chronic hepatitis B patients.
Median values are presented. There was no significant difference among these
three groups (P > 0.05). CHB: Chronic hepatitis B; IT: Inmune-tolerant patients;
IC-Mild: Patients with a mild immune response in the immune clearance phase;
ACLF: Patients with a dramatic immune response in the immune clearance
phase and exhibiting acute on chronic liver failure; HBsAg: Hepatitis B surface
antigen; HBV: Hepatitis B virus.

=0.51, P < 0.001) compared with the IC-Mild group.

DISCUSSION

Several research programs have been established to in-
vestigate HBsAg levels in the natural history of CHB
in Asian and European ethnicities""'?. With regard to
HBeAg-positive status, a higher and more stable titer
of serum HBsAg (median 4.5-4.9 logio IU/mL) is ob-
served in the I'T phase when the host’s immune response
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Figure 3 Correlation between serum hepatitis B surface antigen levels
and hepatitis B virus DNA levels in the three groups of Hepatitis B e
antigen-positive chronic hepatitis B patients. A: Immune-tolerant patients
(IT) group; B: Patients with a mild immune response in the immune clearance
phase (IC-Mild) group; C: Patients with a dramatic immune response in the
immune clearance phase and exhibiting acute on chronic liver failure (ACLF)
group. HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

against HBV-infected hepatocytes has not been trig-
geredlw’lzj. When immune clearance has been triggered
and a fraction of the HBV-infected hepatocytes has been
destroyed, decreased serum HBsAg levels have been
found in the IC phase (median 3.7-4.3 logio TU/ ml)!"",

which was proven in our study. The degree of a host’s
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immune response has been shown to be different when
immune clearance begins. However, scientists have of-
ten considered all patients in the IC phase as a whole
ot have excluded ACLF patients from their studies!""?.
This study is the first to subdivide HBeAg-positive CHB
patients into groups according to the different immune
responses. The results revealed that the median level of
serum HBsAg was significantly lower in the ACLF group
than in the IC-Mild group (3.57 logio IU/mL »5 3.97 logio
IU/mL). The explanation for this difference may be the
dramatic immune response in the ACLF group compared
with the mild immune response in the IC-Mild group.
Although the HBsAg clearance mechanism is complex
in HBeAg-positive ACLF patients, several clues have
revealed that the mechanism appears related to the re-
markable immune response in which pro-inflammatory
cytokines play an important role!"”,

Changes in serum HBsAg levels in HBeAg-positive
CHB patients with different immune conditions may
provide useful information regarding the HBV life cycle.
Chan ¢ al'"” performed a longitudinal study and showed
that the median serum HBsAg level in IC patients was
similar before HBeAg seroconversion was achieved.
Another study demonstrated that the early decrease in
the amount of HBsAg in HBeAg-positive patients can
predict sustained response to pegylated interferon. Pe-
gylation enhances the half-life of interferon compared
with its native form". In this study, a dramatic immune
response in the ACLF group caused a significant reduc-
tion in HBsAg levels compared with the IC-Mild group.
The decreased HBsAg levels in the ACLF group suggest
that HBeAg seroconversion may be achieved after this
dramatic immune response. For these reasons, longitudi-
nal follow-up is recommended.

HBsAg synthesis during persistent HBV infection is
complex and differs from HBV DNA synthesis. HBsAg
is synthesized in the endoplasmic reticulum and from
HBV DNA integrated into a host’s genomem. Three
forms of HBsAg are found in serum HBsAg: part of
an HBYV virion, the filament, and spheroid particles; the
amount of HBsAg produced is usually 10°-10° greater"”
than the value required for virion assemblylzj. The meth-
ods used to quantify serum HBsAg cannot differentiate
these three forms. Furthermore, the synthesis ratio of
these three forms of HBsAg is complex in the natural
history of CHB. Previous studies showed a strong cor-
relation between HBsAg production and HBV DNA
replication in the early phase of immune clearance, such
as in acute hepatitis B" orin patients responding to Peg-
IFN treatments™. In addition, a positive association was
observed between serum HBsAg and HBV DNA in the
IC phase in patients with genotypes B, C, and D accord-
ing to previous studies”. Patients in China predominantly
exhibit genotype B or C, and thus, we also found a posi-
tive correlation between serum HBsAg and HBV DNA
in the IC-Mild group (r = 0.60, P < 0.001). Studies dem-
onstrating the relationship between HBsAg and HBV
DNA in the IT phase are limited. For example, Nguyen
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et al' reported that HBsAg production is pootly corre-
lated with viral replication (» = 0.30, P = 0.09). Our study
showed a stronger correlation between HBsAg and HBV
DNA in the IT patients (» = 0.52, P < 0.001). This result
may be attributed to the unavailable HBV genotype com-
position of the patients and the relatively large number
of patients enrolled in the I'T group compared with those
in previous studies.

Early studies described rapid viral clearance with un-
detectable serum HBsAg and HBYV DNA in HBV-related
liver failure”™”. However, the test methods for HBsAg
and HBV DNA are qualitative. A recent study noted a
consequential, rapid decrease in the HBV viral load with-
in four days in chronic hepatitis B-induced liver failure™
A positive correlation between HBsAg and HBV DNA
in ACLF patients was found (» = 0.51, P = 0.001) in our
study. This result is possible evidence that the serum HB-
sAg level rapidly decreases in ACLF as the HBV DNA
rapidly declines.

The ratio of HBsAg/HBV DNA is stable in HBeAg-
positive patients before HBeAg seroconversion, indicat-
ing a stable correlation between virus replication and
HBsAg secretion™™. This stable correlation was proven in
our study. The HBsAg/HBV DNA ratios wete approxi-
mately 0.55 in the three groups in this study.

This study also has certain limitations. First, it is a
cross-sectional study, whereas a longitudinal investigation
would be more useful. However, long-term follow-up
without the influence of anti-HBV therapy is difficult be-
cause antiviral therapy was administered to almost all pa-
tients in the IC-Mild or ACLF groups. Second, the HBV
genotype cannot be used in this study. Investigations
should also be conducted to determine the influence of
genotypes on the production of HBsAg under different
immune conditions. In addition, the distribution of se-
rum HBsAg levels does not show significant differences
in genotype B or C HBeAg-positive patients“z]. This find-
ing partly resolves such limitations.

In conclusion, serum HBsAg levels are significantly
different in HBeAg-positive CHB patients with different
immune conditions. In particular, the highest, moderately
high, and lowest HBsAg levels were found in the I'T, IC-
Mild, and ACLF groups, respectively. These findings may
have important implications in elucidating the immune
clearance and sequential immune control of HBV infec-
tion in HBeAg-positive CHB.

COMMENTS

Background

Quantitative serum Hepatitis B surface antigen (HBsAg) levels have been char-
acterized in four typical phases of the natural history of chronic hepatitis B (CHB),
indicating the dynamic interaction between hepatitis B virus and its host’s im-
mune system. However, the severity of the immune response is different in the
immune clearance phase, and HBsAg levels have not been evaluated in these
subdivided patients and compared with those in immune-tolerant patients.
Research frontiers

Studies on HBsAg quantification should focus on predicting the responses to
antiviral therapy according to the baseline HBsAg levels or according to chang-
es in the HBsAg levels during therapy. Therefore, studies should be conducted
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to investigate the HBsAg levels under different immune conditions during the
natural history of CHB. In this way, a link between the immune reaction and
antiviral efficacy might be revealed.

Innovations and breakthroughs

In this study, HBsAg levels in HBeAg-positive patients who met the criteria of
acute on chronic liver failure were evaluated for the first time. The HBsAg levels
were lower in these patients than in patients without evident liver decompensa-
tion in the immune clearance phase.

Applications

These findings may have important implications in elucidating the immune
clearance and sequential immune control of HBV infection in HBeAg-positive
CHB.

Terminology
HBsAg is a surface antigen of the hepatitis B virus. HBsAg has been used as a
hallmark of hepatitis B infection for more than 40 years.

Peer review

This paper reported different serum HBsAg levels in patients with HBeAg-
positive chronic hepatitis B under different immune conditions. It also showed a
modest correlation between the HBsAg levels and HBV DNA levels under these
different immune conditions. Basically, the manuscript is well written, and the
conclusion is clear.
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