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Molecular and Clinical Characteristics of
Hepatitis B Surface Antigen

Technical advances in the
measurement of hepatitis B surface
(HBs) antigen
HBs protein is encoded by the pre-S and S genome, and the
detection of HBs antigen (HBsAg) in sera is an initial step for
the diagnosis of hepatitis B virus (HBV) infection. The “a”
determinant region (amino acid residues 124–147) is the main
epitope for inducing a protective immune response. Mutations
in the “a” determinant region, known as escape mutants, affect
antigenicity and hinder attempts to detect HBV in serum [1].
HBsAg mutation is usually induced by immune escape of postexposure prophylaxis. In the 1970s, the introduction of the
reversed passive hemagglutination (R-PHA) test revolutionized
the detection of HBV [2]. Several enzyme immunoassays were then
developed and showed increased sensitivity for the detection of
HBV. However, it was still difficult to detect escape mutants using
these methods [3]. Currently, chemiluminescent immunoassays
(CLIA) and chemiluminescent enzyme immunoassays (CLEIA) are
commonly used for HBV screening because they show higher
sensitivities and specificities than the previous methods. In
addition, CLIA and CLEIA allow us to quantify HBs-Ag, in terms
of the HBs-Ag titer. The HBsAg titer in HB extracellular antigen
(HBeAg)-positive chronic hepatitis B is positively correlated with
serum HBV-DNA, intrahepatic double-stranded covalently closed
circular DNA (cccDNA), and total HBV-DNA [4]. The HBsAg-HQ
assay, the most recently introduced system, allows us to measure
HBsAg at titers of > 0.005 IU/ml [5]. Advanced methods showing
high sensitivity and low false-positive rates will become standard
methods of measuring the HBsAg titer.

Clinical significance of the HBsAg titer
The primary goal of chronic hepatitis B (CHB) treatment is to
eradicate HBV or to at least suppress HBV replication. Despite
recent advances in anti-viral agents for chronic HBV infection,
complete eradication of the virus remains difficult. Thus, we
hope to reduce viremia and improve the patient’s prognosis
by improving hepatic function and preventing liver cancer. The
natural history of CHB can be divided into five major phases: (i)
high replicative, low inflammatory phase; (ii) immune clearance
phase; (iii) HBeAg-negative chronic hepatitis phase; (iv) nonreplicative phase; and (v) HBs-Ag loss/occult hepatitis phase.
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After HBs-Ag loss, patients showing anti-HBs antibody positive
are recognized as clinically cured phase. HBV-DNA is a sensitive
marker but its titer fluctuates widely, especially in the immune
clearance phase, and it is difficult to make long-term predictions
based on its titer. In general, the HBsAg level gradually decreases
from 5 logIU/ml in the high replicative phase to 2 logIU/ml in nonreplicative phase [6]. The cut-off level of 1,000 IU/ml can be used
to differentiate the non-replicative phase from HBeAg-negative
chronic hepatitis [7,8].
The eradication of HBsAg is the ultimate virological goal of
treating CHB, but is still rare. In untreated patients, the HBsAg
seroclearance rate is reported to be 0.9%–1.0% per year, and
is increased by hepatic flares. The HBsAg titer at baseline is the
only predictor of HBsAg seroclearance [9]. In European studies,
the HBsAg seroclearance rate was approximately 3%–8% after
1 year of interferon treatment and occurred in 23% of patients
during a median follow-up of 8.8 years [10-12]. By contrast,
the accumulated HBsAg seroclearance rate in entecavir-treated
patients was 0.2% and 3.5% at 1 and 5 years, respectively [13].
In a Taiwanese study, the frequency of liver cancer was
significantly greater in patients with an HBsAg titer > 1,000 IU/
ml than in patients with an HBsAg titer < 1,000 IU/ml [14]. In a
Japanese study, the incidence of liver cancer was significantly
greater in patients with an HBsAg titer > 2,000 IU/ml, even if they
were treated with a nucleotide analog [15]. According to Chinese
and Korean studies, the frequency of liver cancer recurrence was
significantly greater in patients with an HBsAg titer of > 2,000 IU/
ml and > 4,000 IU/ml, respectively [16,17].

De novo hepatitis in HBsAg-negative
patients
Although undetectable serum HBsAg is often perceived to
indicate the cure of CHB, reactivation of disease, known as de
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novo hepatitis, is relatively common following chemotherapy
and immunosuppressive therapy in HBsAg-negative patients
[18]. De novo hepatitis has also been reported in HBsAg-negative
patients following liver transplantation from an anti-HBcpositive donor [19]. Hepatocytes infected with HBV produce
cccDNA, which is stable in the nucleus. Systemic chemotherapy
and immunosuppressive therapy sometimes re-initiates HBV
replication, called reactivation, in HBsAg-positive patients
and in HBsAg-negative patients positive for anti-HBc and/
or anti-HBs. DNA replication typically commences 12 weeks
after chemotherapy, and seroconversion to HBsAg positivity
is detected about 12 weeks after the start of DNA replication
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[18]. HBV reactivation was reported to occur in 6.25% of HBsAgnegative patients with diffuse large B-cell lymphoma who were
treated with systemic chemotherapy, comprising rituximab plus
cyclophosphamide, doxorubicin, vincristine, and prednisone [20].
Several therapeutic regimens comprising nucleotide analogs with
or without HBV immunoglobulin (HBIG) have been adopted in
several liver transplant centers.
We should be aware of HBV reactivation, even in HBsAgnegative patients treated with systemic chemotherapy and
immunosuppressive therapy. Currently, serological tests of HBsAg,
anti-HBc antibodies, and anti-HBs antibodies are recommended
before and during treatment of HBV.
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