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Quantification of hepatitis B surface ahtigen can help predict
spontaneous hepatitis B surface antigen seroclearance
Makoto Arai, Seiko Togo, Tatsuo Kanda, Keiichi Fujiwara, Fumio Imazeki

and Osamu Yokosuka

Background and aim The clinical outcomes of hepatitis B
virus (HBV) carrlers are favorable following hepatitis B
surface antigen (HBsAg) seroclearance. The aim of this
study was to investigate the clinical course of spontaneous
HBsAg seroclearance and the factors predicting it.

Methods A total of 423 patients who tested positive for
HBsAg and were referred to Chiba University Hospital
between January 1985 and April 2008 were Included in the
study and the following characteristics were analyzed:
age, sex, status of hepatitis B e antigen, alanine
aminotransferase level, HBV DNA level, number of
platelets, HBV genotype, past treatment with interferon,
and HBsAg level. When a nucleotide analog was used for
treatment, we stopped follow-up. Measurement of HBsAg
was performed using the chemiluminescent enzyme
immunoassay method and less than 003lUlml of HBsAg
 was designated as HBsAg seroclearance.

Results The study group included 239 men and 184
women and thelr average age was 40,5t 13.8 years.
Twenty-five patients achieved HBsAg seroclgarar'tce during
the follow-up period with an incidence rate of 0.97%

Introduction
An estimated 350 million peoplc worldwide are chrommlly
infected with the hepatitis B virus (HBV) [1]. The loss of

hepatitis B surface antigen (HBsAg) usually results in -

normalized serum alanine aminotransferase (ALT) levels
and decreased HBV DNA levels, which may lead to im-
proved hepatic necroinflammation, and is thought to in-
dicate clinical healing [2,3]. However, HBsAg seroclearance
is a rare event in chronic hepatitis B (CHB) and its inci-
dence is estimated to be approximately 2-3% per year [4].
Because of its rarity, the clinical course during HBsAg
seroclearance remains largely unknown, although the clinical
course during hepatitis e antigen (HBeAg) seroclearance has
been well documented [5,6]. Historically, various factors
have been reported to predict HBsAg seroclearance [7] and
various studies have been carried out to distinguish the
positive and negativé prognostic factors for HBV car-
riers [8,9]. Recently, quantitative serology has been devel-
oped for HBsAg and is a promising candidate assay for
determining an accurate prognosis for HBV carriers [10]. In
this study, on the basis of a cohort of patients with CHB
with long-term follow-up, we investigated the clinical course
during HBsAg seroclearance.

0864-691X © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

per year. Multivariate analysis revealed that HBsAg

titer (compared with patients with a low HBsAg level:
odds ratio=0.45, 95% confidence interval: 0.29-0.70) at
baseline was the only predictive factor for HBsAg
seroclearance.

Conclusion HBsAg semc!earance occui'red at a frequency
of 0.97% per year without the use of a nucleotide analog.

' HBsAg titer at baseline was the only predictive factor for
. HBsAg seroclearance. Eur J Gastroenterol Hepatol
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Materials and methods

Patients , )

This was a retrospective and hospltal-bascd analysns

Between January 1985 and April 2008, all patients visiting
the Chiba University Hospital and who were HBsAg-
positivc carriers (# = 676) were approached for participa-
tion in the study. This study was reviewed and approved
by the Institutional Review Board of the Chiba University
School of Medicine. The patients’ consent was obtained
for the storage and use of serum. Patients who were
positive for the hepatitis C virus antibody and those who
had another -potential cause for chronic liver disease
(autoimmune hepatitis and primary biliary cirrhosis) were
excluded from the study. To exclude patients with an
acute ‘infection of HBV, we confirmed the persistent
infection of HBV before the first visit to our hospital or low
titers of the IgM-HBc antibody at entry for all the patients.

Those patients who were monitored for less than 1 year or
who had been given antiviral drugs (lamivudine or
entecavir) before entry were also excluded from the
analysis. As a result, 423 patients were selected for further -

analysis. Study participants were followed up every 6-12 .
months, and the serum samples obtained from the patienis

DOl 10.1097/MEG.0b013e328350504d
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each year were stored at —20°C. The earliest sample from
each patient was used to define the level of HBsAg at
entry. The level of HBsAg in the most recent sample from
each of 423 patients was evaluated. When the level of
HBsAg was below the cutoff (0.03 IU/ml), we designated
this as HBsAg seroclearance. To clarify the relationship
between HBsAg seroclearance and other factors, age, sex,
HBeAg status, HBV genotype, the use of interferon,
HBsAg, HBV DNA, ALT; and the number of platelets were
analyzed.

Laboratory assays

Measurement of HBsAg was performed using the chemilu-
minescent enzyme immunoassay method and the HISCL-
2000i (Sysmex Corporation, Kobe, Japan). A positive linear
correlation was observed between our method and Architect
HBsAg QT (Abbott Laboratories, Abbott Park, Illinois,
USA), which is commonly used. A dilution test showed a
linear correlation curve in the range from 0.03 to 2360 IU/ml,
and the samples that showed a high HBsAg level above this
range could be quantified after diluting 40 or 1600 times. In
addition, our method can be applied to quantify the HBsAg
in serum samples with different HBV genotypes/subgeno-
types, as well as in serum-contained HBV vaccine escape
mutants (126S, 145R) [11,12]. HBeAg and anti-HBe levels

were determined by an enzyme-linked immunosorbent -

assay (ELISA; Abbott Laboratory). Anti-HCV was detected
by ELISA (Ortho Diagnostics, Tokyo, Japan). The serum
HBV DNA level was quantified by a polymerase chain
reaction assay (Amplicor HBV Monitor; Roche Diagnostics,
Basel, Switzerland) with a linear range of quantfication
of 2.6-7.6 log copies/ml. The six major genotypes of HBV
(A-F) were determined by ELISA (HBV Genotype EIA,
Institute of Immunology Co. Ltd, Tokyo, Japan).

Serlal changes In hepatitis B surface antigen in the

patients with hepatitis B surface antigen seroclearance
To monitor the serial changes in HBsAg levels in patients
with HBsAg seroclearance, the level of HBsAg was

Table 1 Basellne characteristics of hepatitis B surface antigen-positive patients

evaluated inv all available samples from these patients.
Changes in ALT, platelets, and HBsAg were evaluated -
before and after HBsAg seroclearance.

Statistical analysis

The baseline data are presented as mean =+ SD. ‘The
difference in the values of the clinical parameters between
the two groups was analyzed using a paired s-test, an
unpaired r-test, the Welch #test, and the y*test. All
analyses were performed using the statistical program
SPSS 16.1 (SPSS Inc., Chicago, Illinois, USA). A P-value
of less than 0.05 was considered statistically significant.

Resuits

Characteristics of patients with hepatitis B surface
antigen seroclearance

The baseline clinical and virological characteristics of the
423 HBsAg-positive carriers are shown in Table 1. During
the follow-up period, monitoring of those patients who
received treatment for HBV with nuclcotide analogs was
discontinued. Tventy-five patients showed HBsAg ser-
oclearance with an incidence rate of 0.97% per year. For
these 25 patients, we confirmed the negative results of
HBsAg quantification in at least two sequential samples.
Two of the 25 patients had received interferon (IFN)
therapy before the start of follow-up and HBsAg seroclear-
ance in these patients occurred over 10 years after IFN
treatment. First, we investigated the relationship between
HBsAg seroclearance and other virological and clinical
markers. In terms of HBeAg status, the level of HBV DNA
and HBsAg, the number of platelet, and the pcriod of follow-
up, there were obvious difference between the patients with
and without HBsAg seroclearance (Tible 1). No patient
suffered from liver failure. Among those with HBsAg sero-
clearance, hepatocellular carcinoma (HCC) occurred only in
one patient (4.0%) after HBsAg seroclearance. This patient
underwent a hepatectomy to remove HCC and the degree
of liver fibrosis was moderate (F2), not cirrhosis. In the
control group, HCC occurred in 20 patients (5.0%).

Parametors Total patients HBsAg seroclearance No HBsAg seroclearance P value
Number 423 25 308 '

Sex (maleffemale) 239/184 18/7 221177 NS*
Age (years) 405+138 446194 402+ 14.0 Ns?
HBeAg status (+/~) 183/240 3/22 180/218 0.003*
HBV DNA {log copies/ml) 66x1.8 48%+1.8 ’ 58119 : 0.007°
ALT QUA) 72,7804 116.3£206.1 69.8176.8 NS¢
Platelet {/ul) 206 000165000 178 000:£ 63 000 208000+ 65 000 0.026°
Genotype A/B/C/D/not determined 6/31/261/11126 1/2/18/0/4 4/28/243/11121 NS°
Past use of interferon 16/407 2/23 ’ 14/384 Ns©
HBsAg {logo [U/ml) 3.37%1.21 24711.28 3.44£1.13 <0.001¢
Follow-up peried {days) 221711844 310012249 2160+ 1802 0.044°

ALT, alanine aminstransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatlﬁs B virus; NS, not significant.

2y 24ast,

bUnpaired Mest.
°Fischer's exact fest.
“Mann-Whitney Urest.
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"Serlal changes In hepatitis B surface antigen, alanine
aminotransferase level, and platelets before and after
hepatitis B surface antigen seroclearance
The levels of HBsAg, ALT, and platelets in the patients
with HBsAg seroclearance were evaluated annually (Figs 1,
2a-and b). The average follow-up periocd after HBsAg
seroclearance was 6.5 5.7 years. HBsAg reappeared in
three patients at 8, 10, and 11 years after HBsAg sero-
clearance. Two patients showed HBsAg seroclearance again
within 2 and 3 years of the reappearance of HBsAg, but one
patient could not be followed up after the reappearance of
HBsAg. All 25 patients were negative for HBeAg and HBV
DNA and had normal ALT levels. In addition, ALT levels
did not fluctuate in these parients after HBsAg seroclear-
ance. Platelets in the patients with HBsAg seroclearance
did not show any difference between enuy (180000 *
44 000/ul) and the end (179 000 = 55000/ul) of the follow-
up period (paired s~test), although three of eight patients
with less than 150000/ul of platelets at HBsAg seroclear-
ance showed an increase in platelets after HBsAg sero-
clearance.

Factors associated with the future serociearance of
hepatitis B surface antigen
Next, we used the Cox proportional hazards model to
* investigate the factors associated with the future sero-
clearance of HBsAg (Table 2). Univariate analysis revealed
that age [compared with younger patients: odds ratio

(OR) = 1.06, 95% confidence interval (CI): 1.03-1.10], .

HBeAg negativity (compared with HBeAg positivity:
OR=7.88, 95% CI: 2.34-26.6), HBV DNA level (com-
pared with patients with a low HBV DNA level: OR =
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Serial changes in hepatitis B surface antigen (HBsAg) levels in patients
with HBsAg seroclearance. The average level of HBsAg at entry among
all the patients was 16 994 IU/mi (dotted line), although the levels of
most patients with HBsAg seroclearance were below the average.
Twen patients with HBsAg seroclearance showed a decline in the
HBsAg level several years before HBsAg seroclearance.
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0.58, 95% CI: 0.46-0.75), and HBsAg titer (compared with

" patients with a low HBsAg level: OR=0.39, 95% CI:

0.29-0.53) at baseline were predictive factors for HBsAg
seroclearance. Multivariate analysis revealed that HBsAg
titer (compared with patients with a low HBsAg level:
OR = 0.45, 95% CI: 0.29-0.70) at baseline was a predictive
factor for HBsAg seroclearance. Thus, these analyses
revealed that a low HBsAg level was the most important
factor associated with the future seroclearance of HBsAg,
We performed the multivariate analysis again, changing the
threshold of HBsAg from 1.0 to 5.0log IU/ml in 1.0log
increments. We determined the threshold when the value |
of probability was the smallest. As a result, the threshold of-

HBsAg levels was determined to be 3.0log IU/ml. The
hazard ratio (95% CI) and the P-value were 5.32 (1.77-15.9)
and 0.003, respectively., When the HBV carriers were
divided into two groups, over 1000 IU/mi of HBsAg or not,
HBsAg seroclearance occurred in HBV carriers with less
than 1000IU/ml of HBsAg at a higher rate and with a

significant difference (log-rank test, P < 0.01; Fig. 3). '
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Table 2 Cox regresslon analysls for the predictive factors for hepatitis B
surface antigen seroclearance

Muttivariate analysis

Univariate analysis
Hazard ratio Hazard ratio
(85% Cl) P velue (85% Cl) P value
Age 1.06 {1.03-1,10)  0.001 1.03 (0.88-1.07) ' NS
Sex male 2.35 (0.87-5.68) NS
HBeAg negative 7.88 (2.34-26.6) 0.001 262 (0.62-11.0) NS
HBV-DNA 0.58 (0.46-0.76) <0.001 0.94 {0.68-1.35) NS

ALT 1.00 (1.00-1.00) NS
Platelst 1.00 (0.88-1.00) NS
Genotype A 1.92 (0.92-4.00) NS
Past use of interferon 1.47 (0.34-8.27) NS
HBsAg (log)

ALT, alanine aminotransferase; Cl, confidence interval; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; NS, not
significant. .
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Cumulative occurrence of seroclearance of hepatitis B surface antigen
(HBsAg) based on the HBsAg levels over 10001U/ml of HBsAg or not
by the Kaplan—-Meier method. A significant difference was observed by
the log-rank test (P<0.01). The dotted line indicates the group with a
low HBsAg level.

0.39 (0.28-0.63) <0.001 0.45 (0.20-0.70) <0.001

Discussion

HBsAg is the fundamental diagnostic marker of HBV
infection. HBsAg is a component of the Dane particle,
which contains the viral genome, and of subviral particles.
But the mechanisms that regulate the production of
HBsAg, particularly the subviral particles, are largely
unclear [13]. HBsAg seroclearance is a clinical goal for
HBV carriers, because, after HBsAg seroclearance, clinical
outcomes of HBV carriers are favorable and the incidence
of liver failure and HCC in patients with HBsAg
seroclearance is much lower than that in HBsAg-positive

patients [2,3,14,15]. Individuals who become HBsAg
negative can be considered to have resolved CHB. If we
can predict the seroclearance of HBsAg among HBV
carriers, this can help physicians manage CHB patients.

Spontaneous HBsAg seroclearance has been well docu-
mented and predictive factors for the seroclearance of
HBsAg were also clarified. Liu ez 2/ [4] reported that the
level of HBV DNA was an important factor and Kim
et al. [16}] reported that old age and a normal ALT level
were factors associated with HBsAg seroclearance. Tai
et al. [7] reported that male sex, HBeAg negativity, older
age, low maximal ALT level, and hepatic steatosis were
factors associated with HBsAg seroclearance and that the
estimated HBsAg seroclearance rates increased with age
and reached a plateau after the age of 50 years. Our study
clarified that the level of HBsAg, not the HBV DNA
level, is a predictive factor for the clearance of HBsAg. In
the previous reports [17,18] and ours [10], the level of
HBV DNA showed a good correlation with the level of
HBsAg, but there were quite a few outliers. In fact, nine
(36.0%) of 25 patients with HBsAg seroclearance showed
a high HBV DNA level (over 5.0log copies/ml) at
baseline. In contrast, only three (12.0%) of 25 patients
showed a high HBsAg level (over 4.0log;s IU/ml) at
baseline. As far as HBsAg seroclearance is concerned, the
HBsAg level is the most reliable predicting factor for it,
and future analysis for the outliers berween HBsAg and
HBV DNA levels might provide a clue toward clarification
of the mechanism of HBsAg seroclearance. In this study,
the age at HBsAg clearance varied from 27 to 67 years and
was scattered and showed no particular trend. This
difference was attributed to the difference in the method
of HBsAg quantification. Our study involved quantifica-
tion of the HBsAg level using an assay with higher
sensitivity (the cutoff level was 0.031U/ml) than tradi-
tional and qualitative analysis of HBsAg (the curoff level
was almost 1.0IU/ml). In addition, most studies had not
evaluated the quantitative HBsAg level as a prognostic
factor for HBV carriers. In any case;, to evaluate the
HBsAg seroclearance precisely, HBsAg should be evalu-
ated using a quantitative method.

~ Nine patients with HBsAg seroclearance showed ALT

elevation within 5 years before HBsAg seroclearance. Five
of nine patients showed a high HBV DNA level during
ALT elevation, which might indicate a severe immune
reaction for HBV. These results suggested that there
exist two types of progress reaching to HBsAg.seroclear-
ance: one with a flare in the ALT level as a severe
immune reaction for HBV and the other without it. We
should clarify the difference between these two types in
the future.

IFN therapy has antiviral and immunomodulatory effects
and has been used in the treatment of CHB. In meta-
analysis, IFN therapy could induce HBsAg seroclearance
at the end of follow-up for at least 3 years [19,20]. In our
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