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Abstract

Background We investigated the differences in HBsAg

kinetics at different levels of viremia in hepatitis B e

antigen (HBeAg)-negative chronic hepatitis B (CHB).

Methods We compared HBsAg levels among HBeAg-

negative CHB patients with persistently undetectable HBV

DNA (B20 IU/mL; Group A, n = 100), HBV DNA

20–2,000 IU/mL (Group B, n = 100), and HBV DNA

[2,000 IU/mL (Group C, n = 100). HBsAg and HBV

DNA levels were measured at three consecutive time

points during follow-up (median 21.4 months).

Results Median HBsAg levels were significantly lower in

Group A than in Groups B and C at all time points

(p \ 0.001). HBV DNA and HBsAg levels were weakly

correlated (r = 0.180 and 0.151 for Groups B and C,

respectively). Among patients with HBsAg \100 IU/mL,

Group A patients had the greatest median serum HBsAg

reduction (0.341 log IU/mL/year; Group B, 0.122 log IU/

mL/year; Group C, 0.057 log IU/mL/year; p = 0.002).

Among Group A patients with HBsAg \100 IU/mL,

baseline HBsAg achieved an AUROC of 0.876 in pre-

dicting [1 log annual HBsAg reduction; 10–100 IU/mL

HBsAg was the optimal level for prediction (sensitivity

90 %; specificity 74.6 %). Serum HBsAg/HBV DNA ratios

were significantly higher in Group B than in Groups A and

C (p \ 0.05).

Conclusions HBV DNA and HBsAg were weakly cor-

related. Only patients with undetectable HBV DNA

showed decline in HBsAg levels during follow-up. The

greatest reduction in HBsAg levels occurred in patients

with baseline HBsAg \100 IU/mL.

Keywords Chronic hepatitis B � HBsAg � HBeAg �
HBV DNA � Kinetics

Introduction

With the gradual aging of the hepatitis B virus (HBV)-

infected population, hepatitis B e antigen (HBeAg)-

negative chronic hepatitis B (CHB) has become the

predominant form of CHB worldwide [1–3]. Traditionally,

HBeAg-negative CHB patients are classified as inactive

‘healthy’ carriers, indicating a quiescent form of the dis-

ease [4]. However, recent studies have shown that disease

progression still occurs in a substantial proportion of

HBeAg-negative patients [5, 6], with more than 73 % of

Asian CHB patients being HBeAg-negative when cirrhosis

or hepatocellular carcinoma (HCC) develops [7]. With

improvements in the sensitivity of HBV DNA assays,

serum HBV DNA levels are found to fluctuate markedly

throughout the natural history of HBeAg-negative CHB [8,

9], with elevated levels associated with the development

of cirrhosis and HCC [10–12]. The presence of a core

promoter mutation, found mainly in HBeAg-negative

CHB, is also associated with an increased risk of HCC

development [13].

Serum hepatitis B surface antigen (HBsAg) quantifica-

tion has been recently advocated as an additional marker in
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the monitoring of CHB [14]. Serum HBsAg titer was ini-

tially developed as a surrogate marker for intrahepatic

HBV and closed covalently circular DNA (cccDNA) [15,

16]. However, a recent study found that HBsAg levels

correlated with serum HBV DNA and intrahepatic cccDNA

in only HBeAg-positive disease, and not in HBeAg-nega-

tive patients [17]. A recent longitudinal study has shown

serum HBsAg to decrease at a slow rate of 0.04 log IU/mL

per year, although [1 log reduction in HBsAg has been

associated with good immune control [18].

The lack of correlation between serum HBsAg and HBV

DNA levels in HBeAg-negative CHB was also observed in

recent studies investigating the natural history of changes

in serum HBsAg levels [19, 20]. These studies divided the

HBeAg-negative cohort into only two groups: ‘inactive

carriers’ (serum HBV DNA \2,000 IU/mL) and ‘HBeAg-

negative hepatitis’ [serum HBV DNA C2,000 IU/mL with

elevated alanine aminotransferase (ALT)]. The use of

single-point serum HBsAg and HBV DNA has been shown

to be able to identify inactive carriers [21], while a low

HBV DNA level was predictive of subsequent HBsAg

seroclearance [22]. These findings suggest a possible

association between the two serum markers in HBeAg-

negative CHB, but probably only after more detailed

stratification of different viral loads.

In our present study, we propose studying serum HBsAg

kinetics in three groups of HBeAg-negative patients strat-

ified by their serum HBV DNA levels, including a group of

patients with persistently undetectable serum HBV DNA

(B20 IU/mL).

Methods

The Liver Clinic, Department of Medicine, The University

of Hong Kong, Queen Mary Hospital, Hong Kong is a

tertiary referral center for the management of chronic liver

diseases. Between January 2005 and April 2011, 100

HBsAg-positive, HBeAg-negative CHB patients (Group A)

were noted to have persistently undetectable serum HBV

DNA (B20 IU/mL) over three consecutive time points

during their follow-up. The median duration of follow-up

for these patients was 19.0 months (range 10.8–45.0

months). All patients remained HBsAg-positive and were

treatment-naive. All serum collected was stored at -20 �C

until testing.

An additional 200 HBsAg-positive, HBeAg-negative

treatment-naive patients with follow-up between June 2006

and July 2011 were recruited for comparison. They were

divided into two groups: 100 patients with baseline serum

HBV DNA between 20 and 2,000 IU/mL (Group B) and

100 patients with baseline HBV DNA [2,000 IU/mL

(Group C). The median duration of follow-up for Groups B

and C was 21.7 months (range 12.2–51.9 months) and

22.5 months (range 11.2–35.8 months), respectively.

Serum HBsAg and HBV DNA levels were measured at

three consecutive time points within the follow-up period;

no significant difference was noted in the median duration

of follow-up among all three groups (p = 0.573). Patients

from all three groups were age- and sex-matched at a ratio

of 1:1:1 at baseline, with all patients being HBsAg-positive

and HBeAg-negative for at least 6 months prior to

enrollment.

Patients with concomitant hepatitis C and D infection,

evidence of Wilson’s disease, autoimmune hepatitis, pri-

mary biliary cirrhosis, and significant intake of alcohol

(30 g per day for males, 20 g per day for females) were

excluded. In addition, patients requiring antiviral therapy,

or encountering HBeAg seroreversion or HBsAg seroc-

learance were also excluded. This study was approved by

the institutional review board of the University of Hong

Kong and West Cluster of Hospital Authority, Hong Kong.

Laboratory assays

Serum HBsAg, antibody to HBsAg (anti-HBs), HBeAg,

and antibody to HBeAg (anti-HBe) were measured using

commercially available immunoassays (Abbott Laborato-

ries, Chicago, IL, USA). Serum HBV DNA was measured

using Cobas Taqman assay (Roche Diagnostics, Branch-

burg, NJ, USA), with a linear range of 20–1.98 9 108 IU/

mL. Serum HBsAg titer was measured using the Elecsys

HBsAg II assay (Roche Diagnostics, Gmbh, Mannheim),

with a linear range of 0.05–13,000 IU/mL. Samples with

HBsAg levels higher than 13,000 IU/mL were retested at a

dilution of 1:100, according to the manufacturer’s

instructions. The upper limit of normal for serum ALT was

set at 40 U/L.

Statistical analysis

All continuous values were expressed in median (range).

Statistical analyses were performed using SPSS version

18.0 (SPSS Inc., Chicago, IL, USA), with a two-sided

p value of \0.05 being considered statistically significant.

For patients with undetectable serum HBV DNA or

HBsAg, the results were taken as the lower limit of

detection (20 and 0.05 IU/mL, respectively). The HBsAg

(log IU/mL)/HBV DNA (log IU/mL) ratio, which reflects

the percentage of subviral particles over virions, was

measured. The annual HBsAg log reduction was calculated

using the reduction achieved between the first and third

time points with reference to the total period of follow-up.

To compare the characteristics between the three patient

groups, the Mann–Whitney U test, or the Kruskal–Wallis

test when appropriate, was used for continuous variables
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with a skewed distribution; the Chi-square test was used for

categorical variables. Correlation between serum HBsAg

levels and HBV DNA levels was tested using Spearman’s

bivariate correlation. The predictions of reduction in serum

HBsAg were first examined by the construction of corre-

sponding receiver operating characteristic (ROC) curves,

followed by the assessment of overall accuracy by areas

under the curves (AUCs).

Results

The baseline clinical parameters of all three groups are

depicted in Table 1. Patients in Group C had the highest

median HBsAg levels, followed by patients in Group B.

Patients in Group B had a significantly higher HBsAg/HBV

DNA ratio than those in Group A (p = 0.002) and Group C

(p \ 0.001).

The correlations between serum HBsAg and HBV DNA

for Groups B and C are depicted in Fig. 1a, b, respectively.

In both groups, serum HBsAg correlated poorly with serum

HBV DNA (r = 0.180 and 0.151, respectively).

HBsAg levels

The changes in serum HBsAg kinetics in all three patient

groups are depicted in Table 2 and Fig. 2. For all time

points, median HBsAg levels increased significantly from

Group A to Group B to Group C (p \ 0.001; Tables 1, 2).

During the follow-up period, median serum HBsAg levels

significantly decreased in Group A (p \ 0.001) and

remained similar in Groups B and C (p = 0.327 and 0.136,

respectively).

Table 1 Baseline parameters of all three patient groups

Group A (n = 100) Group B (n = 100) Group C (n = 100) p value

A vs. B A vs. C B vs. C

Males 61 61 61 1.000

Age (years) 47.5 (18.5 to 77.2) 49.6 (21.4 to 79.8) 48.9 (22.5 to 77.4) 0.609 0.391 0.910

Cirrhosis 3 2 2 –

Albumin (g/L) 45 (36 to 51) 44 (34 to 50) 44 (37 to 50) 0.101 0.136 0.095

Bilirubin (lmol/L) 10 (2 to 99) 10 (4 to 50) 10 (4 to 39) 0.079 0.581 0.247

ALT (U/L) 26 (9 to 102) 26 (10 to 97) 34.5 (8 to 89) 0.317 0.016 \0.001

HBV DNA (IU/mL) 20 407 (27 to 1,921) 17,520 (2,503 to 3.59 9 106) \0.001

HBsAg (IU/mL) 7.14 (0.061 to 10,860) 514 (0.085 to 57,530) 1,729 (0.47 to 28,920) \0.001

HBsAg/HBV DNA ratio 0.655 (-0.980 to 3.10) 1.045 (-0.728 to 2.651) 0.713 (-0.568 to 1.168) 0.002 0.372 \0.001

All continuous variables expressed in median (range). HBsAg/HBV DNA ratio expressed in logarithm

ALT alanine aminotransferase, HBsAg hepatitis B surface antigen, Group A HBV DNA persistently B20 IU/mL, Group B baseline HBV DNA

20–2,000 IU/mL, Group C baseline HBV DNA [2,000 IU/mL

Fig. 1 Correlation of serum HBsAg and HBV DNA levels in Groups

B (a) and C (b)
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The annual log reduction in HBsAg for Groups A, B,

and C were 0.316 (range -1.11 to 2.05), 0.138 (range

-1.04 to 1.46), and 0.109 (range -1.42 to 0.66) log IU/mL

per year, respectively. The annual log reduction in HBsAg

for Group A was significantly greater than that for Groups

B (p = 0.001) and C (p \ 0.001). There was no significant

difference in the annual log reduction in HBsAg between

Group B and Group C (p = 0.089).

HBV DNA levels

The changes in serum HBV DNA levels are depicted in

Table 2. Seventy-nine patients (79 %) in Group B had

serum HBV DNA persistently \2,000 IU/mL throughout

the follow-up period. For Groups B and C, there were no

significant changes in HBV DNA levels throughout the

study period (p = 0.945 and 0.851, respectively).

Prediction of HBsAg reduction

The median annual HBsAg log reduction in patients

stratified by baseline HBsAg levels is depicted in Table 3.

Among patients with serum HBsAg\100 IU/mL, Group A

patients experienced greater HBsAg reduction than Group

B and C patients (p = 0.002). In contrast, in patients with

baseline serum HBsAg 100–1,000 or C1,000 IU/mL, the

difference in HBsAg reduction for different viral loads was

not significant.

In Group A, patients with baseline serum HBsAg

\100 IU/mL (n = 81) had a larger median annual reduc-

tion in HBsAg than patients with serum HBsAg C100 IU/

mL (n = 19) (0.341 and 0.116 log IU/mL/year, respec-

tively), although the difference was not significant

(p = 0.230).

Among our whole study population, 17 (5.67 %)

patients achieved an annual HBsAg reduction [1 log, of

which 14 (82.4 %) were from Group A, significantly more

than the number of such patients in Groups B and C

combined (p \ 0.001). The ROC curves and the AUC

values of baseline serum HBsAg levels among Group A

patients in predicting[1 log reduction in serum HBsAg are

depicted in Fig. 3. Among patients with serum HBsAg

\100 IU/mL, baseline serum HBsAg levels achieved an

AUC of 0.876, better than that in patients with serum

HBsAg \1,000 IU/mL (AUC 0.812). The optimal HBsAg

range for predicting[1 log HBsAg reduction was found to

be between 10 and 100 IU/mL (sensitivity 90 %; speci-

ficity 74.6 %).

HBsAg/HBV DNA ratio

The changes in HBsAg/HBV DNA ratio are depicted in

Table 2. In Group A, there was a significant reduction in

HBsAg/HBV DNA ratio (p \ 0.001), but in Groups B and

C, there were no significant changes in HBsAg/HBV DNA

ratios during the study period (p = 0.144 and 0.458,

respectively). For all three time points, the HBsAg/HBV

DNA ratio of Group B was significantly higher than those

of Groups A and C (p \ 0.05).

Fig. 2 Distribution of serum HBsAg levels in Groups A (a), B (b),

and C (c)
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ALT levels

The median serum ALT levels in Groups A, B, and C at the

three study time points were 26, 22, and 21 U/L; 26, 26,

and 25 U/L; and 34.5, 32, and 32.5 U/L, respectively.

There were no significant changes in ALT for all three

groups (all p [ 0.05). In Group C, 50 patients had persis-

tently normal ALT, and 50 patients had elevated ALT on at

least one occasion. There was no difference in median annual

HBsAg reduction in these two groups (0.115 log IU/mL

per year and 0.106 log IU/mL per year, respectively;

p = 0.939).

Discussion

Depending on the sensitivity of the HBV DNA assay used,

patients with undetectable HBV DNA constitute a minority

(11–28 %) of the total HBeAg-negative CHB population in

Asian patients [1, 10, 11]. Serum HBV DNA levels,

however, are known to fluctuate with time [8]. The clinical

implications of measuring HBV DNA levels have been

readily demonstrated in studies associating lower HBV

DNA levels with favorable outcomes, including HBsAg

seroclearance [22] and reduced incidences of cirrhosis [10]

and HCC [11]. Defining the role of HBsAg levels in this

area requires further studies. The first step of investigation

should be studies examining the longitudinal changes in

HBsAg levels in patients with different HBV DNA levels.

The natural disease course of HBeAg-negative CHB can be

hugely variable and often unpredictable. The present study

investigated the longitudinal profile of serum HBsAg levels

at different viral loads in treatment-naı̈ve HBeAg-negative

CHB patients, including patients with persistently unde-

tectable HBV DNA (B20 IU/mL). To our knowledge, the

present study is also the first to report the changes in

HBsAg kinetics and their implications in patients achieving

a persistently undetectable viral load.

Table 2 Serum HBsAg levels, HBV DNA levels, and HBsAg/HBV DNA ratio throughout the study period

2nd time point p value 3rd time point p value

HBsAg levels (IU/mL)

Group A 3.34 (0.056 to 9,490) 0.466 (0.051 to 16,690)

Group B 335 (0.091 to 30,020) \0.001 347 (0.078 to 24,000) \0.001

Group C 1,393 (0.19 to 25,780) 1,131 (6.05 to 18,030)

HBV DNA levels (IU/mL)

Group A 20 20

Group B 473 (20 to 1.89 9 106) \0.001 558 (20 to 6.23 9 105) \0.001

Group C 19,200 (40 to 1.06 9 107) 20,700 (140 to 1.35 9 107)

HBsAg/HBV DNA ratio

Group A 0.403 (-0.993 to 3.057) \0.001 -0.255 (-0.993 to 4.014) \0.001

Group B 0.872 (-0.484 to 2.950) 0.004 0.865 (-0.822 to 3.044) 0.005

Group C 0.699 (-0.125 to 1.478) 0.687 (0.137 to 1.407)

All continuous variables expressed in median (range). HBsAg/HBV DNA ratio expressed in logarithm

HBsAg hepatitis B surface antigen, Group A HBV DNA persistently B20 IU/mL, Group B baseline HBV DNA 20–2,000 IU/mL, Group C
baseline HBV DNA [2,000 IU/mL

Fig. 3 ROC curves of baseline HBsAg in predicting [1 log annual

HBsAg reduction among Group A patients
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The weak correlation found between HBV DNA and

HBsAg (Fig. 1) can be explained by the fluctuating nature

of serum HBV DNA levels and the excess production of

HBsAg by the virus. The lowest serum HBsAg levels were

found in patients with persistently undetectable viremia

(Group A), followed by those with intermediate HBV DNA

levels (Group B), while patients having high HBV DNA

levels (Group C) had the highest HBsAg titers. The find-

ings of the present study imply that a positive relationship

between serum HBsAg and HBV DNA does exist, but in a

broader sense and not in a purely monotonic manner.

Hence, patients with low HBV DNA levels tend to have

low HBsAg levels and vice versa, but among patients with

small HBV DNA differences, e.g., 1–2 logs, the variations

in serum HBsAg would be minimal.

Another important observation in the present study was

that significant HBsAg reduction during follow-up requires

two important pre-requisites: low HBsAg levels, i.e.,

\100 IU/mL, and persistently undetectable HBV DNA. A

[1 log annual HBsAg reduction occurred most frequently

in patients possessing these two factors. Although HBsAg

\100 IU/mL has been recently found to be predictive of

subsequent HBsAg seroclearance [23, 24], the present

study did not find any significant HBsAg reduction among

patients with HBsAg \100 IU/mL and intermediate

(Group B) or high (Group C) viral loads (Table 3). Serum

HBsAg is usually produced in excess of viral need, and its

kinetics in the presence of persistently undetectable vire-

mia needs further investigation. Future studies could target

the HBV surface gene messenger RNA (mRNA) transcripts

in liver tissue among patients with different levels of

viremia. In fact, measurements of HBV surface gene

mRNA transcripts have been reported in studies investi-

gating the histologic characteristics of patients achieving

HBsAg seroclearance [25, 26].

Further insight concerning the relationship between

HBsAg and HBV DNA can be gleaned from HBsAg/HBV

DNA ratios. The HBsAg/HBV DNA ratio was higher in

Group B than in Group C, suggesting that virion production

was most efficient when viral replication was at interme-

diate levels. This suggests that the production of HBV

DNA and HBsAg are under different kinetics. During

intermediate levels of viral replication, the assembly of

HBsAg exceeds that of virions, probably since viral inte-

gration, a non-essential aspect in the life cycle of HBV,

produces HBsAg in the absence of viral replication [27].

Control of viral replication could also be at a post-tran-

scriptional level, sparing the transcription and secretion of

HBsAg [17].

Besides the difference in the kinetics of HBV DNA and

HBsAg production, an intriguing regulation between

intrahepatic rcDNA (the precursor of serum HBV DNA),

cccDNA, and HBsAg levels may exist. Intrahepatic HBV

DNA preferentially exists as cccDNA and not rcDNA

during low viral replication [28], leading to a relative

decrease in intrahepatic rcDNA for virion assembly and a

relative increase in cccDNA for mRNA transcription,

resulting in increased HBsAg production and an HBsAg/

HBV DNA ratio, as seen in Group B. To further verify this

speculation, it would be interesting to study the HBsAg/

HBV DNA ratio in patients with very low HBV replication

(Group A). However, there is a drawback in interpreting

HBsAg/HBV DNA ratios in Group A, in which the value

of serum HBV DNA was universally set as 20 IU/mL—the

lower limit of detection by the assay. This group might not

accurately reflect the true proportion of subviral particles

versus virions. Future studies investigating the relationship

between serum HBsAg and HBV DNA levels should

consider the measurement of hepatitis B core-related

antigen (HBcrAg), a proposed surrogate serological marker

for cccDNA [29, 30].

The present study could provide a blueprint for future

research investigating the usefulness of serum HBsAg in

monitoring nucleoside analog therapy. Studies have shown

that despite the profound suppression of serum HBV DNA

to undetectable levels by nucleoside analogs, serum

Table 3 Association of

baseline HBsAg and HBV DNA

levels with HBsAg reduction

Continuous variables expressed

in median (range)

The increased HBsAg reduction

in patients with HBsAg\100 IU/

mL and undetectable HBV DNA

is highlighted in italics

HBsAg hepatitis B surface

antigen, Group A HBV DNA

persistently B20 IU/mL, Group B
baseline HBV DNA 20–2,000 IU/

mL, Group C baseline HBV DNA

[2,000 IU/mL

HBsAg (IU/mL) Groups Number of

patients (%)

Annual HBsAg log

reduction (log IU/mL

per year)

p value

C1,000 A 7 (6.2 %) 0.192 (-1.429 to 1.493) 0.533

B 42 (36.8 %) 0.153 (-0.214 to 1.010)

C 65 (57.0 %) 0.112 (-0.180 to 0.659)

100–1,000 A 12 (17.1 %) 0.082 (-0.686 to 1.897) 0.527

B 28 (40.0 %) 0.130 (-1.039 to 0.484)

C 30 (42.9 %) 0.105 (-1.418 to 0.405)

\100 A 81 (69.8 %) 0.341 (-1.114 to 2.049) 0.002

0.321

0.002

B 30 (25.8 %) 0.122 (-0.478 to 1.468)

C 5 (4.3 %) 0.057 (-0.622 to 0.213)
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HBsAg levels remained static [31]. The present study

provides a possible pointer to examine whether there will

be further reduction of HBsAg in patients once they have

achieved undetectable HBV DNA levels and an HBsAg

level of less than 100 IU/mL. The prognostic significance

of low HBsAg levels and [1 log annual HBsAg reduction

in nucleoside analog therapy would also need further

investigation.

A drawback of this study is the lack of HBV genotyping,

especially since different HBV genotypes could have different

HBsAg kinetics [32]. The present study also included few

patients with established cirrhosis (2–3 % in each study

group). Future studies should be performed to investigate

HBsAg kinetics in cirrhotic patients and its relationship with

clinical parameters that are associated with cirrhosis (e.g.,

thrombocytopenia and relevant ultrasonographic findings).

In conclusion, serum HBsAg \100 IU/mL in CHB

patients with persistently undetectable HBV DNA was

predictive of a greater subsequent reduction in HBsAg

levels. Serial monitoring of HBsAg levels is thus useful in

patients with both undetectable HBV DNA and low HBsAg

titers. The changes in HBsAg kinetics described by the

present study could provide a reference for future research

investigating the use of serum HBsAg levels for response-

guided management when sustained viral suppression is

achieved with nucleoside analog therapy.
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