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Summary
Aims We aimed to determine the contribution of
quantitative HBsAg in differentiating chronic infec-
tions from chronic hepatitis in HBeAg negative pa-
tients with HBV DNA 2000–20,000IU/ml.
Material and methods A total of 79 untreated HBeAg
negative patients were included. Patients were di-
vided into 3 groups based on HBV DNA levels:
group 1 (HBV DNA≤ 2000IU/ml), group 2 (HBV DNA:
2000–20,000IU/ml) and group 3 (HBV DNA> 20,000
IU/ml). We collected serum from all patients for
quantitative HBsAg analysis. We compared serum
quantitative HBsAg levels with biochemical parame-
ters, HBV DNA and liver biopsy results.
Results In this study 46 patients were female and the
mean age was 42 years. Serum quantitative HBsAg
levels were found to be significantly lower in chronic
infections compared with chronic hepatitis. There
was a positive correlation between quantitative HB-
sAg and HBV DNA, ALT (alanine aminotransferase),
HAI score (histological activity index), fibrosis score
and disease stage. The cut-off level of quantitative
HBsAg was determined as 4425IU/ml to differentiate
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chronic infection from chronic hepatitis. With the test
specificity of 95%, we found quantitative HBsAg cut-
off values 1026IU/ml and 20,346IU/ml for the diag-
nosis of chronic infection and chronic hepatitis, re-
spectively.
Conclusion Our study suggests that the quantita-
tive HBsAg≤ 1000IU/ml limit value might be used
for the diagnosis of chronic infection not only in
HBV DNA≤ 2000IU/ml but also in patients with HBV
DNA between 2000–20,000IU/ml. In addition, an-
tiviral treatment could be considered in patients
with quantitative HBsAg> 20,000IU/ml and HBV
DNA> 2000IU/ml without further examinations such
as liver biopsy.

Keywords Quantitative · HBsAg · Hepatitis B ·
Chronic infection · Chronic hepatitis

Introduction

Hepatitis B virus (HBV) is a small enveloped DNA
virus belonging to Hepadnaviridae family [1]. Three
different viral structures have been shown in investi-
gations from infected patient’s serum under electron
microscopy: the Dane particle, spherical particles and
tubular particles. While the Dane particle is the only
particle containing HBV genome, all three particles
express surface antigen (HBsAg) and are the source
of HBsAg in serum [2, 3]. Viral sequences integrated
into the host cell genome also cause HBsAg expres-
sion [4]. The research based on the measurement of
HBsAg levels in serum were first studied in the early
1990s and its contribution to virological response was
investigated in patients under interferon treatment
[5]. With standardization, quantitative HBsAg (qHB-
sAg) has recently become a valuable parameter in the
staging, follow-up, initiation and interruption of treat-
ment of chronic HBV infection and in the prediction

K The role of quantitative HBsAg in patients with HBV DNA between 2000–20,000IU/ml 647

https://doi.org/10.1007/s00508-021-01854-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s00508-021-01854-7&domain=pdf
http://orcid.org/0000-0002-6319-7889


original article

Fig. 1 Classification of the
patients according to initial
HBV DNA, ALT levels during
a year and histopathology
of liver biopsies. ALT ala-
nine aminotransferase,
PNALT permanently normal
ALT levels, CI chronic infec-
tion, CH chronic hepatitis,
n number

of complications [4, 6–11]. Relevant studies showed
that qHBsAg was related to transcriptional activity of
covalently closed circular DNA (cccDNA) which is the
most important replication indicator of HBV [12–16].

Long-term complications are very rare in HBeAg
negative chronic infection (CI). The guidelines do
not recommend routine liver biopsy and initiation
of treatment for patients with HBV DNA≤ 2000IU/ml
and permanently normal alanine aminotransferase
levels (PNALT) [7, 17–19]. The risk of cirrhosis and
hepatocellular carcinoma (HCC) increases approxi-
mately 10 times in patients with serum levels of HBV
DNA> 20,000IU/ml compared to CI [20]. While the
prognosis and indications for treatment of patients
with HBV DNA≤ 2000IU/ml and >20,000IU/ml have
been determined, it is not generally easy to distinguish
CI from HBeAg negative chronic hepatitis (CH) in pa-
tients with HBV DNA between 2000–20,000IU/ml. In
the long-term follow-up of patients with HBV DNA
between 2000–20,000IU/ml most cases are consid-
ered to be CI, while some develop CH. The increase
in the frequency of complications, such as chronic
liver disease, cirrhosis and HCC with active disease
reveals the treatment necessity of patients defined
as CH. On the other hand, a group of patients may
receive lifelong unnecessary treatment.

In this study, we aimed to determine the contri-
bution of qHBsAg to differentiating CI from CH in
HBeAg negative patients with HBV DNA between
2000–20,000IU/ml.

Material and methods

This study was approved by the ethical committee
of Istanbul University Cerrahpasa Medical Faculty
(83045809-604.01.02) and was supported financially
by Istanbul University Scientific Research Projects
Coordination Unit (project code: TTU-2017-24508).

Patients

A total of 79 untreated HBeAg negative patients fol-
lowed in Istanbul University Cerrahpasa Medical Fac-

ulty, Infectious Disease Department were included.
The inclusion criteria wereHBsAg positivity for at least
6months, HBeAg negativity, Anti-HBe positivity, being
naive for treatment and detectable HBV DNA. The ex-
clusion criteria were coinfection with Hepatitis C Virus
(HCV), Hepatitis D Virus (HDV) and Human Immun-
odeficiency Virus (HIV), alcoholic liver disease, liver
cirrhosis or HCC. The HBeAg/AntiHBe serostatus,
measurement of HBV DNA and serum alanine amino-
transferase (ALT) levels (1-year period with 3- month
intervals) and histopathological findings (liver biopsy
within 6 months from the time of blood collection)
were used for determination of the phase of chronic
HBV infection. All patients were followed up at least
for 1 year at 3-month intervals.

Patients were divided into 3 groups based on HBV
DNA levels: group 1 (HBV DNA≤ 2000IU/ml), group 2
(HBV DNA: 2000–20,000IU/ml) and group 3 (HBV
DNA> 20,000IU/ml) (Fig. 1).

Group 1: The group included 43 patients with HBV
DNA levels below 2000IU/ml, with PNALT and/or no
evidence of active hepatitis in liver biopsy and were
considered as CI.

Group 2: The group included 19 patients with HBV
DNA levels between 2000–20,000IU/ml. All patients
had liver biopsy and were followed up for at least 1
year. Based on liver biopsy 10 of them were compati-
ble with CI.

Group 3: The group included 17 patients with HBV
DNA above 20,000IU/ml. They had high ALT levels
and/or active hepatitis in the biopsy and were con-
sidered as CH.

Laboratory analysis

The sera from all the patients taken during routine
outpatient follow-up and tested for hepatitis serologi-
cal markers (HBsAg, Anti-HBs, HBeAg, Anti-HBe, anti-
HCV, anti-HDV, anti-HIV), complete blood count,
routine biochemical tests (ALT, aspartate amino-
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Table 1 Baseline characteristics of the study groups
All patients (%)
(n= 79)

Group 1 (%)
(n= 43)

Group 2 (%)
(n= 19)

Group 3 (%)
(n= 17)

p value

Age (years)± SD 42± 10.7 43± 10.9 44± 11.7 37± 7.7 0.087

Gender, female 46 29 9 8 0.19

ALT fluctuation 17 3 (7)* 2 (10.5)* 12 (70.6) 0.001

qHBsAg

≤1000 IU/ml 23 18 (41.9)* 4 (21.1) 1 (5.9)

>1000 IU/ml 56 25 (58.1) 15 (78.9) 16 (94.1)

No. of biopsies 46 13 19 14

0.015

Fibrosis score

F0-1 36 (78.3) 13 (100)* 15 (78.9) 8 (57.1)

F2-3 9 (19.6) 0 (0) 4 (21.1) 5 (35.7)

F4-6 1 (2.2) 0 (0) 0 (0) 1 (7.1)

0.03

HAI

HAI≤ 3 23 (50) 11 (84.6)* 11 (57.9)* 1 (7.1)

HAI≥ 4 23 (50) 2 (15.4) 8 (42.1) 13 (92.9)

0.001

SD standard deviation, qHBsAg quantitative HBsAg, HAI histological activity index, ALT alanine aminotransferase, n number
*Comparison with group 3 (p< 0.05)

transferase, alkaline phosphatase, gamma glutamyl
transferase, albumin, globulin, total bilirubin, pro-
thrombin time and alpha-fetoprotein), HBV DNA and
qHBsAg. The ALT fluctuation was considered in pa-
tients with ALT higher than upper limit of normal
(ULN> 40IU/ml) detected no clear etiology during
follow-up. Liver biopsy was recommended to all pa-
tients but only performed in those who consented.
The qHBsAg levels were compared with the results
of routine biochemical tests and HBV DNA levels on
the same day and liver biopsies performed within
6 months from the time of blood collection. As HBV
genotype D is observed predominantly in Turkey,
we did not determine genotype. Liver biopsies were
analyzed by using standard criteria according to the
modified Ishak scoring system [21].

Blood samples taken from all patients for qHB-
sAg were centrifuged at 2000rpm for 15min and the
serum was separated. These were stored at –20°C
until analyzed. The qHBsAg levels were studied with
the chemiluminescent microparticle immunoassay
(CMIA) technique using Abbott Architect® HBsAg II
kit (Abbott Diagnostics, Chicago, IL, USA).

Table 2 Comparison of qHBsAg among the groups
All patients Group 1 Group 2 Group 3 p value

HBsAg (IU/ml)

Median (IQR) 3042 (885–7956) 1497 (472–4626)* 3042 (1060–7958)* 9678 (5298–20,472) 0.001

HBsAg (logIU/ml)

Mean± SD 3.37± 0.77 3.14± 0.78* 3.44± 0.66 3.90± 0.59 0.002

qHBsAg quantitative HBsAg, IQR interquartile range, SD standard deviation
*p< 0.05 comparison with group 3

Statistical analysis

The SPSS 21.0 program (Statistical Package for Social
Science, Chicago, IL, USA) was used for statistical
analysis of the data. Continuous variables with nor-
mal distribution were expressed by mean± standard
deviation (SD) and continuous variables with skewed
distribution by median (interquartile range, IQR).
Categorical variables were expressed by frequency
and percentage. The χ2-test was used to compare
categorical variables. The Mann-Whitney U-test was
used in binary groups to compare continuous vari-
ables that do not show normal distribution, Kruskal-
Wallis test was used in groups with more than two
groups. In more than two groups, the statistically
significant results were analyzed in pairs using the
Mann-Whitney U-test by using the Bonferroni cor-
rection. Student’s t independent test was used for the
analysis of continuous variables with normal distri-
bution. When the number of groups was more than
two, one-way ANOVA and the Tukey test as post hoc
test were used for statistically significant results. In
the correlation analysis, Pearson correlation test (r)
was used for the normally distributed numerical pa-
rameters, and Spearman’s Rho test (rho) was used for
the analysis of skewed distribution and categorical
data. p<0.05 was considered statistically significant.

K The role of quantitative HBsAg in patients with HBV DNA between 2000–20,000IU/ml 649



original article

The diagnostic accuracy and the cut-off values of
qHBsAg were evaluated by receiver operating charac-
teristics (ROC) curves. Highest sensitivity and speci-
ficity sum was selected for the cut-off level. In order
to increase in the specificity of CI and CH diagnoses,
additional cut-off values were determined with speci-
ficity of at least 95% with the highest sensitivity.

Results

A total of 79 treatment naive, HBeAg negative patients
with detectable HBV DNA were recruited. The mean
age was 42± 10.7 years and 46 patients were females.
The patient characteristics are illustrated in Table 1.
The median follow-up period after diagnosis of HBV
was 4 years (IQR 7 years, range 1–27 years). There was
no significant difference in terms of age and gender
between groups, 53 were defined as CI and 26 were
CH.

The mean qHBsAg was significantly lower in
group 1 than in group 3 (3.14 log IU/ml and 3.90 log
IU/ml, respectively). The mean qHBsAg level was
3.44 log IU/ml in group 2 (Table 2, Fig. 2). The
ALT fluctuation and histological activity index (HAI)
were significantly higher in the group 3 compared
to other groups (Table 1). Statistically, ALT fluctua-
tion was significantly correlated with both HAI score
(rho=0.42, p= 0.004) and disease stage (rho=0.41,
p= 0.001). While there was no patient whose ALT level
exceeded 2 times in group 1, 1 patient in group 2
and 9 patients in group 3 had ALT more than 2 times
higher ULN. Fibrosis score was significantly higher in
group 3 compared to group 1.

A qHBsAg≤ 1000IU/ml was found in 41.9% of pa-
tients in group 1 and 21.1% of patients in group 2.
Only one patient in group 3 had qHBsAg≤ 1000IU/ml.
Positive correlation was found between qHBsAg
and HBV DNA (r= 0.4, p= 0.001), ALT (rho= 0.42,
p= 0.001), HAI score (rho=0.53, p=0.001), fibrosis
score (rho= 0.34, p= 0.02), disease stage (rho= 0.54,
p= 0.001) (Fig. 3). In group 2, four patients with qHB-

Fig. 2 Mean log qHBsAg levels of the study groups

Fig. 3 Correlation of qHBsAg with HBV DNA (a) and ALT (b)

sAg< 1000IU/mL had no findings of active hepatitis
in liver biopsy.

Specificity, sensitivity, positive predictive values
(PPV) and negative predictive values (NPV) of qHB-
sAg levels were determined for diagnosis of CI and CH
phase. The cut-off value of qHBsAg for distinguishing
between CI and CH was 4425IU/ml, whereas sensi-
tivity and specificity were 79% and 81%, respectively.
When the specificity of the test was ≥95% for diagno-
sis of CI, the cut-off value was 1026IU/ml (specificity
96%, PPV 96%). When approved the cut-off value of
116IU/ml, the specificity and PPV increased to 99%
but the sensitivity and NPV decreased to 13% and
36%, respectively. For the diagnosis of CH, the cut-
off value was 20,346IU/ml (specificity 95%, PPV 90%)
when selected the specificity of the test ≥95%. When
approved cut-off value of 29,158IU/ml, the specificity
and PPV of the test increased to 99%. As shown in
Fig. 4, area under the ROC curve (AUROC) of qHB-
sAg was 83.4% (95% confidence interval= 74%–93%,
p= 0.001). Biopsies of 2 patients with qHBsAg> 20,000
IU/ml in group 2 was compatible with CH.
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Fig. 4 ROC analysis of qHBsAg in distinguishing between CI
and CH (AUROC 83.4%, 95% confidence interval: 0.74–0.93,
p= 0.001)

Discussion

Several recent studies have shown that qHBsAg is a dy-
namic parameter in both the natural course of the
disease and the treatment process [6, 13, 22, 23]. The
benefits of qHBsAg have been discussed about stag-
ing the disease, predicting complications, monitoring
the treatment process and making a decision of treat-
ment cessation [4, 6, 8–11]. On the other hand, many
studies have suggested that qHBsAg is closely associ-
ated with intrahepatic viral markers, particularly tran-
scriptional activity of cccDNA [12–15]. Although nu-
cleos(t)id analogues reduce HBV DNA to an unde-
tectable level, further reduction of qHBsAg with pe-
gylated-interferon therapy is thought to explain this
relationship [12].

The present study demonstrated that qHBsAg was
lower in CI than in CH that is similar to relevant stud-
ies [6, 11, 12, 24, 25]. Many studies showed positive
correlation between qHBsAg and HBV DNA previously
[6, 26–29]; however, this clear correlation could not
be shown between qHBsAg and ALT, HAI and fibrosis.
Sali et al. found positive correlation between qHBsAg
and ALT in patients with chronic hepatitis B but no
correlation between qHBsAg and HAI and fibrosis [27].
The other study found no correlation between qHBsAg
and ALT [30]. An article in 2016 found no correlation
between qHBsAg and ALT, HAI and fibrosis score [28].
In our study, qHBsAg was found to be positively cor-
related with HBV DNA, ALT, HAI score, fibrosis score
and disease stage. In a study by Brunetto et al. in
2010, diagnostic accuracy of the coexistence of HBV
DNA≤ 2000IU/mL and qHBsAg≤ 1000IU/mL viewed
at any time, was 94.3% compared with 1-year follow-

up [6]. In the current study, qHBsAg≤ 1000 was found
in 18 of the 43 patients in group 1. Only 1 patient had
qHBsAg< 1000IU/ml in group 3 and whose HBV DNA
level fluctuated between 11,000–222,000IU/ml during
the 5-year follow-up and his liver biopsy was scored
as fibrosis 1/6 and HAI 5/18. In group 2, 4 out of
19 patients had qHBsAg≤ 1000IU/ml and they had no
findings of active hepatitis in liver biopsy. Our data
indicated that the limit value of 1000IU/ml for qHB-
sAg might be used for the diagnosis of CI in patients
with HBV DNA between 2000–20,000IU/ml.

Although qHBsAg cut-off levels are determined in
patients who do not need treatment, there is no ac-
cepted limit value for patients who should be treated.
One study recommends that all patients who do not
meet the criteria for HBV DNA≤ 2000IU/ml and qHB-
sAg≤ 1000IU/ml should be further examined by liver
biopsy [13]. In another study, qHBsAg> 1000IU/ml
and HBV DNA> 200 were defined as high-risk patients
for reactivation. Its NPV and sensitivity were 96% and
was 92%, respectively. In fact, it is suggested that pa-
tients with CH may be noticed during remission pe-
riod and treatment can be started in these patients
earlier [31]. On the other hand, HCC can be seen in
some patients despite low levels of HBV DNA and one
study showed that HCC is more common in patients
with high qHBsAg despite low HBV DNA [32].

In our study, cut-off level of qHBsAg was calculated
as 4425IU/ml for distinguishing between CI and CH.
It showed 83.4% diagnostic accuracy, 79% sensitivity,
81% specificity, 89% PPV. When the specificity of the
test was ≥95%, the limit value for the diagnosis of CI
was 1026IU/ml, PPV was 96% and it was consistent
with the qHBsAg limit value accepted by the guide-
lines [17]. The specificity of qHBsAg≥ 20,346IU/ml
was found to be 95% in the diagnosis of CH. In these
levels of qHBsAg, especially in patients with HBV
DNA> 2000IU/ml, it could be helpful to start antiviral
therapy without further examinations such as liver
biopsy.

This study has some limitations including retro-
spective design, low number of patients and data from
a single center. These limitations should be consid-
ered before making any causal inferences; however,
we supposed that it would be of great benefit to share
our experience, as it provides a valuable insight on
staging the disease and starting the treatment which
still remains a topic of controversy.

Conclusion

In patients with HBVDNA between 2000–20,000IU/ml,
qHBsAg which is more stable than HBV DNAmay con-
tribute to the existing parameters in disease staging.
Our study suggests that the qHBsAg≤ 1000IU/ml limit
value may be used for the diagnosis of CI not only in
HBV DNA≤ 2000IU/ml but also in patients with HBV
DNA between 2000–20,000IU/ml. In addition, antivi-
ral treatment could be considered in patients with
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qHBsAg> 20,000IU/ml and HBV DNA> 2000IU/ml
without further examinations such as liver biopsy.
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