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Abstract
The detection of HBV DNA plays a critical role in determining the level of viral
replication in HBV infected patients. However, how to select appropriate HBV
DNA detection method, low-sensitivity (ls) and hypersensitivity (hs), remains
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unclear. In this study, HBsAg, HBeAg, ALT, AST and hs HBV DNA titers in
serum of 5611 cases with suspected HBV infection were reviewed. Besides, the
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dynamic changes of HBV DNA and HBsAg in 85 chronic hepatitis B (CHB)
patients receiving PegIFNα or entecavir (ETV) were observed. The results
showed the positive rate of HBV DNA was 32.8%, of which low viral load
(20~500 IU/ml) accounted for 51.8%. In the 5611 cases, when the HBsAg<1000
IU/ml, the proportion of low viral load was 76.3%. Moreover, in patients
receiving antiviral treatment, when HBsAg<2000 IU/ml (PegIFNα) or
HBsAg<3500 IU/ml (ETV), the proportion of patients with low viral load was
79.5% or 78.0%, respectively. We developed a strategy of serum HBV DNA
detection in HBV infection patients. When HBsAg was negative, HBV DNA
detection should be unnecessary. When HBsAg was 0.05~1000 IU/ml, hs HBV
DNA should be detected in patients with abnormal level of ALT, AST or HBeAg.
While HBsAg was ≥1000 IU/ml, ls HBV DNA was recommended. Moreover, the
cut-off value of HBsAg increased during antiviral therapy of CHB patients. In
conclusion, hs HBV DNA is of great value in HBV infected patients with low
viral load. HBV DNA detection methods should be selected reasonably according
to the levels of HBsAg, HBeAg, ALT and AST.

Keywords: Clinical detection pathway; Hepatitis B virus; HBV DNA;
Quantitative HBsAg.

Introduction
This article is protected by copyright. All rights reserved.

Hepatitis B virus (HBV) infection remains a major public health concern
worldwide. Globally, approximately 2 billion people have evidence of HBV
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infection, with nearly 240 million chronic carriers of HBsAg [1]. In China,
hepatitis B is still a widely prevalent infectious disease [2,3] and the average
annual cost of HBV-related diseases among hospitalized patients was about
$11,989 [4]. Therefore, to select the appropriate indicators which followed the
principles of health economics is crucial in diagnosis, treatment and monitoring of
HBV infection.
Several clinical indications such as HBV DNA, HBsAg, HBeAg, ALT and AST
have been applied for the detection and assessment of HBV infection. Among
them, the serum HBV DNA quantified by real-time fluorescent quantitative PCR
is a key factor to determine the level of viral replication in different phases of
HBV infection, the selection of patients for treatment and the efficacy of antiviral
therapy. [5]. Moreover, patients with chronic HBV infection should detect HBV
DNA every 6-12 months and the low limit of detection of HBV DNA assays was
better less than 20 IU/ml [6]. Therefore, a simple and convenient method for HBV
DNA detection with low-sensitivity (ls) based on nucleic acid lysis principle has
been developed to detect relatively high concentrations of HBV DNA.
Meanwhile, to detect relatively low concentrations of HBV DNA, a method with
hypersensitivity (hs) based on magnetic-bead technology has also been
established. Although the low limit of detection of latter method was 20 IU/ml,
the detection time and cost were 4 to 5 times higher than the former. Meanwhile,
repeated detection of HBV DNA, especially hs HBV DNA, occupies most of the
detection costs of patients. Moreover, the nucleic acid amplification test requires
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skilled operators and high quality management, which restricts its widespread
application in China, especially in some primary hospitals.
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In the previous studies, we reviewed the correlation between serum markers and
genotype of HBV in 49,164 patients [7] and initially revealed the clinical
significance of HBsAg in 116,455 patients [8]. Recently, HBV serum markers and
ALT/AST detections have been widely used in clinical practice owing to their
advantages, such as high automation level, low cost and rapid detection. However,
whether the combination of HBV serum markers and ALT/AST levels could be
made to predict preliminary the concentration of HBV DNA in patients with HBV
infection and develop an appropriate clinical detection guide pathway for ls HBV
DNA and hs HBV DNA, still remains to be figured out.
In this study, we reviewed the levels of serum HBsAg, HBeAg, HBV DNA, ALT
and AST in 5611 inpatients and outpatients with HBV infection, and followed up
the dynamic changes of HBsAg and HBV DNA in 85 chronic hepatitis B (CHB)
patients receiving antiviral therapy. Besides, the consistency between ls and hs
HBV DNA detection methods was also analyzed in detail. Our results would
provide a laboratory basis for HBV DNA clinical detection pathways.

Materials and methods
Patients
A total of 5611 specimens (including outpatients and inpatient suspected of HBV
infection) were collected between January 1, 2016 and August 1, 2017 from
This article is protected by copyright. All rights reserved.

different departments at the First Affiliated Hospital of Fujian Medical University
including 952 HBsAg negative and 4659 HBsAg positive patients. According to
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2017 Clinical Practice Guidelines on the management of hepatitis B virus
infection of EASL [6], 4659 HBV infections were composed of 1146
HBeAg-positive chronic infections, 585 HBeAg-positive chronic hepatitis, 2333
HBeAg-negative chronic infections and 595 HBeAg-negative chronic hepatitis
(Table 1). Meanwhile, patients who were co-infected with hepatitis A, C, D or E
and HIV had been excluded out in this study.
A total of 44 CHB patients (24 patients with positive HBeAg; 20 patients with
negative HBeAg) receiving PegIFNα (180 μg weekly) and 41 CHB patients (21
patients with positive HBeAg; 20 patients with negative HBeAg) receiving
entecavir (ETV) (0.5 mg daily) were consecutively recruited and followed up for
48 weeks from the Liver Research Center of the First Affiliated Hospital of Fujian
Medical University, between January 2015 and June 2017. Serums of patients at
baseline, week 4, week 8 and every 12 weeks (weeks 12, 24, 36 and 48) were
collected. According to 2017 Clinical Practice Guidelines of EASL, virological
response (VR) is defined as serum HBV DNA level <2,000 IU/ml at 6 months
during PegIFNα therapy or HBV DNA<20 IU/ml at 12 months during ETV
therapy in compliant patients. Other cases were defined as partial virological
responses (PVR) [6].
250 specimens with gradient HBV DNA level (ranged from 500 to 1.0E+09
IU/ml) and 250 specimens with HBV DNA<500 IU/ml detected by real-time PCR
from July 1 to July 31, 2017 were collected which were representative samples
from sample survey of 5611 specimens. Of the patients, there were 345 males and
This article is protected by copyright. All rights reserved.

155 females with a median age of 39 years (range: 12-77 years). All the
specimens were without hemolysis or lipoidemia and stored at -20 °C. According

Accepted Article

to CLSI document EP09-A3 (method comparison and bias estimation using
patient samples) [9], the certainty of statistical analysis could be improved with
increased number of samples although the minimum number needed for
comparative studies is only 40. Further, all study protocols were approved by the
Institutional Medical Ethics Review Board of the First Affiliated Hospital of
Fujian Medical University (IEC-FOM-013-1.0). Patients provided written or
verbal consent prior to inclusion in the study.
Measurement of serum HBsAg and HBeAg

The serum level of HBsAg and HBeAg were detected by Architect I2000 analyzer
(Abbott Laboratories, Chicago), based on a chemiluminescent microparticle
immunoassay, according to the manufacturer’s protocol. The detection values of
HBsAg ranges from 0.05 to 250 IU/ml. A 1:500 dilution was performed in
samples with HBsAg>250 IU/ml. Although this commercial HBeAg kit is not
marketed as a quantitative assay, it produces a signal-to-cutoff (S/CO) ratio that is
linear within a restricted range [10]. The internal quality control included the
negative (0.5 S/CO) and positive (2.0 S/CO) HBeAg serum was provided by
Controls & Standards Biotechnology (Beijing, China). The samples of HBeAg
levels in the range 0.8-1.2 S/CO were retested in duplicates to ensure the accuracy
of the HBeAg results. Specimens with HBsAg ≥0.05 IU/ml or HBeAg ≥1.0 S/CO
are considered reactive.
Measurement of ALT and AST

This article is protected by copyright. All rights reserved.

The serum levels of ALT and AST were detected by an automatic biochemistry
analyzer cobas8000 (Roche Diagnostics, Switzerland) according to
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manufacturer’s instructions on the principle of Enzyme Kinetics with standard
substance and quality control substance from American Bio-Rad Laboratories
(Hercules). The upper limit of normal (ULN) for ALT and AST was 40 U/L and
35 U/L respectively.
Quantitation of low-sensitivity and hypersensitivity HBV DNA
For low-sensitivity HBV DNA kit, a nucleic acid lysis buffer was used to allow
rapid lysis and release of HBV DNA from 5 μl serum. For hypersensitivity HBV
DNA kit, the magnetic-bead technology was used to extract HBV DNA from 200
μl serum. Both kits were provided by Sansure Biotech Inc. (Hunan, China) as per
the manufacturer’s instructions. Extracted HBV DNA was subsequently amplified
by real-time PCR using Genome Diagnostic HBV quantification kit (Sansure
Biotech Inc., China) which was performed on Roche Lightcycler 480 analyzer
(Roche Corporation, Basel, Switzerland). The quality control substance was
bought from Controls & Standards Biotechnology (Beijing, China). The detection
limit for ls HBV DNA was 500 IU/ml and the linear range was 500 IU/ml~1.0
E+09 IU/ml. The detection limit for hs HBV DNA was 20 IU/ml and the linear
range was 20 IU/ml~1.0 E+09 IU/ml.
To further distinguish two methods, HBV DNA from 20 IU/ml to 500 IU/ml (1.3
log10 IU/ml~2.7 log10 IU/ml) was defined as low viral load. According to CLSI
document EP09-A3, 500 specimens were collected and measured by two methods
as described above to assess their relevance and bias.

This article is protected by copyright. All rights reserved.

Statistical analysis
Statistical analysis was performed by SPSS (IBM SPSS statistics 20.0, USA).
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Data were presented as mean ± standard deviation (SD) or median with
interquartile range (IQR) for continuous variables, and as the percentage for
categorical variables. HBV DNA (IU/ml) and HBsAg (IU/ml) were
logarithmically transformed for analysis. HBsAg and HBeAg levels were
categorized into several groups based on a cut-off point and the difference
between each group was evaluated by One-Way ANOVA test or Kruskal-Wallis
test. The correlations between ls HBV DNA and hs HBV DNA, hs HBV DNA
and HBsAg, hs HBV DNA and HBeAg were evaluated by the Spearman rank
correlation test. The receiver operating characteristic (ROC) curve was obtained
and area under the curve (AUC) was calculated to identify optimal HBsAg cut-off
point to predict low viral load in CHB patients with antiviral therapy. P<0.05 was
considered statistically significant.

Results
Correlation between ls HBV DNA and hs HBV DNA
In order to compare the performance of ls HBV DNA and hs HBV DNA, the
correlation of two methods was analyzed firstly. The results showed that there
was a good consistency between the two methods for the detection of HBV DNA.
For the 250 cases with HBV DNA level<500 IU/ml, the detection value for ls
HBV DNA method was <500 IU/ml although some for hs HBV DNA method

This article is protected by copyright. All rights reserved.

(61/250) was between 20 IU/ml and 500 IU/ml, indicating that the coincidence
rate of negative results of the two methods is 100% when the limit of detection
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was 500 IU/ml. Moreover, linear regression and deviation analysis were
performed on 250 positive samples (HBV DNA >500 IU/ml) with gradient
concentrations. Our results showed that the correlation coefficient was 0.955
(Fig.1A) and the average deviation was -0.22% (Fig.1B).
Distribution of HBV DNA in 5,611 specimens
The distribution of the HBV DNA titers in 5,611 specimens was showed in Fig.2.
The percentage of HBV DNA positive specimens was 32.8% (1840/5611) and the
HBV DNA positive level mostly ranged from 20 IU/ml to 500 IU/ml (51.7% of
the positive specimens and 17.0% of total specimens) (Fig.2A). During 20
IU/ml~500 IU/ml HBV DNA, 20 IU/ml~150 IU/ml accounted for 65.9%
(628/953), 150 IU/ml~300 IU/ml accounted for 21.5% (205/953), 300 IU/ml~500
IU/ml accounted for 12.6% (120/953). There was no significant difference in
HBeAg positive ratio (46.0%~51.9%) among different gradient intervals of low
viral load (Fig.2B).
Serological characteristics of different HBsAg or HBeAg
To further explore the distributed characteristics of serum HBV DNA under
different HBsAg or HBeAg levels, the relationship among them was analyzed. A
poor correlation between HBsAg and HBV DNA titers (R2=0.159, P<0.001) was
observed (Fig.3A). Further, patients were divided into 10 groups according to
HBsAg titer. The levels of HBV DNA, HBeAg and ALT/AST increased as
HBsAg level elevated, while the proportion of low viral load decreased especially
This article is protected by copyright. All rights reserved.

when HBsAg concentration was lower than 1000 IU/ml (83.86%→48.80%)
(Table 2).
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As shown in Fig.3B, the correlation between HBeAg and HBV DNA was stronger
than that between HBsAg and HBV DNA (R2=0.276, P<0.001). The patients were
divided into 6 groups according to the level of HBeAg (0~0.5, 1~10, 10~100,
100~500, 500~1000 and >1000 S/CO). It can be inferred that, as HBeAg titer
gradual increased, HBV DNA and ALT/AST levels also increased gradually
while the proportion of low viral load decreased. In addition, when HBeAg>100
S/CO, the proportion of low viral load decreased significantly (65.19%→28.28%)
and the abnormal rate of ALT/AST increased significantly (22.68%→44.59%)
(Table 3). All these results suggested that the relationship between HBV DNA
and the interval of HBsAg or HBeAg could be applied to make a preliminary
prediction of HBV DNA.
Alteration of HBV DNA and HBsAg in CHB patients during antiviral
therapy
To evaluate the relationship between HBV DNA and HBsAg in the process of
antiviral therapy, a total of 44 CHB patients receiving PegIFNα and 41 CHB
patients receiving ETV therapy were enrolled. As shown in Fig.4, the level of
HBV DNA and HBsAg gradually declined with antiviral therapy. For CHB
patients with VR or PVR received PegIFNα therapy, the mean level of HBV DNA
was 2.7 log10 IU/ml when HBsAg decreased to 2000 IU/ml (3.3 log10 IU/ml)
(Fig.4A, 4B). During PegIFNα therapy, the HBV DNA titer in 79.5% (35 of 44)
patients fluctuated from 1.3 to 2.7 log10 IU/ml when HBsAg<2000IU/ml,
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especially in PVR groups. However, for CHB patients received ETV therapy,
HBsAg declined more slowly compared to PegIFN treatment. The mean level of
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HBV DNA was 2.7 log10 IU/ml when HBsAg decreased to 3000 IU/ml (3.5 log10
IU/ml) or 3500 IU/ml (3.55 log10 IU/ml) in VR or PVR groups (Fig.4C, 4D),
respectively. During ETV therapy, the HBV DNA titer in 78.0% (32 of 41)
patients ranged from 1.3 to 2.7 log10 IU/ml when HBsAg<3500 IU/ml, especially
in PVR groups.
Furthermore, to evaluate the values for HBsAg to predict low viral load, ROC
curves were conducted. The AUC was 0.918 for HBsAg (P<0.001) in CHB
patients receiving PegIFNα (Fig. 5A). Meanwhile, the AUC was 0.873 for HBsAg
(P<0.001) in CHB patients receiving ETV therapy (Fig. 5B). The optimal cut-off
values to predict low viral load by HBsAg were 3056 and 3513 IU/ml in CHB
patients with PegIFNα and ETV therapy, with high sensitivity and specificity at
75.0%/92.3% and 77.5%/85.9%, respectively.

Suggestion for ls/hs HBV DNA detection pathways
Given the correlations among HBsAg, HBeAg, ALT, AST and HBV DNA, a
clinical detection pathway for ls HBV DNA/hs HBV DNA detection was
proposed in Fig.6. Based on the levels of HBsAg, 952 of 5611 serum samples
may not be considered to detect HBV DNA. When the level of HBsAg was
0.05-1000 IU/ml, HBV DNAs were mostly <20 IU/ml as the levels of ALT, AST
and HBeAg were normal and hs HBV DNA should be detected directly if one of
the levels of ALT, AST and HBeAg was abnormal. While the levels of HBsAg
This article is protected by copyright. All rights reserved.

were at a higher degree, ls HBV DNA can be detected directly since HBV DNA
was usually ≥500 IU/ml or <20 IU/ml and hs HBV DNA was suggested only
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when HBeAg was weakly positive (1 to 100 S/CO). Moreover, hs HBV DNA
should be selected when HBsAg<3500 IU/ml during ETV therapy or
HBsAg<2000 IU/ml during PegIFNα therapy. According to the detection pathway
mentioned above, only about 35% of the 5611 specimens need to detect hs HBV
DNA, 34% need to directly detect ls HBV DNA and 31% may not consider HBV
DNA detection.

Discussion
The serological, virological and biochemical markers of HBV infection play
important roles in the assessment of infection status, disease progression
prediction and efficacy judgment. Moreover, appropriate longitudinal long-term
follow-up for these markers is also necessary [5,6]. Serological and biochemical
indicators have been widely used in clinical due to their advantages, such as short
detection time, easy operation, highly automation and low technical requirements
of the laboratory [11,12]. Quantification of serum HBV DNA is a crucial factor in
the evaluation of patients with HBV infection and in the assessment of the
efficacy of antiviral therapy [13]. Moreover, the detection limit of HBV DNA was
better less than 20 IU/ml according to new guidelines [6]. In recent years,
researchers have pay much more attention to the detection of low viral load in
CHB patients, such as patients with liver cirrhosis and/or hepatocellular
carcinoma with any detectable HBV DNA level regardless of ALT levels who

This article is protected by copyright. All rights reserved.

should start antiviral therapy. Taken the off-treatment of nucleoside (acid) drugs
in CHB patients into consideration, a highly sensitive method should be

Accepted Article

developed to detect the low viral load. Therefore, a hypersensitive method for
HBV DNA detection based on magnetic-bead technology in addition to the
routine low-sensitive HBV DNA detection have been carried out [14]. However,
in the absence of a good clinical detection pathway, clinicians cannot select
personalized indicators, such as HBV serological parameters, liver function, HBV
DNA and especially hs HBV DNA which greatly increased the cost of medical
care. In addition, hs HBV DNA cannot be carried out routinely in the majority of
grass-roots hospital laboratory. Therefore, how to develop a suitable clinical
detection pathway is a problem needed to be solved.
In this study, HBV DNA levels in 500 patients with HBV infection were
measured by rapid lysis method and magnetic-bead technology respectively. It is
found that there was a good consistency and the correlation coefficient was 0.955
and the average deviation was -0.22% when the HBV DNA concentration ≥500
IU/ml. Consistent with the literature, the rapid lysis method cannot detect while
the magnetic-bead technology partially detected (24.4%) as the DNA
concentration <500 IU/ml [15]. Hence, the result of the rapid lysis method was
not necessarily verified by the magnetic-bead technology with high costs when
the HBV DNA concentration ≥500 IU/ml. Therefore, a hypersensitive
magnetic-bead technology is recommended only when the concentration of HBV
DNA is below 500 IU/ml.
To elucidate the clinical value of hs HBV DNA, we reviewed the titers of HBV
DNA in 5,611 patients and found that the positive rate of HBV DNA detection
This article is protected by copyright. All rights reserved.

was 32.8%, and the HBV DNA of low viral load in the positive specimens
accounted for 51.7%. Therefore, in order to minimize the occurrence of false
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negative, hypersensitive technology is necessary to be applied to detect HBV
DNA for specific patients with low viral load in the natural history of HBV
infection or in the process of antiviral therapy. Our study showed that HBV DNA
titer of 20 IU/ml~150 IU/ml accounted for 65.9%, 150 IU/ml~300 IU/ml
accounted for 21.5%, 300 IU/ml~500 IU/ml accounted for 12.6% in low viral
load. Therefore, it can be inferred that a large number of lower concentrations
(1~20 IU/ml) may exist in 67.2% of HBV DNA negative samples which
determined by the magnetic-bead technology owing to its sensitivity limitation.
We believed that with the development of higher sensitive technology, such as
digital PCR [16,17], will promote the clinical application value of HBV DNA.
Although there was no significant difference in HBeAg positive ratio
(46.1%~51.9%) among different gradient intervals of low viral load, the positive
rate of HBeAg increased slightly with the increasing of the titer of HBV DNA
(Figure 2B). On the other hand, the sample size in some gradients of low viral
load was small which may lead to some bias. Moreover, although many samples
with low viral loads were HBeAg positive, the HBeAg levels ranged from 1 to
100 S/CO 85.2% (381/447) based on our results (Figure 2). Generally, individuals
who are HBeAg positive are seen when at a phase with a high level of HBV
replication and when the virus is highly infectious [18,19]. But, the situation is not
completely accurate, because the HBeAg level varied as much as 1000-fold
among HBeAg-positive individuals, and a low level of HBeAg, though positive,
most likely suggested a low level of HBV DNA [20].

This article is protected by copyright. All rights reserved.

To determine whether HBV DNA was linearly related to HBsAg and HBeAg, a
regression analysis between HBsAg, HBeAg and HBV DNA had been performed,
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respectively. The correlation coefficients between HBsAg and HBV DNA,
HBeAg and HBV DNA were 0.16 and 0.28 respectively, which was lower than
the reported 0.69 and 0.74 [21,22]. The difference of the population and the
number of samples was also attributed to the inconsistency. Comparatively, the
results in our study were more representative since a large scale of samples in
different phases of HBV infection was collected. However, with the increasing of
HBsAg or HBeAg levels, the detectable rate and concentration of HBV DNA also
increased while low viral load decreased. Meanwhile, when HBsAg>1000 IU/ml
or HBeAg>100 S/CO, the proportion of low viral load decreased significantly.
Therefore, the relationship between HBV DNA and the interval of HBsAg or
HBeAg can be applied to make a preliminary prediction of HBV DNA.
To further investigate the effect of antiviral therapy on HBsAg or HBV DNA
titers, 85 CHB patients in different treatment time were followed up. The results
showed that the levels of HBV DNA and HBsAg gradually declined during
antiviral therapy. Unlike the consequences in the 5611 population, low viral load
began to appear when HBsAg decreased to 2000~3500 IU/ml which suggested
that antiviral therapy would strongly inhibit HBV DNA replication and the
changes of HBsAg might have a certain degree of hysteresis. Especially, ETV
only inhibits the reverse transcription of the pgRNA but do not target the cccDNA
directly. Thus, changes at transcriptional levels, particularly in the HBsAg
secretory pathway, are not expected [23]. Therefore, the HBsAg cut-off value
during antiviral therapy should be increased accordingly.

This article is protected by copyright. All rights reserved.

Based on the data and experimental results mentioned above, we first proposed
ls/hs HBV DNA clinical detection pathway. According to the detection results of
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HBsAg, HBV DNA titer was stratified. Further, according to the levels of
ALT/AST/HBeAg and the methods of antiviral therapy, we can determine
whether to choose ls HBV DNA method, hs HBV DNA method or no detection.
Therefore, on the basis of our detection pathway, only 1964 of 5611 serum
samples needed to detect hs HBV DNA directly (953 cases were low viral load
actually), 1907 patients could detect ls HBV DNA directly and 1739 patients may
not need to be detected. Consequently, the development of appropriate detection
pathway can greatly improve the efficiency of testing and reduce the unnecessary
waste of medical resources, which is suitable for laboratories that cannot perform
ls HBV DNA and/or hs HBV DNA. According to 2017 clinical practice
guidelines on the management of hepatitis B virus infection and 2015 guideline of
prevention and treatment for chronic hepatitis B (3,6), the presence of HBeAg,
HBV DNA levels, ALT and AST values have been applied for assessment of
HBV infection and selecting patients with antiviral therapy, the anti-HBe was not
included in these guidelines. So, anti-HBe was not considered in our study. We
will consider anti-HBe as a new marker for clinical detection pathway of CHB
patients in future. It is worthy to mention that due to the differences in method
selection and the definition of the diagnostic cut-off point, each laboratory should
tailor their HBV DNA serological tests according to respective conditions and
demands.
In summary, except for the limit of detection, there was a good comparability for
hs HBV DNA and ls HBV DNA. Samples with low viral load in the clinical

This article is protected by copyright. All rights reserved.

occupied a large proportion. While in different levels of HBsAg or HBeAg, the
distribution of HBV DNA was significantly uneven. Based on HBV serological
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indicators and ALT/AST levels, the methods for HBV DNA should be selected
appropriately depending on the different population.
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Table 1. Population characteristics in different groups

HBeAg positive

HBeAg negative
HBsAg
negative

Chronic
infection

Chronic
hepatitis

Chronic
infection

Chronic
hepatitis

No.

1146

585

2333

595

952

Male/female

780/366

414/171

1606/727

423/172

660/292

38
(12-69)

39 (14-76)

43
(12-78)

45 (15-77)

39 (12-78)

23
(17-31)

60 (46-96)

22
(17-29)

53 (45-83)

20 (15-28)

23
(19-27)

43 (33-65)

23
(19-27)

49 (37-73)

22 (18-30)

Age (years)
Median (Range)

ALT (U/L)
Median (IQR)

AST (U/L)
Median (IQR)

IQR, interquartile range. ALT, alanine transaminase; AST, aspartate
transaminase.
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Table 2. The characteristics of serological indicators at different HBsAg titers

Detectable HBV
DNA

HBsAg
No.
(IU/ml)

Rate

Valuea

Low
viral
load
rateb

HBeAg
positive
rate

ALT/AST
abnormal rate

0.00～0.04

952

0.42%

1.75±0.37 100.00%

0.00%

13.34%

0.05～99

618

30.10%

2.44±0.95

70.43%

12.62%

20.06%

100～499

546

32.05%

2.43±0.88

72.00%

18.13%

18.86%

500~1000

679

33.87%

2.22±0.70

83.91%

24.89%

17.23%

1000～1499 506

33.20%

2.95±1.15

46.43%

39.33%

21.94%

1500～1999 428

34.81%

2.80±1.50

45.03%

39.72%

19.86%

2000~2999

615

37.56%

2.91±1.43

44.98%

40.65%

23.58%

3000~4999

514

38.91%

3.26±1.61

35.50%

50.39%

23.54%

5000~10000 433

57.04%

3.68±1.83

35.22%

57.27%

34.87%

78.44%

5.05±2.24

13.55%

80.63%

48.44%

>10000

a

320

Data are reported as the mean±SD (log10 IU/ml). bThe ratio of low viral load

(20~500IU/ml) populations/detectable HBV DNA populations. ALT, alanine
transaminase; AST, aspartate transaminase.
This article is protected by copyright. All rights reserved.

Accepted Article

Table 3. The characteristics of serological indicators at different HBeAg levels

Detectable HBV DNA

HBeAg
No.
S/CO

Rate

Valuea

Low viral
load rateb

ALT/AST
abnormal rate

0-0.5

3528

20.58%

2.84±1.32

57.71%

17.35%

0.5-1.0

352

21.59%

2.61±1.06

67.11%

17.90%

1~10

623

44.78%

2.49±1.17

70.25%

23.76%

10-100

582

58.25%

2.67±1.32

65.19%

22.68%

100-500

222

65.32%

3.72±1.72

28.28%

44.59%

500-1000

132

87.88%

4.20±1.89

20.69%

57.58%

>1000

172

93.02%

5.78±1.94

0.63%

63.37%

a

Data are reported as the mean±SD (log10 IU/ml). bThe ratio of low viral load

(20~500IU/ml) populations/detectable HBV DNA populations. ALT, alanine
transaminase; AST, aspartate transaminase.

FIGURE LEGENDS
Fig.1. The consistency comparison of ls and hs HBV DNA testing methods. A. The
correlation between ls and hs HBV DNA. B. Bland-Altman plot examination for
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calculating absolute difference between methods. ls HBV DNA, low-sensitivity HBV
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DNA; hs HBV DNA, hypersensitivity HBV DNA.

Fig.2. The distribution of HBV DNA titers (IU/ml). A, In 5611 patients, samples
with HBV DNA <20 IU/ml occupied 67.2%, 20 IU/ml~500 IU/ml (low viral load)
accounted for 17.0%, other levels shared the rest portion. B, HBeAg positive rate in
different gradients of low viral load patients was shown. There was no significant
difference in the positive rate of HBeAg among different gradient intervals. The percent
of HBeAg positive patients was shown in the histogram.

This article is protected by copyright. All rights reserved.

Fig.3. Correlation between serum HBsAg, HBeAg and HBV DNA. A, the relation
between serum HBV DNA and HBsAg; B, the relation between serum HBV DNA and

Accepted Article

HBeAg.

Fig.4. Dynamic changes of HBV DNA and HBsAg from baseline to 48 weeks in
CHB patients with VR (A) or PVR (B) received PegIFNα therapy and with VR (C) or
PVR (D) received ETV therapy. CHB, chronic hepatitis B; VR, virological response;
PVR, partial virological response.

Fig.5. Receiver operating characteristic (ROC) curve analysis HBsAg between
high HBV DNA (>500 IU/ml) and low HBV DNA (≤500 IU/ml) groups. A, CHB
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patients with PegIFNα therapy; B, CHB patients with ETV therapy. CHB, chronic

Accepted Article

hepatitis B.

Fig.6 The clinical detection pathway for serum ls/hs HBV DNA (n, %). HBsAg
quantification was recommended for initial clinical screening of HBV DNA. On one
hand, if the initial screening result was negative (<0.05 IU/ml), HBV DNA detection
should be unnecessary. If HBsAg level was 0.05 IU/ml~1000 IU/ml, whether detecting
hs HBV DNA or not was decided by the levels of ALT, AST and HBeAg. On the other
hand, if the HBsAg was much higher than 1000 IU/ml, ls HBV DNA was
recommended. Only when HBeAg was 1 S/CO~100 S/CO, hs HBV DNA was
recommended. Moreover, for more precise option, the method of antiviral therapy
should be considered. Ls HBV DNA, low-sensitivity HBV DNA; Hs HBV DNA,
hypersensitivity HBV DNA; ALT, alanine transaminase; AST, aspartate transaminase.
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