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Assessment of intrahepatic hepatitis B virus (HBV) DNA levels in patients with chronic hepatitis B is
important in understanding the natural history of the disease and designing antiviral therapy regimens.
However, there is no standardized method for the measurement of intrahepatic HBV DNA levels. We describe
a convenient novel method for the measurement of intrahepatic HBV DNA levels based on a modified COBAS
Amplicor HBV Monitor test for HBV DNA measurement and real-time PCR �-actin gene detection for human
genomic DNA (hgDNA) quantitation. Fifteen hepatitis B e antigen (HBeAg)-positive patients, 26 patients
positive for antibody to HBeAg (anti-HBe), and 8 control patients were recruited. The mean between-run
coefficient of variation for the �-actin real-time PCR assay was 15.4%. All eight control patients had unde-
tectable intrahepatic and serum HBV DNA levels. All chronic hepatitis B patients had detectable intrahepatic
HBV DNA levels, and all but one anti-HBe-positive patient had detectable serum HBV DNA levels. HBeAg-
positive patients had higher median intrahepatic and serum HBV DNA levels than anti-HBe-positive patients
(6,950 versus 676 HBV DNA copies/ng of hgDNA, respectively [P < 0.001] and 184 � 106 versus 6.65 � 106

copies/ml, respectively [P < 0.001]). The intrahepatic HBV DNA levels correlated strongly with the serum HBV
DNA levels (r � 0.842; P < 0.001) and with the degree of fibrosis (P � 0.014). We conclude that the method
that we describe is reliable and convenient for the measurement of intrahepatic HBV DNA levels and has
potential clinical significance.

Hepatitis B virus (HBV) is a major pathogen in the world,
causing acute and chronic infections. The latter may lead to
liver cirrhosis and/or hepatocellular carcinoma. Direct mea-
surement of HBV DNA levels in serum has routinely been
used as an indicator of the viral load during HBV infection. A
comparison of several commercial assays for the measurement
of serum HBV DNA levels has been reviewed by Yuen and Lai
(18). Others have also developed various in-house PCR assays
for the quantitation of HBV DNA in serum (1, 3, 17). How-
ever, there is no standardized method for the measurement of
HBV DNA in liver biopsy specimens. Determination of intra-
hepatic HBV DNA levels is of importance in defining the
natural history of chronic HBV infection as well as assessing
the efficacy of antiviral therapy. The availability of potent nu-
cleoside analogues, now and in the future, in the form of either
monotherapy or combination therapy, makes standard meth-
ods for the determination of intrahepatic HBV DNA levels
more important. With highly efficacious antiviral treatment,
HBV DNA may become undetectable in serum. The HBV
DNA content inside the liver may then become an important
therapeutic end point. In this study, we describe a method for
the quantitation of intrahepatic HBV DNA. We attempted to
quantify intrahepatic HBV DNA using a modified protocol of
the COBAS Amplicor HBV Monitor test. The intrahepatic

HBV DNA levels were standardized with reference to the
amount of human genomic DNA (hgDNA) in the sample,
using the �-actin gene as an internal control.

MATERIALS AND METHODS

Sample collection and DNA extraction. Liver biopsy samples from 15 hepatitis
B e antigen (HBeAg)-positive patients and 26 chronic hepatitis B patients pos-
itive for antibody to HBeAg (anti-HBe) were analyzed. Liver biopsy samples
from six chronic hepatitis C patients and two nonhepatitis patients were used as
controls. Of the two nonhepatitis patients, one had an unexplained derangement
of liver function tests and one had suspected porphyria. Total DNA was ex-
tracted from frozen liver needle biopsy and serum samples with the Qiagen
QIAamp DNA extraction kit, with final elution in 400 �l of deionized water.
Serum specimens were collected within 1 week from the time of the liver biopsy.

HBV DNA detection. The amount of total intrahepatic HBV DNA in the ex-
tract was directly measured by the COBAS Amplicor HBV Monitor test (Roche
Diagnostics, Branchburg, N.J.) (lower limit of detection, 200 copies/ml). Instead
of using 100 �l of serum for the test, 100 �l of diluted DNA extract was applied
directly to the sample lysis buffer. The rest of the procedures were performed
according to the instructions of the manufacturer. The final HBV DNA concen-
tration was expressed as the number of copies of HBV DNA per milliliter of
sample extract. Serum HBV DNA levels were measured by the COBAS Ampli-
cor HBV Monitor test according to the instructions of the manufacturer.

hgDNA quantitation. The �-actin gene was used as an internal control for the
normalization of the amount of hgDNA in the DNA samples. A TaqMan PCR
reagent kit (Applied Biosystems, Foster City, Calif.), which contained a specific
forward primer (5�-2141-TCACCCACACTGTGCCCATCTACGA-2165-3�), a
reverse primer (5�-2435-CAGCGGAACCGCTCATTGCCAATGG-2411-3�),
and a fluorescence-labeled probe (5�-2171-FAM-ATGCCC-X-TAMRA-CCCC
CATGCCATCCTGCGTp-2196-3�) for �-actin detection, was used to measure
the amount of hgDNA in the samples. The primers and probe described above
contain sequences homologous to exon 3 of the �-actin gene, and the numbers
in the sequences refer to the nucleotide positions in a DNA sequence in Gen-
Bank (accession number M10277) (13). In the fluorescence-labeled probe, FAM
is the fluorophore reporter dye 6-carboxyfluorescein, X is a nucleotide linker
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arm, TAMRA is the quencher dye 6-carboxytetramethylrhodamine, and p rep-
resents the phosphorylation site. The final concentrations of the primers and the
probe in each reaction mixture were 300 and 200 �M, respectively, as recom-
mended in the protocol of the manufacturer. hgDNA templates of known con-
centrations (supplied with the kit) were used as calibration standards. Real-time
PCR amplification and detection were performed with an ABI Prism 7000
Sequence Detection system (Applied Biosystems, Foster City, Calif.). PCR am-
plification was done in a volume of 50 �l; and the PCR program was as follows:
50°C for 2 min and 95°C for 10 min, followed by 40 two-step cycles of 95°C for
15 s and 60°C for 1 min. The total HBV DNA concentration was standardized
with reference to the amount (in nanograms) of hgDNA in the biopsy samples.

Mutational analysis. The precore mutational status of HBV was determined
by the INNO-LiPA HBV Precore assay (Innogenetics N.V., Ghent, Belgium), as
described previously (20). The assay allows the detection of precore mutations
when they occur in more than 5% of the total viral population.

Histology assessment. Histologic sections of the liver biopsy specimens were
stained with hematoxylin-eosin. The degree of necroinflammation was classified
into the following categories on the basis of a modification of the scoring system
of Knodell et al. (8): minimal, mild, moderate, and marked. The degree of fibro-
sis was classified into the following categories: none, mild, moderate, and cirrhosis.

Statistical analysis. All statistical analyses were performed with the Statistical
Program for Social Sciences (SPSS, version 10.0 for Windows; SPSS Inc., Chi-
cago, Ill.). Continuous variables were tested for normality by the Kolmogorov-
Smirnov test. The Student t test was used to test continuous variables with
normal distributions, and the Mann-Whitney U test was used to test continuous
variables with skewed distributions. After logarithmic transformation of the data
with skewed distributions, correlation analyses were performed by Pearson’s cor-
relation analysis. Categorical variables were tested by the chi-square test or Fisher’s
exact test. Statistical significance was defined by a P value of less than 0.05.

RESULTS

Demographic, serological, and histologic data. Table 1 and
Table 2 show the demographic, serological and histologic data
for the 15 HBeAg-positive and 26 anti-HBe-positive chronic
hepatitis B patients. There was no significant difference be-
tween the HBeAg-positive and anti-HBe-positive patients in

terms of age, median albumin levels, median alanine amino-
transferase (ALT) levels, and median bilirubin levels. There
was also no significant difference between the HBeAg-positive
patients and the anti-HBe-positive patients in the degree of
necroinflammation and fibrosis (for minimal or mild necroin-
flammation versus moderate or marked necroinflammation,
P � 0.139; for no or mild fibrosis versus moderate fibrosis or
cirrhosis, P � 0.742). There was no significant difference in the
median serum HBV DNA levels between the patient group
with minimal or mild necroinflammation and the patient group
with moderate or marked necroinflammation (14.2 � 106 and
20.6 � 106 copies/ml, respectively; P � 0.905). The patient
group whose fibrosis status was classified as moderate or cir-
rhosis had higher median serum HBV DNA levels than the
patient group with no or mild fibrosis (18.2 � 106 and 3.61 �
106 copies/ml, respectively; P � 0.01).

All non-hepatitis B control patients had undetectable serum
HBV DNA levels. All 15 HBeAg-positive patients and 25 of 26
(96%) of the anti-HBe-positive patients had detectable serum
HBV DNA levels. HBeAg-positive patients had a median se-
rum HBV DNA level of 184 � 106 copies/ml (range, 1.86 � 106

to 3.64 � 109 copies/ml), and anti-HBe-positive patients had a
median serum HBV DNA level of 6.65 � 106 copies/ml (range,
�200 to 1.43 � 109 copies/ml). Compared to the HBeAg-pos-
itive patients, the anti-HBe-positive patients had lower median
serum HBV DNA levels (P � 0.001).

Reproducibilities of the tests. The reproducibility of the
COBAS Amplicor HBV Monitor test has been documented
previously (11, 14). Four liver biopsy samples were analyzed
three times by the COBAS Amplicor HBV Monitor test for the
determination of the mean between-run coefficient of variation

TABLE 1. Demographic, serological, and histologic data for the patients

Characteristic HBeAg positive (n � 15) Anti-HBe positive (n � 26) P

Sex ratio (no. of males:no. of females) 11:4 23:3

Mean age at biopsy � SD (yr) 37.0 � 10.0 43.2 � 10.6 0.072

Median albumin level (g/liter [range]) 44 (38–50) 44 (36–49) 0.785

Median ALT level (U/liter [range]) 74 (38–357) 74.5 (21–275) 0.626

Median bilirubin level (�mol/liter [range]) 15 (4–77) 12 (5–22) 0.238

Histologic data (no. of patients)
Necroinflammation 0.139

Minimal 3 12
Mild 12 9
Moderate 0 5
Marked 0 0

Fibrosis 0.742
None 0 6
Mild 5 5
Moderate 9 14
Cirrhosis 1 1

Serum HBV DNA level (no. of copies [106]/ml [range]) 184 (1.86–3,640) 6.65 (�0.0002–1,430) 0.001
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(CV), which was determined to be 22.3%. Three samples were
retested in triplicate in the same COBAS Amplicor HBV Mon-
itor test run, and the mean within-run CV was 10.8%. These
CVs were consistent with those reported previously (11, 14).

For the determination of hgDNA levels by �-actin gene
real-time PCR quantitation, each test was done in duplicate.
According to the instructions of the manufacturer, it is sug-
gested that samples be retested if the within-run CV is greater
than 10%, and 5 of the 49 samples (10.2%) tested required
retesting. Sixteen randomly chosen samples were subjected to
three repeat tests. The mean between-run CV was 15.4%,
indicating that the test is reproducible.

Quantitation of intrahepatic HBV DNA in HBeAg- and anti-
HBe-positive patients. All 15 HBeAg-positive patients and 26
anti-HBe-positive patients had detectable intrahepatic HBV
DNA levels. The median HBV DNA level in the liver biopsy

specimen extract measured by this method was 1.50 � 107

copies/ml of DNA extract (range, 472 to 3.09 � 108 copies/ml
of DNA extract). All eight non-hepatitis B control patients had
undetectable intrahepatic HBV DNA levels.

Since each biopsy sample contained different amount of liver
tissue, the concentration of HBV DNA was calculated with
reference to the amount of hgDNA in the extracts by using the
�-actin gene as an internal control. The amount of hgDNA
ranged from 0.228 to 29.8 ng/�l of DNA extract, and the
amount of HBV DNA per nanogram of hgDNA was calcu-
lated. The mean hgDNA contents in the liver tissue extracts
were comparable between the HBeAg-positive and anti-HBe-
positive patients (11.0 and 7.76 ng/�l, respectively [P � 0.141];
range, 2.75 to 23.2 ng/�l and 0.228 to 29.8 ng/�l, respectively).
The median intrahepatic HBV DNA level in the HBeAg-pos-
itive patients was 6,950 HBV DNA copies/ng of hgDNA

TABLE 2. Patients’ serological and histologic data

Patient group
and no.

Intrahepatic HBV DNA level
(no. of copies/ng of hgDNA)

Serum HBV DNA level
(log10 copies/ml)

ALT concn
(U/liter)

Necroinflammation
statusa

Fibrosis
statusa

HBeAg positive
1 511 7.82 74 Minimal Mild
2 1,800 6.62 53 Mild Moderate
3 2,360 8.26 175 Minimal Cirrhosis
4 4,210 8.76 71 Mild Moderate
5 4,310 7.05 43 Mild Mild
6 5,460 8.49 124 Mild Moderate
7 6,790 9.37 38 Mild Mild
8 6,950 7.21 212 Mild Moderate
9 9,460 8.75 57 Mild Moderate
10 10,700 8.71 70 Mild Mild
11 12,700 6.27 85 Mild Mild
12 15,100 7.25 72 Mild Moderate
13 21,300 8.94 83 Mild Moderate
14 22,700 8.00 357 Mild Moderate
15 55,500 9.56 95 Minimal Moderate

Anti-HBe positive
16 0.158 4.07 21 Minimal None
17 0.31 �2.30b 28 Minimal Mild
18 1.14 4.29 38 Minimal None
19 3.31 5.26 22 Minimal None
20 5.10 4.57 25 Minimal None
21 43.6 5.99 190 Mild Moderate
22 79.2 3.22 28 Mild Mild
23 101 4.71 32 Minimal None
24 166 6.67 130 Mild Moderate
25 254 6.79 41 Mild Moderate
26 404 7.19 73 Minimal Moderate
27 585 6.25 51 Moderate Moderate
28 610 7.11 170 Mild Mild
29 742 6.54 43 Moderate Moderate
30 782 6.73 275 Minimal Mild
31 1,050 7.70 216 Moderate Mild
32 1,200 7.31 76 Moderate Moderate
33 1,510 7.26 67 Mild Moderate
34 2,230 7.10 85 Mild Moderate
35 2,410 6.85 223 Minimal None
36 3,250 9.16 154 Minimal Cirrhosis
37 3,310 7.23 70 Mild Moderate
38 5,120 6.86 153 Mild Moderate
39 5,250 8.11 87 Minimal Moderate
40 5,360 7.54 248 Moderate Moderate
41 7,310 7.58 134 Minimal Moderate

a The histologic classification are described in the Materials and Methods section.
b Undetectable.
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(range, 511 to 55,500 HBV DNA copies/ng of hgDNA), and
that for the anti-HBe patients was 676 HBV DNA copies/ng of
hgDNA (range, 0.158 to 7,310 copies/ng of hgDNA). Anti-
HBe-positive patients had lower median intrahepatic HBV
DNA levels than HBeAg-positive patients (P � 0.001). The
anti-HBe-positive patient in whose serum HBV DNA was un-
detectable had an intrahepatic HBV DNA level of 0.31 DNA
copies/ng of hgDNA.

Correlation of serum and intrahepatic HBV DNA levels.
There was a strong correlation between the serum and the
intrahepatic HBV DNA levels of the samples tested in this
study (r � 0.842; P � 0.001) (Fig. 1). As determined by the line
with the best fit in Fig. 1, for patients with serum HBV DNA
levels of 105, 104, and 103 copies/ml, the intrahepatic HBV
DNA levels were approximately 11, 1.2, and 0.15 copies/ng of
hgDNA respectively.

Liver histology and intrahepatic and serum HBV DNA lev-
els. The degree of necroinflammation showed no significant
correlation with the median intrahepatic HBV DNA levels in
the patients studied (for patients with minimal or mild necro-
inflammation versus patients with moderate or marked necro-
inflammation, 2,380 versus 1,050 copies/ng of hgDNA, respec-
tively; P � 0.633). However, the patients with no or mild
fibrosis had lower median intrahepatic HBV DNA levels than
the group with moderate fibrosis or cirrhosis (560 versus 3,310
copies/ng of hgDNA, respectively; P � 0.014).

Precore mutations in anti-HBe-positive patients. The
INNO-LiPA HBV precore mutation assay was performed for
25 of 26 of the anti-HBe-positive patients. No PCR-amplified
product could be detected in the remaining patient with the
5�-biotinylated primers used. Ten of 25 anti-HBe-positive pa-
tients (38.5%) harbored mutants with precore mutations. The
median serum HBV DNA levels did not differ significantly
between anti-HBe-positive patients with and without precore
mutations (5.04 � 106 versus 7.17 � 106 copies/ml, respec-
tively; P � 0.683), nor did the median intrahepatic HBV DNA
levels (676 versus 585 copies/ng of hgDNA respectively; P �
0.683). The degree of necroinflammation and fibrosis also did
not differ significantly between the anti-HBe patients with and
without precore mutations (for minimal or mild versus mod-

erate or marked necroinflammation, P � 0.358; for no or mild
fibrosis versus moderate fibrosis or cirrhosis, P � 0.122).

DISCUSSION

Despite the availability of a variety of commercial tests for
the measurement of serum HBV DNA levels, standardized
methods for the measurement of intrahepatic HBV DNA lev-
els in chronic hepatitis B patients are lacking. This study dem-
onstrated a convenient method for the quantitation of intra-
hepatic HBV DNA. Cacciola et al. (2) attempted to quantify
intrahepatic HBV DNA using spectrophotometry for the de-
termination of the liver DNA concentration and the COBAS
Amplicor HBV Monitor test for the quantitation of HBV
DNA in the sample extract. However, physical methods of
quantitating the DNA concentration by standard optical spec-
trophotometry invariably introduce errors due to optical inter-
ference by other contaminating materials, such as rRNA and
tRNA. In this study, the amount of liver DNA was measured
by using the �-actin gene as an internal control. This allows the
HBV DNA content to be standardized. �-Actin mRNA quan-
titation has been widely used as an internal mRNA control for
mammalian gene expression studies because of its relatively
stable expression under various conditions (15, 16). Since �-ac-
tin is a single-copy gene, it can be used as an internal DNA
control to adjust for differences in the amounts of genomic
DNA in test samples. Josefsson et al. (7) have used �-actin as
a housekeeping gene for the measurement of the human pap-
illomavirus type 16 viral load. This study makes use of this
property of �-actin to adjust for the amount of hgDNA in liver
tissue for the determination of intrahepatic HBV DNA levels.

The assay described here is designed to measure total intra-
hepatic HBV DNA only. In the future, a separate analysis
should also be performed to assay the proportion of covalently
closed circular (ccc) HBV DNA since ccc HBV DNA is resis-
tant to nucleoside analogue therapy for chronic hepatitis B
(12) and is probably responsible for the rebound of HBV DNA
following the cessation of therapy (9). However, it should be
noted that when the total intrahepatic HBV DNA load de-
creases, the ccc HBV DNA load would be expected to de-
crease, too.

Intrahepatic HBV DNA was found to be of clinical signifi-
cance in several aspects. First, the intrahepatic HBV DNA
concentration was found to correlate significantly with the de-
gree of fibrosis. Second, in at least one patient, intrahepatic
HBV DNA was still present even when serum HBV DNA was
no longer detectable. It may be significant that the biopsy
sample from this patient showed a mild degree of fibrosis, even
though necroinflammation was minimal. This supports the pre-
vious findings that for Asian HBV carriers, there is no cutoff
HBV DNA value below which disease progression would not
occur (4, 21).

This study has shown that anti-HBe-positive patients had
lower serum and intrahepatic HBV DNA levels than HBeAg-
positive patients. Even among the anti-HBe-positive patients,
however, 96% (25 of 26) of them had detectable levels of HBV
DNA in both serum and the intrahepatic location. This may
account for the mild to moderate necroinflammation and the
moderate fibrosis to cirrhosis in liver biopsy samples from
more than 50% of our anti-HBe-positive patients.

FIG. 1. Correlation between serum and intrahepatic HBV DNA
levels in chronic hepatitis B patients.
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It is believed that precore mutations emerge under the se-
lection of the host’s immune pressure during the process of
HBeAg seroconversion (5). A previous study (20) demon-
strated that there is no significant difference in serum HBV
DNA levels between patients with and patients without pre-
core mutations. The present study further showed that intra-
hepatic HBV DNA levels and the degrees of necroinflamma-
tion and fibrosis in our anti-HBe-positive patients with and
without precore mutations were comparable. These findings,
together with the findings from the previous study (20), suggest
that Asian anti-HBe-positive patients with precore mutations
and wild-type virus have the same viral loads and disease ac-
tivities.

There is a strong correlation between serum and intrahe-
patic HBV DNA levels, suggesting that serum HBV DNA
levels can be used as an indication of intrahepatic HBV DNA
levels. However, the measurement of intrahepatic HBV DNA
levels is still of importance, especially in patients with low
serum HBV DNA levels, as demonstrated by the presence of
detectable intrahepatic HBV DNA in the anti-HBe-positive
subject who had undetectable serum HBV DNA levels by the
COBAS Amplicor HBV Monitor test. Although it has been
proposed at a recent National Institutes of Health workshop
that a serum HBV DNA level below 105 copies/ml may repre-
sent an inactive hepatitis B surface antigen (HBsAg) carrier
state (10), the present study has shown that intrahepatic HBV
DNA is detectable in patients with serum HBV DNA levels
below 105 copies/ml. The estimated intrahepatic HBV DNA
level for patients with serum HBV DNA levels of 105 copies/ml
was approximately 11 copies/ng of hgDNA, and this value is
well above the minimum intrahepatic HBV DNA level associ-
ated with fibrosis estimated in this study (0.31 copies/ng of
hgDNA). This further confirms that, at least in Chinese pa-
tients, cirrhosis or complications of cirrhosis can still occur
with HBV DNA levels below 105 copies/ml (6, 20).

Chinese patients with chronic hepatitis B infection can de-
velop complications of cirrhosis and/or hepatocellular carci-
noma after HBeAg seroconversion and even after they lose
HBsAg (19). Quantitative measurement of intrahepatic HBV
DNA correlates with the degree of fibrosis and may give some
insight and prognostic guide for Asian patients. It may also
provide a guide for the ideal time for the cessation of antiviral
therapy. The method described in this study has provided a
convenient tool for intrahepatic HBV DNA quantitation.
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