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Abstract
Background and Aim: The localization of hepatitis B virus (HBV) core antigen to the
nucleus or cytoplasm of hepatocytes has biological implications for viral packaging and
persistence. This study examined the relationship between the localization of hepatitis B
virus antigens, histological activity, and viral titer in patients with chronic HBV infection.
Methods: Liver biopsies from 110 patients with chronic HBV infection were studied.
Ishak’s scoring system was used for the histological analysis. The localization of hepatitis
B surface antigen (HBsAg) and hepatitis B core antigen (HBcAg) and the percentage of
hepatocytes stained positive by immunohistochemistry were correlated with viral titer,
histological activity, and fibrosis indices using Spearman rank correlation.
Results: In 88 hepatitis B e-antigen (HBeAg)-positive individuals, the nuclear localization
of HBcAg correlated significantly with DNA titer (r = 0.435, P = 0.001) and negatively
with fibrosis (r = -0.297, P = 0.005). The cytoplasmic localization correlated significantly
with histological activity (r = 0.211, P = 0.049). In 22 HBeAg-negative individuals, the
nuclear localization of HBcAg correlated significantly with histological activity (r = 0.625,
P = 0.002), DNA titer (r = 0.651, P = 0.009), and fibrosis (r = 0.447, P = 0.042). The
cytoplasmic localization correlated significantly with DNA titer (r = 0.524, P = 0.045) and
fibrosis (r = 0.528, P = 0.012). There was no correlation of HBsAg expression with DNA
titer, histological activity index, or fibrosis in both groups. HBeAg-positive patients pre-
sented at a younger age.
Conclusion: In HBeAg-positive individuals, nuclear core antigen correlated with DNA
titer, and cytoplasmic localization with histological activity, whereas in HBeAg-negative
individuals, nuclear localization correlated with DNA titer, histological activity, and
fibrosis, and cytoplasmic localization correlated with DNA titer and fibrosis, but not with
histological activity. These observations suggest biological differences between HBeAg-
positive and -negative disease.
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Introduction
Hepatitis B virus (HBV) infection affects approximately 2 billion
people in the world and approximately 350 million have chronic
infection.1 The mechanism of liver cell injury in chronic HBV
infection is believed to be immune related and results from immu-
nological attempts to eradicate the virus. In the “healthy carrier
state”, the immune system is minimally reactive or inactive and the
virus causes little damage to the tissue. The presence and local-
ization of viral antigens may reflect the balance between the viral
replication and immune response.2

In a previous study on asymptomatic chronic HBV infection, we
showed that e-antigen-positive patients with minimal inflamma-
tion exhibited a pattern of discrete cytoplasmic expression of hepa-
titis B surface antigen (HBsAg) with positive nuclear staining for

hepatitis B core antigen (HBcAg).3 The nuclear expression of
HBcAg in hepatocytes is associated with more active viral repli-
cation than cytoplasmic expression of this antigen. HBcAg is a
protein produced by the precore/core gene of HBV, which is
required for packaging viral DNA into core particles. Viral DNA is
converted into covalently-closed circular DNA (cccDNA) in the
nucleus, which serves as a template for transcription to prege-
nomic RNA, which is packaged into core viral particles in the
cytoplasm and reverse transcribed to relaxed circular DNA.
Re-entry of this core-packaged viral DNA into the nucleus may
amplify nuclear cccDNA and maintain its pool in the nucleus.
Therefore, cytoplasmic or nuclear localization of core antigen is
correlated with the behavior of the disease.4

Early studies suggested that the expression of core antigen in the
cytoplasm of hepatocytes was associated with greater activity of
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the liver disease or “chronic active hepatitis” than those without
cytoplasmic expression or those with nuclear expression alone
which were associated with mild disease activity or “chronic
persistent hepatitis”.2,5–7 A study from India showed that 13 of 48
patients with HBV infection had nuclear (in 10) or cytoplasmic (in
3) expression of core antigen, and there was no correlation with the
Knodell histological activity index (HAI) score.8

In this study, we examined the correlation between the hepato-
cyte expression of HBsAg and HBcAg with histological activity
and stage of the disease, and the HBV–DNA level in HBeAg-
positive and HBeAg-negative chronic hepatitis B.

Methods
In total, 115 consecutive liver biopsies from patients with HBsAg-
positive chronic liver disease, received at the Department of
Pathology over an 18-month period from January 2005 to June
2006, were retrospectively analyzed. The liver function tests and
viral markers were available for all patients. The hepatitis C anti-
body and the HIV antibody were negative in all patients. By
selection, all patients were HBsAg positive. None of the patients
was receiving immunosuppressive therapy. Hepatitis B e-antigen
(HBeAg) data and HBV–DNA titer (by real-time polymerase
chain reaction) were obtained from the hospital records.

Liver biopsies were percutaneous Trucut needle biopsies in 96,
transjugular in 11, wedge in two, and ultrasound-directed VacuCut
in three patients. Two patients had both wedge and Trucut biop-
sies. In one patient who had liver biopsy done elsewhere, only
slides were available for review, hence immunostaining could not
be carried out. The biopsies were fixed in 10% formalin, paraffin
embedded, and routinely processed. Four micron sections were cut
and routinely stained with hematoxylin–eosin, periodic acid Schiff
with and without diastase digestion, van Gieson, Foot’s reticulin,
orcein, and Perl’s iron stains. The HAI and degree of fibrosis were
assessed using Ishak’s scoring system.9 Deparaffinized sections
were stained for HBsAg and HBcAg, and the presence or absence
and the localization and staining pattern within hepatocytes were
recorded. For HBsAg, three patterns of staining, such as cytoplas-
mic, submembranous, and membranous patterns (Fig. 1) were
recorded; for HBcAg, nuclear (Fig. 2), cytoplasmic (Fig. 3) or
both (Fig. 4) were recorded. The amount of surface antigen or core
antigen present in the hepatocytes was scored semiquantitatively
as 0–4+, as described previously.3

The histological and immunohistochemical assessment were
first carried out on all biopsies in a blinded manner with the
pathologist not aware of the virological status of the patient. Sub-
sequently, the results of the e-antigen status and virological titer
were obtained, and the patients were grouped into e-antigen-
positive and -negative (but DNA positive) disease.

The statistical analysis was carried out using SPSS version 10
(SPSS, Chicago, IL, USA). For continuously-distributed variables,
statistical comparisons were done using the unpaired t-test for
normally-distributed data, and the Mann–Whitney test was used
for data that were not normally distributed. Fisher’s exact test was
used to analyze differences between groups with categorical vari-
ables. The Spearman rank correlation test was used to examine
associations between cellular localization and the abundance of
the antigen with activity or fibrosis index and DNA titer.

Results
In total, 88 patients were HBeAg positive and 22 were HBeAg
negative, but DNA positive. Five patients who were HBsAg posi-
tive, but both HBeAg and DNA negative, were excluded from this
study. The demographic details, alanine aminotransferase, HBV–
DNA levels, HAI, and fibrosis score for all cases in both groups
are given in Table 1. The HBeAg-positive group presented at a
younger age and the median HBV–DNA levels were much higher
in this group when compared to the HBeAg-negative group
(P = 0.04 and 0.005, respectively).

Figure 1 Hepatocytes with membranous (arrow), submembranous
(arrow heads), and diffuse cytoplasmic (unfilled arrow) patterns of
immunostaining for hepatitis B surface antigen. Original magnification
200¥.

Figure 2 Nuclear staining for hepatitis B core antigen within hepato-
cytes. Original magnification 400¥.
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Correlation of hepatocyte expression of
HBsAg with histological activity, fibrosis,
and DNA levels

The hepatocyte expression of HBsAg was equally common in
the HBeAg-positive and -negative groups, and did not correlate
with DNA level, HAI, or fibrosis in both groups (Tables 2,3).
Although a discrete cytoplasmic pattern of staining was seen
more commonly in the HBeAg-positive group (40%) compared
to the HBeAg-negative group (22.7%), it was not statistically
significant. A mixed (2 or 3 patterns) pattern of staining was
seen in 55% and 77% of HBeAg-positive and -negative cases,
respectively.

Correlation of hepatocyte expression of
HBcAg with histological activity, fibrosis,
and DNA levels

In the HBeAg-positive patients, core antigen was expressed in
hepatocytes of 61/87 cases studied. Of these, the expression of
core antigen was predominantly nuclear in 33, predominantly
cytoplasmic in 15, and both nuclear and cytoplasmic in 13 cases.
Nuclear core antigen expression correlated positively with the
DNA level (P = 0.001) and negatively with fibrosis (P = 0.005).
There was no correlation with histological activity. The cytoplas-
mic core antigen expression correlated with histological activity
(P = 0.049). There was no correlation with fibrosis and DNA
levels.

Figure 3 Predominant cytoplasmic staining for hepatitis B core
antigen within hepatocytes. Original magnification 400¥.

Figure 4 Strong nuclear and cytoplasmic staining for hepatitis B core
antigen within hepatocytes. Original magnification 400¥.

Table 1 Demographic characteristics of patients in this study

HBeAg positive
(88)

HBeAg negative
(22)

P-value

Age
Mean (SD) 30.0 (13.8) 35.3 (9.5) 0.04
Range (years) 4–63 21–61

Sex
Male : female 77:11 21:1 NS

DNA titer (IU/mL)
n 55 15 0.005
Median 1 000 000 8 000
Range 376–500 000 000 2–10 000 000

ALT
Median 57 51 NS
Range (IU/mL) 14–368 11–579

HAI
Median 4 3 NS
Range 0–9 0–10

Fibrosis
Median 1 1.5 NS
Range 0–6 0–6

ALT, alanine aminotransferase; HAI, histological activity index; HBeAg,
hepatitis B e-antigen.

Table 2 Hepatocyte expression of surface and core antigens in the
two groups

HBeAg positive
(87)

HBeAg negative
(22)

P-value

HBsAg in hepatocyte
Present 84 21
Absent 3 1 NS

HBsAg score
Median 1 2
Range 0–4 0–4 NS

HBcAg in hepatocyte
Present 61 9 0.013
Absent 26 13

HBcAg score
Median 1 0 0.005
Range 0–4 0–2

HBcAg, hepatitis B core antigen; HBeAg, hepatitis B e-antigen; HBsAg,
hepatitis B surface antigen.
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In HBeAg-negative patients, core antigen was expressed in the
hepatocytes of nine of 22 cases. The proportion of biopsies with
hepatocyte core antigen expression was significantly less in
HBeAg-negative patients compared to HBeAg-positive patients
(P = 0.013). The expression of core antigen was predominantly
nuclear in three, predominantly cytoplasmic in four, and both
nuclear and cytoplasmic in two cases. The nuclear core antigen
expression correlated positively with the DNA level, HAI, and
fibrosis (P = 0.009, 0.002, and 0.042, respectively), while the cyto-
plasmic core antigen expression correlated with the DNA level and
fibrosis (P = 0.045 and 0.012, respectively), but not with histologi-
cal activity (Tables 2,3).

Correlation between HBV–DNA levels and
histological activity and fibrosis

There was no correlation between the HBV–DNA levels and HAI
or fibrosis in the HBeAg-positive group. However, in the HBeAg-
negative patients, HBV–DNA titer had a positive correlation with
both HAI and fibrosis (P = 0.0001 and 0.001, respectively)
(Table 4).

Discussion
This study demonstrates that the hepatocyte expression of HBcAg
is importantly linked to the stage and activity of the disease in
chronic liver disease caused by HBV, particularly in HBeAg-
positive patients in whom HBcAg in hepatocytes could be detected
by immunohistochemistry in approximately two-thirds of cases.
Although detected in a smaller proportion (approximately 41%) of
HBeAg-negative patients, hepatocyte core antigen expression cor-
related with disease activity and staging in a different manner.

In the HBeAg-positive group, the patients presented at a
younger age when compared to the HBeAg-negative patients who
were significantly older, thus reflecting a later stage in the natural
course of long-term infection. A similar finding was reported by
Manesis et al.10

In the present study, in the HBeAg-positive patients, the nuclear
expression of HBcAg correlated positively with HBV–DNA
levels, and negatively with fibrosis. The cytoplasmic expression
correlated with histological activity, which is in agreement with
the results of other studies.11–13 This is consistent with the view that
the nuclear expression of core antigen characterizes the phase of
immune tolerance in HBV infection, whereas cytoplasmic expres-
sion characterizes the immune clearance phase. Earlier work sug-
gested that during the immune tolerance phase of hepatitis B virus
infection, the nuclear expression of HBcAg was associated with
active viral replication (viral load) and minimal or no histological
activity. During the immune clearance phase, there was a decrease
in nuclear expression associated with an increase in the cytoplas-
mic expression of HBcAg, and this was associated with active liver
disease.6,14,15

In HBeAg-negative patients, core antigen was expressed in only
41% of patients. The nuclear expression of core antigen correlated
significantly with viral replication (HBV–DNA titer), histological
activity and fibrosis, while the cytoplasmic expression correlated
with DNA titer and fibrosis. These findings suggest that HBeAg-
negative disease behaves differently from HBeAg-positive
disease. In the former, the nuclear expression of core antigen
correlated with parameters of severity of disease, unlike HBeAg-
positive disease where cytoplasmic expression correlated with
disease activity. These findings differ from a recent study from
Korea13 which showed a positive correlation between cytoplasmic
core antigen expression and histological activity in both HBeAg-
positive and -negative patients.

The HBV–DNA level positively correlated with HAI in the
HBeAg-negative group, but not in the HBeAg-positive group.
These findings were similar to other studies.13,16 This confirms the
presence of active viral replication in HBeAg-negative disease,
and patients with increased HBV–DNA levels will be at a higher
risk of developing active liver disease.

Some of the HBeAg-negative, but HBV–DNA positive, patients
might have precore mutations or core promoter mutations in the
HBV genome. Park et al.17 showed in their study that mainly
cytoplasmic HBcAg expression in patients with 1896 precore

Table 3 Correlation of hepatocyte expression of surface and core antigens with DNA titer, HAI, and fibrosis score

Variables HBeAg positive HBeAg negative

n SAg NC CC n SAg NC CC

DNA titer 54 -0.159
(NS)

0.435
(0.001)

0.129
(NS)

15 0.324
(NS)

0.651
(0.009)

0.524
(0.045)

HAI 87 -0.111
(NS)

-0.141
(NS)

0.211
(0.049)

22 0.205
(NS)

0.625
(0.002)

0.385
(NS)

Fibrosis 87 -0.176
(NS)

-0.297
(0.005)

-0.012
(NS)

22 -0.160
(NS)

0.447
(0.042)

0.528
(0.012)

Values shown in each cell are the correlation coefficient (r) between the variables. Values in parentheses are the P-values.
CC, cytoplasmic core antigen; HAI, histological activity index; HBeAg, hepatitis B e-antigen; NC, nuclear core antigen; NS, not statistically significant;
SAg, surface antigen.

Table 4 Correlation of DNA titer with HAI and fibrosis score

HBeAg positive HBeAg negative

r P-value r P-value

DNA titer versus HAI 0.073 NS 0.835 0.0001
DNA titer versus fibrosis score -0.009 NS 0.763 0.001

HAI, histological activity index; HBeAg, hepatitis B e-antigen; NS, not
statistically significant.
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mutant and half of the cases of precore mutants did not show any
core antigen expression. In the present study, core antigen expres-
sion was seen only in 41% of patients in the e-antigen-negative
group.

In the present study, the hepatocyte expression of HBsAg
was equally common in both groups, and there was no signifi-
cant difference in the pattern of staining. The hepatocyte expres-
sion of HBsAg had no correlation with histological activity,
fibrosis, and DNA level in both groups. A membranous pattern of
staining has been found to be associated with active viral repli-
cation and disease activity in some studies.18,19 However, our
previous study and other studies have not found any correlation
with both the amount and pattern of staining with histological
activity.3,8,20,21

In conclusion, the present study showed that HBeAg-positive
individuals presented at a younger age, and in this group, the
nuclear expression of HBcAg correlated significantly with the
HBV–DNA level and negatively with fibrosis, while the cytoplas-
mic expression correlated with histological activity. In the
HBeAg-negative individuals, the nuclear localization correlated
with the DNA level, histological activity, and fibrosis, and the
cytoplasmic expression correlated with the DNA level and fibrosis,
but not with histological activity. There was no correlation
between the HBsAg expression and these parameters in both
groups.

These findings suggest biological differences between HBeAg-
positive and -negative disease. Further follow-up studies on a
larger group of HBeAg-negative patients may explain the differ-
ences in biological behavior.
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