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Hepatitis B virus (HBV) infection is considered a major global health problem. The
main objectives of the current study is to determine the patterns of expression of the hepatitis
B surface antigen (HBsAg) and HBV core antigen (HBcAg) in liver tissue samples obtained from
hepatitis B virus-infected Omani patients and to associate between the pattern of the expression
of HBsAg and HBcAg with the other clinical parameters and anti-viral therapy. The expression
patterns of HBsAg and HBV core antigen HBcAg were determined by immunohistochemistry
(IHC), in 58 formalin-fixed paraffin-embedded liver tissue biopsies obtained from chronic
hepatitis B Omani patients. The association between positivity for HBV antigens with gender, age
group, histological appearances, and antiviral therapy was determined. IHC-positive staining
of HBsAg was demonstrated in 28 patients (48.3%), of whom 4 (6.9%) also showed HBcAg
expression. The expression pattern of HBsAg was predominantly cytoplasmic and was seen in
25 (89.3%) of patients, whereas expression of HBcAg was nuclear in 3 (75%) of patients. HBsAg
and HBcAg IHC positivity were more common among males than females and among those aged
39-58 years (P = 0.130 and 0.569, respectively). The presence of lymphocytic infiltration in the
majority of liver biopsies examined in the present study indicates that the liver damage could be
attributed to immunologically mediated events, especially because HBV is a non-cytopathogenic
virus. No significant statistical association was found between positivity for HBsAg/HBcAg by
IHC and antiviral treatment. Determination of the expression patterns of HBV antigens in liver
biopsies obtained from chronic hepatitis B Omani patients and the association between these
expression patterns with other clinical histopathological parameters and anti-viral therapy, will
contribute greatly to a better understanding of the pathogenesis of HBV in this unique cohort
group of infected individuals.
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Hepatitis B virus (HBV) is one of the
viruses that cause viral hepatitis'. The infections
range from acute hepatitis to fulminant liver failure.
Around 15-40% of infected patients will develop
life-threatening liver diseases, including cirrhosis
and hepatocellular carcinoma**. Moreover, around
350 million infected people are considered chronic
carriers’. It has been estimated that one million
people die each year from HBV infection, most
of whom die from liver failure or hepatocellular
carcinoma (HCC), the latter is considered as the
third-leading cause of cancer-related mortality
globally is hepatocellular carcinoma (HCC)?.

After acute hepatitis B infection, most
infected individuals completely clear the virus from
the blood and liver, accompanied by seroconversion
from surface antigens to subsequent antibodies in
acute infections**. This immune response is carried
out by the non-cytolytic cytokines (e.g., interferon-
gamma [IFN] and tumor necrosis factor-alpha
[TNF]), which are used to clear the virus in such
situations*’. Further research has revealed that
virus clearance is aided by natural killer cells,
various IFNs and receptors, CD4" and CD8" T
cells Fas ligand, and the TNF receptor 1°. Patients
with chronic infection have a weakened adaptive
immune system that is tightly based, implying that
HBV clearance is T cell-dependent® °.

Pegylated-interferon (Peg-IFN) and
nucleotide analogs are the 2 main medications for
chronic HBV infection’. Their mechanism of action
is to suppress polymerase activity and thereby
slow the progression of the disease, but neither
is sufficiently effective in delivering a functional
cure> %7,

Vaccination against HBV has proven to be
highly effective in reducing disease burden, carrier
state development, and HB-related morbidity and
mortality®'°.

The aim of the present study is to
determine the expression patterns of the hepatitis
B surface antigen (HBsAg) and hepatitis B core
antigen (HBcAg) in formalin-fixed paraffin-
embedded liver biopsy tissue samples obtained from
chronically infected hepatitis B positive Omani
patients. Moreover, this study aimed to determine
the association between the immunohistochemical
positivity of HBVAg and other clinical parameters,
such as liver fibrosis and cirrhosis, and with
clinicoopathological features of the HBV-infected
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liver, as well as to evaluate HBsAg and HBcAg
positivity with antiviral therapy. This approach may
contribute to understanding the pathogenesis of
HBYV in Omani patients. A better understanding of
the pathogenesis of this virus will be of great help
in the future management of hepatitis B positive
patients in Oman.

MATERIALS AND METHODS

Ethical approval

Ethical approval for this research was
obtained from the Medical Research Ethics
Committee, Sultan Qaboos University, Muscat,
Oman. REF.NO. SQU-EC/197/2020; MERC#
2242.
Specimens

In the present study, 58 formalin-
fixed paraffin-embedded liver biopsies were
obtained from 58 Omani patients who had been
histologically diagnosed with chronic HBV
infection. The inclusion criteria included all Omani
patients with chronic HBV infection who attended
Sultan Qaboos University Hospital (SQUH). The
exclusion criteria were non-Omani patients and
patients with missing data. The formalin-fixed
paraffin-embedded liver biopsy specimens were
obtained from the Pathology Department at SQUH.
In addition, clinicopathological data were collected
from the information system at SQUH, including
age, gender, histopathological data, and antiviral
therapy. The antiviral therapy that had been given
to the patients included tenofovir alafenamide,
oseltamivir phosphate, acyclovir, daclatasvir,
eltrombopag, and entecavir.
Immunohistochemistry

Immunohistochemistry was performed on
Bench Mark Ultra from Ventana (Ventana Medical
System Ltd., USA). The detection kit was an
Ultra View Universal DAB detection kit (Ventana
Medical System Ltd., USA). The monoclonal
antibodies used were NCL-HBcAg-506 Mouse
Monoclonal (Leica Biosystems, UK) and NCL-
HBsAg-2 Mouse Monoclonal (Leica Biosystems,
UK). For each experiment, positive and negative
controls were included., one section was used as a
test section and the parallel section was used as a
negative control in which the primary antibodies
was omitted.
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Briefly, the formalin-fixed paraffin-
embedded liver biopsy tissue samples were cut
at 3im thickness and mounted on superfrost plus
slides and kept overnight at 37°C. As per the
protocol created in Bench Mark Ultra (Ventana),
the negative and positive controls and the test
slides were baked at 72°C for 4 minutes, followed
by deparaffinization at 72°C for 8 minutes. The
slides were subjected to antigen retrieval by
using Cell Conditioning-1 for 64 minutes. After
washing, the liver biopsy sections were exposed
for NCL-HBcAg-506 Mouse Monoclonal (Leica
Biosystems, UK) and NCL-HBsAg-2 Mouse
Monoclonal (Leica Biosystems, UK) for 36
minutes at 37°C.

The sections were counterstained
by hematoxylin-11 for 12 minutes and post-
counterstained by bluing reagent for 4 minutes.
The slides were removed from Bench Mark Ultra
and rinsed in running water with mild detergent.
The slides were then dehydrated in graded alcohol,
cleared in Xylene, and mounted in a Sukara cover
slipper. The slides were examined by 2 independent
pathologists. The patterns of the expression of HBV
antigens in relation to the histopathological features
in each section was recorded.

Statistical analysis

SPSS (Statistical Package for Social
Sciences) version 23 was used for statistical
analysis. The proportion and frequency of
clinicopathological and histopathological data
collected were projected. Most of the variables
were evaluated in pairs, with HBsAg positive
expression versus HBcAg positive expression.
Pearson’s Chi-square and Fisher’s exact tests were
used to analyze classified variables. A pie chart and
cross tabulation were used to display the data. A
statistically relevant P-value of 0.05 was used.

RESULTS

Expression of HBsAg and HBcAg in liver
biopsies

Of'the 58 liver biopsies obtained from the
HBYV seropositive Omani patients and analyzed
by IHC, 28 (48.3%) were positive for HBVsAg
expression, and 4 (6.9%) were positive for HBcAg
expression. Of the 28 (48.3%) HBsAg positive
patients, 21 (52.5%) were male and 7 (38.9%)
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were female (P = 0.402). Moreover, cases that
were positive for HBsAg were most common
among those aged 39-58 years (71.4%), followed
by those aged 19-38 years (21.4%) (Table 1). Two
(7.1%) of the HBsAg positive cases were aged e”
59 years (P=0.130). None of those aged 818 years
was positive for HBsAg expression. On the other
hand, all those who were positive for HBVcAg
expression were male 4 (100.0%) (P = 0.300). Of
these, 2 (50.0%) were aged 39-58 years, 1 (25.0%)
was aged 19-38, and 1 (25.0%) was aged e” 59
years. Those in the group aged 8—18 years were
negative for HBVcAg expression (P =0.569). The
results for the expression of HBsAg and HBcAg in
liver biopsies are summarized in Table 1.
Patterns of HBsAg and HBcAg expression in
liver biopsies obtained from Omani patients

A total of 25 (89.3%) of the 28 (48.3%)
HBsAg positive liver biopsies showed a cytoplasmic
pattern of staining, as shown in Figure 1A, while
the remaining 3 cases (10.7%) showed mixed
cytoplasmic and membrane patterns of expression
(Figure 1B).

Of the 4 (6.9%) patients positive for
HBcAg expression, 3 (75.0%) showed a nuclear
pattern of staining (Figure 1C). The fourth positive
case for HBcAg expression 1 (25.0%) showed
mixed cytoplasmic and nuclear patterns of HBcAg
expression (Figure 1D). An example of a negative
result for HBV immunostaining are shown in
Figure 1E.

HBsAg and HBcAg expression in association
with clinical and histopathological features

Of the 58 HBV-infected patients, 8 had
liver cirrhosis and 36 had bridging fibrosis. Of
the 8 patients with liver cirrhosis, only 1 (12.5%)
expressed HBsAg (P = 0.053) and 1 (12.5%)
expressed HBcAg (P = 0.457). Of the 36 patients
with fibrosis, 16 (44.4%) were positive for HBsAg
expression (P = 0.455) and 3 (8.3%) expressed
HBcAg (P = 1.00) (Table 2).

Twenty-five (89.3%) of the 28 cases
expressing HBsAg showed lymphocytic infiltration
(P = 0.707). Moreover, all of the 4 positive
patients for the expression of HBcAg showed
lymphocytic infiltration (P = 1.00). Of the 8
patients with liver cirrhosis, 6 (75.0%) showed
lymphocytic infiltration (P=0.303). Of the 36 with
bridging fibrosis, 33 (91.7%) showed lymphocytic
infiltration (P = 0.238).
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HBsAg and HBcAg expression in relation to  and the rest (20) were not (P = 0.098). Of the 30

antiviral therapy patients who were negative for HBsAg, 3 (10%)

Of the 28 patients who were positive for  received antiviral therapy. Of 54 patients who were

HBsAg expression, 8 were given antiviral therapy = negative for HBcAg, 10 (18.5%) received antiviral
therapy.

Table 1. HBsAg and HBcAg positivity expression by ITHC according to gender and age groups

Hepatitis B surface P-value Hepatitis B core p-value
antigen(HBsAg) antigen(HBcAg)
(n=28) (n=4)

Sex 0.402 0.3
male 21 (52.5%) 4 (10.0%)

female 7 (38.9%) 0 (0.0%)

Age(years) 0.130 0.569
18-Aug 0 (0.0%) 0 (0.0%)

19-38 6 (21.4%) 1 (25.0%)

39-58 20 (71.4%) 2 (50.0%)

>=59 2 (7.1%) 1 (25.0%)

Total 28 (100%) 4 (100%)

n: number of cases
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Fig. 1A. IHC stained Hepatocytes showing Fig. 1B. IHC stained Hepatocytes showing
cytoplasmic pattern of staining with HBsAg cytoplasmic and membranous pattern
immunostaining (%40) of staining with HBsAg immunostaining (x40)
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Fig. 1C. IHC stained Hepatocytes showing nuclear Fig. 1D. IHC stained Hepatocytes showing
pattern of staining with HBcAg immunostaining (X60) cytoplasmic and nuclear pattern of staining with
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Fig. 1E. Negative staining results with HBcAg
immunostaining (x40 )
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DISCUSSION

The findings of the present study revealed
that HBsAg was expressed in the liver tissues of
28 (48.3%) of the 58 chronically HBV-infected
Omani patients. These findings are concordant
with a study conducted by Sharma and others in
2002, where HBsAg was positive in 48 out of 100
patients (48%)'". In the present study, using IHC
staining patterns for HBsAg, 25 of 28 patients
(89.3%) showed a cytoplasmic pattern of staining
for HBsAg, while the remaining 3 (10.7%) showed

Table 2. The frequency of liver cirrhosis, bridging fibrosis in 58 HBV infected patients and were positive for
HBsAg or HBcAg expression

Patient with P-value Patient with bridging p-value
liver cirrhosis(N*:8) fibrosis(N;36)
Positive for HBsAg (IHC) 1 (12.5%) 0.053 16 (44.4%) 0.455
Positive for HBcAg (IHC) 1 (12.5%) 0.457 3 (8.3%) 1.00

mixed cytoplasmic and membrane patterns of
expression. A previously published study revealed
a similar finding of the cytoplasmic expression of
HBsAg in a high number of infected hepatocytes!?.
The finding of the present study that HBcAg
expression was positive in 4 (6.9%) cases, with a
predominantly nuclear pattern of staining (75.0%),
is compatible with a previously published study'! in
which 13 of 100 (13%) of the HBV positive patients
exhibited nuclear patterns of HBcAg expression.

The present study showed that HBsAg
and HBcAg positivity by IHC was more common
among males than females, but there was no
significant association between gender and IHC
positivity for HBsAg and HBcAg (P = 0.402 and
0.300, respectively). In addition, IHC positivity of
HBsAg and HBcAg increased with age until the age
of 59 years, with no significant association between
age group and HBsAg and HBcAg expression (P
=0.130 and 0.569, respectively). A higher rate of
HBYV infection in males in comparison to females
in the present study could be due to the fact that
Omani males are more frequently exposed to the
risk factors than females are. These findings of the
present study align with those of a study conducted
in Pakistan, which showed that 68.15% of HBV-
infected individuals were males and 31.85% were
females!>.

The degree of the intrahepatic
inflammatory lymphocytic infiltrate is recognized
as the histologic hallmark of the severity of
chronic hepatitis B virus infection because HBV is
considered a non-cytopathic virus'. In the present
study, the majority of positive liver biopsies for
the expression of HBsAg and HBcAg showed
lymphocytic infiltration of (89.3%) and (100.0%)
of cases, respectively.

Cirrhosis caused by the HBV was
once thought to be incurable. It is linked to
a higher risk of death and a higher chance of
developing hepatocellular carcinoma (HCC)'S. As
is demonstrated in the present study, 8 of the 58
patients had liver cirrhosis, with only 1 positive
for both HBsAg and HBcAg expression, with no
significant association between the development
of liver cirrhosis and IHC positivity for HBsAg
and HBcAg. This could be due to the fact that
HBYV is a non-cytopathic virus, and it is most
likely that the pathogenesis of HBV infection,
including liver damage, is mostly regulated through
immunologically mediated events'®. In the present
study, the presence of HBVAg in only 2 patients
with liver cirrhosis and the finding that the majority
of patients with liver cirrhosis (75.0%) showed
lymphocytic infiltration may enforce the view that
liver damage and cirrhosis in these patients could
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be attributed to immune response rather than the
presence of the HBV. It has been shown that there
is a close link between the progression of cirrhosis
and the degree of HBV replication, indicating that
long-term antiviral therapy could reduce the risk
of the prognosis to cirrhosis in these chronically
HBV-infected Omani patients'’. In relation to
the study’s findings, 2 of the 8 patients (25.0%)
with liver cirrhosis were given antiviral treatment
without significant association.

Son et al.'® showed that there is no
correlation between hepatitis histological activity
and HBsAg intracellular expression'®. This finding
is clearly confirmed by the present study, in
which 36 cases had bridging fibrosis, of which 16
(44.4%) were positive for HBsAg expression and
3 (8.3%) were positive for HBcAg expression,
with no statistical association. Moreover, the
majority of the cases with bridging fibrosis showed
lymphocytic infiltration without a statistical
association. In addition, 9 of 36 (25.0%) of the
cases with bridging fibrosis were given antiviral
therapy but there was no statistical association
between antiviral therapy and the development of
bridging fibrosis. A previous study showed that a
large percentage of patients who received a direct-
acting antiviral drug saw their liver inflammation
and fibrosis reversed'.

HBcAg expression has been identified
as a key target for antiviral immune responses®.
Previously published studies showed that
antiviral therapy responses can be predicted using
measurements of HBsAg and HBV DNA?"2,
According to the results of the present study, of the
28 cases positive for HBsAg, only 8 (28.6%) were
given antiviral treatment. Moreover, of the 4 cases
that were positive for HBcAg, 1 patient (25.0%)
was given antiviral therapy with no significant
association (P = 0.098 and 1.00 respectively).

In summary, the current study showed
that HBsAg and HBcAg IHC positivity were
more common among male than female patients
and among those aged 39-58 years. Moreover,
the presence of lymphocytic infiltration in the
majority of liver biopsies examined indicate that
liver damage could be immune modulated rather
than the result of direct liver damage caused by
HBYV infection, especially since HBV is a non-
cytopathogenic virus. No significant statistical
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association was found between positivity for
HBsAg/HBcAg by IHC and antiviral treatment.

CONCLUSIONS

The expression patterns of HBsAg
and HBcAg in liver biopsies obtained from 58
HBYV chronically infected Omani patients were
detected by immunohistochemistry. The expression
patterns of both HBsAg and HBcAg and their
association with clinicopathological parameters in
liver biopsies obtained from chronically infected
hepatitis B positive individuals gave further insight
into the pathogenesis of HBV infection in Omani
patients.
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