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Abstract

Hepatitis B virus (HBV) infection and its liver related complications are a 
substantial health concern in the Asia-Pacific region. Health interventions and 
implementation of vaccine programs have substantially reduced the incidence 
of HBV infections, however, large proportion of individual remains chronically 
infected and the disease status of the patients has to be evaluated before 
initiation of antiviral therapy and during follow-up. The immunostaining of HBcAg 
have proven useful in the characterization of CHB patients from Bangladesh, 
specifically in HBeAg-negative CHB patients, usually difficult to differentiate 
from inactive carriers. 

The present study was undertaken to detect hepatitis B core antigen 
(HBcAg) in chronic hepatitis B patients (CHB) and to compare indirect 
immunofluorescence (IIF) from formalin fixed paraffin block with frozen section 
of normal saline preparation. Study patients were grouped into HBeAg positive 
and negative category and HBcAg was detected by using polyclonal rabbit anti 
HBcAg. Out of 70 study patients 8 (11.4%) had HBeAg positive serology and 
62 (88.57%) were HBeAg negative. Among 8 HBeAg positive group all were 
positive (100%) for core antigen by IIF. Among 62 HBeAg negative patients 
55 (88.7%) were positive for core antigen and 7 (11.29%) were negative by 
IIF. Comparison between frozen section and formalin fixed paraffin block 
preparation for IIF test for the detection of HBV core antigen from 30 subjects 
showed, out of 26 HBeAg negative cases 22 (84.62%) were positive for HBcAg 
by both procedures. Among the 4 HBeAg positive cases all 4 (100%) patients 
were positive for core antigen by both the procedures.

In conclusion, our results suggest that formalin fixed tissues can be 
effectively used to detect HBcAg expression in hepatocytes of CHB patients, as 
compared to the frozen section of liver tissues, providing additional benefits in 
the case of studying previously analyzed biopsies and considering the limitations 
to obtain such biological samples. 
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33.3% cases of hepatocellular carcinoma [6,7,5]. With a population 
of 150 million, Bangladesh has a high (7.3-7.5%) HBsAg positivity 
among adults [8].

CHB infection is defined as when a person is positive for hepatitis 
B surface antigen (HBsAg) for at least 6 months. HBV infection is 
associated with three different structural antigens, hepatitis B surface 
antigen (HBsAg), hepatitis B core antigen (HBcAg), and hepatitis B 
e antigen (HBeAg). 

The nucleocapsid antigen can be found in two closely related 
antigenic forms, the HBcAg and the HBeAg [9]. HBcAg is detectable 
in the hepatocyte nucleus or cytoplasm, but never in blood [10,11,12]. 
Presence of HBcAg in hepatocytes is related to the presence of HBeAg 
as a marker of HBV replication, and usually connected with active 
inflammation of liver disease [13,14,15]. However, a significant 
proportion of patients with CHB are infected with a variant form 
of HBV which decreases or abolishes the production of HBeAg, 

Introduction
Hepatitis B (HBV) is one of the most common infectious diseases 

and the major cause of chronic hepatitis, cirrhosis, and hepatocellular 
carcinoma (HCC). It is estimated that approximately 2 billion people 
have serological evidence of past or present HBV infection; over 
350 million people worldwide are infected with HBV and around 1 
million die due to its consequences annually [1,2,3,]  Of the estimated 
50 million new cases of HBV infection diagnosed annually, 5-10% 
of adults and up to 90% of infants will become chronically infected, 
75% of these in Asia, where hepatitis B is the leading cause of chronic 
hepatitis, cirrhosis and hepatocellular carcinoma [4]. Bangladesh is a 
densely populated country with intermediate endemicity (2-7%) for 
chronic hepatitis B (CHB), where the life time risk of acquiring HBV 
infection is between 20% to 60%5. Various studies from Bangladesh 
show that HBV is responsible for 31.25% cases of acute hepatitis, 
76.3% cases of chronic hepatitis, 61.15% cases of cirrhosis of liver and 
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mostly due to mutations on the pre core or core promoter regions 
[16,17]. Such variants of infection is called HBeAg negative chronic 
hepatitis [17,15]. For HBeAg-negative chronic hepatitis B patients 
with core promoter or pre core mutations, the presence of HBeAg 
is not an indicator of viral replication and similarly the HBeAg-
negative serology doesn’t mean absence of disease progression or 
absence of intracellular HBV replication creating confusion during 
the characterization of patients before therapy. It has been proposed 
that the detection of HBcAg in liver tissues is a better indicator of 
active viral replication than HBeAg and that the distribution pattern 
of the HBcAg between nucleus and cytoplasm may be indicative of 
damage and repairing processes. In addition, the immunostaining of 
HBcAg have proven useful in the characterization of CHB patients 
from Bangladesh, specifically in HBeAg-negative CHB patients, 
usually difficult to differentiate from inactive carriers.

The present article is aimed at studying the HBcAg 
immunodetection in liver biopsy tissue from CHB patients using 
samples from two different sources: (a) from paraffin embedded - 
formalin fixed tissues, and (b) from frozen sections of normal saline 
preparations. 

Materials and Methods
A total of 70 serologically diagnosed CHB patients were 

selected for this study, according to the selection criteria. Relevant 
facts from the history and laboratory findings were recorded in a 
standard predesigned questionnaire/data sheet. Informed written 
consent was obtained and under all aseptic precaution a Tru-cut 
liver biopsy was done by one specialized hepatologist. About 1 to 
1.5 cm of liver tissue was collected in formalin for histological study 
and immunofluorescence staining. Formalin fixed tissues were 
transported in test tubes or plastic containers at normal temperature 
to the laboratory and routine processing with paraffin impregnation 
was done. Another 1 cm of liver tissue was collected in normal saline, 
transported in a cold box containing 4 ice packs (temperature was 
kept at approximately 4ºC) and preserved at -20ºC until use (not more 
than 15 days) for indirect immunofluorescence staining. Detection of 
HBcAg from all 70 samples were done by using polyclonal rabbit anti 
HBcAg (Dako, USA) as primary antibody and immunofluorescence 

staining was done by fluorescein isothiocyanate conjugated secondary 
antibody (polyclonal Swine Anti Rabbit Immunoglobulin/FITC, 
Dako). Statistical analysis was done by SPSS 16 version. 

Results
The present study was carried out among 70 serologically 

diagnosed CHB patients. The study population was grouped into 
HBeAg positive and negative. CHB patients. The study population 
was grouped into HBeAg positive and negative. The representative 
staining patterns of HBcAg expression in negative control (Figure. 1), 
formalin-fixed liver specimen (Figure. 2.1), and frozen section of liver 
tissue (Figure. 2.2) have been shown. In addition, the mixed nuclear 
and cytoplasmic expressions of HBcAg were shown in Figure 3.1 and 
Figure 3.2. Table 1 show, 8 (11.4%) HBeAg positive and 62 (88.57%) 
HBeAg-negative patients. Among 8 HBeAg positive group all were 
positive (100%) for core antigen by IIF from formalin fixed tissue. 
Among 62 HBeAg negative patients 55 (88.7%) were positive for core 
antigen by IIF and 7 (11.29%) were negative by IIF from formalin 

Figure 1: Shows negative control of indirect immunofluorescence test under 
fluorescence microscope (40X).

Figure 2.1: Indirect immunofluorescence of HBcAg on formalin fixed 
liver specimen using polyclonal anti HBcAg (Dako), showing nuclear and 
cytoplasmic HBcAg expression under fluorescence microscope (40X).

Figure 2.2: Indirect immunofluorescence of HBcAg on frozen section of 
same (Figute 2.1) liver specimen using polyclonal anti HBcAg (Dako), 
showing nuclear and cytoplasmic expression of HBcAg under fluorescence 
microscope (40X).
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fixed tissue.

Out of 70 cases only in 30 cases, adequate amount of tissues 
were available for both formalin and normal saline preparation. All 
30 subjects were tested for indirect immunofluorescence from both 
frozen sections and formalin fixed paraffin blocks. Out of 26 HBeAg 
negative cases 22 (84.62%) were positive for core antigen and 4 
(15.38%) were negative for core antigen by both procedures. Among 
the 4 HBeAg positive cases all 4 (100%) patients were positive for core 
antigen by both procedures (Table 2).

Discussion
Hepatitis B virus (HBV) infection and its liver related 

complications are a substantial health concern in the Asia-Pacific 
region. Over the last two decades public health interventions and 
implementation of vaccine programs have substantially reduced the 
incidence of HBV infections. However, large proportion of individual 
remains chronically infected and the disease status of the patients 

has to be evaluated before initiation of antiviral therapy and during 
follow-up [18]. In Bangladesh, 36% of hepatocellular carcinoma 
is associated with hepatitis B infection [19]. Hepatitis B surface 
antigen (HBsAg), e antigen (HBeAg), and their respective antibodies 
(anti-HBs and anti-HBe) have been used as serological markers to 
determine the status of HBV infection [20]. Serum HBeAg is thought 
to be associated with active HBV replication and the synthesis of 
complete virions and has been used to identify highly infectious 
hepatitis carriers [21,22,23,24]. Other markers of replication include 
DNA polymerase activity and the hepatitis B core antigen (HBcAg) in 
hepatocytes [25]. The prevalence of HBeAg-negative variants among 
HBV patients is quite variable throughout the world, being high in 
Middle East countries [26]. In case of such variants, detection of 
HBV core antigen plays an important role along with other markers. 
Moreover, detection of HBV core antigen can be a better marker than 
HBeAg for understanding the disease course and for treatment and 
prognosis [27].

Recent studies throughout the world show HBeAg negativity 
more than previously suspected. Prevalence of 80 to 90% has been 
reported from Italy, Greece and in India [28,29,30,31]. In the present 
study, prevalence of HBeAg negative cases was 88.57% (Table-1). 
This result indicates a significant increase of HBeAg negative CHB 
in Bangladesh than similar studies conducted by the Department of 
Hepatology, BSMMU in 2007, where HBeAg negative prevalence 
were 51.3% [5].

In the present study, it was observed that all HBeAg positive cases 
(11.43%) were also positive for HBV core antigen, whereas, among 
HBeAg negative cases 88.7% were core antigen positive (Table-1). 
This may be due to higher replication rates of HBeAg positive chronic 
cases than HBeAg negative chronic cases. A study from Korea also 
observed a higher prevalence (92%) of HBcAg expression in HBeAg 
positive patients. On the other hand, for HBeAg negative patients, the 
88.7% of HBcAg expression has been the highest level of expression 
reported for HBcAg staining worldwide. The same Korean study 
reported 59% positivity of HBcAg detection among HBeAg negative 
cases [15].

Other studies around the World have shown different levels of 
HBcAg expression in HBeAg-negative CHB patient. A study from 
New York showed 48% and another study from Taiwan showed 33% 
positivity of HBcAg among HBeAg negative cases [32,13].

In this study, IIF was performed from both frozen sections 
and formalin fixed paraffin block preparations to detect HBV core 
antigen. Results of both preparations observed similar findings in 

Figure 3.1: Indirect immunofluorescence of HBcAg on frozen section of liver 
specimen using polyclonal anti HBcAg (Dako), showing a mixed nuclear 
(yellow arrow) and cytoplasmic (blue arrow) staining under fluorescence 
microscope (40X).

Figure 3.2: Indirect immunofluorescence of HBcAg on frozen section of same 
(Figure 3.1) liver specimen using polyclonal anti HBcAg (Dako), showing a 
mixed nuclear (yellow arrow) and cytoplasmic (white arrow) staining under 
fluorescence microscope (40X).

HBcAg         
detection

HBeAg Total

Positive (n=8) Negative (n=62) n = 70

Positive

Negative

8 (100.0) # 55 (88.7) 63 (90.0)

0 7(11.3) 7(10.0)

Total 8 (11.43) 62 (88.57) 70

Table 1: Association of HBV core antigen and HBeAg status among study cases 
using the formalin fixed - paraffin embedded samples for staining.

#Figure within parentheses indicates in percentage.
IIF : Indirect immunofluorescence test
n : Number of cases
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their detection capacity (Table-2). The frozen section method requires 
the collection of liver biopsy samples separately in saline tubes which 
had to be kept frozen at - 20ºC until the test was performed (within 
15 days of collection). However, the formalin fixed paraffin block 
preparation did not need separate collection of samples. As such, it 
was possible to use the same sample collected for histological study for 
detection of HBcAg also. Moreover, as there is no time limitation for 
detecting HBV core antigen, if needed, the IIF test may be performed 
after many years from the preserved paraffin block. Thus, this study 
observed that it was easier to perform IIF to detect HBV core antigen 
with the formalin fixed tissues than the frozen section tissues.

In conclusion, our results suggest that formalin fixed tissues can 
be effectively used to detect HBcAg expression in hepatocytes of CHB 
patients, as compared to the frozen section of liver tissues, providing 
additional benefits in the case of studying previously analyzed biopsies 
and considering the limitations to obtain such biological samples. 

According to the results obtained in the present work, it can be 
proposed the use of paraffin embedded derived tissues as one of the 
sources of sample for future validation procedures of the intracellular 
detection of HBcAg.
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