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1. Introduction 

Chronic hepatitis B is a major cause of cirrhosis and liver cancer world 

wide despite the dramatic progress in controlling the spread of hepatitis B virus 

(HBV) by mass vaccination of newborns , the general improvement in hygiene 

and socioeconomic status  and in the use of antiviral therapy . This progress has 

lead to rapid changes in the epidemiology of HBV infection . For example, in 

western countries the proportion of HBeAg positive chronic hepatitis B fell 

during recent years and the age of the patients has increased significantly. On the 

other hand, most of the patients detected to have HBV infection in the Asian 

regions , where childhood immunisation against HBV is not mandatory, are 

younger with positive HBeAg. Conversion  from HBeAg positive status to 

negative status  is usually synonymous  with immunoclerance ; however  HBV 

DNA is detectable in the serum of these person albeit in  low titre suggesting low 

level of viral replication. During the phase of immunotolerance , the serum HBV 

DNA titre are high , but the disease activity in the liver is very low often with 

normal transaminase value. There are many reports in  the literature underlying 

the importance of immunohistochemistry along with histopathology to evaluate 

the stage of chronic HBV infection which are not necessarily obtained on 

conventional serological assays of HBV antigen and by assessment of HBV 

DNA. Moreover the expression of HBV core (HBcAg) and surface (HBsAg) 

antigen in the hepatocytes varies according to the phase of infection. So in this 

study ,  the correlation between the liver disease activity (HAI) and the 

expression of HBcAg and HBsAg antigens in the hepatocytes of persons with 

chronic HBV infection in relation to the phase of viral replication  was explored. 
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2. History 

The first recorded case of “serum hepatitis “appear to be those that 

following the administration of smallpox  vaccine containing human serum to 

shipyard workers in Bremen in 1833.(1) In the early and the middle part of the 

century , serum hepatitis was repeatedly observed after the use of contaminated 

needles and syringes, after plasma administration  for  immunoprophylaxis  and  

transfusion of blood (2,3,4,5) One of the most important discoveries leading to 

the rapid advancement of the knowledge of the viral aetiology  of  serum 

hepatitis,  its epidemiology and disease spectrum , occurred in 1965 when 

Blumberg and colleagues (6) fortuitously found an antigen in the serum of an 

Australian aborigine and was first named  “Australian antigen.”(7). But it took 

several years of investigations to establish its eventual association with acute 

hepatitis (8,9,10) and it was then named hepatitis-associated antigen (HAA) and 

later given the current name , hepatitis B surface antigen(HBsAg) 

The discovery of HBsAg and the recognition that it was a viral antigen 

lead to the appreciation that HBV has a worldwide distribution, and that 

infection in some parts of the world , such as parts of Asia, Africa, and Oceania, 

are extremely high(11). Serological testing provided direct evidence that many 

serum hepatitis cases were associated with HBV infection , that HBV infection 

could persists for many years, and that HBV was distinct from other virus 

associated infectious hepatitis cases like HAV and HCV. The name  serum 

hepatitis use for many years indicated that the first recognised common route of 

HBV transmission  was by percutaneous transfer of serum or blood or virus 

contaminated needles or by injected blood products. It is now clear that HBV is 

transmitted most commonly by routs that may not involve such direct or overt 

percutaneous transfer, that is, by sexual contact and by mother to newborn infant 

transmission 
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3. The virus 

Hepatitis B virus is a member of  hepadnavirus –heapa  from 

hepatotrophic and dna because it is a DNA virus family,(12) discovered by Dane 

in 1970.(13) .It has a spherical form  and the virion has  a diameter of 

approximately 42nm. The outer layer or envelope approximately 7 nm in width 

that contains HBsAg proteins , glycoproteins , and cellular lipids. Enclosed by 

the envelope is an electron-dense 28nm diameter spherical internal core or 

nucleocapsid.  (FIG 1) 

 

 

 

 
 
                                             Fig 1. Hepatitis B virus. 
 

 

HBV contains  among the smallest genomes of all known animal 

viruses. It consists of an approximately 3200 base pair circular DNA molecules 

that contains a single stranded region of different length in different molecules 

reflecting the fact that DNA molecules are packaged into virions before viral 
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DNA replication is complete(14,15). The HBV genome has four long open-

reading frames in the complete or long(minus) virion DNA strand.(16) The C 

(core or nucleocapsid ) gene encode the major viral core or nucleocapsid 

polypeptide and when assembled into the core particles , it manifest  hepatitis B 

core antigen (HBcAg) specificity. A truncated form of this protein with a mass 

of approximately 17,5000 dalton possesses hepatitis e antigen (HBeAg)  

specificity(17). This open- reading frame includes a short pre C (precore) 

sequence delineated by an in-frame initiation codon. In cells, translation is 

initiated at the first or pre-C initiation codon , suggesting that the pre C region  

act as a signal sequence. When the translation is initiated at the second or C 

initiation  codon, the full length of C polypeptide is synthesized and assembled 

into core particles in the cell. In case of HBV mutants , which result in a stop 

codon in the pre C sequence , infect cells and replicates but do not express 

HBeAg (18,19) because the HBeAg precursor protein initiated at the first (pre- 

core) initiation codon can not be made, although HBcAg is expressed.     

The S (surface or envelope) gene , including pre-S1, pre S-2 and S 

regions encodes the viral surface antigen( HBsAg) reactive polypeptide  in the 

virion envelope and in the incomplete viral forms found in the liver and serum of 

the infected individuals (20,21). 

The P (pol or polymerese) gene , which encompasses three fourths of 

the viral genome and envelopes a portion of C gene , the entire S- gene , a 

portion of X gene , encodes a basic polypeptide with DNA polymerase or reverse 

transcriptase activity and ribonuclease H activity. It also serves as a protein 

primer for DNA minus strand synthesis (22,23,24). 

The small X gene encodes a polypeptide of 154 amino acids which can 

transactivate  transcription regulated by HBV (25,26).  
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                Fig  2. Hepatitis B virus genome. 

 

The virion  surface manifests HBsAg specificity , which is contained in 

the small , middle and large HBsAg proteins that are the principal protein 

components of the viral envelope (20,21). HBsAg proteins are not only 

components of  the virion envelope but are also released from infected cells as 

components of small spherical particles . these are heterogeneous in size and 

appearance , diameter varying from 16 to25 nm and called 22nm particles. They 

are filamentous or rod-shaped particles and share antigenic determinants 

(HBsAg) with the surface of virions  (12). No nucleic acid has been found in 

them and  they are considered  to be incomplete viral envelope particles.  

             HBsAg is a complex antigen, at least  five antigenic specificities are 

regularly found on HBsAg particles  situated in the S region of HBsAg  proteins 

A group specific determinant a  is shared by all HBsAg preparations : more than 
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one antigenic site appease to share this broad specificity , and thus each would 

be defined as part of the a determinant . Two  pairs  of subtype determinants 

have been  found  -d,y and w,r .  and the four major subtypes  of HBsAg have 

been designed adw , ayw , ayr and adr  . Several other unusual combinations of 

HBsAg  subtypes  also have been reported (27) and are formed during mixed 

infections .Subtype determinants have been used as viral markers to follow 

spread of virus among individuals and in populations. 

DNA sequence of HBV isolates has shown the existence of  8 viral 

genotypes A-H  and these varies in geographic distribution.(Tab 1) Genotype A 

is found primarily in North America , Northern Europe , India and Africa. 

Genotype B and C are common in Asia ; genotype D in  Southern  Europe , the 

Middle East and India, genotype E ,in West Africa and South Africa ; genotype 

F , in South and Central America; genotype G, in United States and Europe (28) 

Genotype H was recently identified in individuals  from Central America and 

California (29). In China and Japan , some studies have  found more severe liver 

disease to be associated with genotype C compared with genotype B, (30 ) while  

other studies have found no such association (31,32) There is some evidence that 

shows HBeAg seroconversion occurs at a younger age among individuals 

infected with genotype B (30,32,33). Genotype D has been associated with anti-

HBeAg-positive chronic hepatitis B infection in the Mediterranean region (34). 

Several genotypes may be associated with the severity of  the disease .  

These genotypes differ by their geographic distribution in populations around the 

globe. There is evidence that HBV genotypes also differ by their pathogenic 

properties, including their risk of persistence as chronic infection and their 

capacity to induce precursor disease or cancer. On the other hand, HBV genes 

may undergo mutations that become selected during the course of chronic 

infection and progressive liver disease. The most significant of these mutations 

in the context of HCC are those occurring in the pre-core (Pre-C) and basal core 
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promoter (BCP) regions. These mutations may up regulate HBV expression and 

increase its virulence. These mutations may occur in all HBV genotypes but are 

more common in genotypes associated with more severe disease and cancer, in 

particular genotype C (35). 

 

Table 1.Genotype of HBV and Geographic Distribution 

A Africa, India, Northern Europe, United States 

B Asia, United States 

C Asia, United States 

D India, Middle East, Southern Europe, United States 

E West and South Africa 

F Central and South America 

G Europe, United States 

H Central and South America, California in United States 

 

HBV has a reported mutation rate of 10 times greater compare with 

other DNA viruses. These mutations can occur naturally as well as due to 

selective pressure from antiviral therapy.  There are five clinically relevant HBV 

types: wild-type HBV, precore mutants, core promoter mutants, tyrosine-

methionine-aspartate-aspartate (YMDD) mutants induced by lamivudine 

treatment, and asparagine to threonine (rtN236T) mutants recently identified in 

patients with adefovir treatment. In a study carried out in the United States, the 

precore varia HBV has a reported mutation rate of 10 times greater compare with 

other DNA   of HBV was rarely found in association with genotype A, but it was 

found in almost 50% of those with genotype C and in >70% of individuals with 

genotype D. Those with precore variant and core promoter mutations had higher 

HBV DNA levels in sera than those persons without these mutations. It is 

observed that flares in chronic HBV have been associated with increases in 

concentrations of precore mutation in proportion to wild-type HBV. 

Exacerbations have been thought to subside with time when the genetic 
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heterogeneity disappears and patients become exclusively infected with pre core 

HBV(36). During the treatment of chronic hepatitis B by lamivudine, drug 

resistance may develop, which is mediated by point mutations with the YMDD 

motif at the catalytic centre of the viral reverse transcriptase. With increase in the 

mutant viral load, patients can sustain further liver injury. The YMDD mutant 

level will decrease after stopping lamivudine. Viral mutation also occurs in 

patients on adefovir treatment during their second year therapy at the rate of 

2.5%. The mutation has been reported as asparagine to threonine mutation 

(rtN236T), downstream of the YMDD motif. 

 

3.1. Viral forms in the blood   

The concentration  of  incomplete  viral forms in the serum usually 

greatly exceed the concentration of complete virions or Dane particles. 

Filamentous HBsAg particles concentrations are commonly 100 fold lower  and 

virion or Dane particles when present are found  in even  lower concentrations. 

HBcAg and core particles are not presenting the blood in a free form, but are 

present  only as internal components of Dane particles. Very few Dane particles 

are necessary to infect a susceptible human .It is interesting to note that some 

HBsAg carriers circulate only incomplete HBsAg particles and not infectious 

virions (37,38). 

 

3.2. Virus in cells and in Liver 

When hepadna virus infect and enter cells , the relaxed circular virion is 

converted to  closed circular DNA (cccDNA), which serves as a template for  

viral transcription. The resulting transcripts include a longer than genome length 

RNA with a terminal redundancy and smaller transcripts that serves as mRNA 
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from which viral proteins are translated. The long transcript and pol gene 

product (reverse transcriptase) are encapsidated in core particles in which new 

viral DNA synthesis  takes place by reverse transcription of the long 

transcript(39).Viral DNA replication by reverse transcription is  a unique 

mechanism for DNA virus. HBcAg detected by immunofluorescent staining and 

core particles detected by electron microscopy have been found almost 

exclusively in hepatocyte  nuclei of HBV infected liver (40, 41,42).  HBsAg is 

detected by immunofluorescent  staining  as acytoplasmic  antigen  on cell 

surfaces ( 40,41,42). 

During persistent HBV infection , a variable number of liver cells 

contain viral antigen detected by immunofluorescent staining , from less than 

one percent to virtually all hepatocytes,  in different patients (40,42 ,43).  The 

pattern of viral antigen expression  appears to be different in different cells of the 

same chronically infected liver .Commonly, most positive  cells stain  for 

HBsAg; fewer  have only detectable HBcAg; and even fewer cells contain both 

HBsAg and HBcAg. At least some cells expressing only HBsAg may contain 

only integrated viral DNA. In the liver of some chronic carriers HBsAg is the 

only detectable viral antigen. In such carriers with no detectable virions or 

HBeAg in serum , liver cells with replicating virus and expressing HBsAg , may 

have been eliminated by a cytopathic effect of replicating virus or by an immune 

response directed at HBcAg ; HBsAg may be expressed in  remaining infected 

cells with only integrated virus. In all chronic carriers  producing relatively high 

concentration of virions and HBeAg, significant number of HBcAg positive cells 

can be found in the liver. The different patterns of viral antigen synthesis in 

individual cells of the same chronically infected  liver indicate that individual 

viral genes are expressed differently in different cells.  
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4. Epidemiology and public health burden. 

 

Approximately one third of the world’s  population  has serological  

evidence of past or present infection with HBV and 400 million people are 

chronically infected  and contributes to  an estimated one million  death 

worldwide each year. It has been estimated by the Centres for Disease Control 

and Prevention (CDC) in 2007  that there are approximately 43,000  new HBV 

infection per year in USA 

 

High >8%: Intermediate2-7%: Low<2%. 

                       Fig. 3. Hepatitis B prevalence in the world as of 2005 
 

However, the official number of reported hepatitis B cases are much 

lower. Many people don’t know they are infected or may not have symptoms and 

therefore never seek the attention of medical or public health officials. In the 

United States, an estimated 800,000 to 1.4 million persons have chronic hepatitis 

B viral infection .Most are in young adults  and approximately one –fourth are 

associated with acute icteric  disease. More than 100,000 patients are 
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hospitalized with hepatitis B each year , and 300 die with fulminant hepatitis B. 

Between 6 -10% fail to resolve primary infection and become HBsAg carriers. 

The life time risk of HBV infection is estimated to be 2% for the whole US 

population , but for certain high risk group it can reach up to 100%. The primary 

method of transmission reflects the prevalence of chronic HBV infection in a 

given area. In low prevalence areas such as USA and Western Europe , where 

less than 2% of population is chronically infected , injection drug abuse and 

unprotected sex are the primary methods , although other factors may be 

important (44). In moderate prevalence areas    which includes eastern Europe ; 

Russia and Japan 2-7% of population is chronically infected , the disease is 

predominantly spread among children. In high prevalence are a such as China 

and South East Asia , transmission during child birth is most common, although 

in other areas of high endemicity such as Africa , transmission during childhood 

is a significant factor(45). The prevalence of chronic HBV infection in areas of  

high endemicity is at least 8%.HBV infection is diverse and variable , ranging 

from a low viremic inactive carrier state to progressive chronic hepatitis which 

may evolve to cirrhosis and hepatocellular carcinoma (HCC) HBV end stage 

liver disease or HCC are responsible for over I million deaths per year and 

currently present 5-10% of cases of liver transplantation (46,47,48,49). Host and 

viral factors can affects the natural course of HBV infection as well as the 

efficiency of antiviral strategies.  

Chronic HBV may present either as hepatitis B e antigen (HBeAg) 

positive or HBeAg negative CHB. HBeAg  positive  CHB is due to the so called 

“wild type” HBV: It typically represents the early phase of chronic HBV 

infection. HBeAg negative CHB is due to the replication of naturally occurring  

HBV variants  wit h nucleotide substitutions in the pre core and /or basic core 

promoter regions of the genome and presents a later phase of chronic HBV 

infection. The prevalence of HBeAg negative form of disease has been 
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increasing over the last decade as a result of HBV- infected population aging and 

represents the majority of cases in many areas, including Europe (50,51).  

Morbidity and mortality in CHB are linked to persistence of viral 

replication and evolution to cirrhosis or HCC. Longitudinal studies of patients 

with CHB indicates that , after diagnosis , the 5 year cumulative incidence of 

developing cirrhosis ranges from 8 to 20%. The 5 year cumulative incidence of 

hepatic decompensation is approximately 20%. With the 5-year probability of 

survival being approximately 80-86% in patients with compensated cirrhosis 

(48,52,53). The patients with a decompensated cirrhosis have a poor prognosis 

with a 14-35% probability of survival at 5 years. The world wide   incidence of 

HCC has increased, mostly due to HBV and HCV infections; presently it 

constitute the fifth most common cancer , representing around 5% of all cancers. 

The annual incidence of HBV related HCC in patients with CHB is high ranging 

from 2% to 5% when cirrhosis is established(53.)However the incidence of HBV 

related HCC appears to vary geographically and correlates with the underlying 

liver disease.  

Population movements and migration are currently changing the 

prevalence and incidence of the disease in several low  endemicity countries in 

Europe and elsewhere. Substantial healthcare resources  will be required  for  

control of the worldwide burden of disease (54). 
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5. The course of  the Hepatitis B viral infection. 

Studies of natural HBV infections in humans and in experimental  

infections in humans and chimpanzees have defined several patterns of 

infections with HBV virus .Most primary infections in adults are self- limited 

and completely resolve within 6 months of onset. Most infections also appear to 

be sub-clinical and are detected only by serological testing and other methods. A 

fraction of infection fail to resolve , become persistent and may continue for 

many years. A unique feature of infection with HBV is the presence of viral 

forms continuously in the blood during active infection almost in all patients. 

These forms are most commonly detected by their antigenicity. Tests for HBsAg 

essentially  detect the incomplete viral forms, the 22nm particles and filaments, 

which greatly outnumber complete virions in most patients. Although most 

persistently infected patients appear to have complete infectious virus  in the 

blood as well as incomplete viral forms , some of these patients   appear to have 

no infectious virus. The presence of virus in the blood that can be detected by the 

serological testing and other methods , and the immune response to the viral 

antigens offer markers that can be used to follow the course of HBV infection. 

Several patterns of infection that define the spectrum of  responses of this virus 

have been described. 

 

 

5.1.Self- limited HBsAg – positive primary infection. 

           This pattern , in which HBsAg can be detected transiently in the 

blood, is the most common pattern of primary HBV infection in adults. HBsAg 

is the first viral marker to appear in the blood after HBV infection  (Fig 5).   The  

 



16 

Sabu Zacharia, Correlation between liver histopathology and hepatitis B viral (HBV) antigen expression in 
hepatocytes in chronic HBV infection in relation to the phase of viral infection, Tesi dottorato in Scienze 
Biomediche, Università degli studi di Sassari 
 

 

 

Fig 4.Clinical outcome of HBV infection acquired during perinatal /adult     stage of life. 

                       (Vigano M.Personal communication.Agorà in HBV 2009). 

 

 

 

 

 

 presence of this antigen is considered to be synonymous with active infection. 

HBsAg can be  detected as early  as first or second weeks ,and as late as  11 or 

12 weeks (55,56)  after exposure to HBV. Evidence of hepatitis are was found to 

follow the appearance of  HBsAg by an average of 4 weeks (usual range 1-7 

weeks)and after al least 3-6 weeks(56) in different studies. In self-limited 

infections, HBsAg was found to remain detectable in the blood for 1-6 weeks in 

most patients  , although it may persists for up to 20 weeks(56).   

Cured 
Acute infection in adults 

Cured 
Acute infection in 

perinatal /pediatric age 

Chronic infection Chronic infection 

Chronic hepatitis ���� mild ���� moderate ����severe  

cirrhosis 

ascetis HCC 

Death /Transplantation 
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~1 % 

10-20 % 
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        Fig 5. HBV antigen and antibodies detectable in the blood following acute infection  

                                         (  http://en.wikipedia.org/wiki/Hepatitis_) 

Patients who remain HBsAg positive for less than 7 weeks rarely appear 

to develop symptomatic hepatitis (56). The severity of hepatitis as measured by 

bilirubin elevations has been roughly correlated with the duration of HBsAg  

positivity  in patients with self-limited experimental infections. As symptoms 

and jaundice clear , the HBsAg titre falls and HBsAg become undetectable in 

most symptomatic patients several weeks after the resolution of hepatitis. 

However, in experimental transmission studies, 9 percent of patients had become 

HBsAg negative even before the onset of symptoms , and 28% were negative by 

the time symptoms has resolved (56). 

HBeAg is another regular and early marker of HBV infection . Higly 

sensitive assays  have demonstrated that HBeAg appears simultaneously or 

within a few days of the appearance of HBsAg in all or almost all primary 

infections, and its titre peaks and then declines in parallel with HBsAg 
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(57,58,59). The prevalence of HBeAg declines constantly over the first 10 weeks 

after the onset of symptoms. (59). HBeAg disappears just before the 

disappearance of HBsAg in self limited infections. Patients who remain HBeAg 

positive for 10 weeks or longer appear likely to become persistently infected 

(58). Anti HBeAg appear in most patients at the time HBeAg becomes 

undetectable or shortly thereafter. Anti HBeAg persists for 1-2 years resolution 

of HBV infection. (55).  

The third viral  marker in order of appearance is DNA and DNA 

polymerase-containg  virions. These particles detected by their DNA polymerase 

activity , appear in the blood of most patients soon after the appearance of 

HBsAg. They rise to high concentrations during the late incubation period of 

HBV , and fall with the onset of hepatic disease (60). 

A fourth marker of infection that appears in virtually all patients and 

before the onset of hepatic injury in most , is Anti- HBc the antibody directed 

against the internal antigen of  virions. Anti HBc can usually be detected 3-5 

weeks after the appearance of  HBsAg.in the blood and before the onset of 

clinically apparent hepatitis (55,56, 61). Anti-HBc titres rise  during the period 

of  HBsAg positivity , level off, and eventually fall after HBsAg become 

undetectable. The highest titre of anti HBc   appear in the patients with the 

longest period of HBsAg  positivity.(61). Anti-HBc titre fall three-to fourfold  in 

the first year after infection , and then drop more slowly (62). Anti HBc can still 

be detected by immunoelectroosmophoresis 5-6 years after acute infection in 

most patients (55, 62). The high correlation between the prevalence of Anti-HBc 

and Anti-HBs detected , indicates that these two antibodies  persists for a similar 

time after acute self-limited infections.   

Although most of the Anti-HBc activity is in  the IgG class, IgM anti-

HBc has been found in almost all patients with acute hepatitis B.(63). Anti-HBc 

IgM was found to decline rapidly  after disappearance of HBsAg only in 40% of 
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cases with self- limited acute hepatitis B ; in the remainder , the decline was 

slow, with 20% still being positive after 2 years (63). 

Antibody to HBsAg (AntiHBs) has been shown to appear   before the 

onset of clinically apparent hepatitis in 10-20% of patients . In most patients with 

self limited HBV infection , however, Anti-HBs can be detected only after 

HBsAg disappears from the blood(55,56,61).  Anti HBs can not be detected in in 

many patients immediately after HBsAg  disappears. There is a time interval of 

up to several months between the disappearance of detectabile  HBsAg  and the 

appearance of anti HBS in approximately one half of patients with self- limited 

infections (56). In approximately 10% of patients  with transient  antigenemia, 

anti HBs  never appears . In patients with measurable anti HBs response , the 

antibody titre rises slowly during recovery and may still be rising 6-12 months 

after disappearance of HBsAg (56). In contrast to the Anti- HBc response , the 

highest titres of  anti- HBs appear in those patients with the shortest period of 

antigenemia. The antibody may persists for years and after HBV infection and is 

associated with protection against reinfection  (64). 

In contrast to the extensive studies of viral markers in the blood early in 

the course of primary HBV infection , only few investigators have examined the 

state of virus in cells in liver at this early time. During the late incubation period 

and early during the acute disease , almost all hepatocytes  have been reported to 

be positive for HBsAg and HBcAg (41,42). During the acute hepatitis B , the 

state of viral DNA in the liver has not been adequately studied , but the forms of 

virus in the blood and antigen expression in the liver suggests that most of the 

hepatocytes are replicating complete virions during early stage of primary 

infection. 
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5.1. HBsAg positive persistent HBV infection   

 Patients who remain HBsAg   positive  for  20  weeks or  longer     after 
primary infection are very likely to remain positive indefinitely and be designed 

 

 

 

     Fig 6. HBV antigen and antibodies detectable in the blood following  chronic infection  

                        http://en.wikipedia.org/wiki/Hepatitis_  

 

chronic HBsAg carriers. Dane particles, DNA polymerase activity , HBcAg can 

be detected in the blood of a  significant fraction of persistently infected patients  

positive for HBsAg. All patients with detectable virion DNA polymerase in the 

blood have HBcAg in the liver biopsies (65) and all patients with HBcAg in the 

liver have detectable virions in the serum (66). Almost all  persistently infected  

patients have high titre of anti-HBc in the blood. The titre of this antibody are 

significantly higher during persistent than during most self limited infections or 

in convalescence. Although most of the antiHBc is undoubtedly in the IgG 



21 

Sabu Zacharia, Correlation between liver histopathology and hepatitis B viral (HBV) antigen expression in 
hepatocytes in chronic HBV infection in relation to the phase of viral infection, Tesi dottorato in Scienze 
Biomediche, Università degli studi di Sassari 
 

fraction , interestingly the IgM  anti HBc continues to be made and can be 

detected indefinitely in the serum of most persistently infected patients (63).Very 

rarely , HBV carriers fail to produce antibody to HBcAg , which is thought to be 

on the basis of a selective defect in the immune response.  

HBeAg can be detected in the serum of almost all patients early in the 

primary HBV infection, and anti HBeAg appear in almost all during the 

resolution of the infection. In persistent infection, on the other hand , HBeAg is 

present in one fourth to one half of patients , and and  antiHBe in almost all the 

remainder (57). There is a high correlation between the presence of serum 

HBeAg and virions . There is a wide range of HBsAg titres in persistently 

infected patients. In general, those with the highest titre of infectious virus and 

detectable virion DNA polymerase activity and /or HBeAg have the highest 

HBsAg titre. 

Although most HBsAg carriers have high titres of infectious HBV in 

serum , some carriers appear to have no detectable infectious virus. The highest 

titres are found in patients with detectable HBeAg (37,38) and /or virion DNA 

polymerese  activity in serum, and those without these markers or with anti-HBe 

have much lower titres. Patients with detectable viron polymerase   and HBeAg 

in their serum appear to be highly contagious (67,68) which is in agreement  

with the data on titres of  infectious HBV in blood.  A few HBsAg carriers with 

HBeAg and DNA and DNA polymerese-containing virions in the blood have 

been shown to have free replicating forms of viral DNA probably integrated viral 

DNA in liver providing biochemical evidence that complete viral replication is 

proceeding alt least in some cells (43, 69). A variable number of liver cells in 

such patients appear to contain  HBsAg and/or HBcAg . Such patients frequently 

but not always have chronic persistent or chronic active hepatitis.(70,71).  

Investigations of a few HBsAg carriers with no detectable  DNA and 

polymerese containing virions or HBeAg in the blood has revealed evidence of 
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integrated viral  DNA sequences , but no detectable free viral  DNA forms 

HBcAg in liver cells (43, 69). A small fraction of  hepatocytes shows the 

presence of HBsAg. These findings and the infectivity studies indicate that these 

patients are replicating complete at a very low level or not at all, and that the 

only viral gene expressed appears to be the HBsAg gene in an integrated state. 

Many , but not all these patients appear to have little or no liver disease (70) and 

are considered to be “healthy carriers”.  

The long term natural history of  persistent  HBV infection is not 

completely defined and prolonged infection appears to be the rule for most 

chronic carriers , and HBsAg positivity lasting  as long as 20 years has been 

documented (71). The titre of HBsAg and virion DNA  polymerese  have been 

shown to be relatively stable over a time period of weeks or a few months (65).  

However evidence suggest that persistent HBV infection tend to spontaneously 

wind down over a period of many months to years, with HBsAg titre slowly 

falling and and virion DNA polymerese and HBe titres falling below the level of 

detection. Spontaneous disappearance of HBeAg  up to 10 percent and  of 

patients per year  and up to 45 percent over 2-7 years have been reported (72).  

Anti HBe can eventually been detected in most patients after they 

become HBeAg negative. In HBsAg carriers without virion DNA  polymmerese  

activity or HBeAg in serum , these markers have frequently been observed to 

reappear spontaneously (73). Although the time after onset of infection when 

HBeAg and virion level fall below the level of detection appears to vary greatly  

and these markers may remain detectable in persistently infected patients for 

years , the duration of infection is clearly and important factor  that is strongly 

correlated with  the presence of detectable HBcAg and virions. Spontaneous 

clearance of  all viral markers of active HBV infection , although unusual , can  

occur at any time. Spontaneous  disappearance of HBsAg in persistent infected 

patients  have been reported (70,74). A number of  factors that appear to 
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influence the prevalence of persistent infection such as age, sex, immunological 

status, and possibly race , may also influence rate of spontaneous remission. 

Some evidence suggest that persistent infections resolve at a faster rate in 

females than in males (75). 

 

5.2. HBsAg –Negative persistent HBV infection  

There is good evidence that some patients with persistent HBV infection 

do not have detectable HBsAg in the serum. Also cases of chronic hepatitis with 

out detectable HBsAg  have been ascribed to active HBV infection because of 

persistent high titres of Anti- HBc (76).  

 

6. Natural history of of chronic hepatitis B 

Chronic hepatitis B is a dynamic process The natural history of chronic 

hepatitis B can be  schematically divided into five phases , which can not be 

necessarily sequential. 

� The “immune tolerant phase” is characterized by HBeAg  positivity high 

level of HBV replication (high level of serum HBV DNA levels) , normal 

or low levels of  aminotransferases ,mild or no liver necroinflammation 

and no or slow progression of fibrosis (47,49).  During this phase , the rate 

of spontaneous HBeAg loss is very low. This first phase is more frequent 

and more prolonged in subjects infected  perinatally or in the first year of 

life. Because of high level of viremia, these patients are highly contagious 

� The “immune reactive phase” is characterized by HBeAg  positivity , a 

lower level of replication (lower serum HBV DNA levels ) increasing or 

fluctuating level of aminotransferases , moderate or severe liver 
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necroinflammation and more rapid progression of fibrosis compared to the 

previous phase(47,49). It may last for several weeks to several years. In 

addition,  the rate of spontaneous HBeAg loss is enhanced. This phase 

may occur after several years of immune tolerance and is more recently 

reached in subjects infected during adulthood 

� The “inactive HBV carrier state” may follow serologic conversion from 

HBeAg to anti HBe antibodies. It characterized by very low or 

undetectable serum HBV DNA levels and normal  aminotranferases. As a 

result of immunological control of the infection , this state confers a 

favourable long term outcome with a very low risk of cirrhosis or HCC in 

the majority of patients. HBsAg loss and seroconversion to anti HBs 

antibody may occur spontaneously in 1-3% of cases per year , usually after 

several years with persistently undetectable HBV DNA ( 77). 

� “HBeAg  negative CHB” may follow seroconversion from HBeAg to anti 

HBeAg antibodies during the immune reactive phase and represents a later 

phase in the natural history of CHB. It is characterized by reactivation 

with a pattern of fluctuating levels of HBV DNA and aminotransferases 

and active hepatitis. These patients are HBeAg negative , and harbour 

HBV variants with nucleotide substitutions in the pre core and /or  the 

basal core promoter regions unable to express or expressing low level of 

HBeAg . HBeAg negative CHB is associated with low rates of  prolonged 

spontaneous disease remission. It is important and sometimes difficult to 

distinguish true inactive HBV carriers from patients with active HBeAg – 

negative CHB in whom phases of spontaneous remission may occur The 

former patients have a good prognosis with a very low risk of 

complications, while the latter patients have active liver disease with a 

very high risk of  progression to advanced hepatic fibrosis , cirrhosis and 
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subsequent complications such as decompensated cirrhosis and HCC. A 

careful assessment of the patient is needed  and  a minimal follow up of 

one year is need with serum Alanine Aminotransferase  (ALT) and HBV 

DNA level every 3 months usually allows detection of  fluctuations of 

activity in patients with active HBeAg  negative CHB (78). 

� In the “HBsAg negative phase” after HBsAg loss , low level HBV 

replication may persists with detectable HBV DNA in the liver. (79ES). 

Generally, HBV DNA is not detectable in the serum while anti HBc 

antibodies with or with out anti HBs are detectable. HBsAg loss is 

associated with improvement of the outcome with reduced risk of 

cirrhosis,  decompensation and HCC. The clinical relevance of occult  

HBV infection (detectable HBV DNA in the liver with low level - 

<200IU/ml- HBV DNA in blood) is unclear(79). Immunosopression may 

lead to reactivation in these patients(80,81).    

 

7. Changing aspects of HBeAg- posive and Negative HBV 

The vaccination against HBV , the general improvement in hygiene and 

socioeconomic status and  the availability of effective therapy  had led to the 

rapid changes in the epidemiology of  HBV infection that have  a significant 

impact  on liver disease. For example,  in industrialized countries the proportion  

HBeAg  positive  chronic hepatitis B fell during recent years and the age of 

patients has increased significantly (82). Most of the patients detected to have 

HBV infection in the developing countries  are younger with positive  HBeAg    

(83) where childhood immunisation against HBV is not mandatory and still 

continues to be a major problem (84). The highest disease burden for HBV 

infection is in the Asian and Sub Saharan African regions. In these areas , HBV 
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infection is acquired in the childhood itself through vertical transmission and 

there is a high rate of  chronicity(85). 

 

7.1.  HBeAg positive chronic hepatitis 

 
Clinical data indicate that HBV infection acquired in the perinatal 

period is characterized by a prolonged immunotolerant phase and very low rate 

of spontaneous HBeAg clearance (86). Most carriers infected at birth or in the 

first few years of life present with HBeAg positive chronic hepatitis with normal 

serum aminotransferases and this clinical condition is likely to be maintained up 

to adulthood by a consistent proportion of patients (87,88). Many of these 

patients enter the immunoactive phase and develop HBeAg positive chronic 

hepatitis with elevated ALT levels only after 10 to 30 years of infection (89). In 

contrast patients who acquire HBV infection in the late childhood, during 

adolescence or adulthood and become chronic carriers usually present in the 

immunoactive phase with active liver disease. 

The age of adult patients at the time of initial presentation with HBeAg 

positive chronic hepatitis B ranges between 24 and 36 years (median 31) in 

several reports and men usually outnumber women, the male to female ratio 

ranging from 1.5 to 4.9 (90,91). Liver damage ranges from mild (24% to 42%) to 

moderate or severe chronic hepatitis (44% to 63%) or active cirrhosis (10% to 

24%) (91, 92, 93, 94,95). Chronic hepatitis B tends to be milder in children and 

liver histology reveals minimal to mild chronic hepatitis in the great majority of 

children (86% to 90%), nevertheless severe liver disease including cirrhosis may 

occur in a small proportion of patients during childhood (96, 97). 

A key event in the natural history of HBeAg positive chronic hepatitis is 

HBeAg seroconversion. Several longitudinal studies conducted in cohorts of 
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patients with HBeAg positive chronic hepatitis have shown that seroconversion 

from HBeAg to anti-HBe with marked reduction of HBV replication is 

associated with biochemical and histologic regression of inflammatory activity 

in the majority of patients (90,93,97,98). Histological  improvement occurs 

gradually months to years after HBeAg  seroconversion (99). In longitudinal 

studies the observed  probability of clearing HBeAg was about 50% and 70% 

within 5 and 10 years of diagnosis, respectively (91, 93, 100, 101). Most studies 

have found that the mean annual rate of spontaneous HBeAg  seroconversion 

ranges from 8% to 15% in children or adults showing biochemical signs of liver 

disease activity (87, 88, 90, 92, 93, 91, 101,102). On the other hand in Asian 

children, most with normal ALT, the annual spontaneous HBeAg  

seroconversion occurs at a very low rate, less than 2% during the first 3 years of 

age and 4-5% in children older than 3 years . 

Some determinants for HBeAg  seroconversion have been reported, 

including sex, age, the degree of biochemical activity and more recently HBV 

genotypes. Older carriers and female are more likely to clear  HBeAg (89, 100, 

103); in a study of 532 Alaska Natives with HBeAg positive chronic hepatitis, a 

multivariate Cox proportional hazards model predicted clearance of HBeAg 

within 5 years in 33%, 52% and 76% for persons0 to 18 years of age, 19 to 30 

years of age, and 31 to 78 years of age, respectively (100). Spontaneous HBeAg  

seroconversion within 1 year occurs in over 50% of patients with serum ALT 

levels over5 times the upper limit of normal (ULN) as opposite to less than 10% 

of those with ALT levels less than 5 times the ULN (104). Frequently acute 

exacerbation of hepatitis, reflecting immune mediated lysis of HBV infected  

hepatocytes, with ALT elevations to more than 10 times the upper limit of 

normal range and more than twice the baseline value and with HBV-DNA levels 

rising before and falling during the flare, precede HBeAg to anti-HBe  

seroconversion and usually lasts for 2 to 4 months (105). The probability of 
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HBeAg seroconversion correlates with the degree of histologic activity during 

the acute flare of hepatitis. A prospective study in Asian patients has indicated 

that approximately 70% of ALT flares with histological changes compatible with 

bridging hepatic necrosis sometimes associated with elevated serum 

alphafetoprotein level are followed by HBeAg seroconversion compared to only 

20% of acute exacerbations  without (106). Indeed in some cases these 

spontaneous flares of hepatitis are not followed by subsequent HBeAg 

seroconversion and these episodes can be viewed as an abortive attempt at 

seroconversion. These temporary flares of hepatitis are usually asymptomatic 

and frequently unrecognized, but some are accompanied by symptoms of acute 

hepatitis and very rarely, primarily in patients with slightly compensated chronic 

liver disease, may lead to hepatic decompensation and even death due to massive 

necrosis (107). HBV can be classified into 8 genotypes A-H and recent studies, 

all from Asia, have indicated that HBV genotype B is associated with earlier 

HBeAg seroconversion than genotype C, thus most likely explaining the less 

progressive disease in patients with genotype B (108,109). 

HBeAg  seroconversion associated with liver disease remission marks 

the transition from chronic hepatitis B to the inactive HBsAg carrier state, 

however a small percentage of patients (approximately 5%) may continue to 

show biochemical activity and high levels of serum HBV-DNA at the time of 

HBeAg  seroconversion (93, 97, 98). These patients as well those undergoing 

reactivation of hepatitis B after HBeAg  seroconversion may generate the group 

of patients with HBeAg negative chronic hepatitis B. 
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 Fig 7 .DNA and Liver Enzymes in HBeAg positive and HBeAg Negative patients. 
 
 
 

7.2.  HBeAg negative chronic hepatitis B 

 
The diagnosis of HBeAg negative chronic hepatitis B is based on 

chronic HBsAg  carriership, HBeAg negativity with anti-HBe  positivity, 

detectable serum HBV-DNA by molecular hybridization techniques or by 

quantitative PCR assays, with HBV-DNA usually exceeding 105 and 106 copies 

per ml, increased ALT levels, liver necroinflammation at histology and exclusion 

of other concomitant or superimposed causes of liver disease, such as super 

infection with other hepatitis viruses, alcohol abuse, hepatotoxic drug use, 

autoimmune or metabolic liver disease (87, 88,). The atypical serological profile 

is sustained by HBV variants which are unable to express HBeAg. The most 

frequent pre core mutation is a G to A change at   nucleotide1896 (G1896A), 

which creates a stop codon in the pre core region of HBV genome and 

completely abolishes the production of HBeAg . Other patients may harbour 

other changes in the pre core region or mutations in the core promoter region, 

which reduces pre-core mRNA synthesis and HBeAg production; the most 
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common core promoter mutation involve a 2 nucleotide substitution, A to T at 

nucleotide 1762 and G to A at nucleotide 1764 (TA) (110). 

HBeAg negative chronic hepatitis has been reported to prevail in certain 

part of the world such as in the  Mediterranean basin, the middle East and Asia 

(88). Recent data suggest that HBeAg negative chronic hepatitis is more 

common than previously suspected and that is present worldwide (111). The 

geographical variations in the prevalence of HBeAg negative chronic hepatitis 

and associated pre core and core promoter variants is related to the predominant  

HBV genotype in each area. Indeed the most common pre core mutant 

(G1896A) can be selected only in patients infected with HBV genotypes B, C, 

D,E harbouring thymidine (T) at pre core position 1858. On the other hand in 

HBV genotype A the nucleotide 1858 is a cytocine (C),precluding the selection 

of the G1896A mutation. This explains why HBeAg negative chronic hepatitis 

associated with pre core stop codon variant is prevalent in the Mediterranean 

area where non-A genotypes, particularly D, predominate and is infrequent in 

North America, Northern Europe and parts of Africa where genotype A 

predominates . In Asian countries, where both A and non-A genotypes exist, 

HBeAg negative chronic hepatitis is associated with mutation in the core 

promoter region in addition to precore mutants (110).Clinical experience 

suggests that the prevalence of HBeAg negative chronic hepatitis is increasing 

during the last decade particularly in the Mediterranean area and in Asia, but this 

issue is supported only by few studies (110, 112). 

Patients with HBeAg negative chronic hepatitis are usually older than 

patients with HBeAg positive chronic hepatitis and the age ranges between 36 

and 45 years (median 40); males largely predominates and the reported 

male/female ratio ranges from 3.9 to 17 (95, 113,114). Current available data 

indicate that the clinical profile of HBeAg negative chronic hepatitis differs from 

that seen in patients with HBeAg positive chronic hepatitis. Indeed minimal or 
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mild chronic hepatitis at histology is infrequent and severe necroinflammation is 

seen in more than 50% of HBeAg negative cases at diagnosis (113, 114, 115). In 

large series of patients from the Mediterranean area from 29% to 38% had 

cirrhosis already developed at the time of their first presentation( 114, 115). The 

older age and the high rate of advanced liver damage at presentation of HBeAg 

negative as compared to HBeAg positive patients suggest that HBeAg negative 

chronic hepatitis represents a late phase in the natural history of chronic HBV 

infection. To further support this concept a recent long term study has reported 

that HBeAg negative chronic hepatitis accumulated over time after HBeAg  

seroconversion with a cumulative incidence of approximately 25% at 16 years of 

follow-up (98). Thus the increasing prevalence of HBeAg negative chronic 

hepatitis may be only the reflect of the increased duration of infection in chronic 

HBV carriers and long term monitoring of patients. 

Moreover the clinical course of HBeAg negative chronic hepatitis 

differs from the HBeAg positive forms in relation to large fluctuations over time 

of viremia and transaminases, with relapses of hepatitis alternate to periods of 

biochemical remission in most patients and a much lower rate of sustained 

spontaneous remission. During follow-up three main biochemical profiles are 

observed, namely recurrent flares of ALT with(pattern 1) or without (pattern 2) 

spontaneous ALT normalization between flares, and persistently increased ALT 

without tendency for spontaneous remission (pattern 3). In a recent longitudinal 

study approximately two thirds of patients showed recurrent ALT flares and the 

frequency of patterns 1,2 and 3 was reported to be 45%, 20% and 35%, 

respectively (114). Flares of hepatitis may be severe and disease exacerbations 

correlate with progression to end stage complications of cirrhosis (114). Periods 

of remission with normal ALT and low serum HBV-DNA levels (< 105 copies 

per ml) may be long lasting, but usually the disease recurs and sustained 

spontaneous remission of disease activity is uncommon . The incidence of 
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delayed spontaneous HBsAg clearance has been estimated to occur at a low rate 

of 0.5% per year (98, 115).   

8.Role of liver Histology in the assessment of chronic hepatitis B 

 

 

8. 1. Liver biopsy 

 
 

Liver diseases in patients with hepatitis B infection represent an 

interaction between viral replication and the host’s immune response that 

attempts to eradicate the virus. The degree and nature of the injury in any 

individual patient are determined by the balance between these two factors. 

Since hepatitis B is not directly cytopathic, it is the immune response that causes 

tissue damage in the live, which over time may lead to scarring and eventually to 

cirrhosis and its complications. These processes are reflected in changes in liver 

histology that can be readily assessed in a liver biopsy (Fig 8). In the recent 

EASL guidelines, “a liver biopsy is recommended for determining the degree of 

necroinflammation and fibrosis in patients with either increased ALT or HBV 

DNA levels > 2000IU/ml or both, since hepatic  morphology can assist the 

decision to start treatment” and , this recommendation is based on high quality 

evidence(116). Presently liver biopsy remain the gold standard for grading 

necroinflammation and staging fibrosis in patients with liver disease( 117). This 

requires an adequate size biopsy, 2.5 cm or longer with a 16-guage or wider 

needle (fig 9) ,and a simple , reproducible staging and grading system.  
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Fig.8. Liver biopsy: Normally liver biopsy is performed by percutaneous method. A 

specimen of  at least 1.5 cm in length and 1.2- 2 mm in diameter and contains at 

least 6 to 8 portal triad is considered adequate. 

 

 

Fig. 9. Biopsy specimen : Specimens are  fixed in 10%formalin and 

four micron sections are stained for histo-pathological  examination. 

Immunohistochemistry  is done on deparaffinised sections.    

7.3. Grading and staging of liver biopsy specimens 

Liver biopsies are usually performed for grading and staging of liver 



34 

Sabu Zacharia, Correlation between liver histopathology and hepatitis B viral (HBV) antigen expression in 
hepatocytes in chronic HBV infection in relation to the phase of viral infection, Tesi dottorato in Scienze 
Biomediche, Università degli studi di Sassari 
 

disease . The stage of any disease is a measure of how far it has progressed its 

 
 

 
 
 
Table 2.KNODEL Histological Activity Index (HAI) [D esmet V Journal of Hepatology 2003]  
 
 
 
Stage METAVIR ISHAK 

0 No fibrosis No fibrosis 
1 Periportal fibrosis Expansion of fibrosis to poral area with or with out 

septal fibrosis 
2 Porto-portal septum  

(> 1 septum) 
Expansion of fibrosis to more  portal areas with or 
with out septal fibrosis 

3 Porto-portal septems Expansion of fibrosis to more portal areas with 
occasional porto-portal bridging 

4 Cirrhosis Expansion of fibrosis to more portal areas with 
marked porto-portal bridging 

5  Marked porto-portal bridging with occasional nodules 
(incomplete cirrhosis) 

6  Cirrhosis 
Table 3.Stage of fibrosis in chronic Hepatitis B.F0: No fibrosis   F1 : Portal fibrosis without 
septum   F2: : Portal fibrosis with few septumF3: Portal fibrosis with numerous septums 
without cirrhosis   F4 : Cirrhosis.[ Strader et al. Hepatology 2004] 
 

Periportal±Bridging  
Necrosis 

score Intra lobular 
degeneration and 
focal necrosis  

score Portal 
inflammation 

score Fibrosis score 

None 
0 none 0 No portal 

inflammation 0 No 
fibrosis 0 

Mild piecemeal 
necrosis 1 Mild 1 Mild 1 

Fibrous 
portal 

expansion 
1 

Moderate piece meal 
necrosis 3 Moderate 3 Moderate 3 Bridging 

fibrosis 3 
Marked piecemeal 
necrosis 4 Marked 4 Marked 4 Marked 4 
Moderate piecemeal 
necrosis plus 
bridging necrosis 

5 - - - - - - 

Marked piecemeal 
necrosis plus 
bridging necrosis 

6 - - - - - - 

Multi nodular 
necrosis 10 - - - - - - 
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 Fig 10.Grade of inflammatory activity in chronic hepatitis B  
A0 : No activity   A1 : Mild activity   A2 : Moderate activity  A3 : Severe activity 
 

 Fig 11.Stage of fibrosis in chronic Hepatitis BF0: No fibrosis   F1 : Portal fibrosis without 
septum   F2: : Portal fibrosis with few septumF3: Portal fibrosis with numerous septums 
without cirrhosis   F4 : Cirrhosis 
[Photo taken from America Gastroenterological Association Institute (Dr. Tom Smyrk)] 
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natural history, with the end stage resulting in death of the patient or failure of 

the organ; and so in chronic hepatitis B the end stage is cirrhosis with clinical 

decompensation, whereas earlier stages have lesser degree of fibrosis or 

cirrhosis.  The grade of a disease is meant to reflect how quickly the disease will 

progress to the end stage. In chronic hepatitis, it is thought that hepatocellular 

injury and inflammation especially interface hepatitis, causes progression of 

fibrosis. Therefore grading is the assessment of these features (Fig 10&11).   

There are two major reasons for histological staging and grading in 

chronic hepatitis B. First, and the most often, histological grading and staging 

are used in the management of individual patients, for prognosis, and as a guide 

to therapy. Secondly, the improvement in liver histology can be used as an end 

point in clinical trials for new forms of therapy. These two functions of liver 

histology have different goals and therefore have different requirement and 

should use different methods for grading and staging(Tables 2&3). Some widely 

used systems include:  

1. Conventional verbal diagnoses- As revised by a special panel 

under the International Association for the Study of Liver (IASL), 

the severity of chronic hepatitis can be graded as minimal, mild, 

moderate or marked, and the degree and location of fibrosis noted 

precisely.  

2. METAVIR- Activity has 3 grades and fibrosis has four stages 

(118, 119). 

3. Batts-Ludwig – Activity has 4 grades and fibrosis has four stages. 

4. Scheuer – Scores added to give an activity of 0 to 8 and stage 0 to 

4 (120,121,122). 

5. Knodell – scores added to give an activity of 0 to 18 and stage 0, 

1,3 or 4(123).  
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6.Ishak – score added to give an activity of 0 to 18 and stage of 0 to 6 

(124).  

For clinical trials employing large cohorts of patients, a wide range of 

values are better for statistical analysis.  For activity, both Knodell and Ishak 

scores have a theoretical range of 0 to 18. The Ishak  fibrosis score, with a range 

of 0 to6 and no missing numbers, is better for assessing fibrosis. The date can be 

analysed in many ways, although it is important to remember that the numbers 

correspond to categories rather than equidistant units.  
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8.  Aim of the study 

The correlation between the expression of viral antigens in the 

hepatocytes of patients with chronic hepatitis B viral(HBV)infection , the liver 

histology and the stage of viral replication remains less explored. The aim of this 

study is  to  asses the liver histology by using the Histological Activity Index 

(HAI) and  correlate it with the expression of HBV core antigen (HBcAg) and 

surface antigens (HBsAg) in the hepatocytes of patients with chronic HBV 

infection of various phase of viral infection. 

 

.  

9.  Materials and methods 

 
The study was conducted between January 2008 and April 2009 in the 

Department of Gastroenterology and Hepatology , Medical College Calicut of 

the University of Kerala, in South India, with the  collaboration of  our 

Department. The liver histology and immunohistological analysis was  

performed by  the Department of  Pathology, “Bambin  Gesu Hospital”, Rome, 

Italy. Patients  attending the Liver clinic of the Institution with documented 

chronic  HBV infection at six months apart were recruited for study. All patients 

gave informed written consent for liver biopsy and the study protocol was 

approved by the institutional ethics committee.  They underwent  thorough 

evaluation by detailed history, physical examination, routine haematology and 

biochemical tests including  liver functions tests and blood  coagulation profile. 

HBsAg, HBeAg , Anti HBe, Anti HCV,( Abbot) HIV antibodies and  HBV 

DNA were done in all patients. Every patient  had routine abdominal 

ultrasonogram and liver biopsy through the inter-costal route using Bard liver 
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biopsy gun. The exclusion criteria were; cirrhosis of the liver, pregnancy, 

coagulation disorder, HCV and HIV infection, BMI >25 , alcohol intake of > 40 

gm /day, those already on antiviral therapy and those unwilling for liver biopsy . 

All liver biopsy specimens were fixed in 10% formalin and four micron 

sections were stained for routine histopathology examination using haematoxylin 

and eosin and orcein. The disease activity was assessed using the HAI scoring 

index(124). Immunohistochemistry   was done on deparaffinised sections for 

cytoplasmic   and nuclear HBcAg and cytoplasmic HBsAg using polyclonal anti 

HBc and anti HBS using standard immunoperoxidase method (125). The 

pathologist was blinded to the clinical and serological profile of the patients. The  

patients were broadly divided in to HBeAg positive and negative and the HAI 

and pattern of core antigen and surface antigen expression in liver were 

compared later. The results were analysed using non parametric tests like chi 

square test, Wilcoxon test and Mann-Whitney test  and the statistical  software 

used was SPSS.  

 

10. Results: 

The study was conducted between January 2008 and April 2009. 19 

patients who satisfied the inclusion criteria underwent liver biopsy during this 

period. The baseline characteristics of 19 patients are given in Tables 4&5. 

12(63.15%) patients were  HBeAg positive and  were younger with a mean  age 

of  26.1 ± 7.3 while  HBeAg negative  patients were older with a mean age  of  

40 ± 10.4(p 0.003). In this study the major  number of   patients were male 

representing  68.43%. The HBeAg positive patients presented with a higher 

value of  HBV DNA, 2.35x107  (range1.07x107-108) vs 1.25x104 (range 8.06x103-

1.15x105) (p<0.05) in HBeAg negative patients . No much   difference   was   

noted   in   the  other parameters:   serum bilirubin,  1.2± 0.6  vs  1.2 ± 0.4 (p 
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0.65); prothrombin time, 15.6± 1.4 vs 15.3± 1.5 (p 0.65); platelet count 2.6± 0.6 

vs 2.8± 0.7 (p 0.34); AST 53.2± 37.4 vs 43± 16.6 (p 0.84) and ALT 66.7± 67.5 

vs 46.3± 28.8 (p 0.77),  in the respective groups.  There was history of intake of 

indigenous drugs  in 7 out of 19 patients. Most of them took self made extracts 

of the stem and leaves of the plant Phyllantus amarus ssp. niruri, for varying  

periods ranging from 2-24 months. This plant is  widely claimed to be useful for 

treatment of liver diseases among practitioners of indigenous medicine in India. 

None of the patients had clinical evidence of cirrhosis of the liver. 

Considering  the above  parameters, the  mean age of the patients and 

the HBV DNA values were statistically significant.  

 

10.1. Liver histology and immunohistology 

 
For HBeAg positive patients, the mean grade for inflammatory activity 

was  5 (range.2-12) and staging for  fibrosis was  0 (range 0-2), the minimum 

grade  of 2 was represented in 1 out of 12 (8.33%)patients  and the maximum 

grade of 12 was presented only in 1 out of 12 (8.33%) while  majority , 8 out of 

12 (66.66%) had a fibrosis stage of 0.  For HBeAg negative patients, the mean 

grade for inflammatory activity was 6 (range2-9) and staging for fibrosis was 1 

(range0-5), the minimum grade  of 2 was noted in 2 out of 7 (28.5%) patients 

and the maximum grade of 9 was noted only in 1 out of 7 (14.48%) and  3 out of 

7 (42.85%) had a fibrosis  staging of 0 and the maximum  staging of 5 was noted 

only in 1 patient out of  7 (14.48%) . Diffuse ground glass appearance (Fig15) 

was seen in 16cases ( 82.2 %). Orcein staining confirmed the presence of Shikata 

cells bearing HBsAg in 17 cases. (Figure 1)  .  By immunohisotology, there were 

three patterns of staining for HBcAg in the hepatocytes namely  predominantly 

nuclear, predominantly cytoplasmic and a mixed pattern. (Figure 12) The pattern 

of staining for HBsAg was  membranous,  submembranous and diffuse type. 
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(Table 12, Fig 13) The cells expressing the antigens were found either in clusters 

or were diffusely scattered. The details of liver histology as per HAI and the 

pattern of staining by immunohisotology for the two groups  are  given in         

Table 7. Two cases (10.5%) had evidence of macrovescicular steatosis (Fig16) 

predominantly affecting the centrizonal regions, one patient had evidence of 

nodule formation in the liver and one patient had evidence of lymphoid follicle.  

 

There was strong correlation between the presence of nuclear HBcAg , 

low disease activity index by HAI and positive HBeAg  in the serum. Similarly 

cytoplasmic HBcAg was strongly correlated with significant liver disease as per 

HAI and negative HBeAg status (chi square test 4.08). Membranous expression 

of HBsAg was associated with inflammatory activity. Discrete  expression of 

HBsAg in the cytoplasm was inversely related with disease activity (p=0.03) 

(Tables 7).  

 

11. Discussion  

 
The prevalence of Hepatitis B in the normal population of Calicut in the 

northern part of Kerala is considered as low  with only 0.52%, compared to other 

parts of India, where the seroprevalence of Hepatitis B is intermediate between 

2-7% (126). Hepatitis B continues to be a major problem in  the state of Kerala , 

as in other developing countries, where childhood immunization is not 

mandatory (84). In these areas HBV infection is acquired in the childhood itself 

through  vertical  transmission  and  there  is  a  high  rate of chronicity (85),  

eventhough most of these young persons with HBV infection are asymptomatic, 

the infection is usually detected during routine medical check-up for unrelated 

conditions (126).  Nearly two third of our patients  in our study group are 

HBeAg positive .Most of the patients detected to have HBV infection in the 
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Asian regions are younger with positive HBe (83). It is  contrary to the present  

situation in industrialized  countries where the population of HBeAg  positive 

chronic hepatitis B shows a steep decline and the age of the patient has increased 

significantly (51,82). In Italy , nation wide surveys of patients with hepatitis B 

seen in clinical centres documented a fall in HBeAg positive cases from 60% in  

the years 1975- 1984 to approximately 10% in 1997 and 2001 (82,127). Mass 

vaccination of newborns and 12 year subjects since 1991 has contributed to this 

change.   

Recently a multi centric study conducted in Italy by Stroffolini et al has 

demonstrated the presence of up to 89% patients with HBeAg negative chronic 

hepatitis B(128). Interestingly, the  balance between HBeAg positive and 

negative cases has reached a steady state in Italy during the last 10 years. After a 

dramatic fall in the prevalence of HBeAg by the end of the 1980s , since the year 

1997, it has ranged between 10-15% in different surveys performed with similar 

selection criteria.  

Nearly two thirds of our patients (63 %) with chronic HBV infection 

were HBeAg positive. The mean age of these patients were 26.1(19-42) as 

against the mean age of 40.9 (28-55) for HBeAg negative patients. Various 

reports from Asian countries have shown a relative preponderance of younger 

patients with HBV infection as against  elderly patients in the developed world 

(83). It may be noted that in Asian countries, the mode of infection is most likely 

vertical in  younger patients where as it is most likely horizontal in elderly 

patients. Conversion from HBeAg positive to negative status is usually 

synonymous with immunoclerance . However HBV DNA is detectable in the 

serum of these person albeit in lower titres, suggesting that  there is low level of 

viral replication   probably with mutation at pre core or core promoter regions of 

the HBV viral genome (129). 
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During the phase of immunotolerance, the serum HBV DNA titres are 

high, but the disease activity in the liver is very low and often the patients have 

normal transaminase values. In this study group almost all the patients with  

positive  HBeAg status presented with a comparatively high viral load, 2.35x107   

(range1.07x107-108) (Table 5). There are some reports in the literature that persons 

with higher serum DNA levels are at a greater risk of development of severe 

liver disease including hepatocellular carcinoma (130). Persons with HBV 

infection in the immune tolerance phase are not eligible for any form of antiviral 

therapy, however they have the risk of development of liver inflammation and 

hepaotocellular carcinoma in future  (131).  

The exact mechanism of the induction of immunotolerace is  not yet 

fully  established . During HBV infection , the host immune response , 

particularly the cellular immune response, mediate clearance of HBV infection 

(132). Unfortunately , the patient often exhibits impairment of HBV  specific T 

cell activity during chronic HBV infection (133). Circulating CD4+ CD25+ 

regulatory T cells (T regs) have been demonstrated to maintain immunotolerance  

and suppress the antigen specific  or antigen non specific T cell response(134/ 

Immun. 2008).  In this study conducted by Guoping Peng et al , it is proved  that 

there is a marked increase  in circulating CD4+ CD25+ Tregs in CHB patients. T 

regs play a negative role not only in modulating the effectors of immune 

response by inhibiting IFN gamma secretion and cellular proliferation upon 

HBV antigen stimulation , but also in influencing the viral load and disease 

persistence. It seems to have a  positive correlation between   T reg frequency 

and serum HBV DNA load , suggesting an up- regulation of T regs  associated 

with an increase in HBV replication (134).  In fact, in  this  study group almost 

all the patients with HBeAg positive status, demonstrated  a comparatively high  

DNA level  compared to the patients with HBeAg  negative status (p<0.05), 

supporting the  above findings.  
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However, both HBeAg and HBcAg  appear to play a role in viral 

persistence. It has been suggested that the HBeAg may promote HBV chronicity  

by functioning as an immunoregulatory protein via the induction of tolerance 

and Th1/Th2 cross-regulation. HBeAg  appears more efficient at eliciting T cell 

tolerance than the HBcAg , and this split immune tolerance may have 

significance implications (135). In natural HBV infection , a dichotomy exists 

between the apparent tolerogenic and immunogenic functions of the  HBeAg 

(136). High concentrations of  serum HBeAg in vivo severely compromise the  

ability of the T cells to produce cytokines or proliferate to recall antigens on 

vitro and to provide T-cell help for in vivo  anti HBe antibody production.  In the 

so called immunotolerace phase  of CHB infection , the majority of HBe specific 

T cell clones would be expected to be tolerant , although the mechanism of 

tolerance may vary.   Mainly three mechanisms are elicited in this context , i.e., 

deletion , anergy or ignorance. The status quo of the  various clonal tolerance 

phenotypes would likely be maintained as long as the HBeAg concentration and/ 

or the non inflammatory hepatic environment  remains unchanged. However , a 

non specific increase in hepatic inflammation or a decrease in HBeAg serum 

concentration, perhaps due to the emergence of core promoter region (137)or 

precore region(138) mutants, may allow  activation  of  low  avidity ignorant 

HBeAg specific T cells and/or reverse the antigenic state of  others, respectively. 

Such a shift from HBeAg –specific T cell  tolerance to T cell activation may 

precipitate the so called  clearance phase of CHB infection. High avidity HBeAg 

specific T cell clones are likely to be physically or functionally deleted and not 

available to participate in the antiviral clearance mechanisms after a chronic 

infection has become established. Intermediate or low avidity HBeAg specific T 

cell clones  that are not physically deleted at least have the potential to be 

activated either through the reversal of adaptive tolerance (anergy)or the primary 

activation of ignorant HBeAg specific T cells (139).  



45 

Sabu Zacharia, Correlation between liver histopathology and hepatitis B viral (HBV) antigen expression in 
hepatocytes in chronic HBV infection in relation to the phase of viral infection, Tesi dottorato in Scienze 
Biomediche, Università degli studi di Sassari 
 

 

The clonal  heterogeneity  of the HBeAg specific T cell tolerance may 

also explain how a primarily tolerogenic protein can exert pressure on the 

immune response to select an HBeAg negative mutant. For example, high 

avidity HBeAg specific T cells clones may be tolerized and simultaneously  

lower avidity T cells clones may be activated and involved in selecting HBeAg 

negative mutant in the same patient (139). 

 

In the natural history of HBV infection, the most important event is 

HBeAg seroconversion characterized by loss of HBeAg and development of 

antibody to HBeAg (Anti HBe)(140). This generally occurs years after 

replicative phase and indicates transition to a low/non replicative phase with 

potential for resolution of infection and improvement of necro-inflammation in 

the liver. Age of acquisition of the virus, immune competence of the host and the 

strength of immune response to the viral antigens are some of the determinants 

of timing and efficiency of seroconversion. The prognosis of chronic HBV 

infection is dependent upon the amount of inflammation, necrosis and fibrosis in 

the liver at this point of seroconversion. If significant liver damage is already 

present at this point, then the prognosis after seroconversion, spontaneous or 

treatment related is unlikely to be good, despite suppression of viral replication. 

On the other hand, if the seroconversion had occurred early and is maintained, 

then the long-term prognosis is excellent. It has been shown that the probability 

of development of hepatocellular carcinoma is many fold higher in persons who 

are HBeAg positive, than who are only HBsAg positive and HBeAg negative. In 

a subset of persons, this relationship between seroconversion and suppression of 

viral replication does not hold true (141). In them, despite anti-HBe  positivity, 

active viral replication persists due to emergence of mutants in the pre core and 

basal core promoter regions of HBV. This state, characterized by continuing 
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viral replication despite anti HBe  positivity has been termed as HBe Ag 

negative hepatitis (142,143,144). It has been increasingly recognized that 

HBeAg negative hepatitis is progressively increasing in prevalence globally , so 

also in India .  The outcome of HBeAg negative hepatitis is different from that of 

the HBeAg positive phenotype. Fluctuating disease activity with periodic ALT 

flares accompany viral replication that progresses indolently to chronic liver 

disease. Response to anti viral therapy in HBeAg negative hepatitis is also 

different from the HBeAg positive disease (87,145). It would therefore be 

important to delineate the molecular character, viral load in association with   

immunohistolology to evaluate the stage of chronic HBV infection. 

 

An important facet of global HBV epidemiology is the emergence and 

increasing significance of HBeAg negative infections as well as the distribution 

and significance of HBV mutants, particularly those in the pre core (PC) and 

basal core promoter (BCP) regions of the HBV genome. The prevalence of this e 

negative chronic hepatitis B and its molecular basis varies geographically. Thus, 

in the Mediterranean countries, nearly 90% of the HBeAg negative infections are 

associated with the precore mutants, while this is 50% in the Far East and 25% in 

the USA(145). 

Very little information on the prevalence and molecular character of 

HBeAg negative hepatitis has emerged from India. In North India, the 

prevalence of precore mutants has been reported to be 15% amongst chronic 

liver disease patients (146). In the state of West Bengal (North India), amongst 

asymptomatic HBV infected, HBeAg negative, Anti HBeAg positive subjects, 

the prevalence of pre core mutants was 9% and that of the basal core promoter 

mutants (BCP) was 4%. Rest (87%) of the HBeAg negative infections in the 

community, mostly inactive biochemically were associated with the wild type 

virus (147). Different genotypes of hepatitis B have its own  significance. Based 
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on the nucleotide sequence homology and divergence amongst HBV isolates 

globally,  eight  genotypes of HBV are described (A to H). The distribution of 

HBV genotypes varies geographically. HBV genotypes have been correlated 

with disease progression (genotype C progresses to chronic hepatitis faster than 

B, and D faster than A), timing of e antigen seroconversion (genotype B earlier 

than genotype C), and poorer response to antiviral therapy (Genotype C). 

Moreover, HBV genotypes have also been correlated with human population 

migration in Japan (148). In India, genotype D had been the predominant 

genotype both in North and Eastern India. However genotype C too had been 

described from other parts of the country (147,149).  

In our series , the mean grade for inflammatory activity was  5  for 

NBeAg  positive  patients and 6 for HBeAg negative patients (Table 7). The 

overall inflammatory activity score for our patients was 11 (Table 7). The low 

score shows that the inflammatory activity in the liver is minimal and it reflects 

the immune tolerance phase of the patients. The expression of HBV core antigen 

was predominantly nuclear in  42% of cases  suggesting  active replication in 

them.  

The expression pattern of HBcAg in hepatocytes was found to be related 

to the activity of liver disease in chronic HBV infection (150) especially when 

HBcAg was located in the cytoplasm of the hepatocyte (151). It also was found 

that nuclear but not cytoplasmic expression of HBcAg is associated with high 

HBV replication and low activity of liver disease in the chronic B viral infection 

(152). In this study, all these factors were assessed in comparatively  younger  

population which in fact  made it easy  to compare the effects of these factors on 

the degree of HBcAg expression. The results suggested that only the extent of 

nuclear HBcAg expression correlated with HBV replication and also the extent 

of cytoplasmic HBcAg expression correlated with histological activity of liver 

disease in chronic HBV infection. The limitation of this study was that the HBV 



48 

Sabu Zacharia, Correlation between liver histopathology and hepatitis B viral (HBV) antigen expression in 
hepatocytes in chronic HBV infection in relation to the phase of viral infection, Tesi dottorato in Scienze 
Biomediche, Università degli studi di Sassari 
 

DNA levels were only measured at a single time point and most of patients had 

mild or moderate histological activities  of liver disease. 

The interesting and significant finding was that there was a positive 

correlation between the histological activity of liver disease and the degrees of 

expression of HBcAg in the hepatocyte cytoplasm in both HBeAg-positive and 

negative patients. In the HBeAg-positive patients, there was an inverse 

correlation between the degree of expression of HBcAg in the hepatocyte 

nucleus and the histological activity of liver disease. This finding supported the 

importance of hepatocyte injury in determination of HBcAg expression pattern.  

The degree of expression of HBcAg in the hepatocyte cytoplasm as assayed by 

immunohistochemical techniques is helpful for estimating histological activity of 

liver disease in the young patients with chronic HBV infection. This inverse 

relation could suggest that the lysis of HBV infected hepatocytes was followed 

not only with the decreasing of serum viral load but also the degree of expression 

of  HBcAg in the hepatocyte nucleus. 

In 1987, Hsu et al (153) showed that HBcAg was expressed at  a 

relatively higher level on the nucleus than on the cytoplasm during the immune 

tolerance phase, in which there was little or no inflammatory activity in the liver, 

whereas expression of HBcAg in the nuclei decreased with a concomitant 

increase in the expression of HBcAg in cytoplasm during the immune clearance 

phase In 1987, Hsu et al (153) showed that HBcAg was expressed at a, in which 

there is active and ongoing hepatitis. These studies postulated that expression of 

HBcAg on the cell membrane is the important event that triggers cytotoxic T 

cells with HBcAg receptors, resulting in lysis of HBV infected hepatocytes.  

In the present study, the interesting other finding was that there was a 

highly significant positive correlation between the levels of HBV DNA in serum 

and the degrees of expression of  HBcAg  in the hepatocyte nucleus, but there 

was no correlation between the degree of expression of HBcAg in the hepatocyte 
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cytoplasm and the level of viral replication in the HBeAg-positive patients. Our 

result confirmed the relationship between nuclear HBcAg expression and  an 

enhanced viral replication detected by high serum value of DNA. It has been 

shown that HBcAg was localized in the nucleus in quiescent cells but diminished 

in proliferating cells, and the replication of HBV was enhanced in quiescent cells 

but diminished in the proliferating cells (151). Expression of HBcAg in the 

hepatocyte nucleus was likely to be important in viral replication. 

 

Though HBeAg  seroconversion  was commonly taken as a therapeutic 

endpoint in the past, increasing evidence showed that disease progression can 

continue in a significant portion of patients after HBeAg seroconversion, 

especially in the Asia and Mediterranean population (154,155). Lack of HBeAg 

is usually connected with biochemically and histologically inactive disease as 

well as with the significant reduction of HBV replication  , but up to 9% of such 

patients show active inflammatory process despite anti-HBe seroconversion 

(156,157).  

It  demonstrated that there was correlation between HBV DNA levels 

with lobular activity of liver disease in the HBeAg-negative patients  (158,159). 

This finding confirms that active viral replication is still present in a certain 

proportion of HBeAg-negative patients, and increased HBV DNA might be used 

as a marker to identify HBeAg-negative patients who have a higher risk of active 

liver disease.  Some HBeAg-negative patients who have the inflammatory 

response and viral clearance might have pre core mutation or/and core promoter 

mutations to escape immune clearance (160,161,162,163). In contrast, one study 

conducted by Wu PC et al  reported that core promoter mutations were not 

associated with the enhanced viral replication (164). These mutations and 

unknown other factors may be related to the localization of HBcAg in the 

hepatocytes, therefore the virus might gradually replicate and develop 
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inflammatory response in the liver. More studies are required to document 

whether core promotor mutations have any effects on the chronic hepatitis B 

disease. 

On correlating the HBeAg status with HAI and immunohisotology ,it 

was found that nuclear expression of HBV core antigen was the predominant 

observation. (Table .7) On the other hand, cytoplasmic expression of HBV core 

antigen is reported to be a feature of immune clearance phase.  This phase is 

associated with higher inflammatory activity score in the liver. As all our 

patients  who were negative for HBeAg had a positive HBV DNA in the serum 

also, it could mean that these sub group of patients were harbouring HBV virus 

with mutation at the core or the  pre core regions. It is possible that the 

cytoplasmic expression of HBV core antigen is a feature of mutation at core/ pre 

core region of the virus and this speculation requires further study.  Those 

patients who had a mixed pattern with both nuclear and cytoplasmic HBV core 

antigen  could be attempting to clear the virus or it may be expression of 

simultaneous presence of wild infection which is probably being replaced by 

mutant infection. The mean fibrosis score for HBeAg positive patients were  0 

and for HBeAg negative patients were 1.  There was no correlation with fibrosis 

and various types of staining for HBV core antigen 

HBV surface antigen staining was positive in the liver of 15 out of 19 

patients (79 %). Of these, 89% cases had a ground glass type of appearance of 

the cytoplasm. There are three patterns for expression of HBsAg in the 

hepatocytes : the membranous, sub membranous and the cytoplasmic  types 

(165). In this study  7 (36.8%) had cytoplasmic   expression of  surface antigen  

and  6 ( 31.5%) had membranous pattern of  expression, while the rest had mixed 

pattern.  Different studies associate membranous pattern of HBsAg  with active 

viral replication and disease activity (166,167,168). However there are 

contradictory report by Wee et al and Ramakrisna et al (165,169) which stated 
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that there is no such correlation between different patterns of expression of 

surface antigen and disease activity. In our study , membranous distribution of 

surface antigen was associated with  high disease activity and cytoplasmic 

distribution of surface antigen was associated with low disease activity. Those 

with high viral replication showed discrete cellular staining whereas those with 

low viral load showed a diffuse pattern of expression of surface antigen (170). 

This pattern may appear paradoxical. However subjects with low viral 

replication may have integrated surface antigen gene and large quantities of 

HBsAg may be produced due to the transcription from the hepatocytes genome. 

In conclusion,  the viral antigen expression in the hepatocytes of persons 

affected by chronic HBV infection in our study conforms to previous reports on 

this subject. About two thirds of our patients were young and they were positive 

for HBeAg in the serum, suggestive of immune tolerance phase of chronic 

infection. The disease activity as per HAI was low suggesting that there is only 

low level inflammation in them. The nuclear expression of HBcAg and discrete 

distributed  cytoplasmic pattern of HBsAg  was associated with immune 

tolerance phase whereas the cytoplasmic expression of HBcAg and  diffuse  

pattern of HBsAg expression was more often associated with immune clearance 

phase. 
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12. Tables and Figures 

 

 
 

Sex  Number of 
patients 

Percentage 

Female  06/19 31.57% 

Male  13/19 68.43% 

 Age   

HBeAg + 26.1 yrs   

AntiHBeAg  40.9 yrs   

HBeAg +  12/19 63.15% 

Female  05/12 41.66% 

Male  07/12 58.34% 

Anti HBeAg  07/19  36.85% 

Female  01/07 14.28% 

Male  06/07 85.72% 

 
 
 
Table  4. Characteristics of patients studied.  
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 HBeAg positive HBeAg negative p 

No of patients 12 7  

Age 26.1 ± 7.3 

 (19-42) 

40.9 ± 10.4  

(28-55) 

0.003 

Bilirubin(Total) 1.2 ± 0.6  

(0.5-2.4) 

1.2 ± 0.4 

(0.5-1.8) 

0.65 

Prothrombin time 
(sec) 

15.6 ± 1.4 

(14-19) 

15.3 ± 1.5 

(14-18) 

0.65 

Platelets (lakhs) 2.6 ± 0.6 

(1.5-3.8) 

2.8 ± 0.7 

(1.9-3.8) 

0.34 

AST IU/L 53.2 ± 37.4 

(18-134) 

43 ± 16.6 

(22-68) 

0.84 

ALT IU/L 66.7 ± 67.5 

(18-252) 

46.3 ± 28.8 

(22-106) 

0.77 

HBV DNA IU/ml 2.35x107 

(1.07x107-108) 

1.25x104 

(8.06x103-1.15x105) 

<0.05 

 
 

 Table 5.Clinical and laboratory dates of patients studied. 
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Distribution 
pattern of 
intrhepatic HBcAg  

HBeAg 
Positive Percentage 

HBeAg 
Negative Percentage  

Nuclear pattern 7 58.33 % 1 14.28 % 

Cytoplasmic 
pattern 1 8.33 % 4 57.14 % 

Mixed pattern 4 33.33 % 2 28.57 % 

 
 
 

Table 6.  Distribution pattern of HBcAg in hepatocytes according 
to HBeAg status 
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Table7. Distribution of HBV core and surface antigens in the 
hepatocytes and the HAI.   

 

Immunohistology  of hepatocytes 

 HAI 

HBV Core Antigen HBV Surface Antigen 

 Staging Grading Nuclear cytoplasmic both membranous sub-membranous cytoplasmic 

HBeAg 
positive 0 5 7 1 4 2 3 7 

HBeAg 
negative 1 6 1 4 2 4 3 - 
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IMMUNOHISTOLOGY 

 

 

Fig 12. HBcAg :Chronic HBV- Viral replicative phase.  Hepatitis B 
core antigen (HBcAg) is localized in hepatocellular nuclei and, in 
several hepatocytes; also in the cytoplasm and cell membrane. 
(Immunoperoxidase stain for HBcAg) 
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           IMMUNOHISTOLOGY 

 

 

 

 

Fig. 13: Chronic viral hepatitis B: viral replicati ve phase. Hepatitis B 
surface antigen(HBsAg) is localized in variable quantities in the 
cytoplasm and in the cell membrane of several hepatocytes. Note only 
mild lymphocytic infiltrate in portal tract and lob ule. 
(Immunoperoxidase stain for HBsAg) 
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IMMUNOHISTOLOGY 

 

Fig. 14 : Chronic viral hepatitis B: viral nonrepli cative (integration) 
phase. Hepatitis B surface antigen is localized in considerable 
quantity in the cytoplasm of a contiguous group (‘clone’) of 
hepatocytes. Note relatively mild lymphocytic infiltrate in portal tract 
and lobule. The more intensely staining cells appear as ‘ground glass 
hepatocytes’ on H&E staining. (Immunoperoxidase stain for HBsAg) 
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Fig. 15: Chronic viral hepatitis B, high magnification. Ground glass 
hepatocytes, characterized by more pale, eosinophilic, and 
homogeneous cytoplasm than surrounding normal (more granular) 
hepatocytes. Note (artefactual) cleft between ‘ground glass’ cytoplasm 
and hepatocellular cell membrane.  
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Fig 16: Statosis : biopsy  specimen of the liver of a patient who denied 
use of alcohol ( non alcoholic steatosis)  Note fat granules  of different 
sizes. 
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