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1. Introduction

Chronic hepatitis B is a major cause of cirrhosid Bver cancer world
wide despite the dramatic progress in controlling $pread of hepatitis B virus
(HBV) by mass vaccination of newborns , the genamgrovement in hygiene
and socioeconomic status and in the use of aatitherapy . This progress has
lead to rapid changes in the epidemiology of HBYéation . For example, in
western countries the proportion of HBeAg positsi@onic hepatitis B fell
during recent years and the age of the patientsnbesased significantly. On the
other hand, most of the patients detected to haB¥ kifection in the Asian
regions , where childhood immunisation against HBVnot mandatory, are
younger with positive HBeAg. Conversion from HBeAgsitive status to
negative status is usually synonymous with imnalerance ; however HBV
DNA is detectable in the serum of these persontalibdow titre suggesting low
level of viral replication. During the phase of imnotolerance , the serum HBV
DNA titre are high , but the disease activity i tiver is very low often with
normal transaminase value. There are many reporthe literature underlying
the importance of immunohistochemistry along witstdpathology to evaluate
the stage of chronic HBV infection which are notcessarily obtained on
conventional serological assays of HBV antigen Ggdassessment of HBV
DNA. Moreover the expression of HBV core (HBcAg)dasurface (HBSAQ)
antigen in the hepatocytes varies according toptiese of infection. So in this
study , the correlation between the liver diseasavity (HAI) and the
expression of HBcAg and HBsAg antigens in the hepadées of persons with

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

The first recorded case of “serum hepatitis “appwabe those that
following the administration of smallpox vaccinentaining human serum to
shipyard workers in Bremen in 1833.(1) In the eanhtygl the middle part of the
century , serum hepatitis was repeatedly obserfted the use of contaminated
needles and syringes, after plasma administratmn immunoprophylaxis and
transfusion of blood (2,3,4,5) One of the most intgiat discoveries leading to
the rapid advancement of the knowledge of the vaetiology of serum
hepatitis, its epidemiology and disease spectruatcurred in 1965 when
Blumberg and colleagues (6) fortuitously found atigeen in the serum of an
Australian aborigine and was first named “Ausgmalantigen.”(7). But it took
several years of investigations to establish itsn&val association with acute
hepatitis (8,9,10) and it was then named hepa#soaciated antigen (HAA) and
later given the current name , hepatitis B surtatdegen(HBsAQ)

The discovery of HBsAg and the recognition thawvas a viral antigen
lead to the appreciation that HBV has a worldwidstridbution, and that
infection in some parts of the world , such asgaftAsia, Africa, and Oceania,
are extremely high(11). Serological testing prodidkrect evidence that many
serum hepatitis cases were associated with HB\Ctioke , that HBV infection
could persists for many years, and that HBV wadindis from other virus
associated infectious hepatitis cases like HAV &@V. The name serum
hepatitis use for many years indicated that thet fecognised common route of
HBV transmission was by percutaneous transfereofim or blood or virus
contaminated needles or by injected blood produicts.now clear that HBV is
transmitted most commonly by routs that may nobiwe such direct or overt
percutaneous transfer, that is, by sexual contatbg mother to newborn infant

transmission
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3. The virus

Hepatitis B virus is a member of hepadnavirus phea from
hepatotrophic and dna because it is a DNA viruslfafh?) discovered by Dane
in 1970.(13) .It has a spherical form and theowirihas a diameter of
approximately 42nm. The outer layer or envelope@pmately 7 nm in width
that contains HBsAg proteins , glycoproteins , aptlular lipids. Enclosed by
the envelope is an electron-dense 28nm diameteerisph internal core or

nucleocapsid. (FIG 1)

Hepatitis B e antigen

DNA polymerase

HepatitisB core

antigen (HBcAg) l HepatitisB
surface antigen
(HBsAg)

Partially double-stranded DNA

FigHepatitis B virus.

HBV contains among the smallest genomes of allwknanimal
viruses. It consists of an approximately 3200 hzese circular DNA molecules
that contains a single stranded region of diffetength in different molecules

reflecting the fact that DNA molecules are packaged virions before viral
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DNA replication is complete(14,15). The HBV genoimas four long open-
reading frames in the complete or long(minus) wirNA strand.(16) The C
(core or nucleocapsid ) gene encode the major wosE or nucleocapsid
polypeptide and when assembled into the core pestiat manifest hepatitis B
core antigen (HBcAg) specificity. A truncated foohthis protein with a mass
of approximately 17,5000 dalton possesses hepatitimntigen (HBeAgQ)
specificity(17). This open- reading frame includasshort pre C (precore)
sequence delineated by an in-frame initiation codoncells, translation is
initiated at the first or pre-C initiation codorsyggesting that the pre C region
act as a signal sequence. When the translationitiated at the second or C
initiation codon, the full length of C polypeptide synthesized and assembled
into core particles in the cell. In case of HBV amis , which result in a stop
codon in the pre C sequence , infect cells andcapks but do not express
HBeAg (18,19) because the HBeAg precursor proteitrated at the first (pre-
core) initiation codon can not be made, althougltAdBis expressed.

The S (surface or envelope) gene , including preg3é S-2 and S
regions encodes the viral surface antigen( HBsggrtive polypeptide in the
virion envelope and in the incomplete viral forrosirid in the liver and serum of
the infected individuals (20,21).

The P (pol or polymerese) gene , which encompas$ses fourths of
the viral genome and envelopes a portion of C getie entire S- gene , a
portion of X gene , encodes a basic polypeptida BNA polymerase or reverse
transcriptase activity and ribonuclease H activityalso serves as a protein
primer for DNA minus strand synthesis (22,23,24).

The small X gene encodes a polypeptide of 154 amands which can
transactivate transcription regulated by HBV (23,2
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HepatitisB virus genome organisation

+

Partially dsDNA

Fig 2. Hepatitis B virus genome.

The virion surface manifests HBsAg specificity high is contained in
the small , middle and large HBsAg proteins tha¢ Hre principal protein
components of the viral envelope (20,21). HBsAgtgns are not only
components of the virion envelope but are alseas#d from infected cells as
components of small spherical particles . thesehaterogeneous in size and
appearance , diameter varying from 16 t025 nm atldcdc22nm particles. They
are filamentous or rod-shaped particles and shatggemic determinants
(HBsAgQ) with the surface of virions (12). No nuclacid has been found in
them and they are considered to be incomplett @nvelope particles.

HBsAg is a complex antigen, at ledste antigenic specificities are
regularly found on HBsAg patrticles situated in $heegion of HBSAg proteins
A group specific determinant a is shared by als§ preparations : more than
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one antigenic site appease to share this broadfisggc and thus each would
be defined as part of the a determinant . Two spadf subtype determinants
have been found -d,y and w,r . and the four msybtypes of HBsAg have
been designed adw , ayw , ayr and adr . Sevdral oinusual combinations of
HBsAg subtypes also have been reported (27) emdoamed during mixed
infections .Subtype determinants have been usedirak markers to follow
spread of virus among individuals and in population

DNA sequence of HBV isolates has shown the existesfc 8 viral
genotypes A-H and these varies in geographiciloigton.(Tab 1) Genotype A
is found primarily in North America , Northern Ep® , India and Africa.
Genotype B and C are common in Asia ; genotype [bouthern Europe , the
Middle East and India, genotype E ,in West Africal &outh Africa ; genotype
F , in South and Central America; genotype G, imté¢hStates and Europe (28)
Genotype H was recently identified in individuafsom Central America and
California (29). In China and Japan , some studss& found more severe liver
disease to be associated with genotype C compatkdy@notype B, (30 ) while
other studies have found no such association (3T/3€re is some evidence that
shows HBeAg seroconversion occurs at a younger ageng individuals
infected with genotype B (30,32,33). Genotype D Ibesn associated with anti-
HBeAg-positive chronic hepatitis B infection in thMediterranean region (34).

Several genotypes may be associated with the sewérithe disease .
These genotypes differ by their geographic distidouin populations around the
globe. There is evidence that HBV genotypes als$t@rdby their pathogenic
properties, including their risk of persistence @dmsonic infection and their
capacity to induce precursor disease or cancerth®mther hand, HBV genes
may undergo mutations that become selected duhegcburse of chronic
infection and progressive liver disease. The mmgtificant of these mutations

in the context of HCC are those occurring in the-gore (Pre-C) and basal core
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promoter (BCP) regions. These mutations may uplasgiiBV expression and
increase its virulence. These mutations may oataliHBYV genotypes but are
more common in genotypes associated with more salisease and cancer, in
particular genotype C (35).

Table 1.Genotype of HBV and Geographic Distribution
Africa, India, Northern Europe, United States

Asia, United States

Asia, United States

India, Middle East, Southern Europe, United States
West and South Africa

Central and South America

Europe, United States

T o |/mmog 0w >

Central and South America, California in United States

HBV has a reported mutation rate of 10 times greatenpare with
other DNA viruses. These mutations can occur nbyues well as due to
selective pressure from antiviral therapy. Theeefiave clinically relevant HBV
types: wild-type HBV, precore mutants, core promoteutants, tyrosine-
methionine-aspartate-aspartate (YMDD) mutants ieducby lamivudine
treatment, and asparagine to threonine (rtN236Ttans recently identified in
patients with adefovir treatment. In a study carroeit in the United States, the
precore varia HBV has a reported mutation rateOdtirhes greater compare with
other DNA of HBV was rarely found in associatwith genotype A, but it was
found in almost 50% of those with genotype C and10% of individuals with
genotype D. Those with precore variant and corenpter mutations had higher
HBV DNA levels in sera than those persons withdwgse mutations. It is
observed that flares in chronic HBV have been aagtsmt with increases in
concentrations of precore mutation in proportion vald-type HBV.
Exacerbations have been thought to subside witle tiwhen the genetic
Sabu Zacharia, Correlation between liver histopathology and hepiitiB viral (HBV) antigen expression in
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heterogeneity disappears and patients become @esajusfected with pre core
HBV(36). During the treatment of chronic hepatiss by lamivudine, drug
resistance may develop, which is mediated by poutations with the YMDD
motif at the catalytic centre of the viral revetsnscriptase. With increase in the
mutant viral load, patients can sustain furtheediinjury. The YMDD mutant
level will decrease after stopping lamivudine. Vimautation also occurs in
patients on adefovir treatment during their secgedr therapy at the rate of
2.5%. The mutation has been reported as asparagirtereonine mutation
(rtN236T), downstream of the YMDD motif.

3.1. Viral forms in the blood

The concentration of incomplete viral forms e tserum usually
greatly exceed the concentration of complete veicor Dane particles.
Filamentous HBsAg particles concentrations are comyn100 fold lower and
virion or Dane particles when present are foundevan lower concentrations.
HBcAg and core particles are not presenting thedlm a free form, but are
present only as internal components of Dane pestid/ery few Dane particles
are necessary to infect a susceptible human ittesesting to note that some
HBsAg carriers circulate only incomplete HBsAg paes and not infectious
virions (37,38).

3.2. Virus in cells and in Liver

When hepadna virus infect and enter cells , theexeal circular virion is
converted to closed circular DNA (cccDNA), whicanges as a template for
viral transcription. The resulting transcripts umbé a longer than genome length
RNA with a terminal redundancy and smaller tranqsrthat serves as mRNA
Sabu Zacharia, Correlation between liver histopathology and hepitiB viral (HBV) antigen expression in
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from which viral proteins are translated. The lotmgnscript and pol gene
product (reverse transcriptase) are encapsidatedrm particles in which new
viral DNA synthesis takes place by reverse trapson of the long
transcript(39).Viral DNA replication by reverse regription is a unique
mechanism for DNA virus. HBcAg detected by immunoflescent staining and
core particles detected by electron microscopy haeen found almost
exclusively in hepatocyte nuclei of HBV infectader (40, 41,42). HBSAg is
detected by immunofluorescent staining as acgwpic antigen on cell
surfaces (40,41,42).

During persistent HBV infection , a variable numbdr liver cells
contain viral antigen detected by immunofluoresca&aining , from less than
one percent to virtually all hepatocytes, in diffiet patients (40,42 ,43). The
pattern of viral antigen expression appears tditberent in different cells of the
same chronically infected liver .Commonly, most ipes cells stain for
HBsAg; fewer have only detectable HBcAg; and efemer cells contain both
HBsAg and HBCcAg. At least some cells expressingy dtBsAg may contain
only integrated viral DNA. In the liver of some ohic carriers HBsSAg is the
only detectable viral antigen. In such carriershwito detectable virions or
HBeAg in serum , liver cells with replicating virasid expressing HBsAg , may
have been eliminated by a cytopathic effect oficagihg virus or by an immune
response directed at HBcAg ; HBsAg may be expressetemaining infected
cells with only integrated virus. In all chronicrdgars producing relatively high
concentration of virions and HBeAg, significant raen of HBCAg positive cells
can be found in the liver. The different patterdsvimal antigen synthesis in
individual cells of the same chronically infectdder indicate that individual
viral genes are expressed differently in differeits.
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4, Epidemiology and public health burden.

Approximately one third of the world’s populatiomas serological
evidence of past or present infection with HBV af@D million people are
chronically infected and contributes to an estedaone million death
worldwide each year. It has been estimated by tetr€s for Disease Control
and Prevention (CDC) in 2007 that there are apprately 43,000 new HBV
infection per year in USA

B Hign

Intermediate

Low Hepatitis B prevalence, 2005

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

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

However, the official number of reported hepatlBiscases are much
lower. Many people don’t know they are infectedray not have symptoms and
therefore never seek the attention of medical diipthealth officials. In the
United States, an estimated 800,000 to 1.4 milhersons have chronic hepatitis
B viral infection .Most are in young adults andegximately one —fourth are

associated with acute icteric disease. More th&0,000 patients are
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hospitalized with hepatitis B each year , and 3i@Ovdth fulminant hepatitis B.
Between 6 -10% fail to resolve primary infectiordamecome HBsSAQ carriers.
The life time risk of HBV infection is estimated tee 2% for the whole US
population , but for certain high risk group it a@ach up to 100%. The primary
method of transmission reflects the prevalencehobric HBV infection in a
given area. In low prevalence areas such as USAVéestern Europe , where
less than 2% of population is chronically infectethjection drug abuse and
unprotected sex are the primary methods , althootier factors may be
important (44). In moderate prevalence areas chvimcludes eastern Europe ;
Russia and Japan 2-7% of population is chronicalfgcted , the disease is
predominantly spread among children. In high prewved are a such as China
and South East Asia , transmission during chilthkhis most common, although
in other areas of high endemicity such as Afridt@nsmission during childhood
Is a significant factor(45). The prevalence of ciicaHBYV infection in areas of
high endemicity is at least 8%.HBV infection is elige and variable , ranging
from a low viremic inactive carrier state to praggie chronic hepatitis which
may evolve to cirrhosis and hepatocellular carciadiiCC) HBV end stage
liver disease or HCC are responsible for over llioml deaths per year and
currently present 5-10% of cases of liver trandalion (46,47,48,49). Host and
viral factors can affects the natural course of HBNection as well as the
efficiency of antiviral strategies.

Chronic HBV may present either as hepatitis B agant (HBeAQ)
positive or HBeAg negative CHB. HBeAg positive Bl$ due to the so called
“wild type” HBV: It typically represents the earlphase of chronic HBV
infection. HBeAg negative CHB is due to the regdima of naturally occurring
HBYV variants wit h nucleotide substitutions in thee core and /or basic core
promoter regions of the genome and presents a [ditase of chronic HBV

infection. The prevalence of HBeAg negative form difease has been
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increasing over the last decade as a result of HBéeted population aging and
represents the majority of cases in many arealsidimg Europe (50,51).

Morbidity and mortality in CHB are linked to persace of viral
replication and evolution to cirrhosis or HCC. Ldndinal studies of patients
with CHB indicates that , after diagnosis , thedarycumulative incidence of
developing cirrhosis ranges from 8 to 20%. The &rysimulative incidence of
hepatic decompensation is approximately 20%. Whth %-year probability of
survival being approximately 80-86% in patientshwdompensated cirrhosis
(48,52,53). The patients with a decompensatedasishhave a poor prognosis
with a 14-35% probability of survival at 5 yearhelworld wide incidence of
HCC has increased, mostly due to HBV and HCV indest presently it
constitute the fifth most common cancer , reprasgrdaround 5% of all cancers.
The annual incidence of HBV related HCC in patiesithh CHB is high ranging
from 2% to 5% when cirrhosis is established(53.)Ewer the incidence of HBV
related HCC appears to vary geographically andetatas with the underlying
liver disease.

Population movements and migration are currenthangimg the
prevalence and incidence of the disease in sel@valendemicity countries in
Europe and elsewhere. Substantial healthcare @oumwill 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 experimental
infections in humans and chimpanzees have defirmeeral patterns of
infections with HBV virus .Most primary infectiona adults are self- limited
and completely resolve within 6 months of onsetsMafections also appear to
be sub-clinical and are detected only by serolégestiing and other methods. A
fraction of infection fail to resolve , become pstsnt and may continue for
many years. A unique feature of infection with HB/the presence of viral
forms continuously in the blood during active irtffen almost in all patients.
These forms are most commonly detected by theigemtity. Tests for HBSAg
essentially detect the incomplete viral forms, 22am particles and filaments,
which greatly outnumber complete virions in mostigas. Although most
persistently infected patients appear to have cetaphfectious virus in the
blood as well as incomplete viral forms , somehafse patients appear to have
no infectious virus. The presence of virus in tleob that can be detected by the
serological testing and other methods , and theunaresponse to the viral
antigens offer markers that can be used to folleevdourse of HBV infection.
Several patterns of infection that define the gpectof responses of this virus

have been described.

5.1.Self- limited HBsAg - positive primary infection.

This pattern , in which HBsAg can be detected teily in the
blood, is the most common pattern of primary HBYéation in adults. HBsSAg
is the first viral marker to appear in the blooteaHBYV infection (Fig 5). The
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v
Death /Transplantation

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

(Vigano M.Personal communitian.Agora in HBV 2009).

presence of this antigen is considered to be synoas with active infection.
HBsAg can be detected as early as first or sewmeks ,and as late as 11 or
12 weeks (55,56) after exposure to HBV. Eviderfdeepatitis are was found to
follow the appearance of HBsAg by an average @feg¢ks (usual range 1-7
weeks)and after al least 3-6 weeks(56) in differstudies. In self-limited
infections, HBsAg was found to remain detectabléhm blood for 1-6 weeks in

most patients , although it may persists for upGaveeks(56).
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Fig 5. HBV antigen and antibodies detectablin the blood following acute infection

( httpefd.wikipedia.org/wiki/Hepatitis )

Patients who remain HBsAg positive for less thamegks rarely appear
to develop symptomatic hepatitis (56). The sevearithepatitis as measured by
bilirubin elevations has been roughly correlatedhvithe duration of HBsSAgQ
positivity in patients with self-limited experimih infections. As symptoms
and jaundice clear , the HBsAg titre falls and HBs#ecome undetectable in
most symptomatic patients several weeks after #solution of hepatitis.
However, in experimental transmission studies, réqrd of patients had become
HBsAg negative even before the onset of symptoamsl,28% were negative by
the time symptoms has resolved (56).

HBeAg is another regular and early marker of HBYeation . Higly
sensitive assays have demonstrated that HBeAgaepmmultaneously or
within a few days of the appearance of HBsAg inallalmost all primary

infections, and its titre peaks and then declinesparallel with HBsAg
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(57,58,59). The prevalence of HBeAg declines canistaver the first 10 weeks
after the onset of symptoms. (59). HBeAg disappems before the
disappearance of HBsAg in self limited infectioRatients who remain HBeAg
positive for 10 weeks or longer appear likely tacdmae persistently infected
(58). Anti HBeAg appear in most patients at the etiriBeAg becomes
undetectable or shortly thereafter. Anti HBeAg mssfor 1-2 years resolution
of HBV infection. (55).

The third viral marker in order of appearance islADand DNA
polymerase-containg virions. These particles deteby their DNA polymerase
activity , appear in the blood of most patients re@dter the appearance of
HBsAg. They rise to high concentrations during ke incubation period of
HBV , and fall with the onset of hepatic disead®)(6

A fourth marker of infection that appears in viityaall patients and
before the onset of hepatic injury in most , isiARtBc the antibody directed
against the internal antigen of virions. Anti HBan usually be detected 3-5
weeks after the appearance of HBsAg.in the blood leefore the onset of
clinically apparent hepatitis (55,56, 61). Anti-HBtres rise during the period
of HBsAg positivity , level off, and eventually lfaafter HBsSAg become
undetectable. The highest titre of anti HBc appeathe patients with the
longest period of HBsAg positivity.(61). Anti-HBitre fall three-to fourfold in
the first year after infection , and then drop msl@vly (62). Anti HBc can still
be detected by immunoelectroosmophoresis 5-6 yades acute infection in
most patients (55, 62). The high correlation betwtbe prevalence of Anti-HBcC
and Anti-HBs detected , indicates that these twtbadies persists for a similar
time after acute self-limited infections.

Although most of the Anti-HBc activity is in thg® class, IgM anti-
HBc has been found in almost all patients with atwpatitis B.(63). Anti-HBc
IgM was found to decline rapidly after disappeamonf HBsAg only in 40% of
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cases with self- limited acute hepatitis B ; in tleenainder , the decline was
slow, with 20% still being positive after 2 yea63).

Antibody to HBsAg (AntiHBs) has been shown to appeaefore the
onset of clinically apparent hepatitis in 10-20%pafients . In most patients with
self limited HBV infection , however, Anti-HBs cane detected only after
HBsAg disappears from the blood(55,56,61). AntisHfan not be detected in in
many patients immediately after HBsAg disappe@inere is a time interval of
up to several months between the disappearancetettdbile HBsAg and the
appearance of anti HBS in approximately one halpatfents with self- limited
infections (56). In approximately 10% of patientath transient antigenemia,
anti HBs never appears . In patients with measairabti HBs response , the
antibody titre rises slowly during recovery and nsjl be rising 6-12 months
after disappearance of HBsAg (56). In contrastht Anti- HBc response , the
highest titres of anti- HBs appear in those pé#&tienth the shortest period of
antigenemia. The antibody may persists for yeadsadier HBV infection and is
associated with protection against reinfection).(64

In contrast to the extensive studies of viral meske the blood early in
the course of primary HBV infection , only few irstigators have examined the
state of virus in cells in liver at this early tinf@uring the late incubation period
and early during the acute disease , almost altoegtes have been reported to
be positive for HBsAg and HBcAg (41,42). During theute hepatitis B , the
state of viral DNA in the liver has not been addglyastudied , but the forms of
virus in the blood and antigen expression in therlisuggests that most of the
hepatocytes are replicating complete virions dureagly stage of primary

infection.
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5.1. HBsAg positive persistent HBV infection

Levels HBY antigens and antibodies

inthe blood

Patients who remain HBsAg positive for 20 wseek longer after
primary infection are very likely to remain poséiindefinitely and be designed

Infectivity
|

v

HBeAg anti-HBe

HBsAg

“ Total anti-HBc

Igi anti-HBc¢

0

8 12 16 20 24 28 32 36 82
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Fig 6. HBV antigen and antibodies detectablaithe blood following chronic infection

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

chronic HBsAg carriers. Dane particles, DNA polyass activity , HBCAg can
be detected in the blood of a significant fractidrpersistently infected patients
positive for HBsAg. All patients with detectableign DNA polymerase in the
blood have HBCcAg in the liver biopsies (65) andpatients with HBCAg in the
liver have detectable virions in the serum (66 m@st all persistently infected

patients have high titre of anti-HBc in the bloddhe titre of this antibody are

significantly higher during persistent than durmgst self limited infections or
in convalescence. Although most of the antiHBc m&laubtedly in the IgG
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fraction , interestingly the IgM anti HBc contirsi¢o be made and can be
detected indefinitely in the serum of most persigyenfected patients (63).Very
rarely , HBV carriers fail to produce antibody t&€&Ag , which is thought to be
on the basis of a selective defect in the immuspaese.

HBeAg can be detected in the serum of almost diepts early in the
primary HBV infection, and anti HBeAg appear in abh all during the
resolution of the infection. In persistent infecation the other hand , HBeAg is
present in one fourth to one half of patients , and antiHBe in almost all the
remainder (57). There is a high correlation betwéss presence of serum
HBeAg and virions . There is a wide range of HBstitges in persistently
infected patients. In general, those with the hsgjligre of infectious virus and
detectable virion DNA polymerase activity and /oBéAg have the highest
HBsAg titre.

Although most HBsAg carriers have high titres diectious HBV in
serum , some carriers appear to have no detedtdbtious virus. The highest
titres are found in patients with detectable HBgAd,38) and /or virion DNA
polymerese activity in serum, and those withoesthmarkers or with anti-HBe
have much lower titres. Patients with detectabtervpolymerase and HBeAg
in their serum appear to be highly contagious @)7which is in agreement
with the data on titres of infectious HBV in blood few HBsAg carriers with
HBeAg and DNA and DNA polymerese-containing virionsthe blood have
been shown to have free replicating forms of VBIA probably integrated viral
DNA in liver providing biochemical evidence thatneplete viral replication is
proceeding alt least in some cells (43, 69). Aalda number of liver cells in
such patients appear to contain HBsAg and/or HBcBgch patients frequently
but not always have chronic persistent or chrooiwwe hepatitis.(70,71).

Investigations of a few HBsAg carriers with no a¢dble DNA and

polymerese containing virions or HBeAg in the blduak revealed evidence of
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integrated viral DNA sequences , but no detectdlde viral DNA forms
HBcAg in liver cells (43, 69). A small fraction ofhepatocytes shows the
presence of HBsAg. These findings and the infagtisfudies indicate that these
patients are replicating complete at a very lowelex not at all, and that the
only viral gene expressed appears to be the HB&hg ¢ an integrated state.
Many , but not all these patients appear to hdtte br no liver disease (70) and
are considered to be “healthy carriers”.

The long term natural history of persistent HBMerction is not
completely defined and prolonged infection appdarde the rule for most
chronic carriers , and HBsAg positivity lasting lasg as 20 years has been
documented (71). The titre of HBsAg and virion DNgolymerese have been
shown to be relatively stable over a time perioadvetks or a few months (65).
However evidence suggest that persistent HBV irdediend to spontaneously
wind down over a period of many months to yearshwiBsAg titre slowly
falling and and virion DNA polymerese and HBe ttifalling below the level of
detection. Spontaneous disappearance of HBeAg oupOt percent and of
patients per year and up to 45 percent over Zarsyleave been reported (72).

Anti HBe can eventually been detected in most p#ieafter they
become HBeAg negative. In HBsAg carriers withoutori DNA polymmerese
activity or HBeAg in serum , these markers haveuently been observed to
reappear spontaneously (73). Although the timer ajteset of infection when
HBeAg and virion level fall below the level of det®n appears to vary greatly
and these markers may remain detectable in pemistefected patients for
years , the duration of infection is clearly andgartant factor that is strongly
correlated with the presence of detectable HBcAd warions. Spontaneous
clearance of all viral markers of active HBV intiea , although unusual , can
occur at any time. Spontaneous disappearance sAbllh persistent infected

patients have been reported (70,74). A number fattors that appear to
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influence the prevalence of persistent infectiochsas age, sex, immunological
status, and possibly race , may also influence oatspontaneous remission.
Some evidence suggest that persistent infectiosslve at a faster rate in

females than in males (75).

5.2. HBsAg -Negative persistent HBV infection

There is good evidence that some patients withigterd HBV infection
do not have detectable HBsAg in the serum. Alsesas$ chronic hepatitis with
out detectable HBsAg have been ascribed to a&tB¥ 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 nahistory of chronic
hepatitis B can be schematically divided into fpleases , which can not be

necessarily sequential.

» The “immune tolerant phase” is characterized by ABepositivity high
level of HBV replication (high level of serum HBVNA levels) , normal
or low levels of aminotransferases ,mild or ncetinecroinflammation
and no or slow progression of fibrosis (47,49).riDgithis phase , the rate
of spontaneous HBeAg loss is very low. This fireage is more frequent
and more prolonged in subjects infected perinatallin the first year of

life. Because of high level of viremia, these patseare highly contagious

» The “immune reactive phase” is characterized by AtBepositivity , a
lower level of replication (lower serum HBV DNA lels ) increasing or

fluctuating level of aminotransferases , moderate severe liver
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necroinflammation and more rapid progression ablis compared to the
previous phase(47,49). It may last for several weaekseveral years. In
addition, the rate of spontaneous HBeAg loss isaroed. This phase
may occur after several years of immune toleramzkiga more recently

reached in subjects infected during adulthood

» The “inactive HBV carrier state” may follow serologconversion from
HBeAg to anti HBe antibodies. It characterized bgrw low or
undetectable serum HBV DNA levels and normal amnarderases. As a
result of immunological control of the infectionthis state confers a
favourable long term outcome with a very low rigkcorhosis or HCC in
the majority of patients. HBsAg loss and serocosioer to anti HBs
antibody may occur spontaneously in 1-3% of caseygar , usually after

several years with persistently undetectable HBVAON'7).

» “HBeAg negative CHB” may follow seroconversioniinddBeAg to anti
HBeAg antibodies during the immune reactive phagkrapresents a later
phase in the natural history of CHB. It is charagezl by reactivation
with a pattern of fluctuating levels of HBV DNA araininotransferases
and active hepatitis. These patients are HBeAg thega and harbour
HBV variants with nucleotide substitutions in thee gore and /or the
basal core promoter regions unable to express messging low level of
HBeAg . HBeAg negative CHB is associated with l@ates of prolonged
spontaneous disease remission. It is importantsantetimes difficult to
distinguish true inactive HBV carriers from patemtith active HBeAg —
negative CHB in whom phases of spontaneous remisseay occur The
former patients have a good prognosis with a veww Irisk of
complications, while the latter patients have ativer disease with a

very high risk of progression to advanced hepi@hiosis , cirrhosis and
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subsequent complications such as decompensatémsigrand HCC. A
careful assessment of the patient is needed andnienal follow up of
one year is need with serum Alanine AminotransterdaLT) and HBV
DNA level every 3 months usually allows detectidn fuctuations of
activity in patients with active HBeAg negative BKI78).

> In the “HBsSAg negative phase” after HBsAg loss wldevel HBV
replication may persists with detectable HBV DNAthe liver. (79ES).
Generally, HBV DNA is not detectable in the serurhiles anti HBc
antibodies with or with out anti HBs are detectabBsAg loss is
associated with improvement of the outcome withuced risk of
cirrhosis, decompensation and HCC. The clinicéwvance of occult
HBV infection (detectable HBV DNA in the liver withow level -
<2001U/ml- HBV DNA in blood) is unclear(79). Immusopression may

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

7. Changing aspects of HBeAg- posive and Negative HBV

The vaccination against HBV , the general improveime hygiene and
socioeconomic status and the availability of dffectherapy had led to the
rapid changes in the epidemiology of HBYV infectitbrat have a significant
impact on liver disease. For example, in indaB#ed countries the proportion
HBeAg positive chronic hepatitis B fell duringcesmt years and the age of
patients has increased significantly (82). Mosthef patients detected to have
HBYV infection in the developing countries are yganwith positive HBeAg
(83) where childhood immunisation against HBV is meandatory and still
continues to be a major problem (84). The highéestase burden for HBV

infection is in the Asian and Sub Saharan Africagions. In these areas , HBV
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infection is acquired in the childhood itself thgbuvertical transmission and

there is a high rate of chronicity(85).

7.1. HBeAg positive chronic hepatitis

Clinical data indicate that HBV infection acquired the perinatal
period is characterized by a prolonged immunotolephase and very low rate
of spontaneous HBeAg clearance (86). Most carrdected at birth or in the
first few years of life present with HBeAg positighronic hepatitis with normal
serum aminotransferases and this clinical condisdikely to be maintained up
to adulthood by a consistent proportion of patie(@%,88). Many of these
patients enter the immunoactive phase and develBpAl positive chronic
hepatitis with elevated ALT levels only after 1030 years of infection (89). In
contrast patients who acquire HBV infection in tla¢e childhood, during
adolescence or adulthood and become chronic carmigsually present in the
Immunoactive phase with active liver disease.

The age of adult patients at the time of initisdg@ntation with HBeAg
positive chronic hepatitis B ranges between 24 a@édyears (median 31) in
several reports and men usually outnumber women,nthle to female ratio
ranging from 1.5 to 4.9 (90,91). Liver damage ranigem mild (24% to 42%) to
moderate or severe chronic hepatitis (44% to 63f@ctive cirrhosis (10% to
24%) (91, 92, 93, 94,95). Chronic hepatitis B tetwdbe milder in children and
liver histology reveals minimal to mild chronic legpis in the great majority of
children (86% to 90%), nevertheless severe liveeake including cirrhosis may
occur in a small proportion of patients during dhbod (96, 97).

A key event in the natural history of HBeAg positiehronic hepatitis is
HBeAg seroconversion. Several longitudinal studiesducted in cohorts of
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patients with HBeAg positive chronic hepatitis hal®wn that seroconversion
from HBeAg to anti-HBe with marked reduction of HBY¥éplication is
associated with biochemical and histologic regmessif inflammatory activity
in the majority of patients (90,93,97,98). Histatd improvement occurs
gradually months to years after HBeAg seroconweargb9). In longitudinal
studies the observed probability of clearing HBeRas about 50% and 70%
within 5 and 10 years of diagnosis, respectivelly, @3, 100, 101). Most studies
have found that the mean annual rate of spontand@eRg seroconversion
ranges from 8% to 15% in children or adults showbrachemical signs of liver
disease activity (87, 88, 90, 92, 93, 91, 101,1a#).the other hand in Asian
children, most with normal ALT, the annual spontame HBeAg
seroconversion occurs at a very low rate, less 28arduring the first 3 years of
age and 4-5% in children older than 3 years .

Some determinants for HBeAg seroconversion hawn beported,
including sex, age, the degree of biochemical dagtand more recently HBV
genotypes. Older carriers and female are moreylitceclear HBeAg (89, 100,
103); in a study of 532 Alaska Natives with HBeAgsjive chronic hepatitis, a
multivariate Cox proportional hazards model prestictlearance of HBeAg
within 5 years in 33%, 52% and 76% for persons@8qgears of age, 19 to 30
years of age, and 31 to 78 years of age, respic{i@0). Spontaneous HBeAg
seroconversion within 1 year occurs in over 50%patients with serum ALT
levels over5 times the upper limit of normal (UL&Y opposite to less than 10%
of those with ALT levels less than 5 times the U(N4). Frequently acute
exacerbation of hepatitis, reflecting immune mestiatysis of HBV infected
hepatocytes, with ALT elevations to more than Ifie8 the upper limit of
normal range and more than twice the baseline \aatdewith HBV-DNA levels
rising before and falling during the flare, prece#BeAg to anti-HBe
seroconversion and usually lasts for 2 to 4 mortls). The probability of
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HBeAg seroconversion correlates with the degreaistblogic activity during
the acute flare of hepatitis. A prospective stugyAsian patients has indicated
that approximately 70% of ALT flares with histologl changes compatible with
bridging hepatic necrosis sometimes associated walbvated serum
alphafetoprotein level are followed by HBeAg semogersion compared to only
20% of acute exacerbations without (106). Indeedsome cases these
spontaneous flares of hepatitis are not followed snypbsequent HBeAg
seroconversion and these episodes can be vieweah agbortive attempt at
seroconversion. These temporary flares of hepadites usually asymptomatic
and frequently unrecognized, but some are accoragdry symptoms of acute
hepatitis and very rarely, primarily in patientgiwslightly compensated chronic
liver disease, may lead to hepatic decompensatidregen death due to massive
necrosis (107). HBV can be classified into 8 gepesyA-H and recent studies,
all from Asia, have indicated that HBV genotype Bassociated with earlier
HBeAg seroconversion than genotype C, thus mosiyliexplaining the less
progressive disease in patients with genotype B,{1ID).

HBeAg seroconversion associated with liver disaaseission marks
the transition from chronic hepatitis B to the imnae HBSAQ carrier state,
however a small percentage of patients (approximd&) may continue to
show biochemical activity and high levels of serti8V-DNA at the time of
HBeAg seroconversion (93, 97, 98). These patiastsvell those undergoing
reactivation of hepatitis B after HBeAg serocomsi@n may generate the group

of patients with HBeAg negative chronic hepatitis B
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Years

Fig 7 .DNA and Liver Enzymes in HBeAg positive andHBeAg Negative patients

7.2. HBeAg negative chronic hepatitis B

The diagnosis of HBeAg negative chronic hepatitisisBbased on
chronic HBsAg carriership, HBeAg negativity witmtaHBe positivity,
detectable serum HBV-DNA by molecular hybridizatisechniques or by
guantitative PCR assays, with HBV-DNA usually exdiag 105 and 106 copies
per ml, increased ALT levels, liver necroinflamnoatiat histology and exclusion
of other concomitant or superimposed causes of lidisease, such as super
infection with other hepatitis viruses, alcohol sabu hepatotoxic drug use,
autoimmune or metabolic liver disease (87, 88,¢ atypical serological profile
Is sustained by HBV variants which are unable tpress HBeAg. The most
frequent pre core mutation is a G to A change maticleotide1896 (G1896A),
which creates a stop codon in the pre core regibrHBY genome and
completely abolishes the production of HBeAg . @tpatients may harbour
other changes in the pre core region or mutatiorndhe core promoter region,

which reduces pre-core mRNA synthesis and HBeAglytion; the most
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common core promoter mutation involve a 2 nucleosdbstitution, A to T at
nucleotide 1762 and G to A at nucleotide 1764 (TIA)).

HBeAg negative chronic hepatitis has been repddeuevail in certain
part of the world such as in the Mediterraneannhase middle East and Asia
(88). Recent data suggest that HBeAg negative ahrbepatitis is more
common than previously suspected and that is preseridwide (111). The
geographical variations in the prevalence of HBe¥gative chronic hepatitis
and associated pre core and core promoter vaimntsated to the predominant
HBV genotype in each area. Indeed the most commn gore mutant
(G1896A) can be selected only in patients infectéh HBV genotypes B, C,
D,E harbouring thymidine (T) at pre core positiddb&. On the other hand in
HBV genotype A the nucleotide 1858 is a cytocing gfecluding the selection
of the G1896A mutation. This explains why HBeAg akge chronic hepatitis
associated with pre core stop codon variant is gleew in the Mediterranean
area where non-A genotypes, particularly D, predate and is infrequent in
North America, Northern Europe and parts of Afriednere genotype A
predominates . In Asian countries, where both A aod-A genotypes exist,
HBeAg negative chronic hepatitis is associated withtation in the core
promoter region in addition to precore mutants [IQlknical experience
suggests that the prevalence of HBeAg negativenahimepatitis is increasing
during the last decade particularly in the Med#dagan area and in Asia, but this
iIssue is supported only by few studies (110, 112).

Patients with HBeAg negative chronic hepatitis aseally older than
patients with HBeAg positive chronic hepatitis ahé age ranges between 36
and 45 years (median 40); males largely predonsnated the reported
male/female ratio ranges from 3.9 to 17 (95, 118)1Current available data
indicate that the clinical profile of HBeAg negagichronic hepatitis differs from

that seen in patients with HBeAg positive chrongpdttitis. Indeed minimal or
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mild chronic hepatitis at histology is infrequenidasevere necroinflammation is
seen in more than 50% of HBeAg negative casesaghdsis (113, 114, 115). In
large series of patients from the Mediterraneara drem 29% to 38% had
cirrhosis already developed at the time of thestfpresentation( 114, 115). The
older age and the high rate of advanced liver dansgresentation of HBeAg
negative as compared to HBeAg positive patientgesigthat HBeAg negative
chronic hepatitis represents a late phase in theralahistory of chronic HBV
infection. To further support this concept a redeng term study has reported
that HBeAg negative chronic hepatitis accumulateeraime after HBeAg
seroconversion with a cumulative incidence of appnately 25% at 16 years of
follow-up (98). Thus the increasing prevalence d3eAg negative chronic
hepatitis may be only the reflect of the increaderhtion of infection in chronic
HBV carriers and long term monitoring of patients.

Moreover the clinical course of HBeAg negative chco hepatitis
differs from the HBeAg positive forms in relatiom large fluctuations over time
of viremia and transaminases, with relapses of titepalternate to periods of
biochemical remission in most patients and a muket rate of sustained
spontaneous remission. During follow-up three miaimchemical profiles are
observed, namely recurrent flares of ALT with(patt&) or without (pattern 2)
spontaneous ALT normalization between flares, adigtently increased ALT
without tendency for spontaneous remission (pat8grin a recent longitudinal
study approximately two thirds of patients showecurrent ALT flares and the
frequency of patterns 1,2 and 3 was reported tod%%, 20% and 35%,
respectively (114). Flares of hepatitis may be s=wnd disease exacerbations
correlate with progression to end stage complioatiof cirrhosis (114). Periods
of remission with normal ALT and low serum HBV-DNAvels (< 105 copies
per ml) may be long lasting, but usually the diseascurs and sustained

spontaneous remission of disease activity is unommm The incidence of
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delayed spontaneous HBsAg clearance has been esditoaoccur 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 infectirepresent an
interaction between viral replication and the h®sthmune response that
attempts to eradicate the virus. The degree andrenaif the injury in any
individual patient are determined by the balancevben these two factors.
Since hepatitis B is not directly cytopathic, ithe immune response that causes
tissue damage in the live, which over time may leasicarring and eventually to
cirrhosis and its complications. These processeseadiected in changes in liver
histology that can be readily assessed in a livepdy (Fig 8). In the recent
EASL guidelines, “a liver biopsy is recommended determining the degree of
necroinflammation and fibrosis in patients withheit increased ALT or HBV
DNA levels > 2000l1U/ml or both, since hepatic nuofpgy can assist the
decision to start treatment” and , this recommaodat based on high quality
evidence(116). Presently liver biopsy remain thdd gstandard for grading
necroinflammation and staging fibrosis in patienith liver disease( 117). This
requires an adequate size biopsy, 2.5 cm or longgar a 16-guage or wider

needle (fig 9) ,and a simple , reproducible stagind grading system.
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Fig.8. Liver biopsy:Normally liver biopsy is performed by percutanesusthod A
specimen of at least 1.5 cm in length and 1.2-n2 im diameter and contains at

least 6 to 8 portal triad is considered adequate.

Fig. 9. Biopsy specimenSpecimens are fixed in 10%formalin and
four micron sections are stained for histo-pathigialg examination.

Immunohistochemistry is done on deparaffinisediges.

7.3. Grading and staging of liver biopsy specimens

Liver biopsies are usually performed for grading ataging of liver

Sabu Zacharia, Correlation between liver histopathology and hepiatiB viral (HBV) antigen expression in
hepatocytes in chronic HBV infection in relation tthe phase of viral infectionTes dottorato in Scienze
Biomediche, Universita degli studi di Sassari



34

disease . The stage of any disease is a meashosvdhr it has progressed its

Periportal+Bridging |score |Intra lobular score |Portal score |Fibrosis score
Necrosis degeneration and inflammation
focal necrosis

None No portal No

0 none 0 inflammation 0 fibrosis 0
Mild piecemeal Fibrous
necrosis 1 Mild 1 Mild 1 portal 1

expansion

Moderate piece meg Bridging
— 3 Moderate 3 Moderate 3 fibrosis 3
Marked piecemeal
NECroSiS 4 Marked 4 Marked 4 Marked | 4
Moderate piecemea
necrosis plus 5 - - - - -
bridging necrosis
Marked piecemeal
necrosis plus 6 - - - - -
bridging necrosis
Multi nodular
Necrosis 10 ) ) ) ) )

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 ou
septal fibrosis

2 Porto-portal septum | Expansion of fibrosis to more portal areas with or

(> 1 septum) 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=0: No fibrosis F1 : Portal fibrosis without
septum F2: : Portal fibrosis with few septumF8rt&l fibrosis with numerous septums
without cirrhosis F4 : CirrhosisStrader et al. Hepatology 2004]

Sabu Zacharia, Correlation between liver histopathology and hepitiB viral (HBV) antigen expression in
hepatocytes in chronic HBV infection in relation tthe phase of viral infectionTes dottorato in Scienze
Biomediche, Universita degli studi di Sassari



35

Fig 10.Grade of inflammatory activity in chronic hepatitis B
A0 : No activity Al : Mild activity A2 : Moderta activity A3 : Severe activity

Fig 1J.Stage of fibrosis in chronic Hepatitis EFO No flbr05|s F1 : Portal fIbI’OSIS W|thout
septum F2:: Portal fibrosis with few septumF8rtll fibrosis with numerous septums
without cirrhosis F4 : Cirrhosis
[Photo taken from America Gastroenterological Assaation Institute (Dr. Tom Smyrk)]
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natural history, with the end stage resulting iatteof the patient or failure of
the organ; and so in chronic hepatitis B the eadests cirrhosis with clinical
decompensation, whereas earlier stages have |eegree of fibrosis or
cirrhosis. The grade of a disease is meant teaeflow quickly the disease will
progress to the end stage. In chronic hepatitis ithought that hepatocellular
injury and inflammation especially interface hefigti causes progression of
fibrosis. Therefore grading is the assessmentasfdtieatures (Fig 10&11).
There are two major reasons for histological siggamd grading in
chronic hepatitis B. First, and the most oftentdiggyical grading and staging
are used in the management of individual patidotsprognosis, and as a guide
to therapy. Secondly, the improvement in liver disgy can be used as an end
point in clinical trials for new forms of therapyhese two functions of liver
histology have different goals and therefore havféerént requirement and
should use different methods for grading and sti@iables 2&3). Some widely
used systems include:
1. Conventional verbal diagnoses- As revised by a iapganel
under the International Association for the Stuflyziver (IASL),
the severity of chronic hepatitis can be gradedhesmal, mild,
moderate or marked, and the degree and locatifibrosis noted
precisely.
2. METAVIR- Activity has 3 grades and fibrosis has rfastages
(118, 119).
3. Batts-Ludwig — Activity has 4 grades and fibrosastiour stages.
4. Scheuer — Scores added to give an activity of®dad stage O to
4 (120,121,122).
5. Knodell — scores added to give an activity of A8and stage O,
1,3 or 4(123).
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6.1shak — score added to give an activity of 08@mhd stage of 0 to 6
(124).

For clinical trials employing large cohorts of matis, a wide range of
values are better for statistical analysis. Fdiveyg, both Knodell and Ishak
scores have a theoretical range of 0 to 18. Thekldiibrosis score, with a range
of 0 to6 and no missing numbers, is better forsmrg fibrosis. The date can be
analysed in many ways, although it is importanteimember that the numbers

correspond to categories rather than equidistatg.un
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8. Aim of the study

The correlation between the expression of viraligams in the
hepatocytes of patients with chronic hepatitis BalHBV)infection , the liver
histology and the stage of viral replication rensdess explored. The aim of this
study is to asses the liver histology by using khistological Activity Index
(HAI) and correlate it with the expression of HR}re antigen (HBcAg) and
surface antigens (HBsAQ) in the hepatocytes ofep&i with chronic HBV

infection of various phase of viral infection.

9. Materials and methods

The study was conducted between January 2008 ant2809 in the
Department of Gastroenterology and Hepatology , ibéédCollege Calicut of
the University of Kerala, in South India, with thecollaboration of our
Department. The liver histology and immunohistotadi analysis was
performed by the Department of Pathology, “Bamlééesu Hospital’, Rome,
Italy. Patients attending the Liver clinic of thestitution with documented
chronic HBV infection at six months apart wererwgted for study. All patients
gave informed written consent for liver biopsy ati study protocol was
approved by the institutional ethics committee. eyrlunderwent thorough
evaluation by detailed history, physical examimaticoutine haematology and
biochemical tests including liver functions teatsd blood coagulation profile.
HBsAg, HBeAg , Anti HBe, Anti HCV,( Abbot) HIV artodies and HBV
DNA were done in all patients. Every patient hasltine abdominal
ultrasonogram and liver biopsy through the intestabroute using Bard liver
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biopsy gun. The exclusion criteria were; cirrhosis the liver, pregnancy,
coagulation disorder, HCV and HIV infection, BMI 52 alcohol intake of > 40
gm /day, those already on antiviral therapy andehmwilling for liver biopsy .

All liver biopsy specimens were fixed in 10% forma&dnd four micron
sections were stained for routine histopathologgnexration using haematoxylin
and eosin and orcein. The disease activity wassasdeusing the HAI scoring
index(124). Immunohistochemistry was done on ddpaised sections for
cytoplasmic and nuclear HBcAg and cytoplasmic A@sising polyclonal anti
HBc and anti HBS using standard immunoperoxidas¢hode (125). The
pathologist was blinded to the clinical and seraabprofile of the patients. The
patients were broadly divided in to HBeAg positaed negative and the HAI
and pattern of core antigen and surface antigerresgn in liver were
compared later. The results were analysed usingpaoametric tests like chi
square test, Wilcoxon test and Mann-Whitney test the statistical software
used was SPSS.

10. Results:

The study was conducted between January 2008 amd 2099. 19
patients who satisfied the inclusion criteria undsnt liver biopsy during this
period. The baseline characteristics of 19 patiemés given in Tables 4&5.
12(63.15%) patients were HBeAg positive and werenger with a mean age
of 26.1 + 7.3 while HBeAg negative patients welger with a mean age of
40 £ 10.4(p 0.003). In this study the major numbér patients were male
representing 68.43%. The HBeAg positive patientssgnted with a higher
value of HBV DNA, 2.35x10 (range.07x10-10°) vs 1.25x1d (range 8.06x16-
1.15x16) (p<0.05) in HBeAg negative patients . No much ffedence was
noted in the other parameters: serum bilruldl.2+ 0.6 vs 1.2 +0.4 (p
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0.65); prothrombin time, 15.6% 1.4 vs 15.3+ 1.9(p5); platelet count 2.6+ 0.6
vs 2.8+ 0.7 (p 0.34); AST 53.2+ 37.4 vs 43+ 16.@(®4) and ALT 66.7+ 67.5
vs 46.3+ 28.8 (p 0.77), in the respective groupbere was history of intake of
indigenous drugs in 7 out of 19 patients. Mosth&fm took self made extracts
of the stem and leaves of the plant Phyllantus asnasp. niruri, for varying
periods ranging from 2-24 months. This plant idely claimed to be useful for
treatment of liver diseases among practitionemndifjenous medicine in India.
None of the patients had clinical evidence of asik of the liver.

Considering the above parameters, the mean fatie @atients and

the HBV DNA values were statistically significant.

10.1. Liver histology and immunohistology

For HBeAg positive patients, the mean grade fdamfmatory activity
was 5 (range.2-12) and staging for fibrosis wiagrange 0-2), the minimum
grade of 2 was represented in 1 out of 12 (8.33%@pts and the maximum
grade of 12 was presented only in 1 out of 12 @)B3®&hile majority , 8 out of
12 (66.66%) had a fibrosis stage of 0. For HBeggative patients, the mean
grade for inflammatory activity was 6 (range2-9§l ataging for fibrosis was 1
(range0-5), the minimum grade of 2 was noted wuRof 7 (28.5%) patients
and the maximum grade of 9 was noted only in lobut (14.48%) and 3 out of
7 (42.85%) had a fibrosis staging of 0 and theimam staging of Bvas noted
only in 1 patient out of7 (14.48%) . Diffuse ground glass appearance (Figl5)
was seen in 16cases ( 82.2 %). Orcein stainingrooed the presence of Shikata
cells bearing HBsAg in 17 cases. (Figure 1) .iBsnunohisotology, there were
three patterns of staining for HBcAg in the hepgtes namely predominantly
nuclear, predominantly cytoplasmic and a mixedgoatt(Figure 12) The pattern

of staining for HBsAg was membranous, submemhrarend diffuse type.
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(Table 12, Fig 13) The cells expressing the ansgeare found either in clusters
or were diffusely scattered. The details of livestblogy as per HAI and the
pattern of staining by immunohisotology for the twyooups are given in
Table 7. Two cases (10.5%) had evidence of maccmudar steatosis (Figl6)
predominantly affecting the centrizonal regionse gratient had evidence of

nodule formation in the liver and one patient haid@ence of lymphoid follicle.

There was strong correlation between the presehnaaear HBCAg ,
low disease activity index by HAI and positive HBgAnN the serum. Similarly
cytoplasmic HBcAg was strongly correlated with siigant liver disease as per
HAI and negative HBeAg status (chi square test 4. B@mbranous expression
of HBsAg was associated with inflammatory activibjiscrete expression of
HBsAg in the cytoplasm was inversely related witkedse activity (p=0.03)
(Tables 7).

11. Discussion

The prevalence of Hepatitis B in the normal popakabf Calicut in the
northern part of Kerala is considered as low ity 0.52%, compared to other
parts of India, where the seroprevalence of Hapdiitis intermediate between
2-7% (126). Hepatitis B continues to be a majobfEm in the state of Kerala ,
as in other developing countries, where childhoodmunization is not
mandatory (84). In these areas HBYV infection isuaegl in the childhood itself
through vertical transmission and there ishigh rate of chronicity (85),
eventhough most of these young persons with HB¥ciindn are asymptomatic,
the infection is usually detected during routinedioal check-up for unrelated
conditions (126). Nearly two third of our patientsn our study group are
HBeAg positive .Most of the patients detected toeh&lBV infection in the
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Asian regions are younger with positive HBe (88)sl contrary to the present
situation in industrialized countries where theulation of HBeAg positive
chronic hepatitis B shows a steep decline andgleec&the patient has increased
significantly (51,82). In Italy , nation wide sumeeof patients with hepatitis B
seen in clinical centres documented a fall in HBgAgitive cases from 60% in
the years 1975- 1984 to approximately 10% in 199d 2001 (82,127). Mass
vaccination of newborns and 12 year subjects sii®&4 has contributed to this
change.

Recently a multi centric study conducted in Itajy3troffolini et al has
demonstrated the presence of up to 89% patients BeAg negative chronic
hepatitis B(128). Interestingly, the balance bemveHBeAg positive and
negative cases has reached a steady state irditahg the last 10 years. After a
dramatic fall in the prevalence of HBeAg by the efidhe 1980s , since the year
1997, it has ranged between 10-15% in differentests performed with similar
selection criteria.

Nearly two thirds of our patients (63 %) with chiotBYV infection
were HBeAg positive. The mean age of these patiamie 26.1(19-42) as
against the mean age of 40.9 (28-55) for HBeAg tnagaatients. Various
reports from Asian countries have shown a relagikegponderance of younger
patients with HBV infection as against elderlyipats in the developed world
(83). It may be noted that in Asian countries, e of infection is most likely
vertical in younger patients where as it is maely horizontal in elderly
patients. Conversion from HBeAg positive to negatigtatus is usually
synonymous with immunoclerance . However HBV DNAdistectable in the
serum of these person albeit in lower titres, satygg that there is low level of
viral replication probably with mutation at prere or core promoter regions of
the HBV viral genome (129).
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During the phase of immunotolerance, the serum HBNA titres are
high, but the disease activity in the liver is vé&w and often the patients have
normal transaminase values. In this study grouposinall the patients with
positive HBeAg status presented with a comparbtiki@gh viral load,2.35x1d
(range.07x1d-10°) (Table 5). There are some reports in the liteeathiat persons
with higher serum DNA levels are at a greater n$kdevelopment of severe
liver disease including hepatocellular carcinom&0j1 Persons with HBV
infection in the immune tolerance phase are ngilaé for any form of antiviral
therapy, however they have the risk of developnaériver inflammation and
hepaotocellular carcinoma in future (131).

The exact mechanism of the induction of immunotaeris not yet
fully established . During HBV infection , the hosnmune response |,
particularly the cellular immune response, med@éarance of HBV infection
(132). Unfortunately , the patient often exhibitgpairment of HBV specific T
cell activity during chronic HBV infection (133).iiCulating CD4+ CD25+
regulatory T cells (T regs) have been demonstrat@daintain immunotolerance
and suppress the antigen specific or antigen pewgific T cell response(134/
Immun. 2008). In this study conducted by GuopiegdPet al , it is proved that
there is a marked increase in circulating CD4+ &DZregs in CHB patients. T
regs play a negative role not only in modulating thffectors of immune
response by inhibiting IFN gamma secretion andutagll proliferation upon
HBV antigen stimulation , but also in influencinget viral load and disease
persistence. It seems to have a positive corosldietween T reg frequency
and serum HBV DNA load , suggesting an up- regoiadf T regs associated
with an increase in HBV replication (134). In faiet this study group almost
all the patients with HBeAg positive status, denticated a comparatively high
DNA level compared to the patients with HBeAg atdge status (p<0.05),
supporting the above findings.
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However, both HBeAg and HBcAg appear to play arol viral
persistence. It has been suggested that the HBeAxgonomote HBV chronicity
by functioning as an immunoregulatory protein i@ induction of tolerance
and Th1/Th2 cross-regulation. HBeAg appears mifregent at eliciting T cell
tolerance than the HBcAg , and this split immundersamce may have
significance implications (135). In natural HBV aafion , a dichotomy exists
between the apparent tolerogenic and immunogemictitns of the HBeAg
(136). High concentrations of serum HBeAg in veeverely compromise the
ability of the T cells to produce cytokines or pierate to recall antigens on
vitro and to provide T-cell help for in vivo amiiBe antibody production. In the
so called immunotolerace phase of CHB infectitre,majority of HBe specific
T cell clones would be expected to be tolerantthoalgh the mechanism of
tolerance may vary. Mainly three mechanisms &céesl in this context , i.e.,
deletion , anergy or ignorance. The status qudef various clonal tolerance
phenotypes would likely be maintained as long asHBeAg concentration and/
or the non inflammatory hepatic environment remainchanged. However , a
non specific increase in hepatic inflammation odexrease in HBeAg serum
concentration, perhaps due to the emergence of mamoter region (137)or
precore region(138) mutants, may allow activatioh low avidity ignorant
HBeAg specific T cells and/or reverse the antigestide of others, respectively.
Such a shift from HBeAg —specific T cell tolerariceT cell activation may
precipitate the so called clearance phase of GHi&fion. High avidity HBeAg
specific T cell clones are likely to be physically functionally deleted and not
available to participate in the antiviral clearamoechanisms after a chronic
infection has become established. Intermediatewravidity HBeAg specific T
cell clones that are not physically deleted astidzave the potential to be
activated either through the reversal of adapterance (anergy)or the primary

activation of ignorant HBeAg specific T cells (139)
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The clonal heterogeneity of the HBeAg specificéell tolerance may
also explain how a primarily tolerogenic proteinncaxert pressure on the
immune response to select an HBeAg negative mufamt. example, high
avidity HBeAg specific T cells clones may be tated and simultaneously
lower avidity T cells clones may be activated ameblved in selecting HBeAg

negative mutant in the same patient (139).

In the natural history of HBV infection, the moshportant event is
HBeAg seroconversion characterized by loss of HBe#g development of
antibody to HBeAg (Anti HBe)(140). This generallyconrs years after
replicative phase and indicates transition to a/mow replicative phase with
potential for resolution of infection and improvemef necro-inflammation in
the liver. Age of acquisition of the virus, immuoc@mpetence of the host and the
strength of immune response to the viral antiggassame of the determinants
of timing and efficiency of seroconversion. The gmosis of chronic HBV
infection is dependent upon the amount of inflamomatnecrosis and fibrosis in
the liver at this point of seroconversion. If siggant liver damage is already
present at this point, then the prognosis afteocgeversion, spontaneous or
treatment related is unlikely to be good, despitgpsession of viral replication.
On the other hand, if the seroconversion had oeduearly and is maintained,
then the long-term prognosis is excellent. It hasrbshown that the probability
of development of hepatocellular carcinoma is miahy higher in persons who
are HBeAg positive, than who are only HBsAg positand HBeAg negative. In
a subset of persons, this relationship betweerceesversion and suppression of
viral replication does not hold true (141). In thesespite anti-HBe positivity,
active viral replication persists due to emergesiceutants in the pre core and

basal core promoter regions of HBV. This state,rattarized by continuing

Sabu Zacharia, Correlation between liver histopathology and hepitiB viral (HBV) antigen expression in
hepatocytes in chronic HBV infection in relation tthe phase of viral infectionTes dottorato in Scienze
Biomediche, Universita degli studi di Sassari



46

viral replication despite anti HBe positivity hdeen termed as HBe Ag
negative hepatitis (142,143,144). It has been amingly recognized that
HBeAg negative hepatitis is progressively incregsmprevalence globally , so
also in India . The outcome of HBeAg negative hipas different from that of
the HBeAg positive phenotype. Fluctuating diseasevity with periodic ALT

flares accompany viral replication that progresselently to chronic liver
disease. Response to anti viral therapy in HBeAgatiee hepatitis is also
different from the HBeAg positive disease (87,148B).would therefore be
important to delineate the molecular characteralvioad in association with

immunohistolology to evaluate the stage of chratigy/ infection.

An important facet of global HBV epidemiology isetemergence and
increasing significance of HBeAg negative infecti@as well as the distribution
and significance of HBV mutants, particularly thasethe pre core (PC) and
basal core promoter (BCP) regions of the HBV genorhe prevalence of this e
negative chronic hepatitis B and its molecular $asiries geographically. Thus,
in the Mediterranean countries, nearly 90% of tiBe=Ag negative infections are
associated with the precore mutants, while thi in the Far East and 25% in
the USA(145).

Very little information on the prevalence and maiac character of
HBeAg negative hepatitis has emerged from India. Narth India, the
prevalence of precore mutants has been reportdx th5% amongst chronic
liver disease patients (146). In the state of VBestgal (North India), amongst
asymptomatic HBV infected, HBeAg negative, Anti HRepositive subjects,
the prevalence of pre core mutants was 9% andofridte basal core promoter
mutants (BCP) was 4%. Rest (87%) of the HBeAg negahfections in the
community, mostly inactive biochemically were asated with the wild type

virus (147). Different genotypes of hepatitis B @ats own significance. Based
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on the nucleotide sequence homology and divergamoengst HBV isolates
globally, eight genotypes of HBV are describedt¢AH). The distribution of
HBV genotypes varies geographically. HBV genotypese been correlated
with disease progression (genotype C progresselramic hepatitis faster than
B, and D faster than A), timing of e antigen sero@sion (genotype B earlier
than genotype C), and poorer response to antiviratapy (Genotype C).
Moreover, HBV genotypes have also been correlatgd lnuman population
migration in Japan (148). In India, genotype D Haskn the predominant
genotype both in North and Eastern India. Howewanogype C too had been
described from other parts of the country (147,149)

In our series , the mean grade for inflammatoryvdagtwas 5 for
NBeAg positive patients and 6 for HBeAg negatpatients (Table 7). The
overall inflammatory activity score for our patisnwas 11 (Table 7). The low
score shows that the inflammatory activity in thved is minimal and it reflects
the immune tolerance phase of the patients. Theesgjon of HBV core antigen
was predominantly nuclear iM2% of cases suggesting active replication in
them.

The expression pattern of HBCAg in hepatocytesfmasd to be related
to the activity of liver disease in chronic HBV aation (150) especially when
HBcAg was located in the cytoplasm of the hepa®¢¥61). It also was found
that nuclear but not cytoplasmic expression of H8a# associated with high
HBV replication and low activity of liver disease the chronic B viral infection
(152). In this study, all these factors were asxk$s comparatively younger
population which in fact made it easy to compgheeeffects of these factors on
the degree of HBCcAg expression. The results sugdesiat only the extent of
nuclear HBcAg expression correlated with HBV reglion and also the extent
of cytoplasmic HBcAg expression correlated withtdlisgical activity of liver

disease in chronic HBV infection. The limitationtbis study was that the HBV
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DNA levels were only measured at a single time paimd most of patients had
mild or moderate histological activities of liveisease.

The interesting and significant finding was thagréh was a positive
correlation between the histological activity ofdr disease and the degrees of
expression of HBcAg in the hepatocyte cytoplasrboth HBeAg-positive and
negative patients. In the HBeAg-positive patientisere was an inverse
correlation between the degree of expression of A4Bn the hepatocyte
nucleus and the histological activity of liver daise. This finding supported the
importance of hepatocyte injury in determinationHBCAg expression pattern.
The degree of expression of HBCAg in the hepatocyteplasm as assayed by
immunohistochemical techniques is helpful for eating histological activity of
liver disease in the young patients with chronic\VHBfection. This inverse
relation could suggest that the lysis of HBV inéztthepatocytes was followed
not only with the decreasing of serum viral load &lso the degree of expression
of HBCAg in the hepatocyte nucleus.

In 1987, Hsu et al (153) showed that HBCAg was esped at a
relatively higher level on the nucleus than on ¢lgplasm during the immune
tolerance phase, in which there was little or riammatory activity in the liver,
whereas expression of HBCAg in the nuclei decreasdgdd a concomitant
increase in the expression of HBCAg in cytoplasmmduthe immune clearance
phase In 1987, Hsu et al (153) showed that HBcAg @gressed at a, in which
there is active and ongoing hepatitis. These ssuplostulated that expression of
HBcAg on the cell membrane is the important evéat triggers cytotoxic T
cells with HBcAg receptors, resulting in lysis oBM infected hepatocytes.

In the present study, the interesting other findives that there was a
highly significant positive correlation between tegels of HBV DNA in serum
and the degrees of expression of HBCAg in theatuglyte nucleus, but there

was no correlation between the degree of expresgiblBcAg in the hepatocyte
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cytoplasm and the level of viral replication in tHBeAg-positive patients. Our
result confirmed the relationship between nucle&cMy expression and an
enhanced viral replication detected by high serwatues of DNA. It has been
shown that HBcAg was localized in the nucleus iregeent cells but diminished
in proliferating cells, and the replication of HB¥as enhanced in quiescent cells
but diminished in the proliferating cells (151). gfgssion of HBCAgQ in the
hepatocyte nucleus was likely to be important nalvieplication.

Though HBeAg seroconversion was commonly takea teerapeutic
endpoint in the past, increasing evidence showatl disease progression can
continue in a significant portion of patients afteiBeAg seroconversion,
especially in the Asia and Mediterranean populafid¥,155). Lack of HBeAg
iIs usually connected with biochemically and hisfidally inactive disease as
well as with the significant reduction of HBV regdition , but up to 9% of such
patients show active inflammatory process despitg-HBe seroconversion
(156,157).

It demonstrated that there was correlation betwdBN DNA levels
with lobular activity of liver disease in the HBeAggative patients (158,159).
This finding confirms that active viral replicatias still present in a certain
proportion of HBeAg-negative patients, and incread8V DNA might be used
as a marker to identify HBeAg-negative patients Wwhwe a higher risk of active
liver disease. Some HBeAg-negative patients whee hthe inflammatory
response and viral clearance might have pre cotation or/and core promoter
mutations to escape immune clearance (160,161 88R,lh contrast, one study
conducted by Wu PC et al reported that core premotutations were not
associated with the enhanced viral replication Y16Fhese mutations and
unknown other factors may be related to the loaibn of HBcAg in the

hepatocytes, therefore the virus might graduallyplicate and develop
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inflammatory response in the liver. More studies aequired to document
whether core promotor mutations have any effectghenchronic hepatitis B
disease.

On correlating the HBeAg status with HAI and immbisotology ,it
was found that nuclear expression of HBV core amtigvas the predominant
observation. (Table .7) On the other hand, cytoplaexpression of HBV core
antigen is reported to be a feature of immune alea@ phase. This phase is
associated with higher inflammatory activity scorethe liver. As all our
patients who were negative for HBeAg had a pasithBV DNA in the serum
also, it could mean that these sub group of paiemtre harbouring HBV virus
with mutation at the core or the pre core regiosis possible that the
cytoplasmic expression of HBV core antigen is duesof mutation at core/ pre
core region of the virus and this speculation nexguifurther study. Those
patients who had a mixed pattern with both nuckeat cytoplasmic HBV core
antigen could be attempting to clear the virusitomay be expression of
simultaneous presence of wild infection which ishably being replaced by
mutant infection. The mean fibrosis score for HBg#ggitive patients were 0
and for HBeAg negative patients were 1. There masorrelation with fibrosis
and various types of staining for HBV core antigen

HBV surface antigen staining was positive in thesdiof 15 out of 19
patients (79 %). Of these, 89% cases had a grolasd type of appearance of
the cytoplasm. There are three patterns for exjpresef HBsAg in the
hepatocytes : the membranous, sub membranous andytbplasmic types
(165). In this study 7 (36.8%) had cytoplasmixpression of surface antigen
and 6 ( 31.5%) had membranous pattern of exmmesahile the rest had mixed
pattern. Different studies associate membranotisrpaof HBsAg with active
viral replication and disease activity (166,167 Y16&owever there are

contradictory report by Wee et al and Ramakrisnal €165,169) which stated
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that there is no such correlation between differesiterns of expression of
surface antigen and disease activity. In our stuthembranous distribution of
surface antigen was associated with high diseasigita and cytoplasmic
distribution of surface antigen was associated \ath disease activity. Those
with high viral replication showed discrete cellutaining whereas those with
low viral load showed a diffuse pattern of expressof surface antigen (170).
This pattern may appear paradoxical. However stdjetith low viral
replication may have integrated surface antigenegand large quantities of
HBsAg may be produced due to the transcription fthenhepatocytes genome.
In conclusion, the viral antigen expression intlilepatocytes of persons
affected by chronic HBV infection in our study conhs to previous reports on
this subject. About two thirds of our patients wgoeing and they were positive
for HBeAg in the serum, suggestive of immune taleea phase of chronic
infection. The disease activity as per HAI was lsewggesting that there is only
low level inflammation in them. The nuclear expressof HBCAg and discrete
distributed cytoplasmic pattern of HBsAg was ass#ted with immune
tolerance phase whereas the cytoplasmic expresdiddiBcAg and diffuse
pattern of HBSAg expression was more often assextiatith immune clearance

phase.
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12. Tables and Figures

Sex Num.ber & Percentage
patients
Female 06/19 31.57%
Male 13/19 68.43%
Age
HBeAg + 26.1yrs
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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12 7
26.1+7.3 40.9 +10.4 0.003
(19-42) (28-55)
1.2+0.6 1.2+0.4 0.65
(0.5-2.4) (0.5-1.8)
15.6 + 1.4 15.3+1.5 0.65
(14-19) (14-18)
2.6 +0.6 2.8+0.7 0.34
(1.5-3.8) (1.9-3.8)
53.2 + 37.4 43 +16.6 0.84
(18-134) (22-68)
66.7 +67.5 46.3 +28.8 0.77
(18-252) (22-106)
2.35x10 1.25x1d <0.05
(1.07x10-10°) | (8.06x10-1.15x10)

Table 5.Clinical and laboratory dates of patientstudied.

Sabu Zacharia, Correlation between liver histopathology and hepiatiB viral (HBV) antigen expression in
hepatocytes in chronic HBV infection in relation tthe phase of viral infectionTes dottorato in Scienze
Biomediche, Universita degli studi di Sassari



54

58.33 %

14.28 %

1 8.33 % 4 57.14 %

4 33.33% 2 28.57 %

Table 6. Distribution pattern of HBCcAg in hepatocytes according
to HBeAg status
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Immunohistology of hepatocytes

HAI
HBV Core Antigen HBV Surface Antigen

Staging | Grading| Nuclear | cytoplasmiclboth| membranougsub-membranoy cytoplasmic

HBeAg

positive 0 5 4 1 4 2 3 4
HBeAg

negative 1 6 1 4 2 4 3 -

Table7. Distribution of HBV core and surface antigas in the
hepatocytes and the HAI.
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IMMUNOHISTOLOGY

© 2007 Elsevier Inc.

Fig 12. HBcAg :Chronic HBV- Viral replicative phase Hepatitis B
core antigen (HBCcAQ) is localized in hepatocellulamuclei and, in
several hepatocytes; also in the cytoplasm and cethembrane.

(Immunoperoxidase stain for HBCAQ)
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IMMUNOHISTOLOGY

© 2007 Elsevier Inc.

Fig. 13: Chronic viral hepatitis B: viral replicati ve phase. Hepatitis B
surface antigen(HBsAg) is localized in variable quatities in the
cytoplasm and in the cell membrane of several hepatytes. Note only
mild lymphocytic infiltrate in portal tract and lob ule.
(Immunoperoxidase stain for HBsAQ)
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IMMUNOHISTOLOGY

@ 2007 Elsevier Inc.

Fig. 14 : Chronic viral hepatitis B: viral nonreplicative (integration)
phase. Hepatitis B surface antigen is localized irconsiderable
quantity in the cytoplasm of a contiguous group (‘lone’) of
hepatocytes. Note relatively mild lymphocytic infitrate in portal tract
and lobule. The more intensely staining cells appeas ‘ground glass
hepatocytes’ on H&E staining. (Immunoperoxidase sta for HBSAQ)
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Fig. 15: Chronic viral hepatitis B, high magnificaton. Ground glass
hepatocytes, characterized by more pale, eosinopici and
homogeneous cytoplasm than surrounding normal (moreranular)
hepatocytes. Note (artefactual) cleft between ‘grond glass’ cytoplasm
and hepatocellular cell membrane.
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Fig 16: Statosis : biopsy specimen of the liver @f patient who denied
use of alcohol ( non alcoholic steatosis) Note fgtanules of different
sizes.
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