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Abstract

Higtopathological study of the liver biopsy in vird hepatitis B dlows to diagnose acute hepatitis, its severity and stage of
evolution. Prediction of chronicity is feasble after two months. In chronic disease, histopathology alows to diagnose chronic
hepdtitis, its agtiology, grade of severity and stage of progresson. Interface hepatitis and bridging confluent necross are
important prognostic festures.

Severity is graded according to extent of necro-inflammeatory lesons, which include porta inflammation, interface hepditis,
intralobular liver cell damage and deeth, and confluent (bridging) necross. Staging of progression is based on extent of
fibross and lobular architectura changes (cirrhoss).

Semiquantitetive scoring of grade and stage is useful in trias of new drugs, in dlinica research, and for comparison of pre-
and post-treatment biopsies. It is not recommendable in routine diagnostic practice.

In Stu hybridization and (immuno- )el ectron microscopy are less practical and mostly used in research.

Immunohistochemicd ganing for HBV antigens, especidly for HBCAg and HBsAg, is useful for specifying the agtiology and
the vird phase of the disease.

The vird replicative phase is characterized by mild activity, nuclear localization of HBCAg, cytoplasmic HBeAg and
membranous expresson of HBsAQ; the vird clearance phase features more severe inflammation and necrods, possibly
including the bridging type, whereas immunogtaining reveds nuclear, cytoplasmic and membranous HBCAQ; HBSAg Sansin
the cytoplasm of some cells, and in cdlular membranes; the resdud integration phase reveas no or only mild activity and
cytoplasmic HBsAg, without demongtrable HBCAQ.

Attention for and reporting of premdignant lesons is important in improving adequate patient survelllance for posshble
development of hepatocdlular carcinoma. Recognizable lesons include large cdl and smdl cdl liver cdl dysplasa in
dysplagtic foci and nodules.

I ntroduction

Examingtion of liver tissue from living patients is peformed on surgicd and needle biopses It comprises manly
histopathologica study, and may serve diagnostic and/or research purposes. Diagnodtic investigations require close
collaboration with the dinician to assure optimd reliability. Of paramount importance are adequate biopsies (1) and
impeccable histopathologica and histochemica techniques.(2)

|. Diagnostic I nvestigations

1. Histopathological study



Higtopathology of the liver biopsy dlows diagnogs of acute hepatitis, its degree of severity, and in most cases differentiation
from chronic hepatitis.

Since histopathologically acute vird hepatitis B appears essentidly smilar to other forms of acute hepatitis, an aetiological
diagnosisislessreliable. Acute vird hepatitis B may show different patterns; shortly described below.(3-5)

Acute hepatitis with spotty necrogs is the classcal picture of sdlf-limiting acute hepatitis. Cell damage tends to predominate
in the centrolobular areas.(6)

Didtinction can be made between an early, fully developed, late, and resdud stage.(7)
Acute hepatitis with bridging necrosis represents more severe hepatitis with confluent areas of necrosis of the Iytic type. The
necrods may link afferent and efferent vascular landmarks (portal-centra bridging necross).(s)

Extengive confluent necrosis is often followed by collapse of the denuded reticulin framework, resulting in scarring fibrous
septa. Older scars can be identified by their elastin content. (9, 10)

Acute hepdtitis with panlobular or multilobular necrogsis more severe, seen in fulminant hepdtitis.

Acute hepatitis with periportal necross features periporta interface hepdtitis (piecemed necrosis). The occurrence of this
lesion in acute hepatitis B was considered an indicator of possble trangtion to chronicity (11); as was dso bridging hepatic
necrosis.(s) It gppearsthat in the later stage of acute hepatitis (after 2 months) both lesons are unfavorable prognostic sgns.
(12, 13) The most reliable predictor of chronicity is the demonstrable presence of HBV antigens in scattered hepatocytes. (14)

The higtologicd differentiation of acute hepatitis B from vird-like drug-induced and auto-immune hepetitis may sometimes be
difficult. Chronic hepatitis is recognizable by predominance of porta and periportd changes, possible presence of dadtin-
containing septa, and detectable vird antigens (HBsAg, HBCAg) on immunodaning. Differentiation from bile duct
obstruction and acute acoholic hepatitis is feasable.

The histopathology of chronic vird hepatitis B comprises the dementary lesions of any form of chronic hepdtitis, and some
specific features. (15)

Common featuresin chronic hepatitis.

Portd infiltration. Mot portd tracts are infiltrated by inflammatory cdlls, predominantly lymphocytes. (16)

Interface hepatitis (previoudy termed piecemed necross) is typica of more active disease. It corresponds to lymphocytic
infiltration a the interface between connective tissue (portd tracts and septa) and parenchyma, associated with apoptotic
death of loca hepatocytes. (15, 17) Theleson may be minima, mild or severe.

True interface hepatitis must be differentiated from periporta necro-inflammetion in hepatitis A, from “biliary piecemed
necross” in chronic biliary diseases, and from spill-over of inflammatory cells unassociated with liver cell damage. (16)

Intralobular foca necro-inflammation (spotty necross) varies in extent with the severity of disease. Confluent lytic necrosis
(bridging, panlobular, multilobular) characterizes severe disease, and clinica exacerbations of chronic disease.(18)

Hepatitic rosettes correspond to clusters of surviving hepatocytes in areas of extensive necro-inflammetion(s)

Mogt authors consder bridging necross an ominous prognogtic finding @o, 20) dthough the leson may dso hed. é1)
Apparently bridging necross carries a snister long-term prognosis when associated with interface hepatitis, whereas the
cirrhogenic evolution of chronic disease marked by interface hepatitis (“chronic active hepditis”) is accelerated by bridging
hepatic necrosis. (7)

Hepatic fibrogs in chronic hepatitis B occurs mogily in a septal pattern, comprising so-caled active and passve septa. (11)
Active septa arerich in cdls, they represent extensive interface hepdtitis eventudly leading to porta-porta septa fibross. (7)



Passve septa carry few or no inflammatory cells, are sharply ddineated, and derive from postnecrotic collagpse after
confluent necrosis.

The mesenchymd cells responsable for fibross comprise portal/septa myofibroblasts, interface myofibroblasts and activated
intralobular hepatic selate cdls. (22)

Parenchymal regeneration is evidenced by thickening of liver cell plates (2-3 cells wide), and increased numbers of bi- and
tri- nucleated hepatocytes.(15) Activation of liver progenitor cells dso participates in regeneration in chronic hepdtitis.(23, 24)

Parenchyma regeneration in between a restructuring fibrous scaffold, leads to progressive disturbance of the lobular
architecture and resultsin cirrhoss, usudly of the macronodular type. (25)

Necro-inflammation may continue in the cirrhotic stage (active cirrhosis) or burn out (inactive cirrhoss). (25)

The common dementary lesons of chronic hepatitis condtitute the base for grading and staging in chronic liver disease (see
below).

Specific features of chronic hepatitis B

The mogt digtinctive higologicd feeture for identifying HBV agtiology is the “ground-glass hepatocyte’.(26) It has afindy
granular, and faintly eosinophilic cytoplasm due to proliferation of the smooth endoplasmic reticulum containing accumulated
Hepatitis B surface Antigen (HBSAQ). (27, 28) Ground-glass cdls are highlighted by specid gains, including Shikata sorcein
or adehyde fuchsin (29) and Victoria blue.(30)

Orcein staining needs to be criticaly performed. (31) Ground-glass hepatocytes can be specificaly stained by more sendtive
iImmunohistochemidry (32) (see below).

Ground-glass cdlls must be differentiated from oncocytic change, due to densdy packed mitochondria (mitochondriosis) of
unclear ggnificance. (33, 34) The differentia diagnoss of HBsAg postive ground-glass cdls further includes a smilar
appearance due to drug-induction, to cyanamide toxicity, to Lafora s disease, and to fibrinogen storage disease. (35)

Ground-glass inclusons from severd causes may co-exist in the same patient and in the same hepatocyte. (36)

“Sanded nucle” are another, though not obvious change in some cases of chronic hepatitis B. These are pde findy granular
incdusonsin nucle containing huge amounts of HBCAQ particles (37), Saining reddish violet with chromotrope aniline blue.(3s)

A study on the frequency of chracterigtic features for chronic hepatitis B, C, autoimmune and cryptogenic hepatitis concluded
that the respective histologica petterns have low sengtivity, but high specificity and predictability. (39)

Chronic hepdtitis B can be distinguished from acute hepatitis by older fibross (positive dastin stain) and presence of orcein
postive (HBsAg positive) ground-glass cdls or inclusions. 6) Bilirubinogtasis is rare in chronic and frequent in acute

hepatitis.

Chronic biliary diseases (eg. PBC, PSC) are differentiated by their features of ductopenia, cholate stasis, choledtatic liver
cdl rosettes and hiliary type fibrogs. Chronic acoholic liver disease has its own characteridtics of steatoss, pericelular
fibross, Mdlory bodies, satellitosis and micronocular pattern of cirrhosis.

2. Immunohistochemigtry, in situ hybridization, eectron and immuno-electron micr oscopy

Immunohistochemicd ganing with specific antibodies for HBV antigens dlows to specify the HBV agtiology of chronic

hepdtitis and the vird phasein the disease. (3, 40)
In situ hybridization (ISH) of vird DNA ishdpful in detecting HBV infection and its topography in the infected cells.

Various direct and indirect immunofluorescence and immunoperoxidase procedures can be gpplied on fresh frozen and



paraffin embedded tissue. The sengtivity of immunoperoxidase methods can be enhanced by techniques of antigen retrievd
and sgnd amplification like the Immunomax (41) and the EnvisonTM+ system.(42)

In acute hepatitis B, very little or no vird antigens are demongirable (@, 43, 44), except in the very early phase (45, 46) and
according to one study in patients infected with amutant HBV (“slent HBV”). (47)

In chronic hepatitis B, antigen localization patterns vary. The course of chronic hepetitis B comprises three successve
phases. virus tolerance (vira replication) phase, virus clearance and residua integration phase. (48-50)

During the immunotolerant, vird replicative phase there is only mild hepatocelular damage and inflammation. Immunogtaining
reveds predominant nuclear locdization of HBCAQ. (51, 520 HBCAg and HBeAg generdly have a coincident cdlular
expression (53-55), but the ratio of HBcAg to HBeAg may differ in subcdlular locations. Strong cytoplasmic HBeAg is a
marker of high vird replication. 62, 549 HBsAg is found in the cytoplasm of some hepatocytes and in the membrane of
numerous cdls in a honeycomb-like pattern. (se, 57)

The vird clearance phase is characterized by immune dimination of virus-infected hepatocytes, seroconversion from HBeAg
to HBe antibody, and reduction of vira replication. 6s) Liver hisopathology consgs of more severe lesons, including
confluent necross of variable extent. (599 Immunogaining reveds nuclear, cytoplasmic and membranous HBCAQ.
Cytoplasmic HBCAg correlates predominantly with liver damage 61, 52, e0) and proliferation 61y HBSAg shows weak
cytoplasmic podtivity in some hepatocytes and a membranous staining pattern. (49, 57, 62, 63) HBeAg has been found
localized in nucleus and cytoplasm of hepatocytes. (s2, 54, 64, 65) and in liver cdl membranes (e6)

Some virus-infected hepatocytes gpparently escgpe immune dimination, resulting in persstence of vira infection and
integration of virad DNA into the host genome (vira integration phase). (67, 68) If damage during the virus clearance phase
was not extensive, the liver may recover to only minima abnormdities.(e9) In case several exacerbations occurred (7o) the
liver may have developed cirrhosis.(49)

Active replication of HBV has ceased, but HBSAQ is produced by hepatocytes that contain integrated HBV-DNA. (71)
HBsAg accumulates in clusters of hepatocytes. HBCAg is usudly undetectable. (72) Mild inflammeation may persst for some
time, but substantia necro-inflammation should dert for a possible superinfection with ancther virus. (73)

Some patients show ongoing active disease after HBeAg seroconversion, due to persstence of a precore stop mutant HBV
with deficient HBeAg synthess (74, 75) or other mutations. (76) Immunogtaining in such cases reved's cytoplasmic HBCAg (75,
77, 78) and precore peptide.(79)

HBXxAg has been visudized in the nucleus and cytoplasm of hepatocytes, more widdy present than HBsAg or HBCAgQ,
perhaps representing a more sendtive immunohistochemica test for HBV infection. go) Its presence in hepatoced lular
carcinomacdlsin HBV+ patients supports its involvement in hepatocarcinogenesis. (1)

In stu hybridization (ISH) for detection of HBV sequences has been performed with radioactively and with chemicaly
labeled probes, the former yidding higher sengtivity, the latter better resolution. ISH identified the hepatocyte cytoplasm as
the site of HBV replication. (g2-s6) Combination of 1SH with immunogtains for HBV antigens reveded that HBV DNA is
present in numerous antigen negative cdls, but co-locdizes mainly with cytoplasmic and lesswith nuclear HBCAQ. (g5, 87, 88)
Hepatocytes with cytoplasmic HBsAg accumulation are not virus replicating. (s9)

HBV specific sequences were dso found in bile duct epithelium, endothdia and vascular smooth muscle cells. @g4) In
hepatitis B, immunohistochemigtry is more senggtive than ISH. (o0

Electron and immuno-e€lectron microscopy dlow to visudize and identify structurd components of HBV in liver cdlls.
HBc particles gppear as sphericad structures, 24-27nm in diameter, in the nucleoplasm, and in the hyaoplasm between

hepatocdlular organdles. (g9, 91) The finding that cells with nuclear HBcAg are mostly free from HBV-DNA by ISH (87, 8s)
suggests an accumulation of empty or non-replicating core particles. (s9)



Encapsulation of core particles within the endoplasmic reticulum (Dane particle formation) has been documented. (92-94)
Membrane locdlization of HBCAg in the hepatocdlular plasmaemmawas confirmed by immuno-electron microscopy. (95)

HBsAg appears as filaments within the cisternae of the endoplasmic reticulum. (96-98) Ground-glass hepatocytes exhibit a
marked hyperplasia of the endoplasmic reticulum which didocates the cytoplasmic organdles to the cell periphery. Within the

cigernae, there are typica filaments giving a postive reaction for HBsAg and pre-S by immuno-electron microscopy. (27, 2s,
89, 98)

3. Grading and staging of chronic viral hepatitis B. Semiquantitative scoring

The old classfication of chronic hepatitis (99) was essentidly a rough grading system, distinguishing milder from more severe
variants of disease.

Progressin agtiologica insight and trestment options necessitated a revised classfication.

The new classfication of chronic hepatitis is based on aetiology (vird, autoimmune, drug-induced and cryptogenic), also
taking into account the histologica grade of disease activity and the stage of evolution in terms of fibrosis and architectura
derangement (cirrhosis).(100, 101)

Grading and staging is done in (preferably standardized) verba descriptions, for instance: mild, moderate and severe chronic
hepatitis as grades, and mild, moderate, savere fibross and cirrhos's as stages.(100)

Severd semiquantitative scoring systems have been proposed, in which numerica scores are assigned to different grades and
stages of chronic hepatitis. These methods are primarily indicated in the context of thergpeutic trias or research projects;
they are not intended to replace verba reportsin routine diagnostic practice. (100, 102-107)

The firgt successful scoring system specificaly designed for chronic hepdtitis is widdy known as the Knoddl Higtologicdl
Activity Index (HAI).(108) Scores for the individud lesion categories are added to obtain an overdl “higologicd activity
index’. This broadly used system is subject to a number of criticisms, the most important being that scores for necro-
inflammation (grading) are added to those for fibrosis (aging). (100, 109)

Subsequent scoring systems have taken these deficiencies into account and comprise more smple and more complex
prescriptions. Severa smple and easily gpplicable systems are available. (110-112) The French METAVIR group devised a
ample dgorithm for standardized grading @13), and an assessment of fibrosis (staging) in five categories. (114) Smpler
scoring systems provide less information but tend to be more reproducible than complex ones. (115)

An updated verson of the Knoddl HAI116 separates grading from staging and is more detailed to provide more
information. It assures adequate inter- observer reiability. (117)

Severd problems are inherent to dl scoring systems available: use of arbitrary scores that are not mathematically valid,
observer variaion, sampling variability and aetiologicd diverdty. (103)

Accuracy and consstency of scoring procedures can be improved by previous planning and agreement between clinician(s)
and pathologist(s), by excluding biopsy specimens of inadequate Sze and quadlity, by agreement on definition of histologica
criteria at the gart of the study, by preferable use of dud observers, by avoiding long time intervals between scoring of
biopsies, and by checking intra- and inter-observer variation. (116)

In generd, staging of fibross and architectura changes has proved to be more reproducible than grading of necro-
inflammeatory lesons. (115, 118)

Semiquantitative scoring of liver biopsies has been extensively gpplied in clinica trids for new treatments of chronic hepatitis
B, C and D.(119)

Morphometry has been used as wdl for quantitation, mostly for assessment of fibross. (120, 121) Image analyss based



automated quantification of liver fibrogs was clamed to be a sendtive, precise, objective and reproducible method for
quantification, thus supplementing scoring systems that are more based on didtribution patterns of fibrosis. (122)

The potentid usefulness of a mathematica scoring system based on fractd geometry for quantifying irregular patterns of
fibrogs as observed in chronic hepatitis was recently addressed. (123)

4. Precancerouslesions

Both HBV and HCV infections may lead to chronic hepdtitis, cirrhoss and hepatoce lular carcinoma (HCC). (124, 125) Some
cdlular changes and nodular lesions are considered premdignant or precursors of HCC. Recognition and reporting of such
lesons isimportant for adequate patient survelllance. Liver cdl dysplasa (LCD), which may be of the large cdll type (126) or
of the smdl cdll type (127) belongsto this type of change.

Large cdl LCD in biopses of patients with chronic hepatitis B (or C) is an independent risk factor for the development of
HCC. (128, 1290 Smdl cdl LCD might originate from hepatic progenitor cdls @30) and may represent an early step in
carcinogenesis.(129)

Clugters of LCD measuring less than 1mm in diameter are termed “dysplastic foci”. Lesons messuring more than Imm in
diameter are designated as nodules. (131)

A macroregenerdive nodule (measuring 0,8cm or more) is particularly common in macronodular cirrhoss. Hitologicaly it
shows hyperplagtic liver parenchyma but no cdlular aypia nor disorder in murdia arrangement. Dysplagtic nodules do
display atypicd features, but not severe enough to qudify for frank HCC. Dysplastic nodules are subclassfied as low or high
grade, and considered distinct stages in the multistep process of hepatocarcinogeness. (132) Foci and nodules should be
carefully identified and reported. (5, 133)

5. Special cases of chronic viral hepatitis B

Short reference is made to those conditions in which liver tissue examination may be contributory.

5.1. Coinfection with Hepatitis D virus

Coinfection with Hepatitis D virus (HDV, ddta agent) dters the course of acute hepdtitis B, favours chronic evolution and
enhances severity of disease. (110, 134, 135) Microvesicular Sestosis of hepatocytes (morula cells) was a notable fegture in an
outbresk of HDV infection in Venezudan Indians. (136-138)

Spedific immunoganing dlows to confirm HDV aetiology. HDAg is detected in hepatocyte nuclel @39, 140) and in the
cytoplasm and plasmaemma of hepatocytes. (141) Large amounts of nucear HDAg may cause a “sanded nucle”

appearance. (142, 143)

Double immunogtaining reveds separate expresson of HDAg versus HBsAg and HBCA(Q; co-expresson in the same cdl is
found though rarely with HBCAQ. (141, 144)

ISH for HDV RNA may be more sengtive than immunostaining for HDAQ. (84, 145, 146)
HDV RNA locdizesin nucle, usudly together with HDAg, but occasiondly done. (146)

5.2. Recurrent HBV infection post transplantation

Recurrent HBV infection post trangplantation may either show the typica features observed in nonttransplanted liver, or,
more rarely, atypicd patterns of liver damage.

Atypicd patterns include hepatocyte balooning, faity change and a distinctive cholestatic syndrome, which aso may occur in
combination. (147)



Hepatocyte balooning typicaly occurs without sgnificant inflammation, but shows high level of vird replication reflected in
diffuse nuclear and cytoplasmic immunogtaining for HBCAg and HBeAQ. (48) Balooning associated with steatoss may
explain theterm “steatovird hepatitis’. (149)

The terms “fibrogng choledtatic hepdtitis” (fibrogng cytolytic hepatitis, fibrovira hepdtitis) refer to a didtinctive pattern of
injury associated with rapidly progressive graft failure. (147-153) The histological pattern comprises periporta fibross
surrounding ductular structures, prominent hepatocyte balooning, bilirubinostasis, and mild or absent inflammation.
Immunostaining reveds markedly postive cytoplasmic HBCAg. This sage may be followed by extensve postnecrotic
collgpse, fibrosis and ductular reaction.

This lesond pattern was dso reported in other immunodeficiency states, including HIV infection (154) and following rend
trangplantation.(155)

5.3. Association of HBV with other viral infection

Dud and triple infections with HBV, HCV and HDV occur. Histopathologicaly, there are no specific findings to suggest the
posshility of multiple infections. (s6) Immunohistochemica andyss may reved suppresson of HBsAg and HBCAg by
gmultaneous HCV infection. (157)

HCV infection is suspected on the base of characteristic histologica features158 and pogtive immunostaining with specific
antibody. (159)

Co-infection of HBV with cytomegdovirus (CMV) infection can be identified by typica nuclear inclusons, abnormd
basophilic granular cytoplasm, microaboesses, and immunohistochemica staining for CMV antigen. (5)

Co-infection of HBV with HIV usudly results in diminished histological activity (160), although more severe activity was aso
reported. (61) Immunostaining revedled more diffuse saining for HBV and HDV antigens in tissue specimens of HIV
coinfected patients.(160)

5.4. Association of HBV with concomitant liver disease

Histopathologica study often reveds dinicaly unsuspected concomitant liver disease. Examples include: dpha- 1-antitrypsan
dificiency, dcohalic liver disease, primary sclerosng cholangitis, haemochromatosis, anongst others.(2)

II. Special Studies (Resear ch)

Inventive invedtigations in different ways of tissue examination are gpplied to broaden the insight in pathophysology.
Examples include: semiquantitative evaluation of activated hepatic stdllate cdls (162-164); immunohistochemica sudies on
lymphocyte subsets, antigen presenting cells, adhesion molecules and gpoptosis markers (1es, 166); study of cytokines (167);
dution of liver infiltrating lymphocytes (16s); microdissection of sublobular regions of high and low degree of liver damage and
their relationship to HBV variants (169); and cDNA microarray based andlysis of differences in gene expression between
chronic hepatitis B and C. (170)

To meset future requirements, pathology evauates gppropriate techniques of tissue preparation for high throughput molecular
andyss.(171)
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